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      Latest Science News

      Breaking science news and articles on global warming, extrasolar planets, stem cells, bird flu, autism, nanotechnology, dinosaurs, evolution -- the latest discoveries in astronomy, anthropology, biology, chemistry, climate and environment, computers, engineering, health and medicine, math, physics, psychology, technology, and more -- from the world's leading universities and research organizations.


      
        Scientists just found real teeth growing on a fish's head
        Scientists discovered true teeth growing on the head of the spotted ratfish, a distant shark relative. The toothed structure, called a tenaculum, helps males hold onto females during mating. Genetic evidence shows these head teeth share the same origins as oral teeth, overturning assumptions that teeth only evolve in jaws. This discovery reshapes the story of dental evolution across vertebrates.

      

      
        A giant asteroid hit Earth, but its crater is missing
        Researchers discovered a new field of ancient tektites in South Australia, revealing a long-forgotten asteroid impact. These 11-million-year-old glass fragments differ chemically and geographically from other known tektites. Although the crater remains missing, the find exposes a massive event once thought unrecorded, offering clues to Earth's tumultuous past and planetary defense.

      

      
        Asteroid Ryugu's hidden waters could explain how Earth got its oceans
        Ryugu's samples reveal that water activity on asteroids lasted far longer than scientists thought, possibly reshaping theories of how Earth gained its oceans. A billion-year-old impact may have melted ancient ice, keeping asteroids wet and influential far into solar system history.

      

      
        From poison to power: How lead exposure helped shape human intelligence
        Long before humans built cities or wrote words, our ancestors may have faced a hidden threat that shaped who we became. Scientists studying ancient teeth found that early humans, great apes, and even Neanderthals were exposed to lead millions of years ago. This toxic metal can damage the brain, yet modern humans developed a tiny genetic change that protected our minds and allowed language and intelligence to flourish.

      

      
        Who or what dug Mars' mysterious gullies? The answer is explosive
        CO2 ice blocks on Mars may dig gullies as they slide and sublimate in the thin atmosphere. In lab experiments, scientists recreated these eerie, worm-like movements under Martian conditions. The findings help explain unusual dune formations and deepen our understanding of how alien landscapes evolve.

      

      
        Forged in fire: The 900degC heat that built Earth's stable continents
        New research reveals that Earth's continents owe their stability to searing heat deep in the planet's crust. At more than 900degC, radioactive elements shifted upward, cooling and strengthening the landmasses that support life. This ancient heat engine also distributed valuable minerals, giving scientists new clues for exploration and for spotting potentially habitable planets.

      

      
        Quantum crystals could spark the next tech revolution
        Auburn scientists have designed new materials that manipulate free electrons to unlock groundbreaking applications. These "Surface Immobilized Electrides" could power future quantum computers or transform chemical manufacturing. Stable, tunable, and scalable, they represent a leap beyond traditional electrides. The work bridges theory and potential real-world use.

      

      
        Tiny brain nanotubes found by Johns Hopkins may spread Alzheimer's
        Johns Hopkins scientists uncovered microscopic "nanotube" channels that neurons use to transfer toxic molecules. While this process clears waste, it can also spread harmful proteins like amyloid-beta. Alzheimer's-model mice showed more nanotubes early on, hinting at a link to disease development. Researchers hope to one day control nanotube formation as a potential therapy.

      

      
        This type of meat supercharges muscle growth after workouts
        Scientists discovered that lean pork builds muscle more effectively post-workout than high-fat pork, even with identical protein levels. Using advanced tracking techniques, they found that fat content blunted the body's muscle-building response. The results contradict previous findings about fattier foods enhancing synthesis, suggesting that food form and processing matter.

      

      
        This European treatment for joint pain just passed a major scientific test
        Korean researchers found that low-dose radiation therapy eased knee pain and improved movement in people with mild to moderate osteoarthritis. The treatment, far weaker than cancer radiation, showed real benefits beyond placebo. With no side effects and strong trial results, the approach could provide a middle ground between painkillers and joint surgery.

      

      
        A little stress could be the secret to healthy aging
        Scientists discovered that specific nutrients in nematodes' diets activate stress defenses that keep their cells healthier over time. These RNAs prevent toxic protein buildup, promoting longevity and vitality. The worms fed with balanced diets lived more active, healthier lives. The findings hint that mild dietary stress could support better aging in humans as well.

      

      
        It actually rains on the Sun. Here's the stunning reason
        Scientists at the University of Hawai`i have discovered why it rains on the Sun. Solar rain, made of cooling plasma, forms rapidly during solar flares, a mystery now solved by modeling time-varying elements like iron. The finding upends long-held assumptions about the Sun's atmosphere and could improve predictions of space weather events. It's a breakthrough that forces a rewrite of how we understand the Sun's outer layers.

      

      
        Physicists discover mysterious new type of time crystal
        Scientists at TU Wien have uncovered that quantum correlations can stabilize time crystals--structures that oscillate in time without an external driver. Contrary to previous assumptions, quantum fluctuations enhance rather than hinder their formation. Using a laser-trapped lattice, the team demonstrated self-organizing rhythmic behavior arising purely from particle interactions. The finding could revolutionize quantum technology design.

      

      
        These giant planets shouldn't exist. But they do
        Astronomers are investigating a strange class of exoplanets known as eccentric warm Jupiters -- massive gas giants that orbit their stars in unexpected, elongated paths. Unlike their close-orbiting "hot Jupiter" cousins, these planets seem to follow mysterious rules, aligning neatly with their stars despite their bizarre trajectories. Theories suggest that companion planets, surrounding nebulas, or even stellar waves could be shaping these odd orbits in ways never seen before.

      

      
        This tiny worm uses static electricity to hunt flying insects
        A parasitic worm uses static electricity to launch itself onto flying insects, a mechanism uncovered by physicists and biologists at Emory and Berkeley. By generating opposite charges, the worm and insect attract, allowing the leap to succeed far more often. High-speed cameras and mathematical modeling confirmed this "electrostatic ecology" in action.

      

      
        Astronomers detect a cosmic "heartbeat" in pulsar signals
        Researchers analyzing pulsar data have found tantalizing hints of ultra-slow gravitational waves. A team from Hirosaki University suggests these signals might carry "beats" -- patterns formed by overlapping waves from supermassive black holes. This subtle modulation could help scientists tell whether the waves stem from ancient cosmic inflation or nearby black hole binaries, potentially identifying the true source of spacetime's gentle vibrations.

      

      
        Scientists grow mini human livers that predict toxic drug reactions
        A new human liver organoid microarray developed by Cincinnati Children's and Roche recreates immune-driven liver injury in the lab. Built from patient-derived stem cells and immune cells, it accurately models how genetics influence drug reactions. The system replicated flucloxacillin-related toxicity seen only in people with a specific genetic variant, marking a major step toward predictive, patient-tailored drug safety testing.

      

      
        A 151-million-year-old fly just changed what we know about evolution
        Scientists have uncovered a 151-million-year-old midge fossil in Australia that challenges long-held views about insect evolution. Named Telmatomyia talbragarica, the fossil shows freshwater adaptations previously thought to exist only in marine species. This discovery suggests that Chironomidae may have originated in Gondwana, offering new insight into ancient biogeographical patterns.

      

      
        The Sun's hidden poles could finally reveal its greatest secrets
        High above the Sun's blazing equator lie its mysterious poles, the birthplace of fast solar winds and the heart of its magnetic heartbeat. For decades, scientists have struggled to see these regions, hidden from Earth's orbit. With the upcoming Solar Polar-orbit Observatory (SPO) mission, humanity will finally gain a direct view of the poles, unlocking secrets about the Sun's magnetic cycles, space weather, and the forces that shape the heliosphere.

      

      
        A telescope larger than Earth just revealed the hidden heart of a mysterious galaxy
        Scientists imaged the heart of the OJ 287 galaxy, uncovering a curved plasma jet around what appears to be two merging supermassive black holes. The structure reveals unimaginable energy levels and shockwaves in the jet. This achievement, using a virtual telescope the size of multiple Earths, sheds new light on how black holes shape galactic jets and gravitational waves.

      

      
        Scientists unlock a 100-year-old quantum secret to supercharge solar power
        Scientists at the University of Cambridge have uncovered a surprising quantum effect inside an organic material, something once thought impossible outside metals. The team found that a special molecule can turn light into electricity with incredible efficiency, using a hidden quantum behavior unseen in such materials before. This breakthrough could lead to simpler, lighter, and cheaper solar panels.

      

      
        JWST may have found the Universe's first stars powered by dark matter
        New observations from the James Webb Space Telescope hint that the universe's first stars might not have been ordinary fusion-powered suns, but enormous "supermassive dark stars" powered by dark matter annihilation. These colossal, luminous hydrogen-and-helium spheres may explain both the existence of unexpectedly bright early galaxies and the origin of the first supermassive black holes.

      

      
        MIT scientists find metals hold secret atomic patterns
        MIT researchers found that metals retain hidden atomic patterns once believed to vanish during manufacturing. These patterns arise from microscopic dislocations that guide atoms into preferred arrangements instead of random ones. The discovery introduces a new kind of physics in metals and suggests engineers can exploit these patterns to enhance material performance in demanding environments.

      

      
        Exercise might be the key to a younger, sharper immune system
        Endurance exercise may train the immune system as much as the muscles. Older adults with decades of running or cycling had immune cells that functioned better and aged more slowly. Their inflammation levels were lower and their cells resisted fatigue even under stress. The findings point to a direct link between lifelong fitness and healthier immune regulation.

      

      
        Scientists find the brain's hidden pulse that may predict Alzheimer's
        Researchers at USC have created the first method to noninvasively measure microscopic blood vessel pulses in the human brain. Using advanced 7T MRI, they found these tiny pulsations grow stronger with age and vascular risk, disrupting the brain's waste-clearing systems. The discovery may explain how circulation changes contribute to Alzheimer's and other neurodegenerative diseases.

      

      
        Supercharged vitamin k could help the brain heal itself
        Researchers have synthesized enhanced vitamin K analogues that outperform natural vitamin K in promoting neuron growth. The new compounds, which combine vitamin K with retinoic acid, activate the mGluR1 receptor to drive neurogenesis. They also efficiently cross the blood-brain barrier and show stability in vivo. This discovery could pave the way for regenerative treatments for Alzheimer's and related diseases.

      

      
        A simple fatty acid could restore failing vision
        Scientists at UC Irvine have found a way to potentially reverse age-related vision loss by targeting the ELOVL2 "aging gene" and restoring vital fatty acids in the retina. Their experiments in mice show that supplementing with specific polyunsaturated fatty acids, not just DHA, can restore visual function and even reverse cellular aging signs.

      

      
        Your brain's power supply may hold the key to mental illness
        Groundbreaking Harvard research is exposing hidden energy failures inside brain cells that may drive major psychiatric conditions. By studying reprogrammed neurons, scientists are revealing how cellular metabolism shapes mood, thought, and cognition. The work calls for abandoning rigid diagnostic categories in favor of biology-based systems that reflect true complexity. It marks a decisive shift toward preventive and precision mental healthcare.

      

      
        Popular hair-loss pill linked to depression and suicide
        Finasteride, a common hair-loss drug, has long been tied to depression and suicide, but regulators ignored the warnings. Prof. Mayer Brezis's review exposes global data showing psychiatric harm and a pattern of inaction by Merck and the FDA. Despite its cosmetic use, the drug's effects on brain chemistry can be devastating. Brezis calls for urgent regulatory reforms and post-marketing studies to protect public health.

      

      
        A single protein could stop sudden death after heart attacks
        A team at Massachusetts General Hospital uncovered that an immune defense protein, Resistin-like molecule gamma, attacks heart cells after a heart attack--literally punching holes in them. This discovery explains why dangerous, fast heart rhythms can strike after an infarction. By removing this molecule in mice, the researchers reduced deadly arrhythmias twelvefold, suggesting that targeting immune-driven damage could open a new path to preventing sudden cardiac death.

      

      
        This new blood test can catch cancer 10 years early
        Scientists at Mass General Brigham have created HPV-DeepSeek, a blood test that can detect HPV-linked head and neck cancers nearly a decade before diagnosis. By finding viral DNA in the bloodstream, the test achieved 99% sensitivity and specificity. This breakthrough could lead to earlier, less invasive treatments and significantly improve survival. A large NIH trial is underway to confirm the results.

      

      
        Scientists build artificial neurons that work like real ones
        UMass Amherst engineers have built an artificial neuron powered by bacterial protein nanowires that functions like a real one, but at extremely low voltage. This allows for seamless communication with biological cells and drastically improved energy efficiency. The discovery could lead to bio-inspired computers and wearable electronics that no longer need power-hungry amplifiers. Future applications may include sensors powered by sweat or devices that harvest electricity from thin air.

      

      
        This 250-year-old equation just got a quantum makeover
        A team of international physicists has brought Bayes' centuries-old probability rule into the quantum world. By applying the "principle of minimum change" -- updating beliefs as little as possible while remaining consistent with new data -- they derived a quantum version of Bayes' rule from first principles. Their work connects quantum fidelity (a measure of similarity between quantum states) to classical probability reasoning, validating a mathematical concept known as the Petz map.

      

      
        C-section births linked to sleepless nights and painful recoveries
        Women who undergo C-sections are more likely to experience debilitating pain and sleep disorders in the months after giving birth. Researchers found both qualitative and large-scale data supporting this link, including a 16% increase in sleep disorder diagnoses. Proper pain management and healthy sleep habits can reduce these risks, helping new mothers recover more smoothly and avoid complications like depression and fatigue.

      

      
        Your skin could warn of hidden mental health trouble
        People experiencing their first psychotic episode who also have skin conditions such as rashes or itching are at greater risk of depression and suicidal thoughts, according to new research presented at the ECNP meeting. Scientists found that 25% of these patients experienced suicidal ideation, compared with only 7% of those without skin issues. The study suggests that dermatological symptoms could serve as early warning markers for worse psychiatric outcomes.

      

      
        Earth's climate just crossed a line we can't ignore
        Humanity has reached the first Earth system tipping point, the widespread death of warm-water coral reefs, marking the beginning of irreversible planetary shifts. As global temperatures move beyond 1.5degC, the world risks cascading crises such as ice sheet melt, Amazon rainforest dieback, and ocean current collapse. Scientists from the University of Exeter warn that these interconnected tipping points could transform the planet unless urgent, systemic action triggers "positive tipping points," lik...

      

      
        This experimental "super vaccine" stopped cancer cold in the lab
        UMass Amherst researchers have developed a groundbreaking nanoparticle-based cancer vaccine that prevented melanoma, pancreatic, and triple-negative breast cancers in mice--with up to 88% remaining tumor-free. The vaccine triggers a multi-pathway immune response, producing powerful T-cell activation and long-term immune memory that stops both tumor growth and metastasis. By combining cancer-specific antigens with a lipid nanoparticle "super adjuvant," it overcomes key challenges in cancer immunoth...

      

      
        90% of science is lost. This new AI just found it
        Vast amounts of valuable research data remain unused, trapped in labs or lost to time. Frontiers aims to change that with FAIR2 Data Management, a groundbreaking AI-driven system that makes datasets reusable, verifiable, and citable. By uniting curation, compliance, peer review, and interactive visualization in one platform, FAIR2 empowers scientists to share their work responsibly and gain recognition.

      

      
        California's next big one could be faster and far more destructive
        Supershear earthquakes, moving faster than seismic waves, could cause catastrophic shaking across California. USC researchers warn that many faults capable of magnitude 7 quakes might produce these explosive ruptures. Current construction standards don't account for their directional force. Stronger monitoring and building codes are urgently needed.

      

      
        Decades-old photosynthesis mystery finally solved
        Scientists from the Indian Institute of Science (IISc) and Caltech have finally solved a decades-old mystery about how photosynthesis really begins. They discovered why energy inside plants flows down only one of two possible routes -- a design that lets nature move sunlight with astonishing precision. Using advanced computer simulations, the researchers showed that one branch has a much higher energy barrier, blocking electrons from moving freely.

      

      
        Scientists found a smarter Mediterranean diet that cuts diabetes risk by 31%
        Spanish researchers found that combining a calorie-reduced Mediterranean diet with exercise and professional support cut type 2 diabetes risk by 31%. Participants also lost weight and reduced waist size, proving that small, consistent lifestyle shifts can yield major health gains. Experts say this realistic approach could be integrated globally to tackle diabetes and obesity epidemics.

      

      
        An interstellar visitor lights up the Red Planet's sky
        ESA's Mars orbiters have observed comet 3I/ATLAS, only the third interstellar comet ever discovered. The faint, distant object revealed a glowing coma as it was heated by the Sun. Researchers are still studying the data to understand its makeup and origins. This rare event also foreshadows future missions like the Comet Interceptor, designed to chase such elusive visitors.

      

      
        Ancient humans in Italy butchered elephants and made tools from their bones
        Researchers in Italy discovered 400,000-year-old evidence that ancient humans butchered elephants for food and tools. At the Casal Lumbroso site near Rome, they found hundreds of bones and stone implements, many showing impact marks from butchery. The findings reveal a consistent prehistoric strategy for resource use during warmer Middle Pleistocene periods.

      

      
        The Moon's south pole hides a 4-billion-year-old secret
        A colossal northern asteroid impact billions of years ago likely shaped the Moon's south polar region and explains its uneven terrain. Researchers found that the South Pole-Aitken Basin formed from a glancing northern strike, revealing deep materials from the Moon's interior. This discovery sheds light on how KREEP elements gathered on the near side, driving volcanic activity. Artemis astronauts may soon uncover samples that rewrite lunar history.

      

      
        New research reveals how ADHD sparks extraordinary creativity
        Researchers have discovered that ADHD's hallmark mind wandering might actually boost creativity. People who deliberately let their thoughts drift scored higher on creative tests in two large studies. The findings hint that mindful management of mental drift could turn ADHD's challenges into creative strengths.

      

      
        Fentanyl overdoses among seniors surge 9,000% -- A hidden crisis few saw coming
        Overdose deaths from fentanyl mixed with stimulants have skyrocketed among seniors, increasing 9,000% in just eight years. Once thought to affect mainly the young, the opioid epidemic's fourth wave now engulfs older adults too. Cocaine and methamphetamine are the leading culprits, and experts warn that multi-drug use makes these overdoses especially lethal. Doctors are urged to educate patients and caregivers on prevention and safer pain management.

      

      
        Your type of depression could shape your body's future health
        Different types of depression affect the body in different ways. Atypical, energy-related depression raises the risk of diabetes, while melancholic depression increases the likelihood of heart disease. Scientists say these differences reflect distinct biological pathways and highlight the need for personalized mental and physical health care.

      

      
        Keto diet shields young minds from early-life trauma
        Young rats given a ketogenic diet were largely protected from the mental and behavioral issues caused by prenatal stress. The high-fat, low-carb diet appeared to safeguard brain development and promote sociability. Researchers believe this could pave the way for early dietary interventions to prevent mood and social disorders, though human trials are still needed.

      

      
        Closest alien civilization could be 33,000 light years away
        Complex, intelligent life in the galaxy appears vanishingly rare, with the nearest possible civilization perhaps 33,000 light-years distant. Yet despite the odds, scientists insist that continuing the search for extraterrestrial intelligence is essential -- for either outcome reshapes our understanding of life itself.

      

      
        Two common drugs could reverse fatty liver disease
        Researchers at the University of Barcelona found that combining pemafibrate and telmisartan significantly reduces liver fat and cardiovascular risks in MASLD models. The drug duo works better together than alone, likely due to complementary mechanisms. They also uncovered a new role for the PCK1 protein in fat metabolism.
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Scientists just found real teeth growing on a fish's head | ScienceDaily
When it comes to teeth, most vertebrates share the same basic blueprint. Regardless of their size, shape, or sharpness, teeth typically have the same genetic roots, similar physical makeup, and, almost always, a place in the jaw.


						
That assumption, however, may no longer hold true. Scientists studying the spotted ratfish, a shark-like species found in the northeastern Pacific Ocean, discovered that it has rows of teeth growing on top of its head. These teeth line a cartilage-based structure known as the tenaculum, a forehead appendage that loosely resembles Squidward's nose.

For years, biologists have debated where teeth originally came from -- an important question, given how vital they are to feeding and survival. Most discussions have focused solely on oral teeth, without exploring whether teeth might have evolved elsewhere on the body. The discovery of teeth on the tenaculum has reopened that debate, prompting researchers to ask how widespread such features might be and what they reveal about the history of vertebrate dentition.

"This insane, absolutely spectacular feature flips the long-standing assumption in evolutionary biology that teeth are strictly oral structures," said Karly Cohen, a UW postdoctoral researcher at the University of Washington's Friday Harbor Labs. "The tenaculum is a developmental relic, not a bizarre one-off, and the first clear example of a toothed structure outside the jaw."

The research was published in Proceedings of the National Academy of Sciences.

Spotted ratfish are among the most common fish in Puget Sound. They belong to a group of cartilaginous fish known as chimaeras, which diverged from sharks millions of years ago. Growing to about 2 feet in length, these fish are named for their long, slender tails that make up roughly half their body size. Only adult males develop a tenaculum on their forehead. When resting, it appears as a small white nub between their eyes, but when raised, it becomes a hooked, barbed organ covered in teeth.

Males use the tenaculum both for display and function. They raise it to ward off rivals and, during mating, use it to grip females by the pectoral fin, keeping the pair together in the water.




"Sharks don't have arms, but they need to mate underwater," Cohen said. "So, a lot of them have developed grasping structures to connect themselves to a mate during reproduction."

Spotted ratfish also use pelvic claspers for mating, similar to many other cartilaginous fish.

In most sharks, rays, and skates, the body is covered in small, tooth-like scales called denticles. But apart from the denticles on their pelvic claspers, spotted ratfish are largely smooth-skinned. This unusual lack of denticles led scientists to question what became of them -- and whether the teeth on the tenaculum might represent their evolutionary remnants.

Before conducting the study, researchers had two possibilities in mind. One was that the "teeth" were simply modified denticles, a leftover feature from ancient ancestors. The other suggested they were genuine teeth, similar to those found inside the mouth.

"Ratfish have really weird faces," Cohen said. "When they are small, they kind of look like an elephant squished into a little yolk sack."

The cells that form the oral region are spread farther afield, making it plausible that at some point, a clump of tooth-forming cells might have migrated onto the head and stuck.




To test these theories, the researchers caught and analyzed hundreds of fish, using micro-CT scans and tissue samples to document tenaculum development. While sharks can be quite hard to study, spotted ratfish abound in Puget Sound. They frequent the shallows surrounding Friday Harbor Labs, the UW research facility located on San Juan Island. They also compared the modern ratfish to ancestral fossils.

The scans showed that both male and female ratfish begin making a tenaculum early on. In males, it grows from a small cluster of cells into a little white pimple that elongates between the eyes. It attaches to muscles controlling the jaw and finally, erupts through the surface of the skin and sprouts teeth. In females it never materializes -- or mineralizes -- but evidence of an early structure remains.

The new teeth are rooted in a band of tissue called the dental lamina that is present in the jaw but has never been documented elsewhere. "When we saw the dental lamina for the first time, our eyes popped," Cohen said. "It was so exciting to see this crucial structure outside the jaw."

In humans, the dental lamina disintegrates after we grow our adult teeth, but many vertebrates retain the ability to replace their teeth. Sharks, for example, have "a constant conveyor belt" of new teeth, Cohen said. Dermal denticles, including the ones on the spotted ratfish's pelvic claspers, do not have a dental lamina. Identifying this structure was compelling evidence that the teeth on the tenaculum really are teeth and not leftover denticles. Genetic evidence also backed this conclusion.

"Vertebrate teeth are extremely well united by a genetic toolbox," Cohen said.

Tissue samples revealed that the genes associated with teeth across vertebrates were expressed in the tenaculum, but not the denticles. In the fossil record, they also observed evidence of teeth on the tenaculum of related species.

"We have a combination of experimental data with paleontological evidence to show how these fishes coopted a preexisting program for manufacturing teeth to make a new device that is essential for reproduction," said Michael Coates, a professor and the chair of organismal biology and anatomy at the University of Chicago and a co-author of the paper.

The modern adult male spotted ratfish can grow seven or eight rows of hooked teeth on its tenaculum. These teeth retract and flex more than the average canine, enabling the fish to latch onto a mate while swimming. The size of the tenaculum also appears to be unrelated to the length of the fish. Its development aligns instead with the pelvic claspers, suggesting that the migrant tissue is now regulated by other networks.

"If these strange chimaeras are sticking teeth on the front of their head, it makes you think about the dynamism of tooth development more generally," said Gareth Fraser, a professor of biology at the University of Florida and the study's senior author.

Sharks often serve as the model for studying teeth and development because they have so many oral teeth and are covered in denticles. But, Cohen added, sharks possess just a sliver of the dental diversity captured by history. "Chimeras offer a rare glimpse into the past," she said "I think the more we look at spiky structures on vertebrates, the more teeth we are going to find outside the jaw."

This research was funded by National Science Foundation, the Save Our Seas Foundation, and internal endowments at Friday Harbor Labs supporting innovative early-career research.
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A giant asteroid hit Earth, but its crater is missing | ScienceDaily
"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.


						in a crater but in tiny glass fragments found only in Australia.
The discovery focuses on rare natural glass called tektites, which form when a meteorite hits Earth with enough force to melt the surface and fling molten material vast distances. This newly identified variety of tektites has so far been discovered only across parts of South Australia.
Co-author Professor Fred Jourdan from Curtin's School of Earth and Planetary Sciences compared the finding to uncovering a new chapter in Earth's turbulent past.

"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.

"They formed when an asteroid slammed into Earth, melting surface rock and scattering debris for thousands of kilometers. These tiny pieces of glass are like little time capsules from deep in our planet's history.

"What makes the discovery even more intriguing is that, although the impact must have been immense, scientists are yet to locate the crater.

"Understanding when and how often large asteroids have struck Earth also helps us assess the risk of future impacts, which is important for planetary defense."

Lead author Anna Musolino, a PhD student at Aix-Marseille University, said the glasses stand apart from all previously known tektites.

"These tektites are unique because of their unusual chemistry and their age, which is about 11 million years," Ms. Musolino said.




"They record a completely separate impact event from the famous Australasian tektite-strewn field.

"While the Australasian tektites formed about 780,000 years ago and are spread across half the globe, these tektites are much older and their discovery suggests a previously unrecognized giant impact."

The study was part of a larger research project led by Emeritus Professor Pierre Rochette from Aix-Marseille University and highlights both the destructive power of past impacts and the importance of studying them.

The full research paper, 'A new tektite strewn field in Australia ejected from a volcanic arc impact crater 11 Myr ago', is published in Earth and Planetary Science Letters.
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Asteroid Ryugu's hidden waters could explain how Earth got its oceans | ScienceDaily
A group of scientists, including researchers from the University of Tokyo, has found evidence that liquid water once moved through the asteroid that eventually gave rise to the near-Earth asteroid Ryugu. Remarkably, this activity took place more than a billion years after the asteroid first formed. The discovery, which relies on microscopic rock samples collected by the Japan Aerospace Exploration Agency (JAXA) Hayabusa2 spacecraft, challenges the long-standing belief that water-related processes on asteroids only occurred in the earliest stages of the solar system's evolution. These findings could influence scientific models that describe how Earth and its oceans developed.


						
Although scientists have a solid general picture of how the solar system came together, many details remain uncertain. One of the biggest questions concerns how Earth ended up with so much water. It has long been thought that carbon-rich asteroids, like Ryugu, which formed from ice and dust in the outer solar system, were key suppliers of water to our planet. Hayabusa2's 2018 mission to Ryugu marked the first time such an asteroid was both observed up close and sampled directly. The mission returned small bits of rock and dust to Earth, giving researchers a rare opportunity to fill in missing pieces of our planet's early story.

"We found that Ryugu preserved a pristine record of water activity, evidence that fluids moved through its rocks far later than we expected," said Associate Professor Tsuyoshi Iizuka from the Department of Earth and Planetary Science at the University of Tokyo. "This changes how we think about the long-term fate of water in asteroids. The water hung around for a long time and was not exhausted so quickly as thought."

The key to the discovery lies in the isotopes of lutetium (Lu) and hafnium (Hf), elements that form a natural radioactive clock through the decay of 176Lu into 176Hf. By analyzing their ratios in Ryugu's samples, researchers expected to determine the asteroid's age in a straightforward way. Instead, they found much higher levels of 176Hf compared with 176Lu than anticipated. This unusual imbalance suggested that liquid water had once seeped through the rocks, effectively leaching lutetium out of them.

"We thought that Ryugu's chemical record would resemble certain meteorites already studied on Earth," said Iizuka. "But the results were completely different. This meant we had to carefully rule out other possible explanations and eventually concluded that the Lu-Hf system was disturbed by late fluid flow. The most likely trigger was an impact on a larger asteroid parent of Ryugu, which fractured the rock and melted buried ice, allowing liquid water to percolate through the body. It was a genuine surprise! This impact event may be also responsible for the disruption of the parent body to form Ryugu."

The study's implications are far-reaching. It suggests that carbon-rich asteroids could have stored and delivered much more water to Earth than scientists previously assumed. Ryugu's parent asteroid appears to have retained frozen water for over a billion years, meaning similar bodies colliding with the young Earth might have delivered two to three times more water than current models estimate. Such impacts could have played a major role in shaping the early oceans and atmosphere.

"The idea that Ryugu-like objects held on to ice for so long is remarkable," said Iizuka. "It suggests that the building blocks of Earth were far wetter than we imagined. This forces us to rethink the starting conditions for our planet's water system. Though it's too early to say for sure, my team and others might build on this research to clarify things, including how and when our Earth became habitable."

Hayabusa2 only brought back a few grams of material. With many researchers wanting to run tests on it, each experiment could only use a few tens of milligrams, fractions of a grain of rice. To maximize the information gained, the team developed sophisticated methods for separating elements and analyzing isotopes with extraordinary precision, realizing the full potential of current geochemical analytical techniques.




"Our small sample size was a huge challenge," recalled Iizuka. "We had to design new chemistry methods that minimized elemental loss while still isolating multiple elements from the same fragment. Without this, we could never have detected such subtle signs of late fluid activity."

The researchers also plan to study phosphate veins within Ryugu samples to pin down more precise ages of the late fluid flow. They will also compare their results with NASA's samples collected from asteroid Bennu by the OSIRIS-REx spacecraft, to test whether similar water activity might have happened there too, or whether it was unique to Ryugu. Eventually, Iizuka and colleagues hope to trace how water was stored, mobilized and finally delivered to Earth, a story that continues to shape our understanding of planetary habitability.

Funding: This work was supported by Japan Society for the Promotion of Science KAKENHI grants (21KK0057, 22H00170).
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From poison to power: How lead exposure helped shape human intelligence | ScienceDaily
What made the modern human brain so different from that of our extinct relatives, such as Neanderthals? Researchers at the University of California San Diego School of Medicine, along with an international team, have discovered that ancient hominids, including early humans and great apes, came into contact with lead far earlier than previously believed -- up to two million years before modern humans began mining it. This long-term exposure may have influenced how early brains evolved, possibly hindering language and social development in all but modern humans, who possess a unique protective genetic variant. The findings were published in Science Advances on October 15, 2025.


						
The team examined fossilized teeth from 51 hominids found across Africa, Asia, and Europe. The samples included both modern and archaic humans such as Neanderthals, early human ancestors like Australopithecus africanus, and extinct great apes including Gigantopithecus blacki.

Lead traces were present in 73% of the fossils studied, with 71% of modern and archaic human samples showing contamination. Fossils of G. blacki dating back 1.8 million years revealed the highest levels of acute exposure.

It was previously thought that humans began facing significant lead exposure only in recorded history, especially during the Roman era, when lead pipes were used for water systems, and later during the Industrial Revolution. Lead pollution declined only after the late twentieth century.

"We stopped using lead in our daily lives when we realized how toxic it is, but nobody had ever studied lead in prehistory," said corresponding author Alysson Muotri, Ph.D., professor of pediatrics and cellular & molecular medicine at UC San Diego School of Medicine, associate director of the Archealization Center, and director of the Sanford Integrated Space Stem Cell Orbital Research Center.

To the researchers' surprise, teeth from people born in the mid-twentieth century (the 1940s through the 1970s), when exposure to leaded gasoline and paint was widespread, showed similar lead patterns to ancient human fossils.

The scientists suggest that ancient humans and their relatives might have encountered lead through their search for water, much like the Romans did later in history.




"One possibility is that they were looking for caves with running water inside," Muotri said. "Caves contain lead, so they were all contaminated. Based on the tooth enamel studies, it started very early in infancy."

Lead exposure disrupts brain growth and function, impairing intelligence and emotional regulation.

Faced with this evidence, Muotri and his team began to question how modern humans managed to thrive despite such toxic conditions during their evolutionary past.

A tiny genetic change

A gene known as neuro-oncological ventral antigen 1 (NOVA1) plays a major role in brain formation and synaptic development. Acting as a key regulator of neurodevelopment, NOVA1 helps determine how neural progenitor cells react to lead exposure, and disturbances in its activity are linked to neurological disorders.

Nearly all modern humans carry a version of the NOVA1 gene that differs by a single DNA base pair from the version found in Neanderthals. Earlier work from Muotri's group showed that swapping the modern NOVA1 with the older variant in miniature brain models, called organoids, caused dramatic changes in brain structure and connectivity.




"Everything about the organoids is identical except for that genetic variant, allowing us to ask whether that specific mutation between us and Neanderthals is giving us any advantage," said Muotri. The archaic variant accelerated brain maturation but resulted in less complexity over time. "If all humans have this newer mutation in all corners of the world, very strong genetic pressure must have selected for it in our species."

To test whether lead exposure might have shaped this genetic shift, the researchers created brain organoids with both the modern and ancestral NOVA1 variants, exposing them to lead and monitoring the growth of cortical and thalamic neurons.

They found that lead changed NOVA1 activity in both types of organoids, influencing genes linked to conditions such as autism and epilepsy.

However, only the archaic NOVA1 variant altered the activity of FOXP2, a gene crucial for speech and language. People with certain FOXP2 mutations struggle to form complex words and sentences.

"These type of neurons related to complex language are susceptible to death in the archaic version of NOVA1," said Muotri. " The FOXP2 gene is identical between us and the Neanderthals, but it's how the gene is regulated by NOVA1 that likely contributes to language differences."

Evolutionary implications

The findings suggest that the acquisition of the modern NOVA1 variant may have protected us from the detrimental effects of lead, promoting complex language development and social cohesion. This could have given modern humans a significant evolutionary advantage over Neanderthals, even in the presence of lead contamination.

Muotri believes these results have important implications for understanding how environmental stressors shaped brain development during human evolution. He speculates that lead exposure may have contributed to the extinction of Neanderthals around 40,000 years ago.

"Language is such an important advantage, it's transformational, it is our superpower," said Muotri. "Because we have language, we are able to organize society and exchange ideas, allowing us to coordinate large movements. There is no evidence that Neanderthals could do that. They might have had abstract thinking, but they could not translate that to each other. And maybe the reason is because they never had a system to communicate that was as efficient as our complex language."

Understanding how NOVA1 gene variants can affect FOXP2 expression helps elucidate the relationship between lead contamination and brain development and also sheds light on neurological conditions related to language, including speech apraxia -- a condition that makes it difficult to produce speech sounds correctly -- and autism.

The study's co-authors included Janaina Sena de Souza, Sandra M. Sanchez-Sanchez, Jose Oviedo, University of California San Diego; Marian Bailey and Matthew Tonge at Southern Cross University; Renaud Joannes-Boyau, Southern Cross University and University of Johannesburg; Justin W. Adams, University of Johannesburg and Monash University; Christine Austin, Manish Arora, Icahn School of Medicine at Mount Sinai, Kira Westaway, Macquarie University; Ian Moffat, Flinders University and University of Cambridge; Wei Wang and Wei Liao, Anthropology Museum of Guangxi; Yingqi Zhang, Institute of Vertebrate Paleontology and Paleoanthropology; Luca Fiorenza, Monash University and Johann Wolfgang Goethe University; Marie-Helene Moncel, Museum National d'Histoire Naturelle; Gary T. Schwartz, Arizona State University; Luiz Pedro Petroski and Roberto H. Herai, Pontificia Universidade Catolica do Parana; Jose Oviedo, University of Arizona; and Bernardo Lemos, Harvard T. H. Chan School of Public Health.

The study was funded, in part, by the National Institutes of Health (grants R01 ES027981, P30ES023515, R01ES026033), the Australian Research Council (grant DP170101597), the National Science Foundation (grant BCS 0962564), and the The Leakey Foundation.

Disclosures: Muotri is the co-founder of and has an equity interest in TISMOO, a company specializing in genetic analysis and human brain organogenesis. The terms of this arrangement have been reviewed and approved by the University of California San Diego in accordance with its conflict-of-interest policies.
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Who or what dug Mars' mysterious gullies? The answer is explosive | ScienceDaily
Could Mars have once supported life? Scientists still don't have proof. Yet some of the planet's strange surface features might seem to hint at it. Earth scientist Dr. Lonneke Roelofs of Utrecht University set out to study the origin of mysterious gullies carved into Martian dunes. In her laboratory experiments, she discovered that blocks of frozen carbon dioxide (CO2 ice) can actually dig these channels on their own. "It felt like I was watching the sandworms in the film Dune," she said. Her research appears in Geophysical Research Letters.


						
For years, scientists suspected CO2 ice might be responsible for the odd formations, but no one had been able to show it directly. Roelofs succeeded by creating gullies in the lab using CO2 ice blocks, replicating a natural process that doesn't occur on Earth and had never before been seen in action.

Sublimation

During the Martian winter, when temperatures plunge to around minus 120 degrees Celsius, ice accumulates on the dunes. As spring approaches, the sun warms the slopes and large ice blocks -- sometimes a meter long -- break loose. Because Mars has a thin atmosphere and a sharp temperature difference between warm sand and the ice, the underside of these blocks instantly turns to gas in a process known as sublimation. Since gas takes up far more space than solid ice, the pressure builds rapidly, making the ice appear to "explode."

"In our simulation, I saw how this high gas pressure blasts away the sand around the block in all directions," says Roelofs. As a result, the block digs itself into the slope and becomes trapped in a hollow surrounded by small ridges of settled sand. "However, the sublimation process continues, and so the sand keeps on being blasted in all directions." As the ice keeps vaporizing, it gradually slides downhill, carving a long, deep trench with ridges on either side. These artificial gullies match the ones seen on Mars almost exactly.

Landscape formation

Roelofs studies the geological forces that sculpt Mars' surface. In earlier work, she showed that sublimating CO2 ice can trigger debris flows that cut deep channels along crater walls. "But the gullies from this research looked different," she explains. "Therefore, a different process was behind this, but which? That is what I set out to discover."

Mars chamber




Together with master student Simone Visschers, she traveled to the English city of Milton Keynes to solve the mystery behind these unusual sand gullies. The Open University has a 'Mars chamber': a facility for simulating Martian conditions. Financial support from the British Society of Geomorphology made the visit possible. "We tried out various things by simulating a dune slope at different angles of steepness. We let a block of CO2 ice fall from the top of the slope and observed what happened," states the researcher. "After finding the right slope, we finally saw results. The CO2 ice block began to dig into the slope and move downwards just like a burrowing mole or the sandworms from Dune. It looked very strange!"

From ice to gullies

But how exactly do these blocks of ice form? "The CO2 ice blocks form on the desert dunes halfway down the southern hemisphere of Mars. During the winter, a layer of CO2 ice forms over the entire surface of the dune field, sometimes up to a thickness of 70 cm! In spring, this ice begins to warm up and sublimate. The last remnants of this ice are located on the shaded side of the dune tops, and that is where the blocks break off from once the temperature is high enough. Once the blocks reach the bottom of the slope and stop moving, the ice continues to sublimate until all the CO2 has evaporated. What remains is a hollow in the sand at the bottom of the dune."

Why Mars?

Why does this planet fascinate people so much? "Mars is our nearest neighbour. It is the only rocky planet close to the 'green zone' of our solar system. This zone lies exactly far enough from the Sun to make the presence of liquid water possible, which is a prerequisite for life. Questions about the origin of life, and possible extra-terrestrial life, could therefore be solved here," says Roelofs. "Also, conducting research into the formation of landscape structures of other planets is a way of stepping outside the frameworks used to think about the Earth. This allows you to pose slightly different questions, which in turn can deliver new insights for processes here on our planet."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251015230949.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Forged in fire: The 900degC heat that built Earth's stable continents | ScienceDaily
For billions of years, Earth's continents have remained remarkably steady, providing the groundwork for mountains, ecosystems, and human civilization. Yet the reason behind their long-term stability has puzzled scientists for more than a century. Now, researchers from Penn State and Columbia University have uncovered strong evidence explaining how the continents formed and maintained their endurance, and the crucial factor behind it is heat.


						
In a new study published in Nature Geoscience, the team found that creating long-lasting continental crust required extreme temperatures -- over 900 degrees Celsius -- in the planet's lower crust. These intense conditions allowed radioactive elements such as uranium and thorium to move upward. As these elements decayed, they produced heat, and by migrating from the deep crust to higher levels, they carried heat away. This process helped the lower crust cool and solidify, ultimately strengthening it.

According to the researchers, the findings extend beyond understanding Earth's geology. They could also aid modern efforts to locate valuable critical minerals, which are essential for technologies like smartphones, electric vehicles, and renewable energy systems, as well as guide the search for potentially habitable planets elsewhere.

The same processes that stabilized Earth's crust also redistributed rare earth elements such as lithium, tin, and tungsten, revealing new clues about where these minerals may be found today. Similar heat-driven mechanisms could occur on other rocky planets, offering planetary scientists additional signs to identify worlds capable of supporting life.

"Stable continents are a prerequisite for habitability, but in order for them to gain that stability, they have to cool down," said Andrew Smye,   associate professor of geosciences at Penn State and lead author on the paper. "In order to cool down, they have to move all these elements that produce heat -- uranium, thorium and potassium -- towards the surface, because if these elements stay deep, they create heat and melt the crust."

Smye explained that Earth's continental crust, as it exists today, began forming about 3 billion years ago. Before that, the planet's crust was very different -- lacking the silicon-rich composition of modern continents. Scientists had long suspected that the melting of older crust played an important role in forming stable continental plates, but this study shows that the process required far higher temperatures than previously realized.

"We basically found a new recipe for how to make continents: they need to get much hotter than was previously thought, 200 degrees or so hotter," Smye said.




He compared the process to forging steel.

"The metal is heated up until it becomes just soft enough so that it can be shaped mechanically by hammer blows," Smye said. "This process of deforming the metal under extreme temperatures realigns the structure of the metal and removes impurities -- both of which strengthen the metal, culminating in the material toughness that defines forged steel. In the same way, tectonic forces applied during the creation of mountain belts forge the continents. We showed that this forging of the crust requires a furnace capable of ultra-high temperatures."

To reach their conclusions, the researchers analyzed rock samples from the Alps in Europe and the southwestern United States, along with data from previous scientific studies. They examined chemical information from hundreds of samples of metasedimentary and metaigneous rocks, which form much of the lower crust, and organized them based on their peak metamorphic temperatures -- the highest temperatures reached while the rocks remained mostly solid but underwent physical and chemical changes.

The team compared rocks formed under high-temperature (HT) and ultrahigh-temperature (UHT) conditions. Smye and his co-author, Peter Kelemen, professor of earth and environmental sciences at Columbia University, discovered that rocks that had melted at temperatures above 900 degC consistently contained much lower amounts of uranium and thorium than those formed at cooler conditions.

"It's rare to see a consistent signal in rocks from so many different places," he said. "It's one of those eureka moments that you think 'nature is trying to tell us something here.'"

He explained that melting in most rock types occurs when the temperature gets above 650 degC or a little over six times as hot as boiling water. Typically, the further into the crust you go, the temperature increases by about 20 degC for every kilometer of depth. Since the base of most stable continental plates is about 30 to 40 kilometers thick, temperatures of 900 degC are not typical and required them to rethink the temperature structure.




Smye explained that earlier in Earth's history, the amount of heat produced from the radioactive elements that made up the crust -- uranium, thorium and potassium -- was about double what it is today.

"There was more heat available in the system," he said. "Today, we wouldn't expect as much stable crust to be produced because there's less heat available to forge it."

He added that understanding how these ultra-high temperature reactions can mobilize elements in the Earth's crust has wider implications for understanding the distribution and concentration of critical minerals, a highly sought-after group of metals that have proved challenging to mine and locate. If scientists can understand the reactions that first redistributed the valuable elements, theoretically they could better locate new deposits of the materials today.

"If you destabilize the minerals that host uranium, thorium and potassium, you're also releasing a lot of rare earth elements," he said.

The U.S. National Science Foundation funded this research.
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Quantum crystals could spark the next tech revolution | ScienceDaily
Picture a future where factories can create materials and chemical compounds more quickly, at lower cost, and with fewer production steps. Imagine your laptop processing complex data in seconds or a supercomputer learning and adapting as efficiently as the human brain. These possibilities depend on one fundamental factor: how electrons behave inside materials. Researchers at Auburn University have now developed a groundbreaking type of material that allows scientists to precisely control these tiny charged particles. Their findings, published in ACS Materials Letters, describe how the team achieved adjustable coupling between isolated-metal molecular complexes, called solvated electron precursors, where electrons are not tied to specific atoms but instead move freely within open spaces.


						
Electrons are central to nearly every chemical and technological process. They drive energy transfer, bonding, and electrical conductivity, serving as the foundation for both chemical synthesis and modern electronics. In chemical reactions, electrons enable redox processes, bond formation, and catalytic activity. In technology, managing how electrons move and interact underpins everything from electronic circuits and AI systems to solar cells and quantum computers. Typically, electrons are confined to atoms, which restricts their potential uses. However, in materials known as electrides, electrons move independently, opening the door to remarkable new capabilities.

"By learning how to control these free electrons, we can design materials that do things nature never intended," explains Dr. Evangelos Miliordos, Associate Professor of Chemistry at Auburn and senior author of the study, which was based on advanced computational modeling.

To achieve this, the Auburn team created innovative material structures called Surface Immobilized Electrides by attaching solvated electron precursors to stable surfaces such as diamond and silicon carbide. This configuration makes the electronic characteristics of the electrides both durable and tunable. By changing how the molecules are arranged, electrons can either cluster into isolated "islands" that behave like quantum bits for advanced computing or spread into extended "seas" that promote complex chemical reactions.

This versatility is what gives the discovery its transformative potential. One version could lead to the development of powerful quantum computers capable of solving problems beyond the reach of today's technology. Another could provide the basis for cutting-edge catalysts that speed up essential chemical reactions, potentially revolutionizing how fuels, pharmaceuticals, and industrial materials are produced.

"As our society pushes the limits of current technology, the demand for new kinds of materials is exploding," says Dr. Marcelo Kuroda, Associate Professor of Physics at Auburn. "Our work shows a new path to materials that offer both opportunities for fundamental investigations on interactions in matter as well as practical applications."

Earlier versions of electrides were unstable and difficult to scale. By depositing them directly on solid surfaces, the Auburn team has overcome these barriers, proposing a family of materials structures that could move from theoretical models to real-world devices. "This is fundamental science, but it has very real implications," says Dr. Konstantin Klyukin, Assistant Professor of Materials Engineering at Auburn. "We're talking about technologies that could change the way we compute and the way we manufacture."

The theoretical study was led by faculty across chemistry, physics, and materials engineering at Auburn University. "This is just the beginning," Miliordos adds. "By learning how to tame free electrons, we can imagine a future with faster computers, smarter machines, and new technologies we haven't even dreamed of yet."

The study, "Electrides with Tunable Electron Delocalization for Applications in Quantum Computing and Catalysis," was also coauthored by graduate students Andrei Evdokimov and Valentina Nesterova. It was supported by the U.S. National Science Foundation and Auburn University computing resources.
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Tiny brain nanotubes found by Johns Hopkins may spread Alzheimer's | ScienceDaily
Researchers at Johns Hopkins Medicine report that they have identified how mammalian brains build intricate networks of tiny tubes that move toxins in and out of brain cells, much like pneumatic tubes send items through systems in factories and stores.


						
Their experiments, which used genetically modified mice and advanced imaging tools, were supported by the National Institutes of Health and published on Oct. 2 in Science. According to the team, the discovery could deepen scientific understanding of how Alzheimer's disease and other neurodegenerative disorders develop, offering potential pathways for new treatments.

In the study, the scientists observed that these microscopic tubes, known as nanotubes, primarily formed to help neurons expel toxic small molecules such as amyloid-beta. This protein can clump together into sticky plaques, one of the defining features of Alzheimer's disease.

"Cells have to get rid of toxic molecules, and by producing a nanotube, they can then transmit this toxic molecule to a neighbor cell," says corresponding author Hyungbae Kwon, associate professor of neuroscience at the Johns Hopkins University School of Medicine. "Unfortunately, this also results in spreading harmful proteins to other areas of the brain."

With the help of powerful microscopes and live-cell imaging, the team watched as neurons created long, slender extensions between their dendrites -- the branching projections that connect brain cells. These "dendritic nanotubes," as the researchers call them, appeared to shuttle harmful molecules from one neuron to another.

"The long and thin column-like structures of these dendritic nanotubes help transfer information quickly from neuron to neuron," says Kwon. "These nanotubes can transport calcium, ions or toxic molecules, and are ideal for sending information to cells that are far away."

Computer simulations of the process mirrored the early stages of amyloid buildup, or "early amyloidosis," and revealed what the researchers describe as a "nanotubular connectivity layer" that adds a new dimension to how brain cells interact.




Kwon notes that these insights could help scientists refine approaches to treating Alzheimer's and similar conditions.

To explore the phenomenon, the researchers collected small brain tissue samples from healthy mice and examined them with high-resolution microscopy, allowing them to visualize the nanotubes in remarkable detail and track how they moved materials between neurons.

They then compared these samples with brain tissue from mice genetically engineered to develop Alzheimer's-like amyloid buildup.

The researchers say the mice with Alzheimer's disease had an increased number of nanotubes in their brains at three months old, when the mice were symptom-free, as compared with normal mice of the same age. At six months of age, the number of nanotubes in normal mice and those with Alzheimer's disease began to equalize.

By taking a closer look at human neurons (sampled with permission from a publicly available electron microscopy database), the scientists identified nanotubes with similar morphology forming between neurons in the same way that the laboratory mice developed them.

In future experiments, Kwon says, the team will focus on whether larger-scale nanotube networks exist in cell types other than neurons in the brain. Eventually, he intends to design an experiment in which researchers create a nanotube to see how it affects the state of cells.




With such knowledge, Kwon says, there's the possibility of one day dialing up or down nanotube production to protect the brain.

"When designing a potential treatment based on this work, we can target how nanotubes are produced -- by either increasing or decreasing their formation -- according to the stage of the disease," Kwon says.

Funding for this research was provided by the National Institutes of Health (DP1MH119428 and R01NS138176).

Additional researchers who conducted the study are Minhyeok Chang, Sarah Krussel, Juhyun Kim, Daniel Lee, Alec Merodio and Jaeyoung Kwon from Johns Hopkins; and Laxmi Kumar Parajuli and Shigeo Okabe from the University of Tokyo, Japan.
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This type of meat supercharges muscle growth after workouts | ScienceDaily
A new study examined how muscles respond to weight training when people eat different types of pork afterward. Researchers compared high-fat and lean ground pork burgers that contained the same amount of protein to see how each affected short-term muscle growth. The results surprised the team and added to growing evidence that the body's muscle-building process after exercise depends not just on how much protein is consumed, but on the type of protein as well.


						
The research was published in the American Journal of Clinical Nutrition.

"What we're finding is that not all high-quality animal protein foods are created equal," said Nicholas Burd, a professor of health and kinesiology at the University of Illinois Urbana-Champaign, who led the research with graduate student Zan Zupancic.

Burd's previous work revealed similar patterns. One earlier experiment showed that eating whole eggs after weight training led to greater muscle-protein synthesis than eating the same amount of protein from egg whites alone. Another study found that eating salmon produced a stronger muscle-building response than consuming a processed blend with the same nutrients in identical proportions.

Together, these findings suggest that whole foods stimulate muscle growth more effectively after exercise than processed versions do. Burd noted that in some cases, the natural fat content of whole foods might actually enhance muscle-building activity.

In this latest study, the research team used advanced techniques to measure and track muscle-protein synthesis in 16 young, physically active adults. To prepare the test meals, they collaborated with the University of Illinois Meat Science Laboratory to create pork patties with precisely defined fat levels.

"That took us a year because it was so hard to get those fat ratios correct," Burd said. All of the meat came from a single pig, and the patties were sent to an external lab for detailed nutrient analysis. Once the fat-to-lean ratios and other nutritional values were verified, the burgers were frozen until used during the experiment's feeding phase.




Before participants began the workout and meal trials, they received an infusion of isotope-labeled amino acids. This technique allowed the scientists to monitor how quickly those amino acids were integrated into muscle tissue. Blood samples were also collected throughout the process to measure circulating amino acid levels.

Muscle biopsies were taken both before and after the two-hour infusion to establish a baseline for muscle-protein synthesis.

"And then we took them to the gym," Burd said. "And they were wheeling that infusion pump and everything else with them."

At the gym, participants performed leg presses and leg extensions, then returned to the lab to eat one of three test meals: a high-fat pork burger, a lean pork burger, or a carbohydrate drink. Five hours later, the researchers took another muscle biopsy to measure how the meal and exercise together affected protein synthesis.

After several days of recovery, 14 of the 16 volunteers repeated the process but switched meal types to ensure that individual differences did not skew the results.

As expected, amino acid levels in the blood rose sharply after eating pork compared with the carbohydrate drink. However, those who consumed the lean pork burger showed the largest increases in amino acids -- both total and essential.




"When you see an increased concentration of amino acids in the blood after you eat, you get a pretty good idea that that is coming from the food that you just ate," Burd said.

Those who consumed the lean pork burger after a bout of weight training also had a greater rate of muscle-protein synthesis than those who ate the high-fat pork burger. This was a surprise to Burd, as "the previous studies using fattier foods, such as whole eggs or salmon, generally showed enhanced post-exercise muscle-protein synthesis compared with lower fat food such as egg whites or nutritional supplements," he said.

Although weight training boosted muscle-protein synthesis in the groups eating pork, the protein in the high-fat burger seemed to have no added benefit in the hours after participants consumed it, while the protein in the lean pork gave muscle-protein synthesis a boost.

"For some reason, the high-fat pork truly blunted the response," Burd said. "In fact, the people who ate the high-fat pork only had slightly better muscle-building potential than those who drank a carbohydrate sports beverage after exercise."

Interpreting the results of this study for people who want to optimize muscle gains from weight-training is tricky, Burd said. It could be that processing the ground pork patties, which involved grinding the meat and adding the fattier meat to the lean, affected the kinetics of digestion.

"There was a little larger rise in the amino acids available from eating lean pork, so it could have been a bigger trigger for muscle-protein synthesis," Burd said. "But that seems to be specific to the ground pork. If you're eating other foods, like eggs or salmon, the whole foods appear to be better despite not eliciting a large rise in blood amino acids."

Burd stresses that exercise is the strongest stimulus for muscle-protein synthesis.

"Most of the muscle response is to weight-training, and we use nutrition to try to squeeze out the remaining potential," he said. "When it comes to eating after weight-training, what we're finding is that some foods, particularly whole, unprocessed foods seem to be a better stimulus."

Burd also is a professor of nutritional sciences and is affiliated with the Carl R. Woese Institute for Genomic Biology at the U. of I.

The National Pork Board's Pork Checkoff program supported this research. The funder had no involvement in study design, data collection or analysis.
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This European treatment for joint pain just passed a major scientific test | ScienceDaily
A new randomized, placebo-controlled clinical trial suggests that a single round of low-dose radiation therapy could offer a safe and effective alternative for people suffering from painful knee osteoarthritis.


						
Participants with mild to moderate knee osteoarthritis experienced notable pain reduction and improved mobility within four months of receiving the treatment. The radiation exposure was only a tiny fraction of what is used in cancer therapy. Because the study included a control group that underwent a simulated treatment, researchers were able to clearly separate genuine treatment effects from placebo responses, which are common in osteoarthritis trials. Early results from this Korean study were presented at the American Society for Radiation Oncology (ASTRO) Annual Meeting.

"People with painful knee osteoarthritis often face a difficult choice between the risks of side effects from pain medications and the risks of joint replacement surgery," said Byoung Hyuck Kim, MD, PhD, principal investigator on the trial and an assistant professor of radiation oncology at Seoul National University College of Medicine, Boramae Medical Center. "There's a clinical need for moderate interventions between weak pain medications and aggressive surgery, and we think radiation may be a suitable option for those patients especially when drugs and injections are poorly tolerated."

Osteoarthritis is the most common form of arthritis, affecting an estimated 32.5 million adults in the United States. It develops as the cartilage that cushions bone ends wears away over time. The condition often targets the knees and hips, limiting mobility and diminishing quality of life. Typical treatment begins with lifestyle adjustments and pain-relief medications, with surgery considered when symptoms become severe.

Low-dose radiation therapy has long been used in European countries such as Germany and Spain to treat joint pain, where it is widely accepted. However, Dr. Kim noted that before this study, rigorous placebo-controlled evidence was scarce, and awareness of the treatment remained low among clinicians in other parts of the world.

"There is a misconception that medicinal, or therapeutic, radiation is always delivered in high doses," he said. "But for osteoarthritis, the doses are only a small fraction of what we use for cancer, and the treatment targets joints that are positioned away from vital organs, which lowers the likelihood of side effects." In this study, he explained, the radiation dose was less than 5% of what is typically used in cancer therapy, and no radiation-related side effects were observed.

The multicenter study included 114 participants with mild to moderate knee osteoarthritis, recruited from three academic hospitals in Korea. They were randomly assigned to one of three groups: a very low dose (0.3 Gy), a low dose (3 Gy), or a control group that received simulated (sham) radiation. In the placebo group, patients went through the same setup as those receiving treatment, but no radiation was actually delivered. Each participant underwent six treatment sessions without knowing which group they were assigned to.




To ensure the results reflected the true effects of radiation, the researchers restricted the use of additional pain relievers, allowing only acetaminophen as needed during the four-month follow-up period. The effectiveness of treatment was evaluated using internationally recognized standards, identifying a participant as a "responder" if they achieved meaningful improvement in at least two of three measures: pain, physical function, and overall assessment of their condition. Participants also completed separate questionnaires addressing pain, stiffness, and mobility. No treatment-related side effects were reported.

After four months, 70% of patients in the 3 Gy group met responder criteria, compared to 42% in the placebo group (p=0.014). Outcomes in the 0.3 Gy group were not significantly different from the control group (58.3% improved, p=0.157), indicating the 3 Gy regimen drove relief beyond placebo effects.

Meaningful improvements in the composite score of pain, stiffness and physical function were reported more often in the 3 Gy group (56.8%) than in the placebo group (30.6%, p=0.024). For other secondary outcomes, including the amount of pain medication needed, there were no significant differences.

Dr. Kim said this trial differed from previous research in two critical ways. "The sham-controlled design helped rule out placebo effects, and we limited stronger analgesics, which made differences between groups more clearly attributable to the radiation itself," he said.

"In previous studies, drugs such as NSAIDs or opioids were also used during the intervention or follow-up period. But using these pain relievers could mask the effects of radiation therapy," he said. Because analgesic use was limited to acetaminophen only during the four months of follow-up in this trial, "that means the differences between treatment groups are more clearly attributable to the low-dose radiation therapy itself."

Responses in the placebo arms were substantial -- about 40% met the criteria for treatment response without true radiation -- but are consistent with rates reported in prior osteoarthritis trials of injections or medications and in at least one similar European study, Dr. Kim said. "It was surprising, and it underscores how important placebo-controlled designs are in osteoarthritis research. We need to examine this more closely in future studies."

Radiation therapy may be best suited for patients with underlying inflammation and preserved joint structure, he explained. "For severe osteoarthritis, where the joint is physically destroyed and cartilage is already gone, radiation will not regenerate tissue," Dr. Kim said. "But for people with mild to moderate disease, this approach could delay the need for joint replacement."

He emphasized that low-dose radiation should be considered as part of shared decision-making alongside standard measures such as weight loss, physiotherapy, and medications. "In clinical practice, responses could be even stronger when radiation is properly combined with other treatments, and patient satisfaction may be higher than with current options alone."

The research team is completing 12-month follow-up to assess durability of benefits and to correlate symptom relief with imaging-based measures of joint structure. Planned studies also include larger, pragmatic trials to evaluate outcomes in specific subgroups and health-economic analyses comparing low-dose radiation with injections and medication regimens.
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A little stress could be the secret to healthy aging | ScienceDaily
Researchers at the University of Basel in Switzerland have found that certain nutrients can cause a mild stress reaction in nematodes. Surprisingly, this reaction doesn't harm the worms -- it actually helps them remain healthier as they grow older.


						
Human lifespans are longer than ever, but longevity alone doesn't guarantee good health. Many people are now asking not only "How long can I live?" but "How well can I live?" While lifespan refers to the total number of years from birth to death, healthspan is the portion of those years spent in good health.

Diet plays a major role in determining how well we age. Scientists have long known that both the amount and the type of nutrients we consume influence aging. Using the microscopic worm Caenorhabditis elegans, Professor Spang's team showed that specific RNA molecules found in food can improve the worms' health in later life. "These molecules prevent the formation of harmful protein aggregates that are typically linked with aging and disease," says Spang. The results of their study were published in Nature Communications.

How diet shapes aging

As organisms age, their ability to remove damaged or altered proteins declines. These proteins can accumulate and form toxic clumps within cells, which are thought to drive the aging process and contribute to diseases such as Alzheimer's, Parkinson's, and various muscle disorders.

The researchers discovered that a balanced diet supports longer healthspan and that certain dietary components offer protective effects. The worms mainly consume bacteria that contain double-stranded RNA molecules. "These dietary RNAs are absorbed in the gut and activate quality-control mechanisms to protect from cellular stress," explains Emmanouil Kyriakakis, the study's first author." This low-level stress essentially trains the body to cope with protein damage more effectively."

Diet-dependent mechanisms slow cellular aging

Diet activates autophagy -- a cellular "clean-up" process that degrades and recycles damaged proteins. This mechanism reduces harmful protein aggregation and thus slows down cell aging. "We were surprised to find that the gut communicates with other organs," says Kyriakakis. "We observed protective effects not only locally, but also in muscles and throughout the whole organism."




Healthier aging -- even in worms

Overall, the worms exposed to a balanced diet were more active and healthier in old age. "The dietary-RNA species elicit a systemic stress response that protects the worms from protein aggregation during aging," says Kyriakakis. "thereby extending their healthspan."

The findings confirm that diet strongly influences health in old age. "Specific food components can stimulate the body's own protective mechanisms," adds Spang. "So, a little stress can be good for you." Whether individual nutrients can also spark beneficial effects in humans -- and potentially help prevent age-related diseases -- remains to be investigated. But it's certainly conceivable. What is clear already: What we eat can shape the way we age.
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It actually rains on the Sun. Here's the stunning reason | ScienceDaily
It rains on the Sun, and scientists at the University of Hawai`i Institute for Astronomy (IfA) have finally uncovered the reason why.


						
Unlike the water that falls from clouds on Earth, solar rain takes place in the Sun's corona, the outermost layer made of intensely hot plasma. This phenomenon involves cooler, heavier blobs of plasma that condense high above the Sun's surface and then plunge back down. For years, researchers couldn't understand how this "rain" formed so rapidly during solar flares.

New explanation

That puzzle has now been solved by Luke Benavitz, a first-year graduate student at IfA, working with IfA astronomer Jeffrey Reep. Their findings, published in the Astrophysical Journal, fill a critical gap in long-standing solar models.

"At present, models assume that the distribution of various elements in the corona is constant throughout space and time, which clearly isn't the case," said Benavitz. "It's exciting to see that when we allow elements like iron to change with time, the models finally match what we actually observe on the Sun. It makes the physics come alive in a way that feels real."

Why it matters

The discovery gives solar scientists new tools to better simulate how the Sun behaves during energetic flares -- knowledge that could eventually improve forecasts of space weather events that influence technology and communications on Earth.




Earlier models suggested the heating that causes coronal rain should take hours or even days, yet solar flares occur within minutes. The IfA team's new approach shows that changes in the relative amounts of elements, or elemental abundances, can account for the rapid formation of solar rain.

"This discovery matters because it helps us understand how the Sun really works," said Reep. "We can't directly see the heating process, so we use cooling as a proxy. But if our models haven't treated abundances properly, the cooling time has likely been overestimated. We might need to go back to the drawing board on coronal heating, so there's a lot of new and exciting work to be done."

Fresh insights

Their findings also open up a broader range of questions. Scientists now realize that the composition of the Sun's atmosphere changes over time, overturning decades of assumptions that it stayed constant. This insight extends far beyond coronal rain, prompting a reexamination of how the Sun's outer layers evolve and how energy circulates through its atmosphere.
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Physicists discover mysterious new type of time crystal | ScienceDaily
Nature follows countless rhythms: the changing of the seasons comes from Earth's orbit around the Sun, and the steady tick of a clock arises from the back-and-forth swing of its pendulum. These patterns can be described with simple mathematical laws.


						
Yet, order can also appear in a far more surprising way -- on its own, without any external timer. When countless particles interact in complex ways, they can spontaneously fall into a repeating rhythm instead of behaving chaotically. This phenomenon is known as a "time crystal." Researchers at TU Wien (Vienna) have now demonstrated that time crystals can form through an entirely different mechanism than scientists had believed possible. Their calculations reveal that quantum correlations between particles, once thought to disrupt these patterns, can in fact help stabilize them. The finding offers a striking new perspective on how collective behaviors emerge in quantum many-particle systems.

Space crystals and time crystals

When a liquid freezes, its particles shift from disorder to order. In the liquid state, the particles move freely and randomly, showing no particular pattern. As the liquid solidifies, the particles lock into precise positions, forming a regular and repeating spatial structure -- a crystal. A liquid is uniform in every direction, but in a crystal that symmetry breaks: it gains structure, with certain directions becoming distinct from others.

Can a similar kind of symmetry breaking happen over time rather than in space? Could a quantum system that initially behaves identically at every moment spontaneously develop a repeating temporal pattern -- a rhythm that marks the emergence of order in time itself?

Quantum fluctuations: harmful or useful?

"This question has been the subject of intensive research in quantum physics for over ten years," says Felix Russo from the Institute of Theoretical Physics at TU Wien, who is conducting research for his doctoral thesis in Prof. Thomas Pohl's team. In fact, it has been shown that so-called time crystals are possible -- systems in which a temporal rhythm is established without the beat being imposed from outside.




"However, it was thought that this was only possible in very specific systems, such as quantum gases, whose physics can be well described by mean values without having to take into account the random fluctuations that are inevitable in quantum physics," says Felix Russo. "We have now shown that it is precisely the quantum physical correlations between the particles, which were previously thought to prevent the formation of time crystals, that can lead to the emergence of time-crystalline phases."

The complex quantum interactions between the particles induce collective behaviour that cannot be explained at the level of individual particles -- similar to how the smoke from an extinguished candle can sometimes form a regular series of smoke rings; a phenomenon whose rhythm is not dictated from outside and which cannot be understood from single smoke particles.

Particles in the laser lattice

"We are investigating a two-dimensional lattice of particles held in place by laser beams," says Felix Russo. "And here we can show that the state of the lattice begins to oscillate -- due to the quantum interaction between the particles."

The research offers the opportunity to better understand the theory of quantum many-body systems -- paving the way for new quantum technologies or high-precision quantum measurement techniques.
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These giant planets shouldn't exist. But they do | ScienceDaily
What do you do when you encounter a strange astronomical event, a collection of data from planets thousands of light-years away, and models that can't quite explain what you're seeing?


						
For one astronomer at Northern Arizona University's Department of Astronomy and Planetary Science, the answer is simple: start building better models.

With funding from the National Science Foundation and collaboration with co-investigators at Indiana University Bloomington, he is leading a three-year study on the origins of eccentric warm Jupiters -- gas giants outside our solar system that follow unusually stretched orbits.

By the time the research concludes in 2028, the team aims to develop a deeper theoretical understanding of how these unusual planets formed, and whether the same forces could have shaped our own solar system.

"The variability of extrasolar planets is just enormous," Munoz said. "Extrasolar systems can look like our solar system, but in some cases, they look entirely different and exotic. We're very interested in seeing how the solar system forms in context by understanding systems that look like ours and ones that look completely different. We can get a sense of what the extremes are, how average our planet formation history is and how average our solar system is."

Among these extreme planetary systems, the eccentric warm Jupiters stand out as some of the most fascinating.

For years, scientists thought warm Jupiters formed in the same way as their better-known relatives, the hot Jupiters, which share similar size and mass but orbit much closer to their stars. As telescopes improved and more precise data became available, however, astronomers realized warm Jupiters might have far more complicated origins.




Unlike hot Jupiters, which can orbit their stars at almost any tilt, warm Jupiters are almost always aligned with their stars' equators. Observations also reveal that the more elongated a warm Jupiter's orbit is, the more precisely aligned it tends to be -- a surprising pattern that no current planet formation theory can explain.

To explore this mystery, the researcher is developing a new and expanding catalog of eccentric warm Jupiters using data from NASA's Transiting Exoplanet Survey Satellite (TESS). These discoveries will serve as the foundation for both updated and entirely new models that could finally reveal how these strange worlds came to be.

"The data tells us that warm Jupiters are not just the tail end of hot Jupiters," Munoz said. "It tells us they may have a different history. We need to understand if this is just a quirk -- if these are pathological cases that happen maybe once every million cases -- or if there is an additional physical process that we have ignored in the past that we might be able to unveil."

Knowing what processes are at work during an eccentric warm Jupiter's formation could help astronomers uncover hidden truths about our solar system's evolution and the creation of countless others just like it. But before diving into the implications, Munoz has to interrogate multiple hypotheses until he can find one that is practical and plausible.

One possibility is that these eccentric warm Jupiters have companion planets that somehow alter their orbits without misaligning them relative to their stars' equator. Having varying eccentricities and varying inclinations simultaneously is well understood from a modeling perspective, but having one and not the other is not as easily explained.

Another concerns the gaseous nebulas in which the planets and their stars formed. Munoz reasons that these planets could have interacted with their surroundings in ways astronomers could never have anticipated as they were developing. Discoveries of this nature could permanently change the way astronomers map planet formation.




Last, and Munoz's favorite, is the idea that the stars in these systems are responsible. Because stars are fluid bodies, they can develop internal waves that can sometimes crash and extract energy from a planet's orbit in peculiar ways. He said it's mathematically feasible that these waves could also be the reason warm Jupiters align so closely with their host stars' equators.

The answer to which theory is correct, as of now, is a mystery, but it's one Munoz will be hard at work solving with myriad modeling techniques.

"I'm a theorist, so I work on models using heavy-duty computers, pencil-and-paper calculations and anything in between," Munoz said. "We don't have a model that predicted this to begin with, so we're going to go crazy and dive into the most creative ways we can think about this problem. But once you have a mathematical model, that is just the beginning."

Next year, Munoz will hire a graduate student who excels in creative puzzle solving to assist him throughout his modeling study. In the meantime, he said his research into his host star hypothesis has been promising, and he hopes to publish his findings in the near future.
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This tiny worm uses static electricity to hunt flying insects | ScienceDaily
A minuscule parasitic worm capable of springing into the air up to 25 times its own body length can latch onto flying insects with the help of static electricity, according to new research. The findings, published in PNAS, focus on the nematode Steinernema carpocapsae and come from a collaboration between scientists at Emory University and the University of California, Berkeley.


						
"We've identified the electrostatic mechanism this worm uses to hit its target, and we've shown the importance of this mechanism for the worm's survival," says co-author Justin Burton, an Emory professor of physics whose lab led the mathematical analyses of laboratory experiments. "Higher voltage, combined with a tiny breath of wind, greatly boosts the odds of a jumping worm connecting to a flying insect."

Victor Ortega-Jimenez, co-lead author and assistant professor of biomechanics at the University of California, Berkeley, adds, "You might expect to find big discoveries in big animals, but the tiny ones also hold a lot of interesting secrets." He led the experimental work, using high-speed microscopy to capture footage of the needle-tip-sized worms launching themselves toward electrically charged fruit flies.

The researchers discovered that an insect's wings generate an electric field of several hundred volts as they move through the air. This charge induces an opposite charge in the worm, creating an attraction that pulls the two together. They confirmed that the process is powered by electrostatic induction.

"Using physics we learned something new and interesting about an adaptive strategy in an organism," says Ranjiangshang Ran, co-lead author of the paper and a postdoctoral fellow in Burton's lab. "We're helping to pioneer the emerging field of electrostatic ecology."

Other contributors include Saad Bhamla and Sunny Kumar from the Georgia Institute of Technology, who study biomechanics across species and conducted preliminary trials, as well as Adler Dillman, a nematode biologist at the University of California, Riverside.

The shocking lives of tiny creatures

Static electricity -- the spark you feel when touching a doorknob or pulling on a sweater -- occurs when electrons build up and discharge suddenly upon contact with a conductor.




While for humans it's a brief jolt of annoyance, scientists are discovering that static electricity plays a major role in the survival and behavior of many small organisms.

In 2013, Ortega-Jimenez found that spider webs can exploit the electrical charge of nearby insects to draw them in and trap them. Other studies have shown that bees use static forces to gather pollen, flower mites cling to hummingbirds using electrostatic attraction, and ballooning spiders rely on charged silk to drift across long distances.

Burton and Ortega-Jimenez also co-wrote a recent commentary for Trends in Parasitology that examined how static electricity affects ticks.

"Ticks can get sucked up from the ground by fluffy animals, purely through the static electricity in the animal's fur," Burton explains.

In experiments testing this phenomenon, Ortega-Jimenez developed a technique to precisely control the electric charge of a tethered tick. That innovation provided the missing method needed to move forward with the new nematode research.

As the jumping worm turns

For the current paper, the researchers wanted to investigate how electrostatic forces, in combination with aerodynamics, affects the success rate of S. carpocapsae to connect with a flying insect.




S. carpocapsae is an unsegmented roundworm, or nematode, that kills insects through a symbiotic relationship with bacteria. The worm thrives in soils nearly everywhere on Earth except the Poles. It is increasingly used for biological pest control in agriculture, with researchers around the world studying how to further drive its effectiveness as a natural pesticide.

When the worm senses an insect overhead, it curls into a loop and then launches itself in the air as high as 25 times its body length. That's the equivalent of a human being jumping higher than a 10-story building.

"I believe these nematodes are some of the smallest, best jumpers in the world," Ortega-Jimenez says. During their dizzying, acrobatic leaps, he notes, they rotate at 1,000 times per second.

If the worm hits its target, it enters the insect's body through a natural opening. It then deposits its symbiotic bacteria, which kills the insect within 48 hours. After the death of the host, the worm feeds on the multiplying bacteria, as well as on the insect tissue, and lays eggs. Several generations may occur in the insect's cadaver until the juvenile worms emerge into the environment to infect other insects with bacteria.

Painstaking experiments

The researchers designed experiments to investigate the physics involved in the worm's prowess at connecting with a flying insect.

In nature, the wings of a flying insect rubbing against ions in the air can generate hundreds of volts. The physicists needed to know the exact charge of the fruit flies used in the experimental model. That required Ortega-Jimenez to attach a tiny wire connected to a high-voltage power supply to the back of each fruit fly to control its voltage.

"It's very difficult to glue a wire to a fruit fly," he says. "Usually, it took me half an hour, or sometimes an hour."

Another challenge was identifying the right conditions to induce worms in the experimental setup to jump. Ortega-Jimenez used a substrate of moistened paper. The paper had to be just wet enough, but not too wet. Finally, a worm needed the encouragement of a gentle puff of air or a slight mechanical disturbance before making the leap toward a suspended fruit fly.

Ortega-Jimenez conducted dozens of experiments, recording them with a special high-speed camera capable of capturing the midair trajectories of the submillimeter worms, which are essentially invisible to the human eye, at 10,000 frames per second.

He also created a tiny wind tunnel for some of the experiments, so that the physicists could analyze the role of ambient breeze in the worm's target success rate.

Digitizing the data

Using computer software, Ran digitized the trajectories of the worms, drawing from about 60 videos of experiments. The process was time consuming in instances when a worm left the focal plane of the camera, blurring the image, in which case Ran needed to click by hand to record its position.

Ran used a computer algorithm known as Markov chain Monte Carlo (MCMC) to analyze the digitized data. ("Markov" stands for the mathematician who developed the algorithm, while "Monte Carlo" refers to the area of Monaco famous for its casinos.)

"MCMC allows you to do random explorations, using different sets of parameters, to determine a mathematical probability for an outcome," Ran explains.

Ran identified a set of 50,000 plausible values of fitting parameters for a single worm's trajectory -- such as the voltage of the insect, the physical dimensions and the launching velocity of the worm -- to test the probability of a particular charge in a worm allowing it to hit its target.

With no electrostatics, only one out of 19 worm trajectories successfully reached the target.

The model showed that a charge of a few hundred volts -- a magnitude commonly found in flying insects -- generates an opposite charge in a jumping worm and significantly increases the odds of it connecting to a midair insect. A charge of just 100 volts resulted in a probability for hitting the target of less than 10%, while 800 volts boosted the probability of success to 80%.

A worm expends a vast amount of energy to jump and faces risks of predation or drying out while suspended in the air.

"Our findings suggest that, without electrostatics, it would make no sense for this jumping predatory behavior to have evolved in these worms," Ran says.

Science past and future

The researchers had theorized that electrostatic induction was the mechanism driving the interplay between the worm and its target. Sifting through research papers eventually led them to a law of induction posited by Scottish physicist James Clerk Maxwell.

"Maxwell, one of the most prolific physicists of all time, had a wild imagination, similar to Einstein," Ran says. "It turns out that our model for the worm-charging mechanism agreed with a prediction for electrostatic induction that Maxwell made in 1870. There are many buried treasures in scientific history. Sometimes being a scientist is like being an archeologist."

Drag force was another key part of the equation, due to the tiny size of the worm. The researchers use the comparison of a bowling ball flying through the air, which is not much affected by drag force, and a floating feather, which is highly dependent on it.

Ran drew from the experimental data to simulate the effects of electrostatic charge combined with various wind speeds. The results revealed how the faintest breeze, just 0.2 meters per second, combined with higher voltage further increased the likelihood of a worm hitting its target.

The work serves as a new framework for further investigations into the role of electrostatics in ecology.

"We live in an electrical world, electricity is all around us, but the electrostatics of small organisms remains mostly an enigma," Ortega-Jimenez says. "We are developing the tools to investigate many more valuable questions surrounding this mystery."

The work was supported by a grant from the W.M. Keck Foundation and the Tarbutton Postdoctoral Fellowship of Emory College of Arts and Sciences.
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Astronomers detect a cosmic "heartbeat" in pulsar signals | ScienceDaily
Pulsars may be revealing that extremely low-frequency gravitational waves are moving through the universe. Observations reported in 2023 by international pulsar timing array collaborations could be caused by either a background of overlapping gravitational waves from countless distant sources or a single pair of nearby supermassive black holes orbiting each other. To determine which explanation fits, Hideki Asada, a theoretical physicist and Professor at Hirosaki University, and Shun Yamamoto, a researcher at the Graduate School of Science and Technology, Hirosaki University, have proposed a new approach. Their method takes advantage of "beat" effects that occur when two gravitational waves have nearly the same frequency, searching for their subtle influence on the arrival times of pulsars' radio signals.


						
Their findings were recently published in the Journal of Cosmology and Astroparticle Physics (JCAP).

The night sky contains remarkably precise "cosmic clocks": pulsars, which are dense neutron stars that emit radio pulses at steady intervals, ticking like perfectly timed metronomes. On Earth, radio telescopes track these pulses not only to learn about the pulsars themselves, but also to use them as tools for studying the structure and behavior of the wider universe.

If something unseen -- almost a "cosmic ghost" -- distorts spacetime between a pulsar and Earth, the timing of its pulses shifts slightly. These changes are not random; several pulsars in certain parts of the sky can show matching variations, as if a slow, invisible wave were passing through space.

"In 2023 several pulsar timing array collaborations -- NANOGrav in the US, and European teams -- announced strong evidence for nanohertz gravitational waves," Asada notes. Nanohertz means wave periods of months to years, with wavelengths of several light-years. To probe such scales, we rely on distant, stable pulsars hundreds to thousands of light-years away. "The signal was statistically reliable but below the 5-sigma threshold that particle physicists usually require," he continues. "It's 'strong evidence' but not yet a confirmed detection, but the cosmology and astrophysics community believes we are approaching the first detection of nanohertz gravitational waves."

Although the evidence is promising, it still falls short of absolute confirmation. Asada notes that if future data strengthen the result, the next step will be to pinpoint the origin. "There are two main candidate sources for nanohertz gravitational waves," he explains. "One is cosmic inflation, which would have created spacetime fluctuations in the very early universe, later stretched to cosmic scales. The other is supermassive black hole binaries, which form when galaxies merge. Both scenarios could generate nanohertz gravitational waves."

Distinguishing between these possibilities has been difficult because the correlation patterns seen in pulsar data -- the way timing differences between pulsars relate to each other -- were once thought to appear similar in both cases. "In our paper, we explored the situation where a nearby pair of supermassive black holes produces a particularly strong signal," Asada says. "If two such systems have very similar frequencies, their waves can interfere and create a beat pattern, like in acoustics. That feature could, in principle, allow us to distinguish them from the stochastic background of inflation."

Asada and Yamamoto therefore leverage a familiar acoustic effect: beats. When two waves have almost -- but not exactly -- the same frequency, their superposition produces periodic strengthening and weakening. Applied to gravitational waves, two supermassive-black-hole binaries with similar frequencies would imprint a characteristic modulation in the pulsar-timing signal. The method is to look for this modulation -- the "beat" -- in the pulsar correlation patterns. If it's present, that strongly suggests the signal is not a diffuse background but arises from specific, relatively nearby binaries.

We now await stronger confirmation of the pulsar signal's nature. "I think once a confirmed detection at 5-sigma is achieved, maybe within a few years, the next step will be to ask: what is the origin of the waves? At that point, our method could be useful to distinguish whether they come from inflation or from nearby supermassive black hole binaries," Asada concludes.
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Scientists grow mini human livers that predict toxic drug reactions | ScienceDaily
Researchers at Cincinnati Children's Hospital Medical Center, working in partnership with Roche, have created a next-generation human liver organoid microarray platform designed to predict which medications might trigger harmful immune responses in certain individuals.


						
The findings, published online on Sept. 26, 2025, in Advanced Science, describe a fully human, miniaturized liver system developed from stem cells and a patient's own immune cells. This advanced model provides a new way to study why some people suffer severe immune-related liver injuries from drugs that are otherwise considered safe. Co-first author Fadoua El Abdellaoui Soussi, PhD, and corresponding author Magdalena Kasendra, PhD, both from the Center for Stem Cell and Organoid Medicine (CuSTOM) at Cincinnati Children's, led the research.

"Our goal was to create a human system that captures how the liver and immune system interact in patients," El Abdellaoui Soussi says. "By integrating patient-specific genetics and immune responses, we can finally begin to explain why certain drugs cause liver injury in only a small subset of individuals."

A model that replicates immune-related liver injury

Certain drugs that pass traditional safety testing can still trigger idiosyncratic drug-induced liver injury (iDILI), a rare but serious immune reaction that can cause severe illness or force a drug to be withdrawn. Standard laboratory and animal models have long struggled to reproduce these complex immune responses that vary from person to person.

The new platform closes this gap by combining liver organoids made from induced pluripotent stem cells (iPSCs) with each donor's own CD8+ T cells, which are immune cells that target infected or damaged tissue. The result is a fully human, immune-competent system that reflects both the genetic and immune diversity found in real patients.

As proof of concept, the researchers recreated the liver damage caused by the antibiotic flucloxacillin, which occurs only in individuals who carry the HLA-B*57:01 risk gene. Their model accurately reproduced the biological signs of immune-related liver injury, including T cell activation, cytokine release, and liver cell damage, closely mirroring what happens in susceptible people.




"Our goal has always been to bring human biology into the lab in a way that's scalable, reproducible, and meaningful for patients," says Kasendra, who serves as director of research and development at CuSTOM. "By linking foundational stem cell science with applied toxicology, this model moves organoid research another step closer to transforming how drugs are developed and tested."

Building on a foundation of organoid innovation

This new platform expands on previous work by co-author Takanori Takebe, MD, PhD, whose lab developed methods for reliably generating human liver organoids from iPSCs. By refining these techniques into a matrix-free microarray system and pairing them with patient-specific immune cells, the CuSTOM Accelerator team at Cincinnati Children's turned a scientific breakthrough into a scalable precision toxicology tool.

The collaboration with Roche played a key role in the project's success, combining the hospital's scientific expertise with Roche's experience in translational toxicology.

"This partnership shows the power of combining academic innovation with industry experience," says Adrian Roth, PhD, principal scientific director of Personalized Healthcare Safety at Roche. "Together we're building predictive human models that can improve patient safety and accelerate the development of new medicines."

A growing ecosystem for organoid medicine 

Cincinnati Children's has been a global leader in organoid medicine since 2010, when its scientists created the first functional human intestinal organoids.




Under Kasendra's leadership, the CuSTOM Accelerator partners with biopharma and technology companies to translate these scientific advances into real-world solutions for drug safety, precision medicine, and regenerative therapy.

What's next

The CuSTOM Accelerator team continues working to automate organoid assays and enable high-throughput screening across large, genetically diverse donor populations. This next phase will allow researchers to capture the full spectrum of human variability -- an essential step toward developing therapies that are more effective, inclusive, and personalized.

Learn more about CuSTOM's ongoing collaboration with Molecular Devices and Danaher: Collaboration to Develop Liver Organoids for Drug Toxicity Screening -- Research Horizons

"This work reflects the vision of CuSTOM -- to turn human organoid science into practical tools that improve health," Kasendra says, "This is just the beginning -- by bridging biology, engineering, and clinical insight, we're getting closer to predicting how real patients will respond to new treatments before they ever reach the clinic."

About the study

Cincinnati Children's and University of Cincinnati co-authors included co-first author Michael Brusilovsky, PhD, (now with Sanofi), Emma Buck, MS, (now at Imanis Life Sciences), W. Clark Bacon, MS, Sina Dadgar, PhD, Riccardo Barrile, PhD, and Michael Helmrath, MD. Collaborators also included experts from Genentech, Inc., and Molecular Devices LLC.

Funding sources for this research include Roche, Danaher, and the Farmer Family Foundation.
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A 151-million-year-old fly just changed what we know about evolution | ScienceDaily
An international group of researchers led by the Donana Biological Station (EBD-CSIC) has identified a previously unknown species of fossilized insect from the Jurassic period in Australia, estimated to be about 151 million years old. This discovery marks the oldest known member of the Chironomidae family found in the Southern Hemisphere. These non-biting midges typically live in freshwater environments. The fossil reveals a remarkable evolutionary feature: a structure that likely helped the insect attach securely to rocks. Until now, such an anchoring mechanism had only been documented in marine organisms.


						
The fossil was uncovered in the Talbragar fish beds in New South Wales. The study, published in the journal Gondwana Research, involved experts from the Australian Museum Research Institute, the University of New South Wales, the University of Munich, and Massey University in New Zealand.

The fly from the stagnant waters

"This fossil, which is the oldest registered find in the Southern Hemisphere, indicates that this group of freshwater animals might have originated on the southern supercontinent of Gondwana," explains Viktor Baranov, a researcher at the Donana Biological Station and first author of the study.

The newly identified species was named Telmatomyia talbragarica, meaning "fly from the stagnant waters," a nod to the lake-like setting of the Talbragar region.

Researchers examined six fossilized specimens, including pupae and emerging adults, all showing the presence of a terminal disc. This structure, known to function in environments affected by tides, was once believed to be limited to marine species. However, sediment and fossil evidence from Talbragar indicate that the area was once a freshwater habitat, demonstrating the surprising adaptability (phenotypic plasticity) of chironomids.

Rethinking the origins of the family

The Podonominae group has long served as a valuable model for studying how species are distributed across the planet and how biodiversity arises over time.




Earlier theories suggested that Podonominae originated in northern Gondwana before spreading northward into Laurasia, the ancient landmass that included today's Northern Hemisphere continents. Their fossil record, however, is limited, partly because of preservation challenges and a lack of studies focusing on Southern Hemisphere specimens. Later discoveries of older fossils in Eurasia, dating back to the Jurassic, prompted some scientists to propose a Laurasian origin instead.

The new findings challenge that view, offering strong evidence that the Podonominae subfamily most likely began in the Southern Hemisphere and later expanded worldwide.

Today, Podonominae species are found mostly in the Southern Hemisphere. Their scattered distribution across South America, Australia, South Africa, and New Zealand is a classic case of vicariance -- a process in which natural barriers such as mountains or rivers divide a population, forcing each group to evolve independently and form new species. Swedish entomologist Lars Brundin first proposed in 1966 that the breakup of the ancient supercontinent Gondwana triggered this evolutionary separation.

Limitations due to the scarcity of fossils in the Southern Hemisphere

While this discovery addresses a significant gap in the lineage's fossil record, a comprehensive understanding of this group's evolutionary history is still limited by the lack of Southern Hemisphere fossils. The majority of known Podonominae fossils originate from the Northern Hemisphere, with only two prior exceptions documented from the Southern Hemisphere: an Eocene specimen from Australia and a Paleocene record from India.

There is a strong bias towards finding and studying fossils in the Northern Hemisphere. Because of this we end up making incorrect assumptions about where groups originated," explains Matthew McCurry, palaeontologist from the Australian Museum and The University of New South Wales.

Professor in Massey University Steve Trewick claims, "there are long-standing questions about the way Southern Hemisphere biotas formed and changed through geological time. Fossils species of tiny, delicate freshwater insects like the Talbragar fly are rare and help us interpret the history of life on our planet."

The analysis of the fossilized specimens, combined with genomics, will help determine whether the dispersal of these insects after the breakup of Gondwana was primarily passive or active. The resulting data will certainly be of value for comprehending and conserving modern-day biodiversity.
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The Sun's hidden poles could finally reveal its greatest secrets | ScienceDaily
The Sun's polar regions remain one of the least explored areas in solar science. Space-based observatories and ground telescopes have given us extraordinary images of the Sun's surface, atmosphere, and magnetic fields, but nearly all of those observations come from within the ecliptic plane -- the narrow zone where Earth and most other planets orbit. This viewing angle limits what scientists can see of the Sun's high-latitude poles. Yet these regions are crucial, as their magnetic fields and dynamic activity help shape the solar magnetic cycle and supply the mass and energy that feed the fast solar wind, influencing solar behavior and driving space weather throughout the solar system.


						
Why the Poles Matter

At first glance, the Sun's poles seem calm compared to the active mid-latitudes around +-35deg, where sunspots, solar flares, and coronal mass ejections (CMEs) dominate. But appearances are deceiving. The magnetic fields at the poles are vital to the Sun's global dynamo process and may act as "seed fields" that shape the next solar cycle, defining the overall solar magnetic structure. Data from the Ulysses spacecraft showed that the fast solar wind originates mainly from vast coronal holes near the poles. Understanding these regions is therefore key to answering three of the most important questions in solar physics:

1. How does the solar dynamo operate and drive the magnetic cycle?

The Sun's magnetic cycle is a repeating pattern that lasts about 11 years, marked by fluctuations in sunspot numbers and a complete reversal of the Sun's magnetic poles. This process is driven by a complex dynamo mechanism powered by the Sun's internal motion. Differential rotation produces magnetic activity, while meridional circulation carries magnetic flux toward the poles. However, decades of helioseismic studies have revealed conflicting information about how these flows behave deep inside the convection zone. Some evidence even points to poleward flows at the base of the zone, challenging traditional dynamo theories. Observations from high latitudes are needed to clarify these internal flow patterns and refine existing models.

2. What powers the fast solar wind?

The fast solar wind -- a supersonic stream of charged particles -- originates mainly in the Sun's polar coronal holes and fills most of the heliosphere, shaping conditions in interplanetary space. Yet scientists still do not fully understand how it begins. Does it emerge from dense plumes inside the coronal holes, or from the more diffuse regions between them? Are magnetic reconnection events, wave interactions, or both responsible for accelerating the flow? Only direct imaging of the poles and in-situ measurements can resolve these long-standing questions.




3. How do space weather events spread through the solar system?

Space weather refers to changes in the solar wind and solar eruptions that disturb the space environment. Extreme events such as powerful flares and CMEs can trigger geomagnetic and ionospheric storms on Earth, creating dazzling auroras but also threatening satellites, communication systems, and power grids. To improve forecasts, researchers must follow how solar material and magnetic structures evolve across the Sun and through space, not just from the limited perspective of Earth's orbital plane. Observing from outside the ecliptic would provide a crucial top-down view, helping scientists trace how CMEs and other disturbances travel through the solar system.

Past Efforts

Scientists have long recognized the importance of solar polar observations. The Ulysses mission, launched in 1990, was the first spacecraft to leave the ecliptic plane and sample the solar wind over the poles. Its in-situ instruments confirmed key properties of the fast solar wind but lacked imaging capability. More recently, the European Space Agency's Solar Orbiter has been gradually moving out of the ecliptic plane and is expected to reach latitudes of around 34deg in a few years. While this represents a remarkable progress, it still falls far short of the vantage needed for a true polar view.

A number of ambitious mission concepts have been proposed over the past decades, including the Solar Polar Imager (SPI), the POLAR Investigation of the Sun (POLARIS), the Solar Polar ORbit Telescope (SPORT), the Solaris mission, and the High Inclination Solar Mission (HISM). Some envisioned using advanced propulsion such as solar sails to reach high inclinations. Others relied on gravity assists to incrementally tilt their orbits. Each of these missions would carry both remote-sensing and in-situ instruments to image the Sun's poles and measure key physical parameters above the poles.

The SPO Mission

The Solar Polar-orbit Observatory (SPO) is designed specifically to overcome the limitations of past and current missions. Scheduled for launch in January 2029, SPO will use a Jupiter gravity assist (JGA) to bend its trajectory out of the ecliptic plane. After several Earth flybys and a carefully planned encounter with Jupiter, the spacecraft will settle into a 1.5-year orbit with a perihelion of about 1 AU and an inclination of up to 75deg. In its extended mission, SPO could climb to 80deg, offering the most direct view of the poles ever achieved.




The 15-year lifetime of the mission (including an 7-year extended mission period) will allow it to cover both solar minimum and maximum, including the crucial period around 2035 when the next solar maximum and expected polar magnetic field reversal will occur. During the whole lifetime, SPO will repeatedly pass over both poles, with extended high-latitude observation windows lasting more than 1000 days.

The SPO mission aims at breakthroughs on the three scientific questions mentioned above. To meet its ambitious objectives, SPO will carry a suite of several remote-sensing and in-situ instruments. Together, they will provide a comprehensive view of the Sun's poles. The remote-sensing instruments include the Magnetic and Helioseismic Imager (MHI) to measure magnetic fields and plasma flows at the surface, the Extreme Ultraviolet Telescope (EUT) and the X-ray Imaging Telescope (XIT) to capture dynamic events in the solar upper atmosphere, the VISible-light CORonagraph (VISCOR) and the Very Large Angle CORonagraph (VLACOR) to track the solar corona and solar wind streams out to 45 solar radii (at 1 AU). The in-situ package includes a magnetometer and particle detectors to sample the solar wind and interplanetary magnetic field directly. By combining these observations, SPO will not only capture images of the poles for the first time but also connect them to the flows of plasma and magnetic energy that shape the heliosphere.

SPO will not operate in isolation. It is expected to work in concert with a growing fleet of solar missions. These include the STEREO Mission, the Hinode satellite, the Solar Dynamics Observatory (SDO), the Interface Region Imaging Spectrograph (IRIS), the Advanced Space-based Solar Observatory (ASO-S), the Solar Orbiter, the Aditya-L1 mission, the PUNCH mission, as well as the upcoming L5 missions (e.g., ESA's Vigil mission and China's LAVSO mission). Together, these assets will form an unprecedented observational network. SPO's polar vantage will provide the missing piece, enabling nearly global 4p coverage of the Sun for the first time in human history.

Looking Ahead

The Sun is our nearest star, yet much about it remains unknown. The upcoming Solar Polar-orbit Observatory (SPO) mission is expected to change that by giving scientists an unprecedented look at the Sun's polar regions. These areas, which have long been hidden from direct view, will soon be observed in detail, offering new insight into the forces that shape our star and sustain life on Earth.

The importance of SPO goes far beyond pure scientific curiosity. By improving knowledge of the solar dynamo, the mission could lead to more accurate predictions of the solar cycle and, in turn, more reliable space weather forecasts. Understanding how the fast solar wind forms and behaves will also refine models of the heliosphere, which is vital for spacecraft engineering and astronaut safety. Most significantly, advances in tracking solar activity could strengthen our ability to safeguard critical technologies, including navigation and communication satellites, aviation systems, and power grids on Earth.
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A telescope larger than Earth just revealed the hidden heart of a mysterious galaxy | ScienceDaily
For more than a century and a half, astronomers have been captivated by the distant galaxy OJ 287, located about five billion light years from Earth. Its puzzling variations in brightness have long hinted that two enormous black holes may be orbiting and merging at its center. Now, an international team led by Dr. Efthalia Traianou of Heidelberg University has captured a highly detailed image of the galaxy's core, revealing features never seen before. Using a space-based radio telescope, the researchers produced an image that uncovers a sharply curved section of a plasma jet streaming from the galaxy's center, offering fresh insight into the extreme environments surrounding supermassive black holes.


						
OJ 287 is classified as a blazar, a type of active galaxy known for its intense energy and brightness. At its heart lies a supermassive black hole that draws in matter from nearby space and propels some of it outward in colossal plasma jets filled with radiation, heat, magnetic fields, and heavy particles. "We have never before observed a structure in the OJ 287 galaxy at the level of detail seen in the new image," said Dr. Traianou, a postdoctoral researcher working with Dr. Roman Gold at Heidelberg University's Interdisciplinary Center for Scientific Computing.

The image penetrates deeply into the galaxy's center, revealing a sharply bent, ribbon-like jet structure and providing clues about the plasma's composition and motion. Some areas reach temperatures of around ten trillion degrees Kelvin, showing just how much energy is being released near the black hole. The scientists also detected a new shock wave forming and colliding along the jet, which they linked to trillion-electron-volt energy levels observed in an unusual gamma-ray signal detected in 2017.

To obtain this remarkable view, the researchers used a ground-space radio interferometer that combined a radio telescope in Earth's orbit (the ten-meter antenna of the RadioAstron mission aboard the Spektr-R satellite) with 27 ground-based observatories around the world. By linking signals from these observatories, they effectively created a virtual telescope five times wider than Earth's diameter. The extraordinary resolution of the resulting image comes from measuring how light waves overlap, taking full advantage of the wave properties of light itself.

The interferometric image underpins the assumption that a binary supermassive black hole is located inside galaxy OJ 287. It also provides important information on how the movements of such black holes influence the form and orientation of the plasma jets emitted. "Its special properties make the galaxy an ideal candidate for further research into merging black holes and the associated gravitational waves," states Efthalia Traianou.

Institutions from Germany, Italy, Russia, Spain, South Korea, and the US all contributed to the research. It was supported by various research and funding institutions. The research results were published in the journal Astronomy & Astrophysics.
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Scientists unlock a 100-year-old quantum secret to supercharge solar power | ScienceDaily
In a breakthrough that connects modern science with ideas first explored a century ago, researchers have witnessed a surprising phenomenon once thought possible only in inorganic metal oxides appearing inside a glowing organic semiconductor molecule. Led by scientists at the University of Cambridge, the discovery reveals a new and efficient way to capture light and convert it into electricity. This finding could reshape the future of solar technology and electronics, paving the way for lightweight, affordable solar panels built from a single material.


						
The study centers on a spin-radical organic semiconductor known as P3TTM. At the core of each molecule lies one unpaired electron, which gives it distinctive magnetic and electronic behavior. The work is the result of collaboration between Professor Hugo Bronstein's synthetic chemistry group in the Yusuf Hamied Department of Chemistry and Professor Sir Richard Friend's semiconductor physics team in the Department of Physics. These researchers previously designed this family of molecules for their bright luminescence, useful in organic LEDs, but the new paper in Nature Materials reveals something unexpected: when the molecules are packed closely together, their unpaired electrons interact much like those in a Mott-Hubbard insulator.

"This is the real magic," explained Biwen Li, the lead researcher at the Cavendish Laboratory. "In most organic materials, electrons are paired up and don't interact with their neighbors. But in our system, when the molecules pack together the interaction between the unpaired electrons on neighboring sites encourages them to align themselves alternately up and down, a hallmark of Mott-Hubbard behavior. Upon absorbing light one of these electrons hops onto its nearest neighbor creating positive and negative charges which can be extracted to give a photocurrent (electricity)."

To test this effect, the team built a solar cell using a thin film of P3TTM. When exposed to light, the device achieved nearly perfect charge collection efficiency, meaning almost every incoming photon was turned into usable electric current. Traditional organic solar cells require two materials -- one to donate electrons and another to accept them -- and this interface limits efficiency. In contrast, these new molecules perform the entire conversion process within a single substance. After a photon is absorbed, an electron naturally moves to a neighboring molecule of the same type, creating charge separation. The small amount of energy needed for this process, known as the "Hubbard U," represents the electrostatic cost of placing two electrons on the same negatively charged molecule.

Dr. Petri Murto in the Yusuf Hamied Department of Chemistry developed molecular structures that allow tuning of the molecule-to-molecule contact and the energy balance governed by Mott-Hubbard physics needed to achieve charge separation. This breakthrough means that it might be possible to fabricate solar cells from a single, low-cost lightweight material.

The discovery carries profound historical significance. The paper's senior author, Professor Sir Richard Friend, interacted with Sir Nevill Mott early in his career. This finding emerges in the same year as the 120th anniversary of Mott's birth, paying a fitting tribute to the legendary physicist whose work on electron interactions in disordered systems laid the groundwork for modern condensed matter physics.

"It feels like coming full circle," said Prof. Friend. "Mott's insights were foundational for my own career and for our understanding of semiconductors. To now see these profound quantum mechanical rules manifesting in a completely new class of organic materials, and to harness them for light harvesting, is truly special."

"We are not just improving old designs" said Prof. Bronstein. "We are writing a new chapter in the textbook, showing that organic materials are able to generate charges all by themselves."
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JWST may have found the Universe's first stars powered by dark matter | ScienceDaily
In the early universe, a few hundred million years after the Big Bang, the first stars emerged from vast, untouched clouds of hydrogen and helium. Recent observations from the James Webb Space Telescope (JWST) suggest that some of these early stars may have been unlike the familiar (nuclear fusion-powered) stars that astronomers have studied for centuries. A new study led by Cosmin Ilie of Colgate University, together with Shafaat Mahmud (Colgate '26), Jillian Paulin (Colgate '23) at the University of Pennsylvania, and Katherine Freese at The University of Texas at Austin, has identified four extremely distant objects whose appearance and spectral signatures match what scientists expect from supermassive dark stars.


						
"Supermassive dark stars are extremely bright, giant, yet puffy clouds made primarily out of hydrogen and helium, which are supported against gravitational collapse by the minute amounts of self-annihilating dark matter inside them," Ilie said. Supermassive dark stars and their black hole remnants could be key to solving two recent astronomical puzzles: i. the larger than expected extremely bright, yet compact, very distant galaxies observed with JWST, and ii. the origin of the supermassive black holes powering the most distant quasars observed.

Katherine Freese first proposed the idea of dark stars with Doug Spolyar and Paolo Gondolo, publishing their initial peer-reviewed paper on the concept in Physical Review Letters in 2008. That study outlined how dark stars might grow and eventually collapse into supermassive black holes in the early universe. In 2010, Freese, Ilie, Spolyar, and their collaborators expanded on the theory in The Astrophysical Journal, describing two possible processes that could allow dark stars to reach immense sizes and predicting that they could seed the black holes found in the earliest quasars known to exist.

Dark matter is thought to make up roughly a quarter of the universe, yet its nature remains one of science's greatest mysteries. Researchers believe it is composed of a still-undetected type of elementary particle. Decades of experiments have searched for these particles, but so far without success. One leading possibility involves Weakly Interacting Massive Particles (WIMPs). When two WIMPs collide, they are expected to annihilate each other, releasing energy that could heat collapsing hydrogen clouds and cause them to shine as brilliant dark stars.

Conditions a few hundred million years after the Big Bang, within dense regions called dark matter halos, appear to have been ideal for forming such stars. These regions are also where the first generation of normal stars was expected to appear.

"For the first time we have identified spectroscopic supermassive dark star candidates in JWST, including the earliest objects at redshift 14, only 300 Myr after the Big Bang," said Freese, the Jeff and Gail Kodosky Endowed Chair in Physics and director of the Weinberg Institute and Texas Center for Cosmology and Astroparticle Physics at UT Austin. "Weighing a million times as much as the Sun, such early dark stars are important not only in teaching us about dark matter but also as precursors to the early supermassive black holes seen in JWST that are otherwise so difficult to explain."

In a 2023 PNAS study by Ilie, Paulin, and Freese, the first supermassive dark star candidates (JADES-GS-z13-0, JADES-GS-z12-0, and JADES-GS-z11-0) were identified using photometric data from JWST's NIRCam instrument. Since then, spectra from JWST's NIRSpec instrument became available for those, and a few other extremely distant objects. The team, which now also includes Shafaat Mahmud analyzed the spectra and morphology of four of the most distant objects ever observed (including two candidates from the 2023 study): JADES-GS-z14-0, JADES-GS-z14-1, JADES-GS-13-0, and JADES-GS-z11-0 and found that each of them is consistent with a supermassive dark star interpretation.




JADES-GS-z14-1 is not resolved, meaning it is consistent with a point source, such as a very distant supermassive star would be. The other three are extremely compact, and can be modeled by supermassive dark stars powering a nebula (i.e. ionized H and He gas surrounding the star). Each of the four objects analyzed in this study is also consistent with a galaxy interpretation, as shown in the literature. Dark stars have a smoking gun signature, an absorption feature at 1640 Angstrom, due to the large amounts of singly ionized helium in their atmospheres. And in fact, one of the four objects analyzed shows signs of this feature.

"One of the most exciting moments during this research was when we found the 1640 Angstrom absorption dip in the spectrum of JADES-GS-z14-0. While the signal to noise ratio of this feature is relatively low (S/N~2), it is for the first time we found a potential smoking gun signature of a dark star. Which, in itself, is remarkable," Ilie said.

Astronomers using the Atacama Large Millimeter/submillimeter Array (ALMA) measured the spectrum of the same object, revealing the presence of oxygen, via a nebular emission line. Researchers said that if both spectral features are confirmed, the object cannot be an isolated dark star, but rather may be a dark star embedded in a metal rich environment. This could be the outcome of a merger, where a dark matter halo hosting a dark star merges with a galaxy. Alternatively, dark stars and regular stars could have formed in the same host halo, as the researchers now realized it is possible.

The identification of supermassive dark stars would open up the possibility of learning about the dark matter particle based on the observed properties of those objects, and would establish a new field of astronomy: the study of dark matter-powered stars. This published PNAS research is a key step in this direction.

Funding Acknowledgments: This research was made possible by generous funding from the following agencies: Colgate University Research Council, The Picker Interdisciplinary Sciences Institute, the U.S. Department of Energy's Office of High Energy Physics program, Swedish Research Council, LSST Discovery Alliance, the Brinson Foundation, the WoodNext Foundation, and the Research Corporation for Science Advancement Foundation.
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MIT scientists find metals hold secret atomic patterns | ScienceDaily
For years, scientists have known that tiny chemical patterns can form inside metal alloys, but most assumed these patterns were insignificant or disappeared during manufacturing. Recent experiments have shown that in controlled lab conditions, such patterns can actually influence how metals behave -- affecting their strength, durability, heat resistance, and even how well they withstand radiation.


						
Researchers at MIT have now discovered that these subtle chemical arrangements also persist in metals made through standard industrial processes. The unexpected finding points to a new physical principle that explains why these patterns remain.

In a study published in Nature Communications, the MIT team detailed how they identified and analyzed the patterns, uncovering the physics that drives them. They also developed a model that predicts how these patterns form, allowing engineers to potentially adjust them to fine-tune a metal's properties for use in aerospace, semiconductor, or nuclear applications.

"The conclusion is: You can never completely randomize the atoms in a metal. It doesn't matter how you process it," explains Rodrigo Freitas, the TDK Assistant Professor in the MIT Department of Materials Science and Engineering. "This is the first paper showing these non-equilibrium states that are retained in the metal. Right now, this chemical order is not something we're controlling for or paying attention to when we manufacture metals."

For Freitas, an early-career researcher, the discovery validates his decision to pursue a problem many others thought was already settled. He credits support from the U.S. Air Force Office of Scientific Research's Young Investigator Program and the collaborative effort of his team, which includes three MIT PhD students -- Mahmudul Islam, Yifan Cao, and Killian Sheriff -- as co-first authors.

"There was the question of whether I should even be tackling this specific problem because people have been working on it for a long time," Freitas says. "But the more I learned about it, the more I saw researchers were thinking about this in idealized laboratory scenarios. We wanted to perform simulations that were as realistic as possible to reproduce these manufacturing processes with high fidelity. My favorite part of this project is how non-intuitive the findings are. The fact that you cannot completely mix something together, people didn't see that coming."

From surprises to theories

Freitas and his team began with a simple question: how quickly do elements mix during the processing of metals? Conventional thinking suggested that there comes a point where metals become completely uniform at the atomic level during manufacturing. Finding that point, they believed, could help design alloys with varying levels of short-range atomic order.




Using advanced machine-learning tools, the researchers simulated how millions of atoms moved and rearranged during metal processing.

"The first thing we did was to deform a piece of metal," Freitas explains. "That's a common step during manufacturing: You roll the metal and deform it and heat it up again and deform it a little more, so it develops the structure you want. We did that and we tracked chemical order. The thought was as you deform the material, its chemical bonds are broken and that randomizes the system. These violent manufacturing processes essentially shuffle the atoms."

Yet the metals didn't behave as expected. Despite extreme processing, the alloys never reached a completely random state. The result puzzled the team since no existing theory could account for it.

"It pointed to a new piece of physics in metals," the researchers write in the paper. "It was one of those cases where applied research led to a fundamental discovery."

To explore further, they built high-precision computational models to capture how atoms interact and statistical methods to measure how order evolves over time. Through large-scale molecular dynamics simulations, they watched how atoms reorganized during deformation and heating.

The team observed that certain atomic arrangements appeared at unexpectedly high temperatures, and even more remarkably, entirely new patterns emerged that had never been seen outside of real-world manufacturing. They described these patterns as "far-from-equilibrium states."

They then developed a simplified model to reproduce the main features of the simulations. The model revealed that these patterns originate from defects in metals known as dislocations -- irregular, three-dimensional distortions in the atomic lattice. When the metal is deformed, dislocations twist and shift, nudging nearby atoms into preferred positions. Previously, researchers thought this process destroyed all atomic order, but the MIT team found the opposite: dislocations actually favor certain atomic exchanges, creating subtle but stable patterns.




"These defects have chemical preferences that guide how they move," Freitas says. "They look for low energy pathways, so given a choice between breaking chemical bonds, they tend to break the weakest bonds, and it's not completely random. This is very exciting because it's a non-equilibrium state: It's not something you'd see naturally occurring in materials. It's the same way our bodies live in non-equilibrium. The temperature outside is always hotter or colder than our bodies, and we're maintaining that steady state equilibrium to stay alive. That's why these states exist in metal: the balance between an internal push toward disorder plus this ordering tendency of breaking certain bonds that are always weaker than others."

Applying a new theory

The researchers are now exploring how these chemical patterns develop across a wide range of manufacturing conditions. The result is a map that links various metal processing steps to different chemical patterns in metal.

To date, this chemical order and the properties they tune have been largely considered an academic subject. With this map, the researchers hope engineers can begin thinking of these patterns as levers in design that can be pulled during production to get new properties.

"Researchers have been looking at the ways these atomic arrangements change metallic properties -- a big one is catalysis," Freitas says of the process that drives chemical reactions. "Electrochemistry happens at the surface of the metal, and it's very sensitive to local atomic arrangements. And there have been other properties that you wouldn't think would be influenced by these factors. Radiation damage is another big one. That affects these materials' performance in nuclear reactors."

Researchers have already told Freitas the paper could help explain other surprise findings about metallic properties, and he's excited for the field to move from fundamental research into chemical order to more applied work.

"You can think of areas where you need very optimized alloys like aerospace," Freitas says. "They care about very specific compositions. Advanced manufacturing now makes it possible to combine metals that normally wouldn't mix through deformation. Understanding how atoms actually shuffle and mix in those processes is crucial, because it's the key to gaining strength while still keeping the low density. So, this could be a huge deal for them."

This work was supported, in part, by the U.S. Air Force Office of Scientific Research, MathWorks, and the MIT-Portugal Program.
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Exercise might be the key to a younger, sharper immune system | ScienceDaily
Regular physical activity does more than improve muscle strength and cardiovascular health -- it also enhances immune function. This conclusion comes from a study of older adults with a long history of endurance training, which includes sustained forms of exercise such as long-distance running, cycling, swimming, rowing, and walking. An international team of scientists examined the immune cells of these individuals and found that their "natural killer" cells, which patrol the body to eliminate viruses and abnormal cells, were more adaptable, less prone to inflammation, and used energy more efficiently.


						
The research, funded by FAPESP and published in Scientific Reports, focused on natural killer (NK) cells, a type of white blood cell (lymphocyte) that targets infected or damaged cells, including cancer cells. As key players in the body's first line of defense, NK cells detect and neutralize invading pathogens. The team analyzed samples from nine participants with an average age of 64, dividing them into two groups: one untrained and the other composed of individuals who had engaged in endurance exercise for years.

"In a previous study, we found that obesity and a sedentary lifestyle can trigger a process of premature aging of defense cells. This made us want to investigate the other side of the story, that is, whether an older adult who has been practicing endurance exercises for more than 20 years may have a better-prepared immune system. And that's indeed what we found. In these individuals, NK cells functioned better in the face of an inflammatory challenge, in addition to using energy more efficiently. Therefore, it's as if exercise also trains the immune system," says Luciele Minuzzi, a visiting researcher at Justus Liebig University Giessen (JLU) in Germany.

Minuzzi's work forms part of her postdoctoral research and contributes to a broader project led by Sao Paulo State University (UNESP) in Brazil, also supported by FAPESP.

The findings indicate that consistent endurance training helps regulate inflammation over time. "When we compared the cells of trained older adults with those of non-athletes of the same age, we found that those with a history of endurance exercise had fewer inflammatory markers and more anti-inflammatory markers. This means that, compared to non-athletic older adults, they had much better control of inflammation," says Fabio Lira, a professor at the Faculty of Science and Technology (FCT-UNESP), Presidente Prudente campus, and project coordinator.

Lira notes that the immune system is affected by many lifestyle factors, including sleep quality, nutrition, vaccination, stress, inactivity, and certain medications that suppress immune activity. "Physical exercise is one of these factors that can benefit the immune system, and in this research project, we're investigating how it can modulate the immune response over time," he says.

Changes in the cell

The team also examined how NK cells functioned and metabolized energy in response to inflammation. They exposed these cells from both trained and untrained older adults to pharmacological agents such as propranolol and rapamycin to observe their effects.




"Trained older individuals demonstrate more efficient and adaptable immunity, with greater metabolic control and less propensity for cellular exhaustion. Regular physical exercise appears to positively modulate both adrenergic sensitivity and cellular energy sensors, promoting a more balanced and less inflammatory response to external stimuli," says Minuzzi.

Propranolol is a medication that blocks the adrenergic pathway -- a network of neural and hormonal signals that release neurotransmitters like adrenaline and noradrenaline -- and was used to study this pathway's role in NK cell activity. Rapamycin, by contrast, inhibits the mTORC1 signaling pathway, which governs cell growth and replication. In the experiment, high doses of rapamycin (100 ng/mL) altered NK cell characteristics and reduced their growth in laboratory conditions.

"In both cases, even with the blocking of signaling pathways, the NK cells of the trained older adults were able to maintain their immune function, while the cells of the untrained individuals showed cellular exhaustion or failure in the inflammatory response. This means that long-term endurance training is associated with protective 'immunometabolic' adaptations in NK cells in older adults. In other words, the cells become more mature and effective, less senescent, and metabolically better prepared to respond to inflammatory or pharmacological stressors," says the researcher.

Inflammatory response

In another study, the same group of researchers compared the immune response of young and master athletes before and after an acute exercise session. To do this, they analyzed whole blood and PBMC (the mononuclear fraction of blood formed by lymphocytes and monocytes, which includes NK cells) data from 12 master athletes (with an average age of 52 and more than 20 years of continuous training) and compared it with data from young athletes (with an average age of 22 and more than 4 years dedicated to training).

The results showed that the master athletes had a more controlled inflammatory response than the younger athletes. When their blood cells were stimulated with a pathogen (LPS), both groups produced more IL-6, a cytokine that signals inflammation. However, the increase was more pronounced in young people. "Another important inflammatory cytokine, TNF-a, was only increased in the younger group," says the researcher.




The young athletes showed a more intense inflammatory response, while the older athletes showed a more regulated and controlled profile. According to the researchers, this suggests that lifelong training can promote beneficial, balanced immune adaptation.

"Because they train regularly, their bodies are accustomed to dealing with inflammatory episodes, which requires more intense stimuli to generate significant long-term inflammatory responses. It's this type of 'training' that, over time, adapts the immune system, making it stronger," she explains.

Minuzzi points out that research on immune cells in athletes with a long training history has once again shown that decades of physical activity seem to "train" the regulation of inflammation. "The system doesn't stop responding, but it avoids exaggeration. This is particularly interesting for a greater understanding of healthy aging since disordered inflammatory responses are linked to several chronic diseases," she concludes.
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Scientists find the brain's hidden pulse that may predict Alzheimer's | ScienceDaily
Scientists at the Mark and Mary Stevens Neuroimaging and Informatics Institute (Stevens INI) at the Keck School of Medicine of USC have created a pioneering brain imaging method that captures how the brain's smallest blood vessels pulse in time with each heartbeat. These subtle movements may offer vital insights into aging and conditions such as Alzheimer's disease.


						
Published in Nature Cardiovascular Research, the study presents the first noninvasive approach for measuring "microvascular volumetric pulsatility" -- the rhythmic swelling and shrinking of tiny blood vessels -- in living humans. Using ultra-high field 7T magnetic resonance imaging (MRI), the researchers found that these microvessel pulses become stronger with age, particularly in the brain's deep white matter. This region is essential for communication between brain networks but is also vulnerable to reduced blood flow from distal arteries, which carry blood from the heart to the outermost parts of the body. As these pulses intensify, they may interfere with brain function and contribute to memory decline and Alzheimer's progression.

"Arterial pulsation is like the brain's natural pump, helping to move fluids and clear waste," said Danny JJ Wang, PhD, professor of neurology and radiology at the Keck School of Medicine and senior author of the study. "Our new method allows us to see, for the first time in people, how the volumes of those tiny blood vessels change with aging and vascular risk factors. This opens new avenues for studying brain health, dementia, and small vessel disease."

Scientists have long recognized that stiffness and excessive pulsation in large arteries are linked to stroke, dementia, and small vessel disease. However, until now, it has been nearly impossible to observe these rhythmic changes in the brain's smallest vessels without using invasive procedures limited to animal studies.

To overcome this, the USC team combined two advanced MRI techniques -- vascular space occupancy (VASO) and arterial spin labeling (ASL) -- to monitor subtle shifts in microvessel volume throughout the cardiac cycle. Their results revealed that older adults exhibit stronger microvascular pulsations in deep white matter compared to younger individuals, and that hypertension further intensifies these effects. "These findings provide a missing link between what we see in large vessel imaging and the microvascular damage we observe in aging and Alzheimer's disease," said lead author Fanhua Guo, PhD, a postdoctoral researcher in Wang's lab.

Excessive vascular pulsation may also disrupt the brain's "glymphatic system," a recently discovered network that removes waste substances such as beta-amyloid, a protein that accumulates in Alzheimer's disease. Over time, interference with this fluid circulation could hasten cognitive decline.

"Being able to measure these tiny vascular pulses in vivo is a critical step forward," said Arthur W. Toga, PhD, director of the Stevens INI. "This technology not only advances our understanding of brain aging but also holds promise for early diagnosis and monitoring of neurodegenerative disorders."

The researchers are exploring how the method could be adapted for wider clinical use, including on more commonly available 3T MRI scanners. Future studies will test whether microvascular volumetric pulsatility predicts cognitive outcomes and whether it can serve as a biomarker for early intervention in Alzheimer's disease and related conditions.




"This is just the beginning," Wang said. "Our goal is to bring this from research labs into clinical practice, where it could guide diagnosis, prevention, and treatment strategies for millions at risk of dementia."

About the study

In addition to Wang, the study's other authors are Fanhua Guo, Chenyang Zhao, Qinyang Shou, Kay Jann, and Xingfeng Shao from the Stevens INI, and Ning Jin from Siemens Healthcare.

This research was supported by the National Institutes of Health (NIH) grants UF1-NS100614, S10-OD025312, R01-600 NS114382, R01-EB032169, RF1AG084072, R01-EB028297, R01-NS134712, and R01-NS121040.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251014014418.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Supercharged vitamin k could help the brain heal itself | ScienceDaily
Neurodegenerative disorders such as Alzheimer's, Parkinson's, and Huntington's disease occur when neurons gradually deteriorate and die. This progressive loss of brain cells leads to severe symptoms including memory decline, cognitive impairment, and difficulty with movement. Over time, these conditions can greatly diminish quality of life and often leave patients dependent on continuous care. Current medications can help ease symptoms but do not stop or reverse the underlying disease, highlighting the urgent need for new therapeutic approaches. One promising strategy focuses on stimulating neuronal differentiation, the process of forming new neurons that could replace those lost and potentially slow or counteract neurodegeneration.


						
Vitamin K, a fat-soluble nutrient best known for its role in blood clotting and bone health, has recently attracted attention for its influence on brain cell development and protection. However, naturally occurring vitamin K forms such as menaquinone 4 (MK-4) may not be potent enough for effective use in regenerative therapies targeting neurodegenerative disorders.

In a groundbreaking study published in ACS Chemical Neuroscience, researchers from the Department of Bioscience and Engineering at Shibaura Institute of Technology in Japan, led by Associate Professor Yoshihisa Hirota and Professor Yoshitomo Suhara, created and tested new vitamin K analogues with stronger neuroactive effects. The team also identified a distinct mechanism through which vitamin K promotes neuronal differentiation.

Explaining their findings, Dr. Hirota noted, "The newly synthesized vitamin K analogues demonstrated approximately threefold greater potency in inducing the differentiation of neural progenitor cells into neurons compared to natural vitamin K. Since neuronal loss is a hallmark of neurodegenerative diseases such as Alzheimer's disease, these analogues may serve as regenerative agents that help replenish lost neurons and restore brain function."

To boost vitamin K's biological impact, the team produced 12 hybrid vitamin K homologs by linking them with retinoic acid (an active metabolite of vitamin A that encourages neuronal differentiation), a carboxylic acid group, or a methyl ester side chain. They then evaluated how effectively each compound promoted neuronal differentiation.

Vitamin K and retinoic acid influence gene transcription through the steroid and xenobiotic receptor (SXR) and retinoic acid receptor (RAR), respectively. The researchers measured SXR and RAR activity in mouse neural progenitor cells treated with the newly developed compounds and found that the hybrids maintained the biological functions of both parent molecules. They also measured the expression of microtubule-associated protein 2 (Map2), a neuronal growth marker, to track cell differentiation. One compound, which combined retinoic acid with a methyl ester side chain, produced a threefold increase in neuronal differentiation compared with the control and showed significantly stronger activity than natural vitamin K. This enhanced version was designated as the Novel vitamin K analog (Novel VK).

To better understand how vitamin K protects neurons, the team compared gene expression patterns in neural stem cells treated with MK-4, which promotes neuronal differentiation, to those treated with a compound that suppresses it. Transcriptomic analysis revealed that vitamin K-induced neuronal differentiation is mediated by metabotropic glutamate receptors (mGluRs) through downstream epigenetic and transcriptional processes. The effect of MK-4 was specifically linked to mGluR1. Previous studies have shown that mGluR1 plays a key role in synaptic communication, and that mice lacking this receptor experience motor and synaptic impairments similar to those seen in neurodegenerative disorders.




Delving deeper, the researchers conducted structural simulations and molecular docking studies to elucidate whether the vitamin K homolog interacts with mGluR1. Indeed, their analysis revealed a stronger binding affinity between Novel VK and mGluR1. Finally, the researchers examined the cellular uptake of Novel VK and its conversion to bioactive MK-4 in cells and mice. They noted a significant concentration-dependent increase in the intracellular concentration of MK-4. Moreover, Novel VK converted to MK-4 more easily than natural vitamin K. Further, in vivo experiments in mice showed that Novel VK exhibited a stable pharmacokinetic profile, crossed the blood-brain barrier, and achieved higher MK-4 concentration in the brain compared to the control.

Overall, the study sheds light on the mechanism by which vitamin K and its structural analogues exert neuroprotective effects, paving the way for the development of novel therapeutic agents that can delay or reverse neurodegenerative diseases.

Concluding with the long-term implications of their work, Dr. Hirota says, "Our research offers a potentially groundbreaking approach to treating neurodegenerative diseases. A vitamin K-derived drug that slows the progression of Alzheimer's disease or improves its symptoms could not only improve the quality of life for patients and their families but also significantly reduce the growing societal burden of healthcare expenditures and long-term caregiving."

We hope their research translates into clinically meaningful treatments for patients battling neurological diseases.

Funding information

This study was partly supported by a fund for the Mishima Kaiun Memorial Foundation and the Suzuken Memorial Foundation, KOSE Cosmetology Research Foundation, Koyanagi Foundation, Research Grants from the Toyo Institute of Food Technology, the Science Research Promotion Fund and the Takahashi Industrial and Economic Research Foundation. This study was partly supported by a Fund for the Promotion of Joint International Research (Fostering Joint International Research (A)) [grant number 18KK0455] and a Grant-in-Aid for Scientific Research (C) [grant numbers 20K05754 and 18K11056, 21K11709, and 24K14656], Grant-in-Aid for Early-Career Scientists [grant number 23K14091] from the Japan Society for the Promotion of Science (JSPS).
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A simple fatty acid could restore failing vision | ScienceDaily
Changes in eyesight are one of the most familiar effects of getting older. Sit in a dim restaurant with someone over 60, and you might hear, "Hold on -- let me pull out my cell phone. I need more light to read the menu!" But what if declining vision with age could actually be reversed?


						
Researchers at UC Irvine have taken a closer look at that question, investigating a potential treatment aimed at slowing or even undoing "aging" in the eye while also preventing age-related diseases such as macular degeneration (AMD).

"We show the potential for reversing age-related vision loss," explains Dorota Skowronska-Krawczyk, PhD, an associate professor in the Department of Physiology and Biophysics and the Department of Ophthalmology and Visual Sciences. The study, conducted in partnership with scientists from the Polish Academy of Sciences and the Health and Medical University in Potsdam, Germany, presents findings published in Science Translational Medicine under the title "Retinal polyunsaturated fatty acid supplementation reverses aging-related vision decline in mice."

Understanding the "Aging" Gene

This research builds on earlier work involving the Elongation of Very Long Chain Fatty Acids Protein 2 (ELOVL2), a well-established biomarker of aging. "We showed that we have lower vision when this ELOVL2 enzyme isn't active," says Skowronska-Krawczyk, who is also part of the Robert M. Brunson Center for Translational Vision Research at the UC Irvine School of Medicine. In that previous study, boosting ELOVL2 activity in aging mice increased levels of the omega[?]3 fatty acid docosahexaenoic acid (DHA) in the eye and led to better vision.

The new research aimed to find a way to achieve similar benefits without depending on the ELOVL2 enzyme.

As people age, changes in lipid metabolism reduce the amount of very-long-chain polyunsaturated fatty acids (VLC-PUFAs) in the retina. This decline can impair vision and contribute to AMD. The ELOVL2 gene plays a crucial role in producing both VLC-PUFAs and DHA.




When researchers injected older mice with a specific polyunsaturated fatty acid, their visual performance improved. "It's a proof-of-concept for turning lipid injection into a possible therapy," says Skowronska-Krawczyk. "What is important is that we didn't see the same effect with DHA." Others have also questioned the ability of DHA to slow AMD progression.

"Our work really confirms the fact that DHA alone cannot do the work, but we have this other fatty acid that is seemingly working and improving vision in aged animals," says Skowronska-Krawczyk. "We have also shown on a molecular level that it actually reverses the aging features."

Furthermore, the researchers found genetic variants in the ELOVL2 enzyme that correlate with faster progression of AMD. "Now we actually have a genetic connection to the disease and its aging aspect," says Skowronska-Krawczyk, "so we could potentially identify people at higher risk for vision loss progression." This could lead to not only therapeutic treatment options but also targeted interventions for prevention.

These findings have only further solidified Skowronska-Krawczyk's view of the importance of the ELOVL2 enzyme. "I am pretty convinced it's one of the top aging genes that we should look at when we think about anti-aging therapies."

Looking Beyond the Retina

In a collaboration with researchers from UC San Diego, Skowronska-Krawczyk has also started to explore the role of lipid metabolism in immune system aging. That study found that the lack of ELOVL2 enzyme induces accelerated aging of immune cells, suggesting that systemic lipid supplementation could potentially counteract the effects of age on the immune system. It also suggested that lipid metabolism might play a role in blood cancers.

"Our first study explored a potential therapy to address vision loss," says Skowronska-Krawczyk, "but with the information we've since learned about immune aging, we are hopeful the supplementation therapy will boost the immune system as well."
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Your brain's power supply may hold the key to mental illness | ScienceDaily

Dr. Cohen's laboratory has led the way in developing techniques that grow living brain cells from patient samples using induced pluripotent stem cell technology. He describes these advances as "giving us leads we did not have forty years ago." Through this approach, his team has identified key disruptions in how brain cells generate energy and connect with one another -- processes that appear central to many psychiatric illnesses affecting millions globally. With more than 400 scientific papers and five patents, his research points to new treatment strategies that could prove far more precise and effective than traditional therapies.

Mitochondrial Mysteries Transform Treatment Paradigms

The discussion highlights how Dr. Cohen's team uncovered widespread disturbances in cellular energy metabolism underlying major psychiatric conditions. These findings have far-reaching potential for designing targeted treatments that could benefit people in many regions and populations. His studies show that brain cells created from individuals with schizophrenia, bipolar disorder, or Alzheimer disease display intrinsic metabolic defects that may be corrected even before symptoms emerge.

This energy-based framework challenges decades of conventional thinking centered on neurotransmitter imbalance. Dr. Cohen explains that the brain relies more than any other organ on finely tuned energy production and communication between cells. His results suggest that restoring these fundamental cellular functions could help prevent or ease symptoms in vulnerable individuals worldwide, independent of background or environment.

By combining genomic analysis, advanced brain imaging, and cellular modeling, Dr. Cohen promotes a multidisciplinary approach to mental health research. This integration provides scientists with a powerful model for exploring complex brain disorders -- especially mood, psychotic, and cognitive conditions -- that appear across cultures and regions.

Challenging Century-Old Diagnostic Models

Instead of the status quo expert-consensus diagnostic systems, that place people in categories, Dr. Cohen advocates implementation of an evidence-based dimensional approach for describing patients. He argues that terms like "schizophrenia" should be retired in favor of scientifically accurate alternatives that reduce stigma while better capturing illness complexity. His proposed dimensional model focuses on symptom profiles rather than categorical labels, offering clinicians more nuanced tools for patient assessment and treatment planning.




This diagnostic revolution extends beyond mere terminology. Dr. Cohen's research demonstrates that traditional categorical systems fail to reflect underlying biological realities or clinical presentations adequately. His dimensional approach aligns with how clinicians actually evaluate patients, globally, providing richer individual descriptions while enabling formation of more homogeneous research cohorts. Such reforms could transform psychiatric practice internationally, improving diagnostic precision and treatment outcomes across diverse healthcare systems.

The interview explores how these new models could particularly benefit regions where Western diagnostic frameworks have proven problematic. By emphasizing observable symptoms and illness trajectories rather than culturally bound categories, dimensional approaches offer universal applicability while respecting local contexts and experiences.

From Laboratory Bench to Hospital Leadership

Dr. Cohen's impact extends beyond research laboratories. As McLean Hospital President and Psychiatrist-in -Chief from 1997 to 2005, he reversed financial decline while establishing over 30 new programs advancing both clinical care and scientific investigation. His leadership philosophy emphasized supporting frontline staff and reducing bureaucracy, principles applicable to healthcare institutions worldwide facing similar challenges.

Under his guidance, McLean achieved record levels of patient care, research funding, and educational training. These accomplishments demonstrate how scientific rigor combined with compassionate leadership can transform struggling institutions into thriving centers of excellence. His experience offers valuable lessons for hospital administrators globally confronting resource constraints while striving to maintain quality care and research productivity.

Particularly noteworthy was his establishment of Waverley Place, a peer-run center supporting individuals with mental illness living in communities. This innovative model, prioritizing mission over revenue generation, demonstrates how psychiatric institutions can serve broader societal needs while maintaining financial viability.




Personal Journey Shapes Scientific Vision

The interview offers a window into the personal experiences that guided Dr. Cohen's path as a scientist. His fascination with physics and mathematics in his youth, combined with meaningful interactions with psychiatric patients during medical training, helped shape his approach to research and care. He recalls his first psychiatric patient, a young woman whose remarkable recovery through medication left a lasting impression and underscored psychiatry's power to rebuild lives affected by mental illness.

Dr. Cohen also speaks candidly about the anxiety and shyness that sometimes limited his professional opportunities. His openness about these challenges offers a rare glimpse of vulnerability in a leading researcher. By sharing these reflections, he highlights that perseverance and commitment, rather than the absence of difficulty, are what truly define scientific achievement. His honesty serves as encouragement for young scientists who may encounter similar obstacles.

Family plays a central role in his story. His father, a respected internist, modeled a deep sense of medical dedication and the value of collaboration in research. Having been married for more than 55 years, Dr. Cohen credits his family's steady support as a cornerstone of his long and productive career. Together, these elements reveal how great science often grows from human connections and experiences that extend far beyond the laboratory.

Future Directions and Global Impact

Looking ahead, Dr. Cohen expresses optimism about the future of psychiatric research while recognizing the societal hurdles that remain. His current work aims to identify specific biological mechanisms that influence vulnerability to mental illness, with a strong focus on prevention. Because psychotic disorders usually do not appear before adolescence and dementia tends to develop later in life, he believes early interventions are becoming increasingly achievable.

The discussion emphasizes how new technologies, particularly in cellular reprogramming and genomic analysis, are transforming what researchers can uncover about the origins of psychiatric disease. These methods, now more widely available thanks to international initiatives (including those supported by Genomic Press), are accelerating discoveries and opening the door to more effective treatments.

Dr. Cohen also stresses the need to nurture creativity and risk-taking in science, cautioning against the tendency to fund only predictable or incremental research. He envisions a global scientific community where innovation can flourish in any country or institution, free from hierarchy or limitation. This philosophy aligns with the open-access approach advanced by Genomic Press, ensuring that important findings can be shared broadly without financial barriers, promoting a truly inclusive and collaborative model of discovery.
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Popular hair-loss pill linked to depression and suicide | ScienceDaily
A new analysis by a public health expert at the Hebrew University of Jerusalem has found that finasteride, a widely used treatment for hair loss, has been associated with depression and suicide for more than twenty years. Despite these long-standing concerns, neither regulators nor the drug's manufacturer took meaningful action. Drawing on adverse event reports and health records from several countries, the review identifies a consistent pattern of psychiatric side effects linked to the drug. Even with growing evidence, both Merck and the FDA failed to launch necessary safety investigations. The author is now urging major reforms to the way medications are approved and monitored for long-term risks.


						
For more than two decades, finasteride has been prescribed to millions of men seeking to slow or reverse hair loss. Behind its cosmetic appeal, however, evidence has continued to emerge suggesting serious mental health consequences, including depression, anxiety, and in some cases, suicide.

Prof. Mayer Brezis of the Hebrew University of Jerusalem argues that both the medical community and regulators have repeatedly failed to protect the public by overlooking signs of psychiatric harm associated with the drug.

His review analyzed data from eight large studies published between 2017 and 2023. The findings show a clear trend: people who used finasteride were far more likely to experience mood disorders and suicidal thoughts than those who did not. This pattern appeared consistently across various national databases, including the FDA's adverse event system and healthcare records from Sweden, Canada, and Israel.

"The evidence is no longer anecdotal," said Prof. Brezis, a professor emeritus of medicine and public health. "We now see consistent patterns across diverse populations. And the consequences may have been tragic."

The report estimates that hundreds of thousands of users may have suffered from finasteride-related depression, and that hundreds -- possibly more -- may have died by suicide. Originally approved by the FDA in 1997 for male pattern baldness, the drug has remained popular for its perceived safety and effectiveness, particularly among younger men. Critics say, however, that its risks were downplayed or ignored.

A Delayed Response, With a High Cost

Although the FDA recognized depression as a possible side effect in 2011 and added suicidal thoughts to the label in 2022, researchers had been warning of potential dangers as early as 2002. Internal FDA files from 2010, cited in Brezis' review, contained entire sections redacted as "confidential," including estimates of how many people might have been affected.




By 2011, only 18 suicides linked to finasteride had been reported to the FDA. Based on worldwide usage, Brezis concluded the actual number should have been in the thousands. "It wasn't just underreporting," Dr. Brezis wrote. "It was a systemic failure of pharmacovigilance."

Unlike drugs used to treat obesity or psychiatric disorders, which are often closely monitored after approval, finasteride's classification as a cosmetic treatment may have shielded it from deeper scrutiny. None of the data-mining studies referenced in the review were initiated by Merck, the company that developed the drug, nor were they commissioned by regulatory authorities.

A Cosmetic Drug With Life-Altering Risks

Brezis argues the drug's classification as a non-essential, appearance-enhancing medication changes the risk calculus. "This wasn't about life or death medical necessity," he said. "This was about hair."

The biological rationale is clear. Finasteride works by blocking the conversion of testosterone into dihydrotestosterone (DHT), but in doing so, it may also disrupt neurosteroids like allopregnanolone -- linked to mood regulation in the brain. Animal studies have shown long-term effects on neuroinflammation and even changes in hippocampal structure.

For some patients, the consequences don't end when the pills do. Reports of lingering symptoms -- dubbed "post-finasteride syndrome" -- include insomnia, panic attacks, cognitive dysfunction, and suicidal thoughts that persist months or even years after stopping treatment.




Regulatory Gaps, Corporate Silence

The report is especially scathing toward the FDA and Merck. Despite having access to millions of patient records and robust pharmacovigilance tools, neither party acted in time, Brezis argues. The industry's silence was strategic, he suggests, driven by market pressures and legal liability -- echoing past controversies like Merck's handling of Vioxx.

"Nothing is more important to Organon than the safety of our medicines," the company recently claimed in a public statement. Yet none of the safety studies cited were initiated by the manufacturer.

The FDA, meanwhile, took five years to respond to a citizen petition calling for a black-box warning. Its final decision? To add suicidal ideation to the label -- but not as a formal warning.

What Now?

Brezis is calling for immediate changes in how drugs like finasteride are approved, monitored, and prescribed. His recommendations include suspending marketing of the drug for cosmetic purposes until safety is re-established, mandatory post-approval studies with strict enforcement, and systematic recording of drug histories in suicide investigations.

"For many, those changes come too late. The paper is dedicated to one such individual -- a previously healthy man who took finasteride "just" to improve his hair. Within days, he spiraled into severe psychiatric distress. He never recovered. Months later, he took his own life."
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A single protein could stop sudden death after heart attacks | ScienceDaily
Nina Kumowski, MD, of the Department of Radiology and Center for Systems Biology at Massachusetts General Hospital, is the lead author and Matthias Nahrendorf, MD, PhD of the Department of Radiology and Center for Systems Biology at MGH, is the senior author of a paper published in Science, "Resistin-like molecule g attacks cardiomyocyte membranes and promotes ventricular tachycardia."


						
Q: How would you summarize your study for a lay audience?

In short: We found that the defense protein "Resistin like molecule gamma" (Relmy), produced by neutrophils, punches holes into heart cells after a heart attack. This promotes dangerous, fast, and irregular heart rhythm and cell death in the heart.

The longer version: The most lethal complications of coronary artery disease are myocardial infarction (MI) and sudden cardiac death.

In MI, the blockage of a heart artery leads to insufficient oxygen supply to heart muscle cells (cardiomyocytes). This compromises their ability to maintain a stable rhythm and can give rise to a dangerous, unstable heart rhythms (arrhythmia) called ventricular tachycardia (VT) and ventricular fibrillation (VF).

VT and VF are both serious arrhythmias that can lead to sudden cardiac arrest and death within minutes. In VT, the heart beats very rapidly, but in a coordinated rhythm. In VF, the rhythm is chaotic and uncoordinated.

Most arrhythmias occur within 48 hours after MI and coincide with massive immune cell infiltration into the heart tissue. We were interested in how these immune cells may promote arrhythmia.




We found neutrophils that get recruited into the infarct (the area of dead tissue resulting from the cutoff of oxygen supply) in large numbers upregulate the gene "Retnlg," coding the protein resistin like molecule gamma (RELMy). We also found a comparable gene, "RETN," in human infarcted heart tissue. When we removed this protein from neutrophils in mice, the arrhythmia burden after MI was reduced 12-fold.

Q: What question were you investigating? 

We were investigating the question of how neutrophils, a specific kind of immune cell, promote ventricular arrhythmia (a dangerous fast irregular heartbeat) after heart attacks. Cardiomyocytes as the main actors in arrhythmia are very well studied, but if and how immune cells can promote arrythmia is less clear. This work is important because ventricular arrhythmia is the most lethal complication after myocardial infarction. We need to understand better what promotes arrythmia to help us develop new antiarrhythmic drugs.

Q: What methods or approach did you use?

We used a plethora of methods to figure this out. For an initial understanding about which proteins in neutrophils might be important, we used deposited data on gene expression generated by single cell and spatial RNA-sequencing from mice that underwent myocardial infarction. But we also used data from human studies to find similarities in human tissue.

We also relied on confocal and super-high resolution microscopy in isolated mouse heart muscle cells that were treated with the labeled protein. Further, we deployed in vitro assays such as a liposome model and cell culture techniques to investigate the mouse and the human version of the protein to find out if they work similar.




Q: What did you find?

We found that after MI in mouse models, neutrophils upregulatethe expression of "Retnlg," the gene coding for RELMy. We also found that the human biological homolog "RETN," the genecoding for Resistin, was higher expressed in human infarcted myocardial tissue compared to non-infarcted tissue, similar to mice.

We saw that deleting the gene from bone marrow derived cells (such as neutrophils) and deleting the gene from neutrophils specifically significantly reduced incidents of ventricular arrhythmia in the mouse models.

Q: What are the implications?

The implications are that immune cells play a crucial role in sudden death and arrhythmia.

We should think about treating both the myocardial infarction both by quick recanalization of the vessel to restore oxygenated blood supply and also by targeting immune cells to mitigate the arrhythmic effects of the injury.

When we understand the underlying mechanisms better, we can pursue therapeutic targets that go beyond the broad immune suppression that is used today.

If we can treat targets more specifically, we can reduce unwanted side effects and unravel the full potential of immune modulation in cardiovascular disease.

Q: What are the next steps?

The next steps are to find a way to neutralize the harmful protein and test if this can reduce VT burden and infarct size. First in the mouse models, but, we hope, eventually also in humans.

We should gather more evidence about the significance of this protein in human disease. It is also interesting to see these findings have implications for other diseases with neutrophil recruitment and activation.
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This new blood test can catch cancer 10 years early | ScienceDaily
Human papilloma virus (HPV) is responsible for about 70% of head and neck cancers in the United States, making it the leading HPV-related cancer and one that continues to rise in frequency each year. Unlike cervical cancer, which can be detected through routine screening, there is currently no test that can identify HPV-associated head and neck cancers before symptoms develop. As a result, most patients are diagnosed only after the tumor has expanded to billions of cells, often spreading to nearby lymph nodes and causing noticeable symptoms. Finding a way to detect these cancers much earlier could allow for prompt treatment and better outcomes.


						
A new federally funded study published in the Journal of the National Cancer Institute by researchers at Mass General Brigham introduces a promising advance. The team developed a liquid biopsy test called HPV-DeepSeek, which can identify HPV-linked head and neck cancers up to 10 years before symptoms begin. Detecting the disease this early could increase the chances of successful treatment and reduce the need for aggressive therapies, the researchers report.

"Our study shows for the first time that we can accurately detect HPV-associated cancers in asymptomatic individuals many years before they are ever diagnosed with cancer," said lead study author Daniel L. Faden, MD, FACS, a head and neck surgical oncologist and principal investigator in the Mike Toth Head and Neck Cancer Research Center at Mass Eye and Ear, a member of the Mass General Brigham healthcare system. "By the time patients enter our clinics with symptoms from the cancer, they require treatments that cause significant, life-long side effects. We hope tools like HPV-DeepSeek will allow us to catch these cancers at their very earliest stages, which ultimately can improve patient outcomes and quality of life."

HPV-DeepSeek works by using whole-genome sequencing to identify trace fragments of HPV DNA that have separated from a tumor and entered the bloodstream. Earlier research from this team showed that the test could reach 99% specificity and 99% sensitivity in detecting cancer during its initial clinical presentation, outperforming all existing diagnostic methods.

To explore whether HPV-DeepSeek could identify these cancers long before symptoms appear, the researchers analyzed 56 blood samples from the Mass General Brigham Biobank. The samples included 28 from people who later developed HPV-associated head and neck cancer and 28 from healthy individuals who served as controls.

HPV-DeepSeek detected HPV tumor DNA in 22 out of 28 blood samples from patients who later developed the cancer, whereas all 28 control samples tested negative, indicating that the test is highly specific. The test was better able to detect HPV DNA in blood samples that were collected closer to the time of the patients' diagnosis, and the earliest positive result was for a blood sample collected 7.8 years prior to diagnosis.

Using machine learning, the researchers were able to improve the test's power so that it accurately identified 27 out of 28 cancer cases, including samples collected up to 10 years prior to diagnosis.

The authors are now validating these findings in a second blinded study funded by the National Institutes of Health (NIH) using hundreds of samples collected as part of the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO) at the National Cancer Institute.
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Scientists build artificial neurons that work like real ones | ScienceDaily
Engineers at the University of Massachusetts Amherst have developed an artificial neuron whose electrical activity closely matches that of natural brain cells. The innovation builds on the team's earlier research using protein nanowires made from electricity-producing bacteria. This new approach could pave the way for computers that run with the efficiency of living systems and may even connect directly with biological tissue.


						
"Our brain processes an enormous amount of data," says Shuai Fu, a graduate student in electrical and computer engineering at UMass Amherst and lead author of the study published in Nature Communications. "But its power usage is very, very low, especially compared to the amount of electricity it takes to run a Large Language Model, like ChatGPT."

The human body operates with remarkable electrical efficiency -- more than 100 times greater than that of a typical computer circuit. The brain alone contains billions of neurons, specialized cells that send and receive electrical signals throughout the body. Performing a task such as writing a story uses only about 20 watts of power in the human brain, whereas a large language model can require more than a megawatt to accomplish the same thing.

Engineers have long sought to design artificial neurons for more energy-efficient computing, but reducing their voltage to match biological levels has been a major obstacle. "Previous versions of artificial neurons used 10 times more voltage -- and 100 times more power -- than the one we have created," says Jun Yao, associate professor of electrical and computer engineering at UMass Amherst and the paper's senior author. Because of this, earlier designs were far less efficient and couldn't connect directly with living neurons, which are sensitive to stronger electrical signals.

"Ours register only 0.1 volts, which about the same as the neurons in our bodies," says Yao.

There are a wide range of applications for Fu and Yao's new neuron, from redesigning computers along bio-inspired, and far more efficient principles, to electronic devices that could speak to our bodies directly.

"We currently have all kinds of wearable electronic sensing systems," says Yao, "but they are comparatively clunky and inefficient. Every time they sense a signal from our body, they have to electrically amplify it so that a computer can analyze it. That intermediate step of amplification increases both power consumption and the circuit's complexity, but sensors built with our low-voltage neurons could do without any amplification at all."

The secret ingredient in the team's new low-powered neuron is a protein nanowire synthesized from the remarkable bacteria Geobacter sulfurreducens, which also has the superpower of producing electricity. Yao, along with various colleagues, have used the bacteria's protein nanowires to design a whole host of extraordinary efficient devices: a biofilm, powered by sweat, that can power personal electronics; an "electronic nose" that can sniff out disease; and a device, which can be built of nearly anything, that can harvest electricity from thin air itself.

This research was supported by the Army Research Office, the U.S. National Science Foundation, the National Institutes of Health and the Alfred P. Sloan Foundation.
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This 250-year-old equation just got a quantum makeover | ScienceDaily
How likely you think something is to happen depends on what you already believe about the situation. This simple idea forms the basis of Bayes' rule, a mathematical approach to calculating probabilities first introduced in 1763. Now, an international group of scientists has demonstrated how Bayes' rule can also apply in the quantum realm.


						
"I would say it is a breakthrough in mathematical physics," said Professor Valerio Scarani, Deputy Director and Principal Investigator at the Centre for Quantum Technologies, and member of the team. His co-authors on the work published on 28 August 2025 in Physical Review Letters are Assistant Professor Ge Bai at the Hong Kong University of Science and Technology in China, and Professor Francesco Buscemi at Nagoya University in Japan.

"Bayes' rule has been helping us make smarter guesses for 250 years. Now we have taught it some quantum tricks," said Prof Buscemi.

Although other researchers had previously suggested quantum versions of Bayes' rule, this team is the first to derive a true quantum Bayes' rule based on a core physical principle.

Conditional probability

Bayes' rule takes its name from Thomas Bayes, who described his method for calculating conditional probabilities in "An Essay Towards Solving a Problem in the Doctrine of Chances."

Imagine someone who tests positive for the flu. They might have suspected illness already, but this new result changes their assessment of the situation. Bayes' rule provides a systematic way to update that belief, factoring in the likelihood of the test being wrong as well as the person's prior assumptions.




The rule treats probabilities as measures of belief rather than absolute facts. This interpretation has sparked debate among statisticians, with some arguing that probability should represent objective frequency rather than subjective confidence. Still, when uncertainty and belief play a role, Bayes' rule is widely recognized as a rational framework for decision-making. It underpins countless applications today, from medical testing and weather forecasting to data science and machine learning.

Principle of minimum change

When calculating probabilities with Bayes' rule, the principle of minimum change is obeyed. Mathematically, the principle of minimum change minimizes the distance between the joint probability distributions of the initial and updated belief. Intuitively, this is the idea that for any new piece of information, beliefs are updated in the smallest possible way that is compatible with the new facts. In the case of the flu test, for example, a negative test would not imply that the person is healthy, but rather that they are less likely to have the flu.

In their work, Prof Scarani, who is also from NUS Department of Physics, Asst Prof Bai, and Prof Buscemi began with a quantum analogue to the minimum change principle. They quantified change in terms of quantum fidelity, which is a measure of the closeness between quantum states.

Researchers always thought a quantum Bayes' rule should exist because quantum states define probabilities. For example, the quantum state of a particle provides the probability of it being found at different locations. The goal is to determine the whole quantum state, but the particle is only found at one location when a measurement is performed. This new information will then update the belief, boosting the probability around that location.

The team derived their quantum Bayes' rule by maximizing the fidelity between two objects that represent the forward and the reverse process, in analogy with a classical joint probability distribution. Maximizing fidelity is equivalent to minimizing change. They found in some cases their equations matched the Petz recovery map, which was proposed by Denes Petz in the 1980s and was later identified as one of the most likely candidates for the quantum Bayes' rule based just on its properties.

"This is the first time we have derived it from a higher principle, which could be a validation for using the Petz map," said Prof Scarani. The Petz map has potential applications in quantum computing for tasks such as quantum error correction and machine learning. The team plans to explore whether applying the minimum change principle to other quantum measures might reveal other solutions.
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C-section births linked to sleepless nights and painful recoveries | ScienceDaily
New research presented at the ANESTHESIOLOGY(r) 2025 annual meeting suggests that women who give birth by cesarean delivery (C-section) face a greater likelihood of experiencing intense pain that interferes with sleep and daily functioning, as well as a higher risk of developing sleep disorders.


						
"Sleep is often overlooked in postpartum recovery, but it is central to a mother's physical and mental health," said Moe Takenoshita, M.B.B.Ch., lead author of the study and a postdoctoral scholar in the department of anesthesia at Stanford University Center for Academic Medicine, Palo Alto, California. "Cesarean delivery in particular appears to increase the risk for severe pain and sleep disorders, which can lead to postpartum depression, thinking and memory problems, and fatigue, as well as disrupt bonding with their babies and relationships with family and friends."

The research team used both qualitative and quantitative methods. In the qualitative portion, they interviewed 41 mothers about their pain and sleep experiences after childbirth. Among them, 24 had vaginal deliveries, 11 had planned C-sections, and six had unplanned C-sections. Severe pain that affected sleep and everyday activities was reported by more than two-thirds of those who underwent C-sections (73% of planned and 67% of unplanned), compared to just 8% of mothers who had vaginal births.

The quantitative analysis drew from a national insurance database of more than 1.5 million mothers who gave birth between 2008 and 2021. The findings showed that mothers who had C-sections were 16% more likely to receive a new diagnosis of a sleep disorder (such as insomnia, sleep deprivation, or obstructive sleep apnea) within one month to one year after delivery, compared with those who gave birth vaginally.

Dr. Takenoshita advised that new mothers, particularly those recovering from C-sections, should take steps to manage pain effectively, since untreated pain can further disturb sleep. Additional strategies to support better rest include engaging in light physical activity when possible, sleeping when the baby sleeps, avoiding caffeine and alcohol later in the day, and winding down before bed through activities such as taking a bath or practicing deep breathing.

"About one-third of U.S. births are C-sections," said Dr. Takenoshita. "Those who are planning a C-section should understand that the procedure is linked to more severe pain after delivery and a higher risk of sleep disorders. Anyone having sleep problems during pregnancy or after childbirth should discuss their concerns with their physician, who can evaluate the issue, make recommendations and refer them to a specialist if necessary."
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Your skin could warn of hidden mental health trouble | ScienceDaily
Scientists have found that people receiving treatment for mental health conditions who also have skin problems may face a higher risk of severe outcomes, including depression and suicidal thoughts. The research, which could help doctors better identify vulnerable patients and tailor psychiatric care, was presented at the ECNP meeting in Amsterdam.


						
The study involved 481 individuals experiencing their first episode of psychosis (the first time a person has symptoms such as delusions, hallucinations, or losing touch with reality). Among them, 14.5% showed signs of skin issues (24% of females and 9.8% of males), including rashes, itching, or sensitivity to light. All participants received four weeks of antipsychotic treatment, after which researchers assessed various mental health indicators.

Lead researcher Dr. Joaquin Galvan (Instituto de Investigacion Sanitaria Gregorio Maranon, Madrid) explained:

"After 4 weeks of follow-up, patients with a first episode of psychosis presenting with skin conditions experienced higher levels of depression and risk of suicide. We found that just 7% of the patients without the initial skin conditions had suicidal thoughts or attempts, in contrast, around 25% of the patients with initial skin conditions had suicidal thoughts or attempts. Initial skin conditions are also linked to greater depression and poorer well-being at follow-up.

"This discovery suggests that the presence of skin conditions indicates that these patients are more at risk for worse outcomes than patients who do not have skin conditions after a first episode of psychosis."

The team noted that, if further research supports these results, skin symptoms could serve as an early warning sign for elevated mental health risks, much like how blood tests can signal the likelihood of cancer or heart disease.

Because both the brain and skin develop from the same embryonic layer called the ectoderm, the scientists set out to explore how these two systems might be connected.




Dr. Galvan added:

"It was already known that between 30% and 60% of people with skin conditions show psychiatric symptoms. What we have done is look at things from the opposite direction; do people with mental health problems have skin conditions, and if so, can this tell us anything useful?

Our findings suggest that dermatological symptoms may represent a marker of illness severity and poor short-term outcomes in the early stages of psychosis, potentially identifying a subgroup of patients with a poorer clinical prognosis who may benefit from early tailored interventions. The reason for the connection is still unclear, but our working hypothesis is that this may be due to the skin and neurological systems having common developmental origins and inflammatory pathways; but this needs to be confirmed. As far as we know this is the first study to show this link in patients with psychosis, so we need follow-up studies to confirm the finding. We also need to understand if this link applies also to a range of other psychiatric conditions, such as bipolar disorder, ADHD, anxiety or depression."

Offering an independent perspective, Professor Eric Ruhe (Professor of Difficult-to-Treat Depression at Radboud University, the Netherlands) commented:

"This is an interesting association between skin problems and a first episode of psychosis. These results need replication in different cohorts but might indeed show a new link between skin and psychopathology.

As the skin and the brain derive from the same embryonic origin, this would worth pursuing further, both diagnostically and mechanistically (which may be more interesting). For example, this association might be used to culture skin cells to begin to understand which treatment is appropriate."

This is an independent comment, Professor Ruhe was not involved in this work.
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Earth's climate just crossed a line we can't ignore | ScienceDaily
Humanity is entering a "new reality," as scientists warn that the planet has now crossed the first of several critical Earth system tipping points. Without immediate global action, these shifts could cause widespread and lasting damage, according to a major report released today (Oct 13) by the University of Exeter and international collaborators.


						
As ministers meet ahead of the COP30 summit, the second Global Tipping Points Report concludes that warm-water coral reefs -- vital to nearly a billion people and a quarter of marine species -- have already passed their threshold of stability. Mass coral die-off is underway and, unless global warming is reversed, large reef systems as we know them will disappear. A few isolated refuges may endure, but they will require urgent protection.

Researchers warn that this is only the beginning. The world is nearing other irreversible tipping points that could trigger devastating consequences for people and ecosystems, including the melting of polar ice sheets, disruption of major ocean currents, and the collapse of the Amazon rainforest -- where COP30 will take place.

With global temperatures expected to exceed 1.5degC, the report -- produced by 160 scientists across 87 institutions in 23 countries -- urges governments to limit any temperature overshoot to prevent further irreversible changes. Every fraction of a degree and every additional year above 1.5degC increases the risks.

The authors say that the best hope now lies in accelerating "positive tipping points," such as the rapid spread of clean energy technologies that can drive large-scale, self-reinforcing change. These shifts could provide a viable path toward a safer, fairer, and more sustainable world.

Researchers are working with Brazil's COP30 Presidency to ensure that the issue of tipping points is prioritized at the upcoming summit.

Professor Tim Lenton of the University of Exeter's Global Systems Institute said: "We are rapidly approaching multiple Earth system tipping points that could transform our world, with devastating consequences for people and nature. This demands immediate, unprecedented action from leaders at COP30 and policymakers worldwide.




"In the two years since the first Global Tipping Points Report, there has been a radical global acceleration in some areas, including the uptake of solar power and electric vehicles. But we need to do more -- and move faster -- to seize positive tipping point opportunities. By doing so, we can drastically cut greenhouse gas emissions and tip the world away from catastrophic tipping points and towards a thriving, sustainable future."

Dr. Mike Barrett, chief scientific advisor at WWF-UK and a co-author of the report, added: "The findings of this report are incredibly alarming. That warm-water coral reefs are passing their thermal tipping point is a tragedy for nature and the people that rely on them for food and income. This grim situation must be a wake-up call that unless we act decisively now, we will also lose the Amazon rainforest, the ice sheets and vital ocean currents. In that scenario we would be looking at a truly catastrophic outcome for all humanity.

"As we head into the COP30 climate negotiations it's vital that all parties grasp the gravity of the situation and the extent of what we all stand to lose if the climate and nature crises are not addressed. The solutions are within our reach. Countries must show the political bravery and leadership to work together and achieve them."

The report says that the nature of abrupt and irreversible Earth system tipping points mean that they pose a different type of threat to other environmental challenges, and that current policies and decision-making processes are not adequate to respond. Global action must include accelerating emissions reductions and scaling up carbon removal to minimise temperature overshoot. The expected impacts of tipping processes need to be considered in risk assessments, adaptation policies, loss and damage mechanisms and human rights litigation.

Dr. Manjana Milkoreit, from the University of Oslo, said: "Current policy thinking doesn't usually take tipping points into account. Tipping points present distinct governance challenges compared to other aspects of climate change or environmental decline, requiring both governance innovations and reforms of existing institutions.

"Preventing tipping points requires 'frontloaded' mitigation pathways that minimise peak global temperature, the duration of the overshoot period above 1.5degC, and the return time below 1.5degC. Sustainable carbon dioxide removal approaches need to be rapidly scaled up to achieve this."

The report's authors are working with Brazil's COP30 Presidency on the "Action Agenda" as a platform for accelerating climate transition plans and triggering self-reinforcing change across different sectors -- from agriculture to energy, from forests to cities -- towards low-carbon and climate-resilient global transformation.




The President Designate of COP30 in Brazil, Ambassador Andre Correa do Lago, said: "As part of a global mobilization against climate change -- our 'Global Mutirao' -- the COP30 Presidency invited community leaders, scholars and scientists to explore the best available science and ancestral wisdom around how our institutions can gain exponentiality in deploying solutions and versatility in responding to the climate crisis, including through agile, iterative and adaptive capabilities. I welcome the Global Tipping Points Report as a positive and timely response to our invitation. The report stands as hopeful and sober evidence that humanity can still choose to change and evolve towards a safe, prosperous and equitable future."

The report highlights progress on positive tipping points -- and opportunities for a cascade of positive change:
    	Positive tipping points have already been crossed in solar PV and wind power globally, and in the adoption of electric vehicles, battery storage and heat pumps in leading markets. These transitions can still be accelerated. Coordinated policy action at "super-leverage points" can unleash positive tipping cascades across interacting sectors (e.g. power, transport and heating), bringing forward tipping in all. Once replaced, polluting technologies are unlikely to return because the new options are cheaper and better. Social attitudes are also tipping. Concern about climate change is growing globally -- and even small numbers of people can tip the majority.
    	More positive tipping points are approaching in sectors including goods transport. COP30's host nation, Brazil, has great potential for producing green steel, green hydrogen, and green ammonia -- helping to kickstart these crucial technologies worldwide. Positive tipping points can rapidly restore nature and biodiversity. Ecosystem restoration can tip degraded systems back to health, and shifts to more sustainable patterns of consumption and production can lead to tipping points in food and fibre supply chains that end deforestation and ecosystem conversion.
    	We need to identify and trigger many more positive tipping points. Better indicators are needed to understand tipping potential. Once identified, positive tipping is enabled by making the desired innovation the most affordable, accessible and/or attractive option. Governments, businesses, civil society and individuals all have a role to play. People understand the need for change and support the transition to a cleaner, healthier world, provided it is done fairly. Success may depend on following a path of least polarisation. The COP30 Presidency has launched a Global Mutirao (meaning "collective efforts") to encourage climate action worldwide.

The report includes case studies on several Earth system tipping points:
    	Globally, warm-water coral reefs are experiencing unprecedented mortality under repeated mass bleaching events. With current global warming at about 1.4degC, reefs are passing their thermal tipping point (central estimate 1.2degC, range 1-1.5degC). Even stabilising warming at 1.5degC, warm-water coral reefs are virtually certain (over 99% probability) to tip. This means coral reefs on any meaningful scale will be lost unless the global temperature returns towards 1degC warming or below, although fragments of reef may be preserved with conservation action that minimise other human stressors such as overfishing and pollution. Regional risk assessments and governance are urgently needed to prepare for the increasing loss of ecosystem services provided by reefs.
    	The report finds that the temperature rise that would trigger the widespread dieback of the Amazon rainforest due to a combination of climate change and deforestation is lower than previously thought, with the lower end of the estimated range now at 1.5degC, highlighting the need for urgent action. Over a hundred million people depend on the Amazon and it could also be subject to positive social tipping points: inclusive local governance (including by Indigenous People), recognition of traditional knowledge, and targeted investments in conservation and restoration could boost the resilience of people and nature.
    	The Atlantic Meridional Overturning Circulation (AMOC) is at risk of collapse below 2degC of global warming. This would result in much harsher winters in north-west Europe, disrupt the West African and Indian Monsoons, and decrease agricultural yields in much of the world -- with major impacts for global food security.

Professor Lenton concluded: "Only with a combination of decisive policy and civil society action can the world tip its trajectory from facing existential Earth system tipping point risks to seizing positive tipping point opportunities."

Key Points:
    	Coral reefs are dying worldwide, marking the first major Earth system tipping point already underway.
    	Global temperatures are on track to exceed 1.5degC, putting the planet dangerously close to triggering more irreversible changes.
    	Scientists warn that these next tipping points could include melting polar ice sheets, the collapse of ocean circulation, and the dieback of the Amazon rainforest.
    	Current global policies are not equipped to deal with the abrupt and interconnected nature of these threats.
    	The report stresses that rapid, transformative action is essential -- by driving social change and unleashing "positive tipping points," such as the rapid global spread of clean and affordable green technologies.





					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251013040325.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



This experimental "super vaccine" stopped cancer cold in the lab | ScienceDaily
Researchers at the University of Massachusetts Amherst have shown that their nanoparticle-based vaccine can successfully prevent several aggressive cancers in mice, including melanoma, pancreatic cancer, and triple-negative breast cancer. Depending on the cancer type, up to 88% of vaccinated mice stayed tumor-free (depending on the cancer), and the vaccine also reduced -- and in some cases completely prevented -- the spread of cancer throughout the body.


						
"By engineering these nanoparticles to activate the immune system via multi-pathway activation that combines with cancer-specific antigens, we can prevent tumor growth with remarkable survival rates," says Prabhani Atukorale, assistant professor of biomedical engineering in the Riccio College of Engineering at UMass Amherst and corresponding author on the paper.

Atukorale had previously shown that her nanoparticle-based drug design could shrink or eliminate tumors in mice. The new findings reveal that this approach can also prevent cancer from forming in the first place.

In the first experiment, her team combined the nanoparticle system with well-studied melanoma peptides (called an antigen, similar to how a flu shot typically contains parts of the inactivated flu virus). This formulation activated immune cells known as T cells, training them to detect and destroy melanoma cells. Three weeks later, the vaccinated mice were exposed to melanoma.

Eighty percent of the mice that received the "super adjuvant" nanoparticle vaccine remained tumor-free and survived the entire study period (250 days). In contrast, all of the mice that received traditional vaccines, non-nanoparticle formulations, or no vaccine at all developed tumors and died within 35 days.

The vaccine also stopped cancer from spreading to the lungs. When the mice were systemically exposed to melanoma cells to mimic metastasis, none of the nanoparticle-vaccinated mice developed lung tumors, while every other mouse did.

"Metastases across the board is the highest hurdle for cancer," says Atukorale. "The vast majority of tumor mortality is still due to metastases, and it almost trumps us working in difficult-to-reach cancers, such as melanoma and pancreatic cancer."

Atukorale refers to this protection as "memory immunity." "That is a real advantage of immunotherapy, because memory is not only sustained locally," she explains. "We have memory systemically, which is very important. The immune system spans the entire geography of the body."




The first phase of testing used a vaccine with known antigens designed for melanoma. However, creating antigens for each cancer type can require extensive genome sequencing or bioinformatics analysis. To simplify the process, the researchers tested a second version using killed tumor cells, called tumor lysate, derived directly from the cancer itself. Mice vaccinated with this nanoparticle lysate vaccine were later exposed to melanoma, pancreatic ductal adenocarcinoma, or triple-negative breast cancer cells.

The results were impressive: 88% of mice with pancreatic cancer, 75% with breast cancer, and 69% with melanoma rejected tumor formation. Furthermore, all mice that remained tumor-free after vaccination also resisted metastasis when exposed systemically to cancer cells.

"The tumor-specific T-cell responses that we are able to generate -- that is really the key behind the survival benefit," says Griffin Kane, postdoctoral research associate at UMass Amherst and first author on the paper. "There is really intense immune activation when you treat innate immune cells with this formulation, which triggers these cells to present antigens and prime tumor-killing T cells."

This robust T-cell response is possible because of the particular nanoparticle design of the vaccine.

Vaccines -- regardless the target disease -- contain two primary components: The antigen and the adjuvant. The antigen is the piece of the disease-causing pathogen (in this study, cancer cells) that the immune system can be trained to target. The adjuvant is a substance that activates the immune system to recognize the antigen, treat it as a foreign intruder and eliminate it.

The Atukorale Lab draws inspiration from how pathogens naturally stimulate the immune system. To mount a strong immune response, the body requires multiple "danger" signals triggered through different pathways. "In recent years, we have come to understand how important the selection of the adjuvant is because it drives the second signal that is needed for the correct priming of T and B cells," says Atukorale.




However, just like oil and water, many of the most promising adjuvants for cancer immunotherapy do not mix well at the molecular level. To overcome this, the Atukorale Lab has engineered a lipid nanoparticle-based "super adjuvant" capable of stably encapsulating and co-delivering two distinct immune adjuvants that activate immunity in a coordinated, synergistic way.

The researchers say that their design offers a platform approach that could be used across multiple cancer types.

The researchers envision that this platform can be applied to create both therapeutic and preventative regimens, particularly for individuals at high risk for cancer. This is an idea that Atukorale and Kane have turned into a startup called NanoVax Therapeutics.

"The real core technology that our company has been founded on is this nanoparticle and this treatment approach," says Kane. "This is a platform that Prabhani developed. The startup lets us pursue these translational efforts with the ultimate goal of improving patients' lives."

Next, Atukorale and Kane plan to extend this technology to a therapeutic vaccine and have already taken the initial de-risking steps in translation.

Atukorale and Kane credit the Biomedical Engineering department and the Institute for Applied Life Sciences at UMass Amherst, UMass Chan Medical School, and funding from the National Institutes of Health for their support.

The study was published in the October 9 edition of Cell Reports Medicine.
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90% of science is lost. This new AI just found it | ScienceDaily
Most scientific data never reach their full potential to drive new discoveries.


						
Out of every 100 datasets produced, about 80 stay within the lab, 20 are shared but seldom reused, fewer than two meet FAIR standards, and only one typically leads to new findings.

The consequences are significant: slower progress in cancer treatment, climate models that lack sufficient evidence, and studies that cannot be replicated.

To change this, the open-science publisher Frontiers has introduced Frontiers FAIR2 Data Management, described as the world's first comprehensive, AI-powered research data service. It is designed to make data both reusable and properly credited by combining all essential steps -- curation, compliance checks, AI-ready formatting, peer review, an interactive portal, certification, and permanent hosting -- into one seamless process. The goal is to ensure that today's research investments translate into faster advances in health, sustainability, and technology.

FAIR2 builds on the FAIR principles (Findable, Accessible, Interoperable and Reusable) with an expanded open framework that guarantees every dataset is AI-compatible and ethically reusable by both humans and machines. The FAIR2 Data Management system is the first working implementation of this model, arriving at a moment when research output is growing rapidly and artificial intelligence is reshaping how discoveries are made. It turns high-level principles into real, scalable infrastructure with measurable impact.

Dr. Kamila Markram, co-founder and CEO of Frontiers, explains:

"Ninety percent of science vanishes into the void. With Frontiers FAIR2 Data Management, no dataset and no discovery need ever be lost again -- every contribution can now fuel progress, earn the credit it deserves, and unleash science."

AI at the Core 




Work that once required months of manual effort -- from organizing and verifying datasets to generating metadata and publishable outputs -- is now completed in minutes by the AI Data Steward, powered by Senscience, the Frontiers venture behind FAIR2.

Researchers who submit their data receive four integrated outputs: a certified Data Package, a peer-reviewed and citable Data Article, an Interactive Data Portal featuring visualizations and AI chat, and a FAIR2 Certificate. Each element includes quality controls and clear summaries that make the data easier to understand for general users and more compatible across research disciplines.

Together, these outputs ensure that every dataset is preserved, validated, citable, and reusable, helping accelerate discovery while giving researchers proper recognition. Frontiers FAIR2 also enhances visibility and accessibility, supporting responsible reuse by scientists, policymakers, practitioners, communities, and even AI systems, allowing society to extract greater value from its investment in science.

Flagship Pilot Datasets 
    	    SARS-CoV-2 Variant Properties  -- Covering 3,800 spike protein variants, this dataset links structural predictions from AlphaFold2 and ESMFold with ACE2 binding and expression data. It offers a powerful resource for pandemic preparedness, enabling deeper understanding of variant behavior and fitness.
    

    	    Preclinical Brain Injury MRI  -- A harmonized dataset of 343 diffusion MRI scans from four research centers, standardized across protocols and aligned for comparability. It supports reproducible biomarker discovery, robust cross-site analysis, and advances in preclinical traumatic brain injury research.
    

    	    


Environmental Pressure Indicators (1990-2050) -- Combining observed data and modeled forecasts across 43 countries over six decades, this dataset tracks emissions, waste, population, and GDP. It underpins sustainability benchmarking and evidence-based climate policy planning.
    

    	    Indo-Pacific Atoll Biodiversity -- Spanning 280 atolls across five regions, this dataset integrates biodiversity records, reef habitats, climate indicators, and human-use histories. It provides an unprecedented basis for ecological modeling, conservation prioritization, and cross-regional research on vulnerable island ecosystems.
    

Researchers testing the pilots noted that Frontiers FAIR2 not only preserves and shares data but also builds confidence in its reuse -- through quality checks, clear summaries for non-specialists, and the reliability to combine datasets across disciplines, all while ensuring scientists receive credit.

All pilot datasets comply with the FAIR2 Open Specification, making them responsibly curated, reusable, and trusted for long-term human and machine use so today's data can accelerate tomorrow's solutions to society's most pressing challenges.

Recognition and Reuse 

Each reuse multiplies the value of the original dataset, ensuring that no discovery is wasted, every contribution can spark the next breakthrough, and researchers gain recognition for their work.

Dr. Sean Hill, co-founder and CEO of Senscience, the Frontiers AI venture behind FAIR2 Data Management, notes:

"Science invests billions generating data, but most of it is lost -- and researchers rarely get credit. With Frontiers FAIR2, every dataset is cited, every scientist recognized -- finally rewarding the essential work of data creation. That's how cures, climate solutions, and new technologies will reach society faster -- this is how we unleash science."

What Researchers Are Saying 

Dr. Angel Borja, Principal Researcher, AZTI, Marine Research, Basque Research and Technology Alliance (BRTA):

"I highly [recommend using] this kind of data curation and publication of articles, because you can generate information very quickly and it's useful formatting for any end users."

Erik Schultes, Senior Researcher, Leiden Academic Centre for Drug Research (LACDR); FAIR Implementation Lead, GO FAIR Foundation:

"Frontiers FAIR2 captured the scientific aspects of the project perfectly."

Femke Heddema, Researcher and Health Data Systems Innovation Manager, PharmAccess:

"Frontiers FAIR2 makes the execution of FAIR principles smoother for researchers and digital health implementers, proving that making datasets like MomCare reusable doesn't have to be complex. By enabling transparent, accessible, and actionable data, Frontiers FAIR2 opens the door to new opportunities in health research."

Dr. Neil Harris, Professor in Residence, Department of Neurosurgery, Brain Injury Research Center, University of California, Los Angeles (UCLA):

"Implementation of [Frontiers] FAIR2 can provide an objective check on data for both missingness and quality that is useful on so many levels. These types of unbiased assessments and data summaries can aid understanding by non-domain experts to ultimately enhance data sharing. As the field progresses to using big data in more disparate sub-disciplines, these data checks and summaries will become crucial to maintaining a good grasp of how we might use and combine the multitude of already acquired data within our current analyses."

Maryann Martone, Chief Editor, Open Data Commons:

"[Frontiers] FAIR2 is one of the easiest and most effective ways to make data FAIR. Every PI wants their data to be findable, accessible, comparable, and reusable -- in the lab, with collaborators, and across the scientific community. The real bottleneck has always been the time and effort required. [Frontiers] FAIR2 dramatically lowers that barrier, putting truly FAIR data within reach for most labs."

Dr. Vincent Woon Kok Sin, Assistant Professor, Carbon Neutrality and Climate Change Thrust, Society Hub, The Hong Kong University of Science and Technology (HKUST):

"[Frontiers] FAIR2 makes our global waste dataset more visible and accessible, helping researchers worldwide who often struggle with scarce and fragmented data. I hope this will broaden collaboration and accelerate insights for sustainable waste management."

Dr. Sebastian Steibl, Postdoctoral Researcher, Naturalis Biodiversity Center and the University of Auckland:

"True data accessibility goes beyond just uploading datasheets to a repository. It means making data easy to view, explore, and understand without necessarily requiring years of training. The [Frontiers] FAIR2 platform, with an AI chatbot and interactive visual data exploration and summary tools, makes our biodiversity and environmental data broadly accessible and usable not just to scholars, but also practitioners, policymakers, and local community initiatives."
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California's next big one could be faster and far more destructive | ScienceDaily
Researchers from the Statewide California Earthquake Center at USC Dornsife are warning that extremely fast and powerful earthquakes could strike California and are calling for tougher building standards and improved fault monitoring.


						
Most residents of the state are accustomed to the idea of earthquakes, but scientists say a particularly dangerous type has been largely ignored: "supershear" earthquakes that move so quickly they overtake their own seismic waves.

In an opinion article in Seismological Research Letters, experts from the USC Dornsife College of Letters, Arts and Sciences explained that these rare events cause far stronger shaking across a wider region than typical quakes. They argue that California needs to strengthen its hazard planning and update building codes to address the greater potential for destruction.

"While California is no more likely to have supershear earthquakes than other, similar regions with large fault systems like the San Andreas, the threat has gone unnoticed for too long," said Yehuda Ben-Zion, professor of Earth sciences and director of the Statewide California Earthquake Center (SCEC), based at USC Dornsife. "The frequency of these supershear ruptures has been greatly underappreciated."

Scientists describe supershear earthquakes as being similar to sonic booms. When a jet surpasses the speed of sound, it produces a shock wave in the air. Likewise, when a supershear rupture travels faster than seismic shear waves, it creates powerful ground shock fronts, said Ahmed Elbanna, professor of Earth sciences and director-designate of SCEC. "It breaks the shear wave speed barrier in the rocks and produces destructive waves that are stronger than what's generated by a normal earthquake," he said.

This added energy can cause severe damage. Supershear quakes send intense shaking farther from the epicenter and strike twice, according to Elbanna -- a sharp initial blow from the shock front followed by the trailing waves.

Globally, about one in three major strike-slip earthquakes are supershear. This is especially significant for California, where many faults near large cities are strike-slip and capable of producing magnitude 7 or higher events.




"We cannot say exactly when and where the next earthquake will be and which one will be supershear," Ben-Zion said, "but we can say with certainty that over the next few decades, we will have multiple magnitude 7 earthquakes in California.

"They are coming, whether we are prepared or not," he added.

The authors warn that current design standards don't fully account for a supershear quake's extra punch. Buildings and infrastructure are generally engineered for the strongest shaking perpendicular to faults, but supershear quakes direct their energy along the fault line itself.

"Critical structures should be built to this higher standard, and so far, they are not," Ben-Zion said.

To prepare, the team calls for denser monitoring near major faults, advanced computer simulations of supershear scenarios, and stronger building codes.

"This is a collaborative effort where everybody has to chip in," Elbanna said. "And I think here at USC and SCEC, with their reputation in the community, this is the right time and right place to get this effort started."

Elbanna and Ben-Zion co-authored the opinion piece with researchers from Caltech and the University of Illinois Urbana-Champaign.
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Decades-old photosynthesis mystery finally solved | ScienceDaily
Scientists from the Indian Institute of Science (IISc) and the California Institute of Technology (Caltech) have finally solved a long-standing puzzle about the earliest moments of photosynthesis -- the vital process through which plants, algae, and certain bacteria capture sunlight to generate oxygen and energy-rich compounds.


						
Their research reveals why the first movements of electrons, which are crucial for transferring energy, occur through only one side of a key protein-pigment structure. The findings were published in the Proceedings of the National Academy of Sciences.

Photosynthesis is a sequence of reactions in which electrons pass between multiple pigment molecules. Although it has been examined for decades, the process remains difficult to fully explain because it involves numerous intricate components, operates at extremely fast timescales, and varies slightly across different species. Gaining a deeper understanding of these steps could help scientists develop efficient artificial systems, such as synthetic leaves and solar-based fuel technologies, that replicate nature's design.

In most life forms that use photosynthesis, the process begins with a protein-pigment complex known as Photosystem II (PSII). This complex captures sunlight and splits water molecules, releasing oxygen and sending electrons onward to other molecules in the chain of energy transfer.

PSII contains two nearly identical branches, known as D1 and D2, surrounded by four chlorophyll molecules and two related pigments called pheophytins. These are symmetrically arranged and connected to electron carriers known as plastoquinones. In theory, electrons should move from chlorophyll to pheophytin and then to plastoquinone along both branches.

However, experiments have consistently shown that electrons move only through the D1 branch -- a finding that has baffled scientists for years. "Despite the structural symmetry between the D1 and D2 protein branches in PSII, only the D1 branch is functionally active," explains Aditya Kumar Mandal, the study's first author and a PhD student in the Department of Physics at IISc.

To investigate this imbalance, the team combined molecular dynamics simulations, quantum mechanical analyses, and Marcus theory (a Nobel Prize-winning model that describes how electrons are transferred) to chart the energy patterns in both pathways. "We assessed the electron transfer efficiency step-by-step through both D1 and D2 branches," says Shubham Basera, PhD student in the Department of Physics and one of the authors.




The team found that the D2 branch has a much higher energy barrier, which makes electron transport energetically unfavourable. Specifically, the transfer of electrons from pheophytin to plastoquinone in D2 requires twice as much activation energy as D1 -- a barrier that electrons seem unable to overcome, preventing energy from flowing forward.

The researchers also simulated the current-voltage characteristics of both branches and found that the resistance against electron movement in D2 was two orders of magnitude higher than that in D1.

The asymmetry in electron flow may also be influenced by subtle differences in the protein environment around the PSII and how the pigments are embedded in it, the researchers suggest. For example, the chlorophyll pigment in D1 has an excitation state at a lower energy than its D2 counterpart, suggesting that the D1 pigment has a better chance of attracting and transferring electrons.

The researchers also suggest that tweaking some of these components can boost or rewire electron flow across PSII. For example, swapping chlorophyll and pheophytin in D2 could overcome the electron block, because chlorophyll needs lower activation energy than pheophytin.

"Our research presents a significant step forward in understanding natural photosynthesis," says Prabal K Maiti, Professor at the Department of Physics and one of the corresponding authors of the study. "These findings may help design efficient artificial photosynthetic systems capable of converting solar energy into chemical fuels, contributing to innovative and sustainable renewable energy solutions."

This is a beautiful combination of theory at various levels to address a long-standing problem culminating in a new level of understanding, but still leaving mysteries to be challenged, says Bill Goddard, Professor at Caltech and one of the corresponding authors.
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Scientists found a smarter Mediterranean diet that cuts diabetes risk by 31% | ScienceDaily
Eating a Mediterranean-style diet with fewer calories, adding moderate physical activity, and receiving professional guidance for weight management can lower the risk of developing type 2 diabetes by 31%. That is the key finding of PREDIMED-Plus, a large clinical trial led in Spain by the University of Navarra together with more than 200 researchers from 22 universities, hospitals, and research institutes. The project was carried out in over 100 primary care centers within Spain's National Health System.


						
Launched in 2013 after the University of Navarra received an Advanced Grant of over EU2 million from the European Research Council (ERC), PREDIMED-Plus is the largest nutrition trial ever conducted in Europe. Between 2014 and 2016, additional institutions joined the effort, bringing total funding above 15 million euros. Most of the support came from the Carlos III Health Institute (ISCIII) and the Center for Biomedical Research Network (CIBER), through its divisions on Physiopathology of Obesity and Nutrition (CIBEROBN), Epidemiology and Public Health (CIBERESP), and Diabetes and Associated Metabolic Diseases (CIBERDEM).

The study, published in Annals of Internal Medicine, followed 4,746 adults between the ages of 55 and 75 who were overweight or obese and had metabolic syndrome but no prior history of cardiovascular disease or diabetes. Over six years, researchers compared two groups. One group adopted a calorie-reduced Mediterranean diet (about 600 fewer kilocalories per day), engaged in moderate exercise such as brisk walking and strength and balance training, and received professional counseling. The other group continued a traditional Mediterranean diet without calorie limits or exercise advice.

The results revealed that the participants who followed the calorie-reduced diet and exercise plan not only reduced their diabetes risk but also lost more weight and trimmed more from their waistlines. On average, they lost 3.3 kg and 3.6 cm from their waist, compared to 0.6 kg and 0.3 cm in the control group. This translated to preventing about three new cases of type 2 diabetes for every 100 participants -- a meaningful benefit for public health.

"Diabetes is the first solid clinical outcome for which we have shown -- using the strongest available evidence -- that the Mediterranean diet with calorie reduction, physical activity and weight loss is a highly effective preventive tool," said Miguel Angel Martinez-Gonzalez, Professor of Preventive Medicine and Public Health at the University of Navarra, Adjunct Professor of Nutrition at Harvard University, and one of the principal investigators of the project. "Applied at scale in at-risk populations, these modest and sustained lifestyle changes could prevent thousands of new diagnoses every year. We hope soon to show similar evidence for other major public health challenges."

Type 2 Diabetes: A Preventable Global Epidemic

According to the International Diabetes Federation, type 2 diabetes now affects over 530 million people around the world. Its rise is fueled by urbanization (unhealthy diets, sedentary lifestyles, reduced physical activity), an aging population, and increasing rates of overweight and obesity. In Spain, an estimated 4.7 million adults live with diabetes -- mostly type 2 -- giving the country one of the highest rates in Europe, where total cases exceed 65 million. In the United States, roughly 38.5 million people have diabetes, and the disease carries some of the highest per-patient healthcare costs worldwide. Experts emphasize that prevention is crucial to slow this escalating crisis, which greatly increases the risk of heart, kidney, and metabolic complications.




"The Mediterranean diet acts synergistically to improve insulin sensitivity and reduce inflammation. With PREDIMED-Plus, we demonstrate that combining calorie control and physical activity enhances these benefits," explained Miguel Ruiz-Canela, Professor and Chair of Preventive Medicine and Public Health Department at the University of Navarra's School of Medicine and first author of the study. "It is a tasty, sustainable and culturally accepted approach that offers a practical and effective way to prevent type 2 diabetes -- a global disease that is, to a large extent, avoidable."

International Relevance and Support for a Realistic and Scalable Strategy

Annals of Internal Medicine accompanied the publication with an editorial by Sharon J. Herring and Gina L. Tripicchio, nutrition and public health experts at Temple University (Philadelphia, USA). They praised the intervention's clinical relevance and its potential as a preventive model for type 2 diabetes. Furthermore, they warn that replicating similar strategies outside the Mediterranean context -- such as in the U.S. -- requires overcoming structural barriers, including unequal access to healthy foods, the limitations of the urban environment, and the lack of professional guidance. In this scenario, they advocate strengthening public policies that promote more nutritious and more equitable environments. At a time when new drugs against obesity and diabetes are grabbing headlines, PREDIMED-Plus demonstrates that modest, sustained lifestyle changes can still deliver powerful health benefits.

The PREDIMED-Plus project (2013-2024), which involves different patients, is a continuation of the PREDIMED study (2003-2010). This study demonstrated that following a Mediterranean diet enriched with extra-virgin olive oil or nuts reduces the risk of cardiovascular disease by 30%. Researchers emphasize that primary care providers can integrate the new intervention as a sustainable, cost-efficient strategy to prevent type 2 diabetes on a large scale.

Participating Institutions

The PREDIMED-Plus trial has assembled a broad network of investigators from across Spain. In order of the number of participants, the study included researchers from the following institutions: the University of Navarra and the Navarra Health Service (2 centers), Hospital Clinic de Barcelona (2 centers), University of Valencia, Rovira i Virgili University (Reus), IMIM-Hospital del Mar, Miguel Hernandez University (Alicante), Son Espases Hospital (Palma de Mallorca), University of Malaga, Reina Sofia Hospital (Cordoba) and University of Granada. In addition, Bioaraba and the UPV/EHU (Vitoria), the University of the Balearic Islands, the Hospital Virgen de la Victoria (Malaga), the University of Las Palmas de Gran Canaria, the University of Leon, the Primary Health Care District of Seville, the Fundacion Jimenez Diaz (Madrid), the Hospital de Bellvitge, the Hospital Clinico San Carlos (Madrid), the University of Jaen, and the IMDEA Food Institute (Madrid) have also participated.

The project also benefited from international collaboration with the Harvard T.H. Chan School of Public Health (USA). Most of the participating researchers are affiliated with the CIBEROBN, CIBERESP, or CIBERDEM research networks.
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An interstellar visitor lights up the Red Planet's sky | ScienceDaily
Between October 1 and 7, ESA's ExoMars Trace Gas Orbiter (TGO) and Mars Express spacecraft turned their instruments toward interstellar comet 3I/ATLAS as it passed near Mars.


						
Of all ESA spacecraft, the two Mars orbiters had the best view of this rare visitor. During its closest approach to the Red Planet on October 3, the comet was about 30 million km away.

Both orbiters used their onboard cameras to track the comet's motion. These instruments are typically designed to capture Mars's bright surface from just a few hundred to a few thousand kilometers above it, so observing such a faint object at such a great distance presented a major challenge.

ExoMars TGO successfully recorded a series of images using its Colour and Stereo Surface Imaging System (CaSSIS). In the animation below, comet 3I/ATLAS appears as a faint white spot drifting downward near the center. That small blur marks the heart of the comet, made up of its icy, rocky nucleus surrounded by a glowing cloud called the coma.

Because the comet was so distant, CaSSIS could not separate the nucleus from the coma. Detecting the nucleus itself would have been like trying to spot a mobile phone on the Moon from Earth.

The coma, however, is clearly visible. Stretching several thousand kilometers across, it forms as sunlight warms the comet, releasing gas and dust that collect into a hazy halo around the core.

CaSSIS could not measure the coma's full extent because its brightness fades rapidly with distance from the nucleus, eventually disappearing into background noise.




Usually, gas and dust from the coma stream away to create a long tail that can stretch for millions of kilometers as the comet nears the Sun. The tail is much dimmer than the coma, so it does not appear in the current images, but it could become visible in future observations as 3I/ATLAS heats up and sheds more ice.

Nick Thomas, Principal Investigator of the CaSSIS camera, said, "This was a very challenging observation for the instrument. The comet is around 10,000 to 100,000 times fainter than our usual target.

The work continues

So far, 3I/ATLAS has not been detected in the Mars Express images. One reason is that Mars Express can only take exposures of up to 0.5 seconds (its maximum limit), while ExoMars TGO was able to use five-second exposures.

Researchers are continuing to process the data from both orbiters. They plan to combine multiple Mars Express images to enhance the faint signal and improve their chances of detecting the comet.

The teams also attempted to study the comet's light spectrum using the OMEGA and SPICAM spectrometers on Mars Express and the NOMAD instrument on ExoMars TGO. It remains uncertain whether the coma and tail were bright enough to allow scientists to identify the comet's chemical composition.




Over the coming weeks and months, researchers will keep analyzing the data to learn more about the materials that make up 3I/ATLAS and how it changes as it draws closer to the Sun.

Colin Wilson, Mars Express and ExoMars project scientist at ESA, said: "Though our Mars orbiters continue to make impressive contributions to Mars science, it's always extra exciting to see them responding to unexpected situations like this one. I look forward to seeing what the data reveals following further analysis."

A rare visitor

Originating from outside our Solar System, comet 3I/ATLAS is only the third interstellar comet ever seen, following 1I/`Oumuamua in 2017 and 2I/Borisov in 2019.

These comets are absolutely foreign. Every planet, moon, asteroid, comet and lifeform in our Solar System share a common origin. But interstellar comets are true outsiders, carrying clues about the formation of worlds far beyond our own.

Comet 3I/ATLAS was first spotted on July 1, 2025, by the Asteroid Terrestrial-impact Last Alert System (ATLAS) telescope in Rio Hurtado, Chile. Since then, astronomers have used ground-based and space telescopes to monitor its progress and discover more about it.

Based on its trajectory, astronomers suspect that 3I/ATLAS could be the oldest comet ever observed. It may be three billion years older than the Solar System, which is itself already 4.6 billion years old.

What's next?

Next month, we will observe the comet with our Jupiter Icy Moons Explorer (Juice). Though Juice will be further from 3I/ATLAS than our Mars orbiters were last week, it will see the comet just after its closest approach to the Sun, meaning that it will be in a more active state. We don't expect to receive data from Juice's observations until February 2026 -- find out why in our FAQs.

Icy wanderers such as 3I/ATLAS offer a rare, tangible connection to the broader galaxy. To actually visit one would connect humankind with the Universe on a far greater scale. To this end, ESA is preparing the Comet Interceptor mission.

Comet Interceptor is due to launch in 2029 into a parking orbit, from where it will lie in wait for a suitable target -- a pristine comet from the distant Oort Cloud that surrounds our Solar System, or, unlikely but highly appealing, an interstellar object like 3I/ATLAS.

Michael Kueppers, Comet Interceptor project scientist expands: "When Comet Interceptor was selected in 2019, we only knew of one interstellar object -- 1I/`Oumuamua, discovered in 2017. Since then, two more such objects have been discovered, showing large diversity in their appearance. Visiting one could provide a breakthrough in understanding their nature."

While it remains improbable that we will discover an interstellar object that is reachable for Comet Interceptor, as a first demonstration of a rapid response mission that waits in space for its target, it will be a pathfinder for possible future missions to intercept these mysterious visitors.
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Ancient humans in Italy butchered elephants and made tools from their bones | ScienceDaily
During a warmer stretch of the Middle Pleistocene, early humans living in what is now Italy regularly butchered elephants for both food and usable materials, according to a study published October 8, 2025, in the open-access journal PLOS One by Beniamino Mecozzi of Sapienza University of Rome (Italy) and his research team.


						
Early humans often relied on animal carcasses for meat and tools, but clear evidence of such activities is rare and challenging to interpret in the archaeological record. In this new analysis, Mecozzi and his colleagues examined the remains of an elephant found at the Casal Lumbroso site in northwest Rome. By comparing surrounding layers of ash, they determined that the remains date back roughly 404,000 years to a notably warm phase of the Middle Pleistocene Epoch.

At the site, researchers uncovered more than 300 skeletal fragments belonging to a single straight-tusked elephant, Palaeoloxodon, along with over 500 stone tools. Many bones showed fresh fractures caused by blunt impacts soon after the elephant's death, indicating deliberate breakage. The absence of visible cut marks suggests that smaller tools were likely used to process soft tissue. Most of the stone tools measured under 30mm, possibly reflecting a scarcity of large stones in the area. Some elephant bones themselves were later reshaped into larger tools.

The site's characteristics align with several others in central Italy where butchered elephant remains appear alongside small stone tools and modified bones. Together, these findings point to a recurring pattern of behavior among ancient hominins during mild climate periods of the Middle Pleistocene. They also highlight central Italy as an important region for understanding how early Europeans obtained food and raw materials.

The researchers note: "Our study shows how, 400,000 years ago in the area of Rome, human groups were able to exploit an extraordinary resource like the elephant -- not only for food, but also by transforming its bones into tools."

"Reconstructing these events means bringing to life ancient and vanished scenarios, revealing a world where humans, animals, and ecosystems interacted in ways that still surprise and fascinate us today."
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The Moon's south pole hides a 4-billion-year-old secret | ScienceDaily
When astronauts touch down near the moon's south pole in the coming years as part of NASA's Artemis program, they may discover a remarkable archive of clues about how the moon was born. That possibility comes from new research led by Jeffrey Andrews-Hanna, a planetary scientist at the University of Arizona.


						
The study, published Oct. 8 in Nature, paints a vivid picture of the moon's violent early history. It could also shed light on one of lunar science's enduring mysteries: why the far side of the moon is heavily cratered while the near side, which hosted the Apollo landings of the 1960s and 1970s, is comparatively smooth.

Around 4.3 billion years ago, when the solar system was still young, a massive asteroid struck the far side of the moon. The colossal impact carved out the South Pole-Aitken basin (SPA), an immense crater measuring roughly 1,200 miles from north to south and 1,000 miles from east to west. Its elongated, oval shape suggests the asteroid hit at an angle rather than head-on.

By comparing SPA with other giant impact sites across the solar system, Andrews-Hanna's team found a consistent pattern: these enormous craters narrow in the direction the impactor was traveling, forming a shape similar to a teardrop or avocado. Contrary to earlier assumptions that the asteroid came from the south, their analysis shows the SPA basin tapers toward the south, meaning the asteroid likely arrived from the north. The researchers determined that the southern, or down-range, rim should be buried under thick layers of debris blasted from deep within the moon, while the northern, up-range end should contain less of this material.

"This means that the Artemis missions will be landing on the down-range rim of the basin -- the best place to study the largest and oldest impact basin on the moon, where most of the ejecta, material from deep within the moon's interior, should be piled up," he said.

Further evidence for a north-to-south impact came from studying the moon's topography, crustal thickness, and surface chemistry. Together, these clues not only strengthen the case for the asteroid's northern origin but also reveal new details about the moon's inner structure and how it evolved over time.

Scientists have long believed that the early moon was once completely molten, forming a global "magma ocean." As it cooled, denser minerals sank to create the mantle, while lighter ones floated upward to form the crust. Some elements, however, failed to fit neatly into these solid layers and accumulated in the last remnants of molten material. Those residual ingredients included potassium, rare earth elements, and phosphorus -- collectively known as "KREEP," with the "K" representing potassium's chemical symbol. Andrews-Hanna noted that these elements are unusually concentrated on the moon's near side.




"If you've ever left a can of soda in the freezer, you may have noticed that as the water becomes solid, the high fructose corn syrup resists freezing until the very end and instead becomes concentrated in the last bits of liquid," he said. "We think something similar happened on the moon with KREEP."

As it cooled over many millions of years, the magma ocean gradually solidified into crust and mantle. "And eventually you get to this point where you just have that tiny bit of liquid left sandwiched between the mantle and the crust, and that's this KREEP-rich material," he said.

"All of the KREEP-rich material and heat-producing elements somehow became concentrated on the moon's near side, causing it to heat up and leading to intense volcanism that formed the dark volcanic plains that make for the familiar sight of the 'face' of the Moon from Earth, according to Andrews-Hanna. However, the reason why the KREEP-rich material ended up on the nearside, and how that material evolved over time, has been a mystery.

"The moon's crust is much thicker on its far side than on its near side facing the Earth, an asymmetry that has scientists puzzled to this day. This asymmetry has affected all aspects of the moon's evolution, including the latest stages of the magma ocean," Andrews-Hanna said.

"Our theory is that as the crust thickened on the far side, the magma ocean below was squeezed out to the sides, like toothpaste being squeezed out of a tube, until most of it ended up on the near side," he said.

The new study of the SPA impact crater revealed a striking and unexpected asymmetry around the basin that supports exactly that scenario: The ejecta blanket on its western side is rich in radioactive thorium, but not in its eastern flank. This suggests that the gash left by the impact created a window through the moon's skin right at the boundary separating the crust underlain by the last remnants of the KREEP-enriched magma ocean from the "regular" crust.




"Our study shows that the distribution and composition of these materials match the predictions that we get by modeling the latest stages of the evolution of the magma ocean," Andrews-Hanna said. "The last dregs of the lunar magma ocean ended up on the near side, where we see the highest concentrations of radioactive elements. But at some earlier time, a thin and patchy layer of magma ocean would have existed below parts of the far side, explaining the radioactive ejecta on one side of the SPA impact basin."

Many mysteries surrounding the moon's earliest history still remain, and once astronauts bring samples back to Earth, researchers hope to find more pieces to the puzzle. Remote sensing data collected by orbiting spacecraft like those used for this study provide researchers with a basic idea of the composition of the moon's surface, according to Andrews-Hanna. Thorium, an important element in KREEP-rich material, is easy to spot, but getting a more detailed analysis of the composition is a heavier lift.

"Those samples will be analyzed by scientists around the world, including here at the University of Arizona, where we have state -of-the-art facilities that are specially designed for those types of analyses," he said.

"With Artemis, we'll have samples to study here on Earth, and we will know exactly what they are," he said. "Our study shows that these samples may reveal even more about the early evolution of the moon than had been thought."
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New research reveals how ADHD sparks extraordinary creativity | ScienceDaily
New research has found that ADHD (Attention Deficit Hyperactivity Disorder) is linked to higher levels of creativity, and that this creative advantage may stem from a stronger tendency for the mind to wander. The findings, presented at the ECNP congress in Amsterdam, mark the first study to explain how ADHD and creativity are connected.


						
Lead researcher Han Fang (from the Radboud University Medical Centre, the Netherlands) explained:

"Previous research pointed to mind wandering as a possible factor linking ADHD and creativity, but until now no study has directly examined this connection. We conducted two studies, utilizing 2 different groups of ADHD patients and healthy controls, one from a European group curated by the ECNP, and a second study from a UK group. In total there were 750 participants. Separately analyzing results from 2 independent groups means that we can have greater confidence in the results."

The team explored how ADHD traits, creativity, and functional challenges interact, focusing on the influence of mind wandering. Both groups displayed typical ADHD traits, including inattention, impulsivity, and frequent shifts in focus away from the task at hand. In both studies, participants with more pronounced ADHD symptoms also reported higher levels of mind wandering.

Mind wandering refers to moments when attention drifts away from what a person is doing and turns inward to self-generated thoughts. Everyone experiences this to some extent, but it occurs more frequently in individuals with ADHD.

Han Fang added:

"Previous researchers have been able to distinguish two different types of mind wandering. It can be a loss of concentration, where your mind may drift from subject to subject. This is 'spontaneous mind-wandering'. Another type is 'deliberate mind wandering', where people give themselves the freedom to drift off-subject, where they 'allow their thoughts to take a different course'. Psychiatrists have developed ways of measuring how much people are subject to these different tendencies."

The researchers also measured creativity in both groups (there are standards ways of measuring this, for example by asking people to find a creative use for an everyday object). They then looked at how creativity was associated with the different types of mind wandering.




Dr. Han Fang said:

"We found that people with more ADHD traits such as lack of attention, hyperactivity, or impulsivity, score higher on creative achievements in both studies. This supports previous research. Additionally, we found that mind wandering, particularly deliberate mind wandering, where people allow their "thoughts to wander on purpose," was associated with greater creativity in people with ADHD. This suggests that mind wandering may be an underlying factor connecting ADHD and creativity.

This may have practical implications, for both psychoeducation and treatment. For psychoeducation, specially designed programs or courses that teach individuals how to utilize their spontaneous ideas, for example turning them into creative outputs, could help individuals with ADHD traits harness the benefits of mind wandering. For treatment, ADHD-tailored mindfulness-based interventions that seek to decrease spontaneous mind wandering or transform it into more deliberate forms may reduce functional impairments and enhance treatment outcomes. This is the first time this link has been investigated, so we need to see more studies which confirm the findings."

Commenting, K.P. Lesch (Professor of Molecular Psychiatry, University of Wurzburg, Germany) said:

"Mind wandering is one of the critical resources on which the remarkable creativity of high-functioning ADHD individuals is based. This makes them such an incredibly valuable asset for our society and the future of our planet."
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Fentanyl overdoses among seniors surge 9,000% - A hidden crisis few saw coming | ScienceDaily
Fatal overdoses among adults 65 and older involving fentanyl mixed with stimulants such as cocaine and methamphetamines have risen dramatically, climbing 9,000% in the past eight years. The rate now mirrors that seen in younger adults, according to findings presented at the ANESTHESIOLOGY(r) 2025 annual meeting.


						
This research is one of the first to use Centers for Disease Control and Prevention (CDC) data to reveal that older adults -- often left out of overdose analyses -- are increasingly part of the national surge in fentanyl-stimulant deaths. People in this age group face higher risks of overdose because many manage chronic illnesses, take multiple medications, and metabolize drugs more slowly as they age.

Experts describe the opioid epidemic as unfolding in four distinct "waves," each tied to a different drug driving fatal overdoses: prescription opioids in the 1990s, heroin beginning around 2010, fentanyl taking hold in 2013, and a combination of fentanyl and stimulants emerging in 2015.

"A common misconception is that opioid overdoses primarily affect younger people," said Gab Pasia, M.A., lead author of the study and a medical student at the University of Nevada, Reno School of Medicine. "Our analysis shows that older adults are also impacted by fentanyl-related deaths and that stimulant involvement has become much more common in this group. This suggests older adults are affected by the current fourth wave of the opioid crisis, following similar patterns seen in younger populations."

To conduct the study, researchers examined 404,964 death certificates listing fentanyl as a cause of death from 1999 to 2023, using data from the CDC Wide-ranging Online Data for Epidemiologic Research (WONDER) system. Of those deaths, 17,040 involved adults 65 and older, while 387,924 were among adults aged 25 to 64.

Between 2015 and 2023, fentanyl-related deaths rose from 264 to 4,144 among older adults (a 1,470% increase) and from 8,513 to 64,694 among younger adults (a 660% increase). Within the older population, deaths involving both fentanyl and stimulants grew from 8.7% (23 of 264 fentanyl deaths) in 2015 to 49.9% (2,070 of 4,144) in 2023 -- a staggering 9,000% rise. In comparison, among younger adults, fentanyl-stimulant deaths rose from 21.3% (1,812 of 8,513) to 59.3% (38,333 of 64,694) over the same period, a 2,115% increase.

Researchers chose to highlight 2015 and 2023 in their analysis because 2015 marked the beginning of the epidemic's fourth wave, when fentanyl-stimulant deaths among older adults were at their lowest, and 2023 represented the most recent year of CDC data available.




The researchers noted that the rise in fentanyl deaths involving stimulants in older adults began to sharply rise in 2020, while deaths linked to other substances stayed the same or declined. Cocaine and methamphetamines were the most common stimulants paired with fentanyl among the older adults studied, surpassing alcohol, heroin, and benzodiazepines such as Xanax and Valium.

"National data have shown rising fentanyl-stimulant use among all adults," said Mr. Pasia. "Because our analysis was a national, cross-sectional study, we were only able to describe patterns over time -- not determine the underlying reasons why they are occurring. However, the findings underscore that fentanyl overdoses in older adults are often multi-substance deaths -- not due to fentanyl alone -- and the importance of sharing drug misuse prevention strategies to older patients."

The authors noted anesthesiologists and other pain medicine specialists should:
    	Recognize that polysubstance use can occur in all age groups, not only in young adults.
    	Be cautious when prescribing opioids to adults 65 or older by carefully assessing medication history, closely monitoring patients prescribed opioids who may have a history of stimulant use for potential side effects, and considering non-opioid options when possible.
    	Use harm-reduction approaches such as involving caregivers in naloxone education, simplifying medication routines, using clear labeling and safe storage instructions and making sure instructions are easy to understand for those with memory or vision challenges.
    	Screen older patients for a broad range of substance exposures, beyond prescribed opioids, to better anticipate complications and adjust perioperative planning.

"Older adults who are prescribed opioids, or their caregivers, should ask their clinicians about overdose prevention strategies, such as having naloxone available and knowing the signs of an overdose," said Richard Wang, M.D., an anesthesiology resident at Rush University Medical Center, Chicago and co-author of the study. "With these trends in mind, it is more important than ever to minimize opioid use in this vulnerable group and use other pain control methods when appropriate. Proper patient education and regularly reviewing medication lists could help to flatten this terrible trend."
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Your type of depression could shape your body's future health | ScienceDaily
Scientists have long known that depression increases the risk of developing metabolic disorders. Now, new research reveals that specific forms of depression are tied to different cardiometabolic diseases. The findings were presented at the ECNP Congress in Amsterdam.


						
Over a seven-year period, researchers followed 5,794 adults who participated in the Netherlands Epidemiology of Obesity (NEO) Study. None of the participants had diabetes or cardiovascular disease when the study began. Each person completed a detailed questionnaire assessing depressive symptoms. Based on these responses, the researchers identified two main types of depression: one characterized by "melancholic" features (including early morning awakening and loss of appetite) and another defined by "atypical/energy-related" features (such as fatigue, increased sleep, and higher appetite).

During the study, about 8% of participants developed a cardiometabolic disorder. The specific illness that appeared, however, depended on the kind of depression they had. Individuals with "atypical/energy-related" depression were roughly 2.7 times more likely to develop Type 2 diabetes than those without depressive symptoms, but they did not face a higher risk of cardiovascular disease.

By contrast, participants with "melancholic" depression were about 1.5 times more likely to experience cardiovascular disease (including heart attack or stroke) than those without depression, but they did not have a significantly greater risk of Type 2 diabetes.

Lead researcher Dr. Yuri Milaneschi (Amsterdam UNC) explained:

"Further metabolic analysis revealed that patients with the atypical/energy-related symptoms showed disruptions in inflammatory and metabolic processes linked to cardiometabolic health. This biological signature was not seen in those with "melancholic" symptoms, suggesting biochemical differences in the way that different types of depression link to cardiovascular health.

We already knew that not all depressions are the same, but this means that we may need to consider how the type of depression someone has impacts different areas of their physical health. It very much pushes us towards the idea of precision psychiatry -- the idea that we need to look for physical associations with mental health profiles, so that we can better treat mental illness. To treat sufferers individually."

Commenting, Dr. Chiara Fabbri (of the University of Bologna) said:

"The prevention and treatment of physical diseases in people with depression are not less important than the treatment of depression. These physical conditions are common and expected to raise, for example the number of people with diabetes (66 million) in the EUR Region will see a 10% increase by 2050 according to the International Diabetes Federation. It is a health care priority to prevent cardiometabolic diseases, diagnose them early, and continue to improve monitoring and treatment. This study on the NEO cohort provides highly valuable data on how to do this better for people suffering from depressive symptoms."

Dr. Fabbri was not involved in this work; this is an independent comment.
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Keto diet shields young minds from early-life trauma | ScienceDaily
Researchers have shown that young rats fed a ketogenic diet -- a diet with high fat and low carbohydrates -- are protected from the lasting experience of pre-natal stress. This work, which needs to be confirmed in humans, is presented at the ECNP conference in Amsterdam


						
An extensive body of research has shown that if mothers experience stress while pregnant, the offspring can suffer ongoing psychological and development-related conditions.

Now a group of Italian researchers have shown that the biological changes induced by a ketogenic diet may help them to escape from the long-lasting effects of stress experienced in the womb.

The pregnant rats were stressed in the final week before birth. The offspring were weaned at 21 days after birth, and assigned either a control diet, or a ketogenic diet. At 42 days, the young animals were then tested for a variety of stress-induced deficits, such as poor sociability, or lack of interest in their surroundings (anhedonia). The animals which had received the ketogenic diet showed some notable differences over the control group, such as exhibiting longer grooming times, and greater sociability. The researchers found that if fed a normal diet, 50% of the rats born to stressed mothers showed stress-related problems in later life. However in those rats fed a ketogenic diet only 22% of male offspring, and 12% of female offspring, developed these problems.

The ketogenic diet has been shown to induce a variety of biological changes, such as enhancing mitochondrial efficiency and changing hormone balance.

According to lead researcher Dr. Alessia Marchesin(of the University of Milan):

"We discovered that feeding young rats a ketogenic diet -- a high-fat, very low-carbohydrate regimen -- right after weaning almost completely protected them from the lasting effects of stress they'd experienced before birth. The diet seems to have acted like a shield for their developing brains, so preventing social and motivational problems from ever taking root.




This matters because it suggests a simple way to prevent the occurrence of mood and social disorders that often originate from childhood adversity. Rather than waiting until symptoms appear and then treating them with medications -- many of which carry side effects -- we might one day take advantage of the therapeutic properties of dietary interventions early in life to prevent the manifestation of full-blown pathologic condition. What's more, we found that males and females benefited via different biological routes -- males by reducing inflammation, females by boosting antioxidant defences -- hinting that we could personalize and refine such dietary interventions.

If these findings translate to humans, we may be able to treat the long-term burden of prenatal trauma simply by adjusting what at-risk kids eat."

She added,

"There are a couple of points to note. The animals on the ketogenic diet grew more slowly than the controls, and so it may be that the reduced calory intake is associated with the later mental health benefits. And we see sex-specific differences which need to be better understood before we can apply this to humans."

Commenting, Dr. Aniko Korosi, Associate Professor at the University of Amsterdam says:

"This work nicely contributes further to the nascent field of Nutritional Psychiatry. The role of nutrition in modulating mental health is gaining attention and its potential is more and more appreciated in the field. However important questions remain in the field as to which nutrient, when and for whom are effective in modulating mental health. The presented study interestingly shows that prenatal stress-induced risk to altered behaviour can be modulated with a ketogenic diet fed after weaning. It will be intriguing to further explore what are the biological processes involved in these beneficial effects and if such effects are sex specific."

This is an independent comment, Dr. Korosi was not involved in this work.
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Closest alien civilization could be 33,000 light years away | ScienceDaily
According to new research presented at the EPSC-DPS2025 Joint Meeting in Helsinki, the nearest technological civilization in the Milky Way could be roughly 33,000 light years away. For such a civilization to exist at the same time as humanity, it would need to have lasted for at least 280,000 years -- and potentially millions of years.


						
These findings highlight the overwhelming odds against discovering Earth-like planets that possess both plate tectonics and a nitrogen-oxygen atmosphere containing the right balance of oxygen and carbon dioxide.

Taking these planetary requirements into account, the chances of success for SETI (Search for Extraterrestrial Intelligence) appear slim, say Dr. Manuel Scherf and Professor Helmut Lammer of the Space Research Institute at the Austrian Academy of Sciences in Graz.

"Extraterrestrial intelligences, ETIs, in our galaxy are probably pretty rare," says Scherf.

A planet's carbon dioxide level plays a key role in sustaining life. Higher levels of CO2 help maintain photosynthesis and keep the atmosphere from leaking into space, but too much can trigger a runaway greenhouse effect or make the air toxic. Plate tectonics are essential because they regulate carbon dioxide through the carbon-silicate cycle, recycling the gas between the atmosphere and the planet's crust. Over time, however, carbon dioxide becomes trapped in rocks and is no longer returned to the atmosphere.

"At some point enough carbon dioxide will be drawn from the atmosphere so that photosynthesis will stop working," says Scherf. "For the Earth, that's expected to happen in about 200 million to roughly one billion years."

Today, Earth's atmosphere consists mostly of nitrogen (78 percent) and oxygen (21 percent), with only a trace of carbon dioxide (0.042 percent). Scherf and Lammer modeled what would happen on other worlds. A planet with ten percent carbon dioxide -- if located farther from its sun or orbiting a dimmer, younger star -- could support a biosphere for up to 4.2 billion years. By comparison, a planet with one percent carbon dioxide would remain habitable for about 3.1 billion years.




For advanced life to emerge, such planets would also need at least 18 percent oxygen. Complex animals require higher oxygen levels, and earlier studies have shown that if oxygen drops below this threshold, there would not be enough free oxygen for open-air combustion. Without fire, metalworking would be impossible, preventing the rise of any technological civilization.

Scherf and Lammer compared these potential biosphere lifetimes with how long it took life on Earth to evolve technology -- about 4.5 billion years -- and with the expected longevity of intelligent species. The longer a civilization endures, the higher the likelihood that it overlaps in time with another.

From these calculations, the researchers concluded that a technological species on a planet with ten percent carbon dioxide would need to persist for at least 280,000 years for even one other civilization to exist in the Milky Way at the same time as ours.

"For ten civilizations to exist at the same time as ours, the average lifetime must be above 10 million years," says Scherf. "The numbers of ETIs are pretty low and depend strongly upon the lifetime of a civilization."

This means that if we do detect an ETI, it is almost certainly going to be much older than humanity.

It's these numbers that also lead to the estimate that the next closest technological civilization is about 33,000 light years away. Our Sun is about 27,000 light years from the galactic center, which means that the next closest technological civilization to our own could be on the other side of the Milky Way.

These numbers are not absolutes - Scherf points out that there are other factors that should be included, such as the origin of life, the origin of photosynthesis, the origin of multi-cellular life and the frequency with which intelligent life develops technology, but they cannot be quantified at present. If each of these factors has a high probability, then ETIs might not be as rare. If each of these factors has a low probability, then a more pessimistic outlook is required.

Nevertheless, Scherf strongly believes that SETI should continue the search.

"Although ETIs might be rare there is only one way to really find out and that is by searching for it," says Scherf. "If these searches find nothing, it makes our theory more likely, and if SETI does find something, then it will be one of the biggest scientific breakthroughs ever achieved as we would know that we are not alone in the Universe."
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Two common drugs could reverse fatty liver disease | ScienceDaily
Metabolic dysfunction-associated steatotic liver disease is currently the most widespread liver disorder globally, affecting roughly one in three adults. It occurs when excess fat builds up inside liver cells, leading to serious liver damage and a higher risk of death from cardiovascular disease.


						
Researchers at the University of Barcelona have now found a promising approach that could change how this condition is treated. Their study, published in Pharmacological Research, reports that two existing drugs, pemafibrate and telmisartan, significantly reduced fat buildup in animal models of metabolic liver disease. The findings also suggest that using these medications together could ease liver damage while lowering related heart and blood vessel complications. Because available treatments for this disease remain very limited, the results point to a potentially safer and more effective therapeutic option.

The research was led by Marta Alegret, a professor at the University of Barcelona's Faculty of Pharmacy and Food Sciences, and a member of the Institute of Biomedicine of the UB (IBUB) and the CIBER Area for Physiopathology of Obesity and Nutrition (CIBEROBN). The work was conducted in collaboration with scientists from the Santa Creu i Sant Pau Hospital Research Institute, the Hospital Clinic de Barcelona, the CIBER Area for Cardiovascular Diseases (CIBERCV), and Uppsala University (Sweden).

       Drug repurposing, a promising and cost-effective strategy

To date, most new experimental compounds developed for metabolic dysfunction-associated steatotic liver disease (MASLD) -- formerly known as fatty liver disease -- have failed during clinical trials, often because of safety concerns. This has turned attention toward drug repurposing, a strategy that explores new uses for medications already proven to be safe in humans. Such an approach is not only faster and more affordable but also particularly valuable for treating the early, often symptom-free stages of MASLD.

"We have focused on these phases with the aim of preventing the disease from progressing to more severe stages. But for a drug to be used in these early stages, it must have a good safety profile in humans," explains Marta Alegret. "That is why we have studied drugs already on the market for other pathologies, which have been shown to be very safe and could have a potential benefit in the treatment of MASLD," she adds.

In this study, the team evaluated the potential of two approved medications, given separately and together: a lipid-lowering agent (pemafibrate) and an antihypertensive drug (telmisartan). The first is marketed only in Japan, while the second is widely used for high blood pressure. Both are prescribed to reduce cardiovascular risk. "Mortality from cardiovascular causes is significant in patients with MASLD, and often these patients also have these two risk factors together," Alegret stresses.




Zebrafish larvae, an alternative model for studying the disease

To confirm the efficacy of the drugs and explore their mechanism of action, the researchers have applied them to a rat model of the disease and, subsequently, to a zebrafish larval model. "In recent years, zebrafish have emerged as an interesting alternative model that facilitates the study of the pathophysiology of MASLD and the evaluation of treatments. These are simpler and cheaper models that allow results to be obtained more quickly and which, although they are not identical to humans, have a carbohydrate/lipid metabolism and liver physiology similar to those of mammals," says the UB professor.

The results show that the combination of the two drugs reverses the fat accumulation in the liver induced by a diet high in fat and fructose. In addition, in the rat model, the combined administration of half a dose of pemafibrate and half a dose of telmisartan was found to be as effective as a full dose of either drug in reducing fat accumulation. "Combination therapy with drugs acting on different pathogenic pathways may be a better strategy than monotherapy, thanks to possible synergistic effects and reduced toxicity related to the use of lower doses of each drug," Alegret points out.

The combination of these two drugs would be beneficial not only for liver disease, but also because "it lowers blood pressure and cholesterol levels, and all this would result in a lower cardiovascular risk," she stresses.

       Different lipid-lowering mechanisms The study also found that each drug works by different mechanisms and describes, for the first time, the key role of the PCK1 protein in telmisartan-derived hepatic lipid lowering. "Telmisartan is a drug that has been used in other models of MASLD, but mostly in more advanced stages of the disease, and its beneficial effects have been attributed mainly to anti-inflammatory and anti-fibrotic effects. But in the early stages of the disease there is no inflammation or fibrosis yet, only lipid accumulation," explains the researcher.

Researchers have now found that the amount of PCK1 protein in the livers of MASLD animals was reduced and that treatment with telmisartan restored its levels to normal. "This increase in PCK1 diverts the flux of metabolites from lipid synthesis to glucose synthesis. This increase in glucose production could be negative if the glucose were exported and accumulated in the blood, as it could lead to diabetes, but we have noticed that this is not the case," says the UB professor.

Still far from clinical application

Despite these promising results, the researchers point out that, as this is a study using animal models, they are still far from patients. "In order to be translated into a treatment for MASLD patients, clinical studies would be needed to show that the benefits observed in animal models also occur in humans," says Alegret.         In any case, the results raise new questions, such as whether the drugs will be equally effective in more advanced stages of the disease, when fibrosis is present. The research team is therefore already working on new studies in animal models of diet-induced liver fibrosis. "In addition, we will develop a dual model involving liver fibrosis and cardiovascular disease to see if the beneficial action is observed not only in the liver, but also in the reduction of atherosclerosis," he concludes.
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        Scientists just found real teeth growing on a fish's head
        Scientists discovered true teeth growing on the head of the spotted ratfish, a distant shark relative. The toothed structure, called a tenaculum, helps males hold onto females during mating. Genetic evidence shows these head teeth share the same origins as oral teeth, overturning assumptions that teeth only evolve in jaws. This discovery reshapes the story of dental evolution across vertebrates.

      

      
        A giant asteroid hit Earth, but its crater is missing
        Researchers discovered a new field of ancient tektites in South Australia, revealing a long-forgotten asteroid impact. These 11-million-year-old glass fragments differ chemically and geographically from other known tektites. Although the crater remains missing, the find exposes a massive event once thought unrecorded, offering clues to Earth's tumultuous past and planetary defense.

      

      
        Asteroid Ryugu's hidden waters could explain how Earth got its oceans
        Ryugu's samples reveal that water activity on asteroids lasted far longer than scientists thought, possibly reshaping theories of how Earth gained its oceans. A billion-year-old impact may have melted ancient ice, keeping asteroids wet and influential far into solar system history.

      

      
        From poison to power: How lead exposure helped shape human intelligence
        Long before humans built cities or wrote words, our ancestors may have faced a hidden threat that shaped who we became. Scientists studying ancient teeth found that early humans, great apes, and even Neanderthals were exposed to lead millions of years ago. This toxic metal can damage the brain, yet modern humans developed a tiny genetic change that protected our minds and allowed language and intelligence to flourish.

      

      
        Who or what dug Mars' mysterious gullies? The answer is explosive
        CO2 ice blocks on Mars may dig gullies as they slide and sublimate in the thin atmosphere. In lab experiments, scientists recreated these eerie, worm-like movements under Martian conditions. The findings help explain unusual dune formations and deepen our understanding of how alien landscapes evolve.

      

      
        Forged in fire: The 900degC heat that built Earth's stable continents
        New research reveals that Earth's continents owe their stability to searing heat deep in the planet's crust. At more than 900degC, radioactive elements shifted upward, cooling and strengthening the landmasses that support life. This ancient heat engine also distributed valuable minerals, giving scientists new clues for exploration and for spotting potentially habitable planets.

      

      
        Quantum crystals could spark the next tech revolution
        Auburn scientists have designed new materials that manipulate free electrons to unlock groundbreaking applications. These "Surface Immobilized Electrides" could power future quantum computers or transform chemical manufacturing. Stable, tunable, and scalable, they represent a leap beyond traditional electrides. The work bridges theory and potential real-world use.

      

      
        Tiny brain nanotubes found by Johns Hopkins may spread Alzheimer's
        Johns Hopkins scientists uncovered microscopic "nanotube" channels that neurons use to transfer toxic molecules. While this process clears waste, it can also spread harmful proteins like amyloid-beta. Alzheimer's-model mice showed more nanotubes early on, hinting at a link to disease development. Researchers hope to one day control nanotube formation as a potential therapy.

      

      
        This type of meat supercharges muscle growth after workouts
        Scientists discovered that lean pork builds muscle more effectively post-workout than high-fat pork, even with identical protein levels. Using advanced tracking techniques, they found that fat content blunted the body's muscle-building response. The results contradict previous findings about fattier foods enhancing synthesis, suggesting that food form and processing matter.

      

      
        This European treatment for joint pain just passed a major scientific test
        Korean researchers found that low-dose radiation therapy eased knee pain and improved movement in people with mild to moderate osteoarthritis. The treatment, far weaker than cancer radiation, showed real benefits beyond placebo. With no side effects and strong trial results, the approach could provide a middle ground between painkillers and joint surgery.

      

      
        It actually rains on the Sun. Here's the stunning reason
        Scientists at the University of Hawai`i have discovered why it rains on the Sun. Solar rain, made of cooling plasma, forms rapidly during solar flares, a mystery now solved by modeling time-varying elements like iron. The finding upends long-held assumptions about the Sun's atmosphere and could improve predictions of space weather events. It's a breakthrough that forces a rewrite of how we understand the Sun's outer layers.

      

      
        Physicists discover mysterious new type of time crystal
        Scientists at TU Wien have uncovered that quantum correlations can stabilize time crystals--structures that oscillate in time without an external driver. Contrary to previous assumptions, quantum fluctuations enhance rather than hinder their formation. Using a laser-trapped lattice, the team demonstrated self-organizing rhythmic behavior arising purely from particle interactions. The finding could revolutionize quantum technology design.

      

      
        These giant planets shouldn't exist. But they do
        Astronomers are investigating a strange class of exoplanets known as eccentric warm Jupiters -- massive gas giants that orbit their stars in unexpected, elongated paths. Unlike their close-orbiting "hot Jupiter" cousins, these planets seem to follow mysterious rules, aligning neatly with their stars despite their bizarre trajectories. Theories suggest that companion planets, surrounding nebulas, or even stellar waves could be shaping these odd orbits in ways never seen before.

      

      
        This tiny worm uses static electricity to hunt flying insects
        A parasitic worm uses static electricity to launch itself onto flying insects, a mechanism uncovered by physicists and biologists at Emory and Berkeley. By generating opposite charges, the worm and insect attract, allowing the leap to succeed far more often. High-speed cameras and mathematical modeling confirmed this "electrostatic ecology" in action.

      

      
        Astronomers detect a cosmic "heartbeat" in pulsar signals
        Researchers analyzing pulsar data have found tantalizing hints of ultra-slow gravitational waves. A team from Hirosaki University suggests these signals might carry "beats" -- patterns formed by overlapping waves from supermassive black holes. This subtle modulation could help scientists tell whether the waves stem from ancient cosmic inflation or nearby black hole binaries, potentially identifying the true source of spacetime's gentle vibrations.

      

      
        A 151-million-year-old fly just changed what we know about evolution
        Scientists have uncovered a 151-million-year-old midge fossil in Australia that challenges long-held views about insect evolution. Named Telmatomyia talbragarica, the fossil shows freshwater adaptations previously thought to exist only in marine species. This discovery suggests that Chironomidae may have originated in Gondwana, offering new insight into ancient biogeographical patterns.

      

      
        The Sun's hidden poles could finally reveal its greatest secrets
        High above the Sun's blazing equator lie its mysterious poles, the birthplace of fast solar winds and the heart of its magnetic heartbeat. For decades, scientists have struggled to see these regions, hidden from Earth's orbit. With the upcoming Solar Polar-orbit Observatory (SPO) mission, humanity will finally gain a direct view of the poles, unlocking secrets about the Sun's magnetic cycles, space weather, and the forces that shape the heliosphere.

      

      
        A telescope larger than Earth just revealed the hidden heart of a mysterious galaxy
        Scientists imaged the heart of the OJ 287 galaxy, uncovering a curved plasma jet around what appears to be two merging supermassive black holes. The structure reveals unimaginable energy levels and shockwaves in the jet. This achievement, using a virtual telescope the size of multiple Earths, sheds new light on how black holes shape galactic jets and gravitational waves.

      

      
        Scientists unlock a 100-year-old quantum secret to supercharge solar power
        Scientists at the University of Cambridge have uncovered a surprising quantum effect inside an organic material, something once thought impossible outside metals. The team found that a special molecule can turn light into electricity with incredible efficiency, using a hidden quantum behavior unseen in such materials before. This breakthrough could lead to simpler, lighter, and cheaper solar panels.

      

      
        JWST may have found the Universe's first stars powered by dark matter
        New observations from the James Webb Space Telescope hint that the universe's first stars might not have been ordinary fusion-powered suns, but enormous "supermassive dark stars" powered by dark matter annihilation. These colossal, luminous hydrogen-and-helium spheres may explain both the existence of unexpectedly bright early galaxies and the origin of the first supermassive black holes.

      

      
        MIT scientists find metals hold secret atomic patterns
        MIT researchers found that metals retain hidden atomic patterns once believed to vanish during manufacturing. These patterns arise from microscopic dislocations that guide atoms into preferred arrangements instead of random ones. The discovery introduces a new kind of physics in metals and suggests engineers can exploit these patterns to enhance material performance in demanding environments.

      

      
        Scientists find the brain's hidden pulse that may predict Alzheimer's
        Researchers at USC have created the first method to noninvasively measure microscopic blood vessel pulses in the human brain. Using advanced 7T MRI, they found these tiny pulsations grow stronger with age and vascular risk, disrupting the brain's waste-clearing systems. The discovery may explain how circulation changes contribute to Alzheimer's and other neurodegenerative diseases.

      

      
        Supercharged vitamin k could help the brain heal itself
        Researchers have synthesized enhanced vitamin K analogues that outperform natural vitamin K in promoting neuron growth. The new compounds, which combine vitamin K with retinoic acid, activate the mGluR1 receptor to drive neurogenesis. They also efficiently cross the blood-brain barrier and show stability in vivo. This discovery could pave the way for regenerative treatments for Alzheimer's and related diseases.

      

      
        A simple fatty acid could restore failing vision
        Scientists at UC Irvine have found a way to potentially reverse age-related vision loss by targeting the ELOVL2 "aging gene" and restoring vital fatty acids in the retina. Their experiments in mice show that supplementing with specific polyunsaturated fatty acids, not just DHA, can restore visual function and even reverse cellular aging signs.

      

      
        Your brain's power supply may hold the key to mental illness
        Groundbreaking Harvard research is exposing hidden energy failures inside brain cells that may drive major psychiatric conditions. By studying reprogrammed neurons, scientists are revealing how cellular metabolism shapes mood, thought, and cognition. The work calls for abandoning rigid diagnostic categories in favor of biology-based systems that reflect true complexity. It marks a decisive shift toward preventive and precision mental healthcare.

      

      
        Popular hair-loss pill linked to depression and suicide
        Finasteride, a common hair-loss drug, has long been tied to depression and suicide, but regulators ignored the warnings. Prof. Mayer Brezis's review exposes global data showing psychiatric harm and a pattern of inaction by Merck and the FDA. Despite its cosmetic use, the drug's effects on brain chemistry can be devastating. Brezis calls for urgent regulatory reforms and post-marketing studies to protect public health.

      

      
        Scientists build artificial neurons that work like real ones
        UMass Amherst engineers have built an artificial neuron powered by bacterial protein nanowires that functions like a real one, but at extremely low voltage. This allows for seamless communication with biological cells and drastically improved energy efficiency. The discovery could lead to bio-inspired computers and wearable electronics that no longer need power-hungry amplifiers. Future applications may include sensors powered by sweat or devices that harvest electricity from thin air.

      

      
        This 250-year-old equation just got a quantum makeover
        A team of international physicists has brought Bayes' centuries-old probability rule into the quantum world. By applying the "principle of minimum change" -- updating beliefs as little as possible while remaining consistent with new data -- they derived a quantum version of Bayes' rule from first principles. Their work connects quantum fidelity (a measure of similarity between quantum states) to classical probability reasoning, validating a mathematical concept known as the Petz map.

      

      
        Your skin could warn of hidden mental health trouble
        People experiencing their first psychotic episode who also have skin conditions such as rashes or itching are at greater risk of depression and suicidal thoughts, according to new research presented at the ECNP meeting. Scientists found that 25% of these patients experienced suicidal ideation, compared with only 7% of those without skin issues. The study suggests that dermatological symptoms could serve as early warning markers for worse psychiatric outcomes.

      

      
        This experimental "super vaccine" stopped cancer cold in the lab
        UMass Amherst researchers have developed a groundbreaking nanoparticle-based cancer vaccine that prevented melanoma, pancreatic, and triple-negative breast cancers in mice--with up to 88% remaining tumor-free. The vaccine triggers a multi-pathway immune response, producing powerful T-cell activation and long-term immune memory that stops both tumor growth and metastasis. By combining cancer-specific antigens with a lipid nanoparticle "super adjuvant," it overcomes key challenges in cancer immunoth...

      

      
        90% of science is lost. This new AI just found it
        Vast amounts of valuable research data remain unused, trapped in labs or lost to time. Frontiers aims to change that with FAIR2 Data Management, a groundbreaking AI-driven system that makes datasets reusable, verifiable, and citable. By uniting curation, compliance, peer review, and interactive visualization in one platform, FAIR2 empowers scientists to share their work responsibly and gain recognition.

      

      
        California's next big one could be faster and far more destructive
        Supershear earthquakes, moving faster than seismic waves, could cause catastrophic shaking across California. USC researchers warn that many faults capable of magnitude 7 quakes might produce these explosive ruptures. Current construction standards don't account for their directional force. Stronger monitoring and building codes are urgently needed.

      

      
        Decades-old photosynthesis mystery finally solved
        Scientists from the Indian Institute of Science (IISc) and Caltech have finally solved a decades-old mystery about how photosynthesis really begins. They discovered why energy inside plants flows down only one of two possible routes -- a design that lets nature move sunlight with astonishing precision. Using advanced computer simulations, the researchers showed that one branch has a much higher energy barrier, blocking electrons from moving freely.

      

      
        An interstellar visitor lights up the Red Planet's sky
        ESA's Mars orbiters have observed comet 3I/ATLAS, only the third interstellar comet ever discovered. The faint, distant object revealed a glowing coma as it was heated by the Sun. Researchers are still studying the data to understand its makeup and origins. This rare event also foreshadows future missions like the Comet Interceptor, designed to chase such elusive visitors.

      

      
        Ancient humans in Italy butchered elephants and made tools from their bones
        Researchers in Italy discovered 400,000-year-old evidence that ancient humans butchered elephants for food and tools. At the Casal Lumbroso site near Rome, they found hundreds of bones and stone implements, many showing impact marks from butchery. The findings reveal a consistent prehistoric strategy for resource use during warmer Middle Pleistocene periods.

      

      
        The Moon's south pole hides a 4-billion-year-old secret
        A colossal northern asteroid impact billions of years ago likely shaped the Moon's south polar region and explains its uneven terrain. Researchers found that the South Pole-Aitken Basin formed from a glancing northern strike, revealing deep materials from the Moon's interior. This discovery sheds light on how KREEP elements gathered on the near side, driving volcanic activity. Artemis astronauts may soon uncover samples that rewrite lunar history.

      

      
        New research reveals how ADHD sparks extraordinary creativity
        Researchers have discovered that ADHD's hallmark mind wandering might actually boost creativity. People who deliberately let their thoughts drift scored higher on creative tests in two large studies. The findings hint that mindful management of mental drift could turn ADHD's challenges into creative strengths.

      

      
        Closest alien civilization could be 33,000 light years away
        Complex, intelligent life in the galaxy appears vanishingly rare, with the nearest possible civilization perhaps 33,000 light-years distant. Yet despite the odds, scientists insist that continuing the search for extraterrestrial intelligence is essential -- for either outcome reshapes our understanding of life itself.

      

      
        Archaeologists uncover lost land bridge that may rewrite human history
        New research along Turkey's Ayvalik coast reveals a once-submerged land bridge that may have helped early humans cross from Anatolia into Europe. Archaeologists uncovered 138 Paleolithic tools across 10 sites, indicating the region was a crucial migration corridor during the Ice Age. The findings challenge traditional migration theories centered on the Balkans and Levant, suggesting instead that humans used now-vanished pathways across the Aegean.

      

      
        New simulation reveals how Earth's magnetic field first sparked to life
        Geophysicists have modeled how Earth's magnetic field could form even when its core was fully liquid. By removing the effects of viscosity in their simulation, they revealed a self-sustaining dynamo that mirrors today's mechanism. The results illuminate Earth's early history, life's origins, and the magnetism of other planets. Plus, it could help forecast future changes to our planet's protective shield.

      

      
        Scientists unearth a 112-million-year-old time capsule filled with ancient insects
        Researchers have unearthed South America's first amber deposits containing ancient insects in an Ecuadorian quarry, offering a rare 112-million-year-old glimpse into life on the supercontinent Gondwana. The amber, found in the Hollin Formation, preserved a diverse range of insect species and plant material, revealing a humid, resin-rich forest teeming with life.

      

      
        Dolphins may be getting Alzheimer's from toxic ocean blooms
        Dolphins washing up on Florida's shores may be victims of the same kind of brain degeneration seen in humans with Alzheimer's disease. Researchers discovered that cyanobacterial toxins--worsened by climate change and nutrient pollution--accumulate in marine food chains, damaging dolphin brains with misfolded proteins and Alzheimer's-like pathology.

      

      
        Quantum simulations that once needed supercomputers now run on laptops
        A team at the University at Buffalo has made it possible to simulate complex quantum systems without needing a supercomputer. By expanding the truncated Wigner approximation, they've created an accessible, efficient way to model real-world quantum behavior. Their method translates dense equations into a ready-to-use format that runs on ordinary computers. It could transform how physicists explore quantum phenomena.

      

      
        A million-sun-mass mystery object found lurking in deep space
        Scientists using a global array of radio telescopes have detected the universe's lowest-mass dark object by observing how it warped light through gravitational lensing. The invisible mass, about a million times the Sun's weight, could be a small clump of dark matter or a dormant dwarf galaxy. The finding supports cold dark matter models and opens the door to uncovering more hidden objects shaping the cosmos.

      

      
        Breakthrough compounds may reverse nerve damage caused by multiple sclerosis
        Researchers have identified two compounds, K102 and K110, that could repair the nerve damage from multiple sclerosis. These drugs help regenerate the protective myelin sheath and balance immune responses. Licensed by Cadenza Bio, the discovery represents a leap from lab research to potential clinical therapy. If successful, it could transform how neurodegenerative diseases are treated.

      

      
        For the first time, scientists pinpoint brain cells linked to depression
        Scientists identified two types of brain cells, neurons and microglia, that are altered in people with depression. Through genomic mapping of post-mortem brain tissue, they found major differences in gene activity affecting mood and inflammation. The findings reinforce that depression has a clear biological foundation and open new doors for treatment development.

      

      
        12,000-year-old rock art found in Arabia reveals a lost civilization
        Archaeologists in Saudi Arabia discovered over 170 ancient rock engravings that may be among the earliest monumental artworks in the region. Created between 12,800 and 11,400 years ago, the massive figures were carved when water and life returned to the desert. The art likely marked territories and migration routes, revealing social and symbolic sophistication. Artifacts found nearby show early Arabian peoples connected to distant Neolithic communities.

      

      
        MIT's new precision gene editing tool could transform medicine
        MIT scientists have found a way to make gene editing far safer and more accurate -- a breakthrough that could reshape how we treat hundreds of genetic diseases. By fine-tuning the tiny molecular "tools" that rewrite DNA, they've created a new system that makes 60 times fewer mistakes than before.

      

      
        USC engineers just made light smarter with "optical thermodynamics"
        USC engineers have developed an optical system that routes light autonomously using thermodynamic principles. Rather than relying on switches, light organizes itself much like particles in a gas reaching equilibrium. The discovery could simplify and speed up optical communications and computing. It reimagines chaotic optical behavior as a tool for design rather than a limitation.

      

      
        They're smaller than dust, but crucial for Earth's climate
        Coccolithophores, tiny planktonic architects of Earth's climate, capture carbon, produce oxygen, and leave behind geological records that chronicle our planet's history. European scientists are uniting to honor them with International Coccolithophore Day on October 10. Their global collaboration highlights groundbreaking research into how these microscopic organisms link ocean chemistry, climate regulation, and carbon storage. The initiative aims to raise awareness that even the smallest ocean dw...

      

      
        
          	
            Latest Science News
          
          	
            Sections
          
          	
            Health News
          
        

      

    

  
	
	Articles
	Sections
	Next



Scientists just found real teeth growing on a fish's head | ScienceDaily
When it comes to teeth, most vertebrates share the same basic blueprint. Regardless of their size, shape, or sharpness, teeth typically have the same genetic roots, similar physical makeup, and, almost always, a place in the jaw.


						
That assumption, however, may no longer hold true. Scientists studying the spotted ratfish, a shark-like species found in the northeastern Pacific Ocean, discovered that it has rows of teeth growing on top of its head. These teeth line a cartilage-based structure known as the tenaculum, a forehead appendage that loosely resembles Squidward's nose.

For years, biologists have debated where teeth originally came from -- an important question, given how vital they are to feeding and survival. Most discussions have focused solely on oral teeth, without exploring whether teeth might have evolved elsewhere on the body. The discovery of teeth on the tenaculum has reopened that debate, prompting researchers to ask how widespread such features might be and what they reveal about the history of vertebrate dentition.

"This insane, absolutely spectacular feature flips the long-standing assumption in evolutionary biology that teeth are strictly oral structures," said Karly Cohen, a UW postdoctoral researcher at the University of Washington's Friday Harbor Labs. "The tenaculum is a developmental relic, not a bizarre one-off, and the first clear example of a toothed structure outside the jaw."

The research was published in Proceedings of the National Academy of Sciences.

Spotted ratfish are among the most common fish in Puget Sound. They belong to a group of cartilaginous fish known as chimaeras, which diverged from sharks millions of years ago. Growing to about 2 feet in length, these fish are named for their long, slender tails that make up roughly half their body size. Only adult males develop a tenaculum on their forehead. When resting, it appears as a small white nub between their eyes, but when raised, it becomes a hooked, barbed organ covered in teeth.

Males use the tenaculum both for display and function. They raise it to ward off rivals and, during mating, use it to grip females by the pectoral fin, keeping the pair together in the water.




"Sharks don't have arms, but they need to mate underwater," Cohen said. "So, a lot of them have developed grasping structures to connect themselves to a mate during reproduction."

Spotted ratfish also use pelvic claspers for mating, similar to many other cartilaginous fish.

In most sharks, rays, and skates, the body is covered in small, tooth-like scales called denticles. But apart from the denticles on their pelvic claspers, spotted ratfish are largely smooth-skinned. This unusual lack of denticles led scientists to question what became of them -- and whether the teeth on the tenaculum might represent their evolutionary remnants.

Before conducting the study, researchers had two possibilities in mind. One was that the "teeth" were simply modified denticles, a leftover feature from ancient ancestors. The other suggested they were genuine teeth, similar to those found inside the mouth.

"Ratfish have really weird faces," Cohen said. "When they are small, they kind of look like an elephant squished into a little yolk sack."

The cells that form the oral region are spread farther afield, making it plausible that at some point, a clump of tooth-forming cells might have migrated onto the head and stuck.




To test these theories, the researchers caught and analyzed hundreds of fish, using micro-CT scans and tissue samples to document tenaculum development. While sharks can be quite hard to study, spotted ratfish abound in Puget Sound. They frequent the shallows surrounding Friday Harbor Labs, the UW research facility located on San Juan Island. They also compared the modern ratfish to ancestral fossils.

The scans showed that both male and female ratfish begin making a tenaculum early on. In males, it grows from a small cluster of cells into a little white pimple that elongates between the eyes. It attaches to muscles controlling the jaw and finally, erupts through the surface of the skin and sprouts teeth. In females it never materializes -- or mineralizes -- but evidence of an early structure remains.

The new teeth are rooted in a band of tissue called the dental lamina that is present in the jaw but has never been documented elsewhere. "When we saw the dental lamina for the first time, our eyes popped," Cohen said. "It was so exciting to see this crucial structure outside the jaw."

In humans, the dental lamina disintegrates after we grow our adult teeth, but many vertebrates retain the ability to replace their teeth. Sharks, for example, have "a constant conveyor belt" of new teeth, Cohen said. Dermal denticles, including the ones on the spotted ratfish's pelvic claspers, do not have a dental lamina. Identifying this structure was compelling evidence that the teeth on the tenaculum really are teeth and not leftover denticles. Genetic evidence also backed this conclusion.

"Vertebrate teeth are extremely well united by a genetic toolbox," Cohen said.

Tissue samples revealed that the genes associated with teeth across vertebrates were expressed in the tenaculum, but not the denticles. In the fossil record, they also observed evidence of teeth on the tenaculum of related species.

"We have a combination of experimental data with paleontological evidence to show how these fishes coopted a preexisting program for manufacturing teeth to make a new device that is essential for reproduction," said Michael Coates, a professor and the chair of organismal biology and anatomy at the University of Chicago and a co-author of the paper.

The modern adult male spotted ratfish can grow seven or eight rows of hooked teeth on its tenaculum. These teeth retract and flex more than the average canine, enabling the fish to latch onto a mate while swimming. The size of the tenaculum also appears to be unrelated to the length of the fish. Its development aligns instead with the pelvic claspers, suggesting that the migrant tissue is now regulated by other networks.

"If these strange chimaeras are sticking teeth on the front of their head, it makes you think about the dynamism of tooth development more generally," said Gareth Fraser, a professor of biology at the University of Florida and the study's senior author.

Sharks often serve as the model for studying teeth and development because they have so many oral teeth and are covered in denticles. But, Cohen added, sharks possess just a sliver of the dental diversity captured by history. "Chimeras offer a rare glimpse into the past," she said "I think the more we look at spiky structures on vertebrates, the more teeth we are going to find outside the jaw."

This research was funded by National Science Foundation, the Save Our Seas Foundation, and internal endowments at Friday Harbor Labs supporting innovative early-career research.
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A giant asteroid hit Earth, but its crater is missing | ScienceDaily
"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.


						in a crater but in tiny glass fragments found only in Australia.
The discovery focuses on rare natural glass called tektites, which form when a meteorite hits Earth with enough force to melt the surface and fling molten material vast distances. This newly identified variety of tektites has so far been discovered only across parts of South Australia.
Co-author Professor Fred Jourdan from Curtin's School of Earth and Planetary Sciences compared the finding to uncovering a new chapter in Earth's turbulent past.

"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.

"They formed when an asteroid slammed into Earth, melting surface rock and scattering debris for thousands of kilometers. These tiny pieces of glass are like little time capsules from deep in our planet's history.

"What makes the discovery even more intriguing is that, although the impact must have been immense, scientists are yet to locate the crater.

"Understanding when and how often large asteroids have struck Earth also helps us assess the risk of future impacts, which is important for planetary defense."

Lead author Anna Musolino, a PhD student at Aix-Marseille University, said the glasses stand apart from all previously known tektites.

"These tektites are unique because of their unusual chemistry and their age, which is about 11 million years," Ms. Musolino said.




"They record a completely separate impact event from the famous Australasian tektite-strewn field.

"While the Australasian tektites formed about 780,000 years ago and are spread across half the globe, these tektites are much older and their discovery suggests a previously unrecognized giant impact."

The study was part of a larger research project led by Emeritus Professor Pierre Rochette from Aix-Marseille University and highlights both the destructive power of past impacts and the importance of studying them.

The full research paper, 'A new tektite strewn field in Australia ejected from a volcanic arc impact crater 11 Myr ago', is published in Earth and Planetary Science Letters.
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Asteroid Ryugu's hidden waters could explain how Earth got its oceans | ScienceDaily
A group of scientists, including researchers from the University of Tokyo, has found evidence that liquid water once moved through the asteroid that eventually gave rise to the near-Earth asteroid Ryugu. Remarkably, this activity took place more than a billion years after the asteroid first formed. The discovery, which relies on microscopic rock samples collected by the Japan Aerospace Exploration Agency (JAXA) Hayabusa2 spacecraft, challenges the long-standing belief that water-related processes on asteroids only occurred in the earliest stages of the solar system's evolution. These findings could influence scientific models that describe how Earth and its oceans developed.


						
Although scientists have a solid general picture of how the solar system came together, many details remain uncertain. One of the biggest questions concerns how Earth ended up with so much water. It has long been thought that carbon-rich asteroids, like Ryugu, which formed from ice and dust in the outer solar system, were key suppliers of water to our planet. Hayabusa2's 2018 mission to Ryugu marked the first time such an asteroid was both observed up close and sampled directly. The mission returned small bits of rock and dust to Earth, giving researchers a rare opportunity to fill in missing pieces of our planet's early story.

"We found that Ryugu preserved a pristine record of water activity, evidence that fluids moved through its rocks far later than we expected," said Associate Professor Tsuyoshi Iizuka from the Department of Earth and Planetary Science at the University of Tokyo. "This changes how we think about the long-term fate of water in asteroids. The water hung around for a long time and was not exhausted so quickly as thought."

The key to the discovery lies in the isotopes of lutetium (Lu) and hafnium (Hf), elements that form a natural radioactive clock through the decay of 176Lu into 176Hf. By analyzing their ratios in Ryugu's samples, researchers expected to determine the asteroid's age in a straightforward way. Instead, they found much higher levels of 176Hf compared with 176Lu than anticipated. This unusual imbalance suggested that liquid water had once seeped through the rocks, effectively leaching lutetium out of them.

"We thought that Ryugu's chemical record would resemble certain meteorites already studied on Earth," said Iizuka. "But the results were completely different. This meant we had to carefully rule out other possible explanations and eventually concluded that the Lu-Hf system was disturbed by late fluid flow. The most likely trigger was an impact on a larger asteroid parent of Ryugu, which fractured the rock and melted buried ice, allowing liquid water to percolate through the body. It was a genuine surprise! This impact event may be also responsible for the disruption of the parent body to form Ryugu."

The study's implications are far-reaching. It suggests that carbon-rich asteroids could have stored and delivered much more water to Earth than scientists previously assumed. Ryugu's parent asteroid appears to have retained frozen water for over a billion years, meaning similar bodies colliding with the young Earth might have delivered two to three times more water than current models estimate. Such impacts could have played a major role in shaping the early oceans and atmosphere.

"The idea that Ryugu-like objects held on to ice for so long is remarkable," said Iizuka. "It suggests that the building blocks of Earth were far wetter than we imagined. This forces us to rethink the starting conditions for our planet's water system. Though it's too early to say for sure, my team and others might build on this research to clarify things, including how and when our Earth became habitable."

Hayabusa2 only brought back a few grams of material. With many researchers wanting to run tests on it, each experiment could only use a few tens of milligrams, fractions of a grain of rice. To maximize the information gained, the team developed sophisticated methods for separating elements and analyzing isotopes with extraordinary precision, realizing the full potential of current geochemical analytical techniques.




"Our small sample size was a huge challenge," recalled Iizuka. "We had to design new chemistry methods that minimized elemental loss while still isolating multiple elements from the same fragment. Without this, we could never have detected such subtle signs of late fluid activity."

The researchers also plan to study phosphate veins within Ryugu samples to pin down more precise ages of the late fluid flow. They will also compare their results with NASA's samples collected from asteroid Bennu by the OSIRIS-REx spacecraft, to test whether similar water activity might have happened there too, or whether it was unique to Ryugu. Eventually, Iizuka and colleagues hope to trace how water was stored, mobilized and finally delivered to Earth, a story that continues to shape our understanding of planetary habitability.

Funding: This work was supported by Japan Society for the Promotion of Science KAKENHI grants (21KK0057, 22H00170).
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From poison to power: How lead exposure helped shape human intelligence | ScienceDaily
What made the modern human brain so different from that of our extinct relatives, such as Neanderthals? Researchers at the University of California San Diego School of Medicine, along with an international team, have discovered that ancient hominids, including early humans and great apes, came into contact with lead far earlier than previously believed -- up to two million years before modern humans began mining it. This long-term exposure may have influenced how early brains evolved, possibly hindering language and social development in all but modern humans, who possess a unique protective genetic variant. The findings were published in Science Advances on October 15, 2025.


						
The team examined fossilized teeth from 51 hominids found across Africa, Asia, and Europe. The samples included both modern and archaic humans such as Neanderthals, early human ancestors like Australopithecus africanus, and extinct great apes including Gigantopithecus blacki.

Lead traces were present in 73% of the fossils studied, with 71% of modern and archaic human samples showing contamination. Fossils of G. blacki dating back 1.8 million years revealed the highest levels of acute exposure.

It was previously thought that humans began facing significant lead exposure only in recorded history, especially during the Roman era, when lead pipes were used for water systems, and later during the Industrial Revolution. Lead pollution declined only after the late twentieth century.

"We stopped using lead in our daily lives when we realized how toxic it is, but nobody had ever studied lead in prehistory," said corresponding author Alysson Muotri, Ph.D., professor of pediatrics and cellular & molecular medicine at UC San Diego School of Medicine, associate director of the Archealization Center, and director of the Sanford Integrated Space Stem Cell Orbital Research Center.

To the researchers' surprise, teeth from people born in the mid-twentieth century (the 1940s through the 1970s), when exposure to leaded gasoline and paint was widespread, showed similar lead patterns to ancient human fossils.

The scientists suggest that ancient humans and their relatives might have encountered lead through their search for water, much like the Romans did later in history.




"One possibility is that they were looking for caves with running water inside," Muotri said. "Caves contain lead, so they were all contaminated. Based on the tooth enamel studies, it started very early in infancy."

Lead exposure disrupts brain growth and function, impairing intelligence and emotional regulation.

Faced with this evidence, Muotri and his team began to question how modern humans managed to thrive despite such toxic conditions during their evolutionary past.

A tiny genetic change

A gene known as neuro-oncological ventral antigen 1 (NOVA1) plays a major role in brain formation and synaptic development. Acting as a key regulator of neurodevelopment, NOVA1 helps determine how neural progenitor cells react to lead exposure, and disturbances in its activity are linked to neurological disorders.

Nearly all modern humans carry a version of the NOVA1 gene that differs by a single DNA base pair from the version found in Neanderthals. Earlier work from Muotri's group showed that swapping the modern NOVA1 with the older variant in miniature brain models, called organoids, caused dramatic changes in brain structure and connectivity.




"Everything about the organoids is identical except for that genetic variant, allowing us to ask whether that specific mutation between us and Neanderthals is giving us any advantage," said Muotri. The archaic variant accelerated brain maturation but resulted in less complexity over time. "If all humans have this newer mutation in all corners of the world, very strong genetic pressure must have selected for it in our species."

To test whether lead exposure might have shaped this genetic shift, the researchers created brain organoids with both the modern and ancestral NOVA1 variants, exposing them to lead and monitoring the growth of cortical and thalamic neurons.

They found that lead changed NOVA1 activity in both types of organoids, influencing genes linked to conditions such as autism and epilepsy.

However, only the archaic NOVA1 variant altered the activity of FOXP2, a gene crucial for speech and language. People with certain FOXP2 mutations struggle to form complex words and sentences.

"These type of neurons related to complex language are susceptible to death in the archaic version of NOVA1," said Muotri. " The FOXP2 gene is identical between us and the Neanderthals, but it's how the gene is regulated by NOVA1 that likely contributes to language differences."

Evolutionary implications

The findings suggest that the acquisition of the modern NOVA1 variant may have protected us from the detrimental effects of lead, promoting complex language development and social cohesion. This could have given modern humans a significant evolutionary advantage over Neanderthals, even in the presence of lead contamination.

Muotri believes these results have important implications for understanding how environmental stressors shaped brain development during human evolution. He speculates that lead exposure may have contributed to the extinction of Neanderthals around 40,000 years ago.

"Language is such an important advantage, it's transformational, it is our superpower," said Muotri. "Because we have language, we are able to organize society and exchange ideas, allowing us to coordinate large movements. There is no evidence that Neanderthals could do that. They might have had abstract thinking, but they could not translate that to each other. And maybe the reason is because they never had a system to communicate that was as efficient as our complex language."

Understanding how NOVA1 gene variants can affect FOXP2 expression helps elucidate the relationship between lead contamination and brain development and also sheds light on neurological conditions related to language, including speech apraxia -- a condition that makes it difficult to produce speech sounds correctly -- and autism.

The study's co-authors included Janaina Sena de Souza, Sandra M. Sanchez-Sanchez, Jose Oviedo, University of California San Diego; Marian Bailey and Matthew Tonge at Southern Cross University; Renaud Joannes-Boyau, Southern Cross University and University of Johannesburg; Justin W. Adams, University of Johannesburg and Monash University; Christine Austin, Manish Arora, Icahn School of Medicine at Mount Sinai, Kira Westaway, Macquarie University; Ian Moffat, Flinders University and University of Cambridge; Wei Wang and Wei Liao, Anthropology Museum of Guangxi; Yingqi Zhang, Institute of Vertebrate Paleontology and Paleoanthropology; Luca Fiorenza, Monash University and Johann Wolfgang Goethe University; Marie-Helene Moncel, Museum National d'Histoire Naturelle; Gary T. Schwartz, Arizona State University; Luiz Pedro Petroski and Roberto H. Herai, Pontificia Universidade Catolica do Parana; Jose Oviedo, University of Arizona; and Bernardo Lemos, Harvard T. H. Chan School of Public Health.

The study was funded, in part, by the National Institutes of Health (grants R01 ES027981, P30ES023515, R01ES026033), the Australian Research Council (grant DP170101597), the National Science Foundation (grant BCS 0962564), and the The Leakey Foundation.

Disclosures: Muotri is the co-founder of and has an equity interest in TISMOO, a company specializing in genetic analysis and human brain organogenesis. The terms of this arrangement have been reviewed and approved by the University of California San Diego in accordance with its conflict-of-interest policies.
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Who or what dug Mars' mysterious gullies? The answer is explosive | ScienceDaily
Could Mars have once supported life? Scientists still don't have proof. Yet some of the planet's strange surface features might seem to hint at it. Earth scientist Dr. Lonneke Roelofs of Utrecht University set out to study the origin of mysterious gullies carved into Martian dunes. In her laboratory experiments, she discovered that blocks of frozen carbon dioxide (CO2 ice) can actually dig these channels on their own. "It felt like I was watching the sandworms in the film Dune," she said. Her research appears in Geophysical Research Letters.


						
For years, scientists suspected CO2 ice might be responsible for the odd formations, but no one had been able to show it directly. Roelofs succeeded by creating gullies in the lab using CO2 ice blocks, replicating a natural process that doesn't occur on Earth and had never before been seen in action.

Sublimation

During the Martian winter, when temperatures plunge to around minus 120 degrees Celsius, ice accumulates on the dunes. As spring approaches, the sun warms the slopes and large ice blocks -- sometimes a meter long -- break loose. Because Mars has a thin atmosphere and a sharp temperature difference between warm sand and the ice, the underside of these blocks instantly turns to gas in a process known as sublimation. Since gas takes up far more space than solid ice, the pressure builds rapidly, making the ice appear to "explode."

"In our simulation, I saw how this high gas pressure blasts away the sand around the block in all directions," says Roelofs. As a result, the block digs itself into the slope and becomes trapped in a hollow surrounded by small ridges of settled sand. "However, the sublimation process continues, and so the sand keeps on being blasted in all directions." As the ice keeps vaporizing, it gradually slides downhill, carving a long, deep trench with ridges on either side. These artificial gullies match the ones seen on Mars almost exactly.

Landscape formation

Roelofs studies the geological forces that sculpt Mars' surface. In earlier work, she showed that sublimating CO2 ice can trigger debris flows that cut deep channels along crater walls. "But the gullies from this research looked different," she explains. "Therefore, a different process was behind this, but which? That is what I set out to discover."

Mars chamber




Together with master student Simone Visschers, she traveled to the English city of Milton Keynes to solve the mystery behind these unusual sand gullies. The Open University has a 'Mars chamber': a facility for simulating Martian conditions. Financial support from the British Society of Geomorphology made the visit possible. "We tried out various things by simulating a dune slope at different angles of steepness. We let a block of CO2 ice fall from the top of the slope and observed what happened," states the researcher. "After finding the right slope, we finally saw results. The CO2 ice block began to dig into the slope and move downwards just like a burrowing mole or the sandworms from Dune. It looked very strange!"

From ice to gullies

But how exactly do these blocks of ice form? "The CO2 ice blocks form on the desert dunes halfway down the southern hemisphere of Mars. During the winter, a layer of CO2 ice forms over the entire surface of the dune field, sometimes up to a thickness of 70 cm! In spring, this ice begins to warm up and sublimate. The last remnants of this ice are located on the shaded side of the dune tops, and that is where the blocks break off from once the temperature is high enough. Once the blocks reach the bottom of the slope and stop moving, the ice continues to sublimate until all the CO2 has evaporated. What remains is a hollow in the sand at the bottom of the dune."

Why Mars?

Why does this planet fascinate people so much? "Mars is our nearest neighbour. It is the only rocky planet close to the 'green zone' of our solar system. This zone lies exactly far enough from the Sun to make the presence of liquid water possible, which is a prerequisite for life. Questions about the origin of life, and possible extra-terrestrial life, could therefore be solved here," says Roelofs. "Also, conducting research into the formation of landscape structures of other planets is a way of stepping outside the frameworks used to think about the Earth. This allows you to pose slightly different questions, which in turn can deliver new insights for processes here on our planet."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251015230949.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Forged in fire: The 900degC heat that built Earth's stable continents | ScienceDaily
For billions of years, Earth's continents have remained remarkably steady, providing the groundwork for mountains, ecosystems, and human civilization. Yet the reason behind their long-term stability has puzzled scientists for more than a century. Now, researchers from Penn State and Columbia University have uncovered strong evidence explaining how the continents formed and maintained their endurance, and the crucial factor behind it is heat.


						
In a new study published in Nature Geoscience, the team found that creating long-lasting continental crust required extreme temperatures -- over 900 degrees Celsius -- in the planet's lower crust. These intense conditions allowed radioactive elements such as uranium and thorium to move upward. As these elements decayed, they produced heat, and by migrating from the deep crust to higher levels, they carried heat away. This process helped the lower crust cool and solidify, ultimately strengthening it.

According to the researchers, the findings extend beyond understanding Earth's geology. They could also aid modern efforts to locate valuable critical minerals, which are essential for technologies like smartphones, electric vehicles, and renewable energy systems, as well as guide the search for potentially habitable planets elsewhere.

The same processes that stabilized Earth's crust also redistributed rare earth elements such as lithium, tin, and tungsten, revealing new clues about where these minerals may be found today. Similar heat-driven mechanisms could occur on other rocky planets, offering planetary scientists additional signs to identify worlds capable of supporting life.

"Stable continents are a prerequisite for habitability, but in order for them to gain that stability, they have to cool down," said Andrew Smye,   associate professor of geosciences at Penn State and lead author on the paper. "In order to cool down, they have to move all these elements that produce heat -- uranium, thorium and potassium -- towards the surface, because if these elements stay deep, they create heat and melt the crust."

Smye explained that Earth's continental crust, as it exists today, began forming about 3 billion years ago. Before that, the planet's crust was very different -- lacking the silicon-rich composition of modern continents. Scientists had long suspected that the melting of older crust played an important role in forming stable continental plates, but this study shows that the process required far higher temperatures than previously realized.

"We basically found a new recipe for how to make continents: they need to get much hotter than was previously thought, 200 degrees or so hotter," Smye said.




He compared the process to forging steel.

"The metal is heated up until it becomes just soft enough so that it can be shaped mechanically by hammer blows," Smye said. "This process of deforming the metal under extreme temperatures realigns the structure of the metal and removes impurities -- both of which strengthen the metal, culminating in the material toughness that defines forged steel. In the same way, tectonic forces applied during the creation of mountain belts forge the continents. We showed that this forging of the crust requires a furnace capable of ultra-high temperatures."

To reach their conclusions, the researchers analyzed rock samples from the Alps in Europe and the southwestern United States, along with data from previous scientific studies. They examined chemical information from hundreds of samples of metasedimentary and metaigneous rocks, which form much of the lower crust, and organized them based on their peak metamorphic temperatures -- the highest temperatures reached while the rocks remained mostly solid but underwent physical and chemical changes.

The team compared rocks formed under high-temperature (HT) and ultrahigh-temperature (UHT) conditions. Smye and his co-author, Peter Kelemen, professor of earth and environmental sciences at Columbia University, discovered that rocks that had melted at temperatures above 900 degC consistently contained much lower amounts of uranium and thorium than those formed at cooler conditions.

"It's rare to see a consistent signal in rocks from so many different places," he said. "It's one of those eureka moments that you think 'nature is trying to tell us something here.'"

He explained that melting in most rock types occurs when the temperature gets above 650 degC or a little over six times as hot as boiling water. Typically, the further into the crust you go, the temperature increases by about 20 degC for every kilometer of depth. Since the base of most stable continental plates is about 30 to 40 kilometers thick, temperatures of 900 degC are not typical and required them to rethink the temperature structure.




Smye explained that earlier in Earth's history, the amount of heat produced from the radioactive elements that made up the crust -- uranium, thorium and potassium -- was about double what it is today.

"There was more heat available in the system," he said. "Today, we wouldn't expect as much stable crust to be produced because there's less heat available to forge it."

He added that understanding how these ultra-high temperature reactions can mobilize elements in the Earth's crust has wider implications for understanding the distribution and concentration of critical minerals, a highly sought-after group of metals that have proved challenging to mine and locate. If scientists can understand the reactions that first redistributed the valuable elements, theoretically they could better locate new deposits of the materials today.

"If you destabilize the minerals that host uranium, thorium and potassium, you're also releasing a lot of rare earth elements," he said.

The U.S. National Science Foundation funded this research.
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Quantum crystals could spark the next tech revolution | ScienceDaily
Picture a future where factories can create materials and chemical compounds more quickly, at lower cost, and with fewer production steps. Imagine your laptop processing complex data in seconds or a supercomputer learning and adapting as efficiently as the human brain. These possibilities depend on one fundamental factor: how electrons behave inside materials. Researchers at Auburn University have now developed a groundbreaking type of material that allows scientists to precisely control these tiny charged particles. Their findings, published in ACS Materials Letters, describe how the team achieved adjustable coupling between isolated-metal molecular complexes, called solvated electron precursors, where electrons are not tied to specific atoms but instead move freely within open spaces.


						
Electrons are central to nearly every chemical and technological process. They drive energy transfer, bonding, and electrical conductivity, serving as the foundation for both chemical synthesis and modern electronics. In chemical reactions, electrons enable redox processes, bond formation, and catalytic activity. In technology, managing how electrons move and interact underpins everything from electronic circuits and AI systems to solar cells and quantum computers. Typically, electrons are confined to atoms, which restricts their potential uses. However, in materials known as electrides, electrons move independently, opening the door to remarkable new capabilities.

"By learning how to control these free electrons, we can design materials that do things nature never intended," explains Dr. Evangelos Miliordos, Associate Professor of Chemistry at Auburn and senior author of the study, which was based on advanced computational modeling.

To achieve this, the Auburn team created innovative material structures called Surface Immobilized Electrides by attaching solvated electron precursors to stable surfaces such as diamond and silicon carbide. This configuration makes the electronic characteristics of the electrides both durable and tunable. By changing how the molecules are arranged, electrons can either cluster into isolated "islands" that behave like quantum bits for advanced computing or spread into extended "seas" that promote complex chemical reactions.

This versatility is what gives the discovery its transformative potential. One version could lead to the development of powerful quantum computers capable of solving problems beyond the reach of today's technology. Another could provide the basis for cutting-edge catalysts that speed up essential chemical reactions, potentially revolutionizing how fuels, pharmaceuticals, and industrial materials are produced.

"As our society pushes the limits of current technology, the demand for new kinds of materials is exploding," says Dr. Marcelo Kuroda, Associate Professor of Physics at Auburn. "Our work shows a new path to materials that offer both opportunities for fundamental investigations on interactions in matter as well as practical applications."

Earlier versions of electrides were unstable and difficult to scale. By depositing them directly on solid surfaces, the Auburn team has overcome these barriers, proposing a family of materials structures that could move from theoretical models to real-world devices. "This is fundamental science, but it has very real implications," says Dr. Konstantin Klyukin, Assistant Professor of Materials Engineering at Auburn. "We're talking about technologies that could change the way we compute and the way we manufacture."

The theoretical study was led by faculty across chemistry, physics, and materials engineering at Auburn University. "This is just the beginning," Miliordos adds. "By learning how to tame free electrons, we can imagine a future with faster computers, smarter machines, and new technologies we haven't even dreamed of yet."

The study, "Electrides with Tunable Electron Delocalization for Applications in Quantum Computing and Catalysis," was also coauthored by graduate students Andrei Evdokimov and Valentina Nesterova. It was supported by the U.S. National Science Foundation and Auburn University computing resources.
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Tiny brain nanotubes found by Johns Hopkins may spread Alzheimer's | ScienceDaily
Researchers at Johns Hopkins Medicine report that they have identified how mammalian brains build intricate networks of tiny tubes that move toxins in and out of brain cells, much like pneumatic tubes send items through systems in factories and stores.


						
Their experiments, which used genetically modified mice and advanced imaging tools, were supported by the National Institutes of Health and published on Oct. 2 in Science. According to the team, the discovery could deepen scientific understanding of how Alzheimer's disease and other neurodegenerative disorders develop, offering potential pathways for new treatments.

In the study, the scientists observed that these microscopic tubes, known as nanotubes, primarily formed to help neurons expel toxic small molecules such as amyloid-beta. This protein can clump together into sticky plaques, one of the defining features of Alzheimer's disease.

"Cells have to get rid of toxic molecules, and by producing a nanotube, they can then transmit this toxic molecule to a neighbor cell," says corresponding author Hyungbae Kwon, associate professor of neuroscience at the Johns Hopkins University School of Medicine. "Unfortunately, this also results in spreading harmful proteins to other areas of the brain."

With the help of powerful microscopes and live-cell imaging, the team watched as neurons created long, slender extensions between their dendrites -- the branching projections that connect brain cells. These "dendritic nanotubes," as the researchers call them, appeared to shuttle harmful molecules from one neuron to another.

"The long and thin column-like structures of these dendritic nanotubes help transfer information quickly from neuron to neuron," says Kwon. "These nanotubes can transport calcium, ions or toxic molecules, and are ideal for sending information to cells that are far away."

Computer simulations of the process mirrored the early stages of amyloid buildup, or "early amyloidosis," and revealed what the researchers describe as a "nanotubular connectivity layer" that adds a new dimension to how brain cells interact.




Kwon notes that these insights could help scientists refine approaches to treating Alzheimer's and similar conditions.

To explore the phenomenon, the researchers collected small brain tissue samples from healthy mice and examined them with high-resolution microscopy, allowing them to visualize the nanotubes in remarkable detail and track how they moved materials between neurons.

They then compared these samples with brain tissue from mice genetically engineered to develop Alzheimer's-like amyloid buildup.

The researchers say the mice with Alzheimer's disease had an increased number of nanotubes in their brains at three months old, when the mice were symptom-free, as compared with normal mice of the same age. At six months of age, the number of nanotubes in normal mice and those with Alzheimer's disease began to equalize.

By taking a closer look at human neurons (sampled with permission from a publicly available electron microscopy database), the scientists identified nanotubes with similar morphology forming between neurons in the same way that the laboratory mice developed them.

In future experiments, Kwon says, the team will focus on whether larger-scale nanotube networks exist in cell types other than neurons in the brain. Eventually, he intends to design an experiment in which researchers create a nanotube to see how it affects the state of cells.




With such knowledge, Kwon says, there's the possibility of one day dialing up or down nanotube production to protect the brain.

"When designing a potential treatment based on this work, we can target how nanotubes are produced -- by either increasing or decreasing their formation -- according to the stage of the disease," Kwon says.

Funding for this research was provided by the National Institutes of Health (DP1MH119428 and R01NS138176).

Additional researchers who conducted the study are Minhyeok Chang, Sarah Krussel, Juhyun Kim, Daniel Lee, Alec Merodio and Jaeyoung Kwon from Johns Hopkins; and Laxmi Kumar Parajuli and Shigeo Okabe from the University of Tokyo, Japan.
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This type of meat supercharges muscle growth after workouts | ScienceDaily
A new study examined how muscles respond to weight training when people eat different types of pork afterward. Researchers compared high-fat and lean ground pork burgers that contained the same amount of protein to see how each affected short-term muscle growth. The results surprised the team and added to growing evidence that the body's muscle-building process after exercise depends not just on how much protein is consumed, but on the type of protein as well.


						
The research was published in the American Journal of Clinical Nutrition.

"What we're finding is that not all high-quality animal protein foods are created equal," said Nicholas Burd, a professor of health and kinesiology at the University of Illinois Urbana-Champaign, who led the research with graduate student Zan Zupancic.

Burd's previous work revealed similar patterns. One earlier experiment showed that eating whole eggs after weight training led to greater muscle-protein synthesis than eating the same amount of protein from egg whites alone. Another study found that eating salmon produced a stronger muscle-building response than consuming a processed blend with the same nutrients in identical proportions.

Together, these findings suggest that whole foods stimulate muscle growth more effectively after exercise than processed versions do. Burd noted that in some cases, the natural fat content of whole foods might actually enhance muscle-building activity.

In this latest study, the research team used advanced techniques to measure and track muscle-protein synthesis in 16 young, physically active adults. To prepare the test meals, they collaborated with the University of Illinois Meat Science Laboratory to create pork patties with precisely defined fat levels.

"That took us a year because it was so hard to get those fat ratios correct," Burd said. All of the meat came from a single pig, and the patties were sent to an external lab for detailed nutrient analysis. Once the fat-to-lean ratios and other nutritional values were verified, the burgers were frozen until used during the experiment's feeding phase.




Before participants began the workout and meal trials, they received an infusion of isotope-labeled amino acids. This technique allowed the scientists to monitor how quickly those amino acids were integrated into muscle tissue. Blood samples were also collected throughout the process to measure circulating amino acid levels.

Muscle biopsies were taken both before and after the two-hour infusion to establish a baseline for muscle-protein synthesis.

"And then we took them to the gym," Burd said. "And they were wheeling that infusion pump and everything else with them."

At the gym, participants performed leg presses and leg extensions, then returned to the lab to eat one of three test meals: a high-fat pork burger, a lean pork burger, or a carbohydrate drink. Five hours later, the researchers took another muscle biopsy to measure how the meal and exercise together affected protein synthesis.

After several days of recovery, 14 of the 16 volunteers repeated the process but switched meal types to ensure that individual differences did not skew the results.

As expected, amino acid levels in the blood rose sharply after eating pork compared with the carbohydrate drink. However, those who consumed the lean pork burger showed the largest increases in amino acids -- both total and essential.




"When you see an increased concentration of amino acids in the blood after you eat, you get a pretty good idea that that is coming from the food that you just ate," Burd said.

Those who consumed the lean pork burger after a bout of weight training also had a greater rate of muscle-protein synthesis than those who ate the high-fat pork burger. This was a surprise to Burd, as "the previous studies using fattier foods, such as whole eggs or salmon, generally showed enhanced post-exercise muscle-protein synthesis compared with lower fat food such as egg whites or nutritional supplements," he said.

Although weight training boosted muscle-protein synthesis in the groups eating pork, the protein in the high-fat burger seemed to have no added benefit in the hours after participants consumed it, while the protein in the lean pork gave muscle-protein synthesis a boost.

"For some reason, the high-fat pork truly blunted the response," Burd said. "In fact, the people who ate the high-fat pork only had slightly better muscle-building potential than those who drank a carbohydrate sports beverage after exercise."

Interpreting the results of this study for people who want to optimize muscle gains from weight-training is tricky, Burd said. It could be that processing the ground pork patties, which involved grinding the meat and adding the fattier meat to the lean, affected the kinetics of digestion.

"There was a little larger rise in the amino acids available from eating lean pork, so it could have been a bigger trigger for muscle-protein synthesis," Burd said. "But that seems to be specific to the ground pork. If you're eating other foods, like eggs or salmon, the whole foods appear to be better despite not eliciting a large rise in blood amino acids."

Burd stresses that exercise is the strongest stimulus for muscle-protein synthesis.

"Most of the muscle response is to weight-training, and we use nutrition to try to squeeze out the remaining potential," he said. "When it comes to eating after weight-training, what we're finding is that some foods, particularly whole, unprocessed foods seem to be a better stimulus."

Burd also is a professor of nutritional sciences and is affiliated with the Carl R. Woese Institute for Genomic Biology at the U. of I.

The National Pork Board's Pork Checkoff program supported this research. The funder had no involvement in study design, data collection or analysis.
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This European treatment for joint pain just passed a major scientific test | ScienceDaily
A new randomized, placebo-controlled clinical trial suggests that a single round of low-dose radiation therapy could offer a safe and effective alternative for people suffering from painful knee osteoarthritis.


						
Participants with mild to moderate knee osteoarthritis experienced notable pain reduction and improved mobility within four months of receiving the treatment. The radiation exposure was only a tiny fraction of what is used in cancer therapy. Because the study included a control group that underwent a simulated treatment, researchers were able to clearly separate genuine treatment effects from placebo responses, which are common in osteoarthritis trials. Early results from this Korean study were presented at the American Society for Radiation Oncology (ASTRO) Annual Meeting.

"People with painful knee osteoarthritis often face a difficult choice between the risks of side effects from pain medications and the risks of joint replacement surgery," said Byoung Hyuck Kim, MD, PhD, principal investigator on the trial and an assistant professor of radiation oncology at Seoul National University College of Medicine, Boramae Medical Center. "There's a clinical need for moderate interventions between weak pain medications and aggressive surgery, and we think radiation may be a suitable option for those patients especially when drugs and injections are poorly tolerated."

Osteoarthritis is the most common form of arthritis, affecting an estimated 32.5 million adults in the United States. It develops as the cartilage that cushions bone ends wears away over time. The condition often targets the knees and hips, limiting mobility and diminishing quality of life. Typical treatment begins with lifestyle adjustments and pain-relief medications, with surgery considered when symptoms become severe.

Low-dose radiation therapy has long been used in European countries such as Germany and Spain to treat joint pain, where it is widely accepted. However, Dr. Kim noted that before this study, rigorous placebo-controlled evidence was scarce, and awareness of the treatment remained low among clinicians in other parts of the world.

"There is a misconception that medicinal, or therapeutic, radiation is always delivered in high doses," he said. "But for osteoarthritis, the doses are only a small fraction of what we use for cancer, and the treatment targets joints that are positioned away from vital organs, which lowers the likelihood of side effects." In this study, he explained, the radiation dose was less than 5% of what is typically used in cancer therapy, and no radiation-related side effects were observed.

The multicenter study included 114 participants with mild to moderate knee osteoarthritis, recruited from three academic hospitals in Korea. They were randomly assigned to one of three groups: a very low dose (0.3 Gy), a low dose (3 Gy), or a control group that received simulated (sham) radiation. In the placebo group, patients went through the same setup as those receiving treatment, but no radiation was actually delivered. Each participant underwent six treatment sessions without knowing which group they were assigned to.




To ensure the results reflected the true effects of radiation, the researchers restricted the use of additional pain relievers, allowing only acetaminophen as needed during the four-month follow-up period. The effectiveness of treatment was evaluated using internationally recognized standards, identifying a participant as a "responder" if they achieved meaningful improvement in at least two of three measures: pain, physical function, and overall assessment of their condition. Participants also completed separate questionnaires addressing pain, stiffness, and mobility. No treatment-related side effects were reported.

After four months, 70% of patients in the 3 Gy group met responder criteria, compared to 42% in the placebo group (p=0.014). Outcomes in the 0.3 Gy group were not significantly different from the control group (58.3% improved, p=0.157), indicating the 3 Gy regimen drove relief beyond placebo effects.

Meaningful improvements in the composite score of pain, stiffness and physical function were reported more often in the 3 Gy group (56.8%) than in the placebo group (30.6%, p=0.024). For other secondary outcomes, including the amount of pain medication needed, there were no significant differences.

Dr. Kim said this trial differed from previous research in two critical ways. "The sham-controlled design helped rule out placebo effects, and we limited stronger analgesics, which made differences between groups more clearly attributable to the radiation itself," he said.

"In previous studies, drugs such as NSAIDs or opioids were also used during the intervention or follow-up period. But using these pain relievers could mask the effects of radiation therapy," he said. Because analgesic use was limited to acetaminophen only during the four months of follow-up in this trial, "that means the differences between treatment groups are more clearly attributable to the low-dose radiation therapy itself."

Responses in the placebo arms were substantial -- about 40% met the criteria for treatment response without true radiation -- but are consistent with rates reported in prior osteoarthritis trials of injections or medications and in at least one similar European study, Dr. Kim said. "It was surprising, and it underscores how important placebo-controlled designs are in osteoarthritis research. We need to examine this more closely in future studies."

Radiation therapy may be best suited for patients with underlying inflammation and preserved joint structure, he explained. "For severe osteoarthritis, where the joint is physically destroyed and cartilage is already gone, radiation will not regenerate tissue," Dr. Kim said. "But for people with mild to moderate disease, this approach could delay the need for joint replacement."

He emphasized that low-dose radiation should be considered as part of shared decision-making alongside standard measures such as weight loss, physiotherapy, and medications. "In clinical practice, responses could be even stronger when radiation is properly combined with other treatments, and patient satisfaction may be higher than with current options alone."

The research team is completing 12-month follow-up to assess durability of benefits and to correlate symptom relief with imaging-based measures of joint structure. Planned studies also include larger, pragmatic trials to evaluate outcomes in specific subgroups and health-economic analyses comparing low-dose radiation with injections and medication regimens.
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It actually rains on the Sun. Here's the stunning reason | ScienceDaily
It rains on the Sun, and scientists at the University of Hawai`i Institute for Astronomy (IfA) have finally uncovered the reason why.


						
Unlike the water that falls from clouds on Earth, solar rain takes place in the Sun's corona, the outermost layer made of intensely hot plasma. This phenomenon involves cooler, heavier blobs of plasma that condense high above the Sun's surface and then plunge back down. For years, researchers couldn't understand how this "rain" formed so rapidly during solar flares.

New explanation

That puzzle has now been solved by Luke Benavitz, a first-year graduate student at IfA, working with IfA astronomer Jeffrey Reep. Their findings, published in the Astrophysical Journal, fill a critical gap in long-standing solar models.

"At present, models assume that the distribution of various elements in the corona is constant throughout space and time, which clearly isn't the case," said Benavitz. "It's exciting to see that when we allow elements like iron to change with time, the models finally match what we actually observe on the Sun. It makes the physics come alive in a way that feels real."

Why it matters

The discovery gives solar scientists new tools to better simulate how the Sun behaves during energetic flares -- knowledge that could eventually improve forecasts of space weather events that influence technology and communications on Earth.




Earlier models suggested the heating that causes coronal rain should take hours or even days, yet solar flares occur within minutes. The IfA team's new approach shows that changes in the relative amounts of elements, or elemental abundances, can account for the rapid formation of solar rain.

"This discovery matters because it helps us understand how the Sun really works," said Reep. "We can't directly see the heating process, so we use cooling as a proxy. But if our models haven't treated abundances properly, the cooling time has likely been overestimated. We might need to go back to the drawing board on coronal heating, so there's a lot of new and exciting work to be done."

Fresh insights

Their findings also open up a broader range of questions. Scientists now realize that the composition of the Sun's atmosphere changes over time, overturning decades of assumptions that it stayed constant. This insight extends far beyond coronal rain, prompting a reexamination of how the Sun's outer layers evolve and how energy circulates through its atmosphere.
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Physicists discover mysterious new type of time crystal | ScienceDaily
Nature follows countless rhythms: the changing of the seasons comes from Earth's orbit around the Sun, and the steady tick of a clock arises from the back-and-forth swing of its pendulum. These patterns can be described with simple mathematical laws.


						
Yet, order can also appear in a far more surprising way -- on its own, without any external timer. When countless particles interact in complex ways, they can spontaneously fall into a repeating rhythm instead of behaving chaotically. This phenomenon is known as a "time crystal." Researchers at TU Wien (Vienna) have now demonstrated that time crystals can form through an entirely different mechanism than scientists had believed possible. Their calculations reveal that quantum correlations between particles, once thought to disrupt these patterns, can in fact help stabilize them. The finding offers a striking new perspective on how collective behaviors emerge in quantum many-particle systems.

Space crystals and time crystals

When a liquid freezes, its particles shift from disorder to order. In the liquid state, the particles move freely and randomly, showing no particular pattern. As the liquid solidifies, the particles lock into precise positions, forming a regular and repeating spatial structure -- a crystal. A liquid is uniform in every direction, but in a crystal that symmetry breaks: it gains structure, with certain directions becoming distinct from others.

Can a similar kind of symmetry breaking happen over time rather than in space? Could a quantum system that initially behaves identically at every moment spontaneously develop a repeating temporal pattern -- a rhythm that marks the emergence of order in time itself?

Quantum fluctuations: harmful or useful?

"This question has been the subject of intensive research in quantum physics for over ten years," says Felix Russo from the Institute of Theoretical Physics at TU Wien, who is conducting research for his doctoral thesis in Prof. Thomas Pohl's team. In fact, it has been shown that so-called time crystals are possible -- systems in which a temporal rhythm is established without the beat being imposed from outside.




"However, it was thought that this was only possible in very specific systems, such as quantum gases, whose physics can be well described by mean values without having to take into account the random fluctuations that are inevitable in quantum physics," says Felix Russo. "We have now shown that it is precisely the quantum physical correlations between the particles, which were previously thought to prevent the formation of time crystals, that can lead to the emergence of time-crystalline phases."

The complex quantum interactions between the particles induce collective behaviour that cannot be explained at the level of individual particles -- similar to how the smoke from an extinguished candle can sometimes form a regular series of smoke rings; a phenomenon whose rhythm is not dictated from outside and which cannot be understood from single smoke particles.

Particles in the laser lattice

"We are investigating a two-dimensional lattice of particles held in place by laser beams," says Felix Russo. "And here we can show that the state of the lattice begins to oscillate -- due to the quantum interaction between the particles."

The research offers the opportunity to better understand the theory of quantum many-body systems -- paving the way for new quantum technologies or high-precision quantum measurement techniques.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251015032309.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



These giant planets shouldn't exist. But they do | ScienceDaily
What do you do when you encounter a strange astronomical event, a collection of data from planets thousands of light-years away, and models that can't quite explain what you're seeing?


						
For one astronomer at Northern Arizona University's Department of Astronomy and Planetary Science, the answer is simple: start building better models.

With funding from the National Science Foundation and collaboration with co-investigators at Indiana University Bloomington, he is leading a three-year study on the origins of eccentric warm Jupiters -- gas giants outside our solar system that follow unusually stretched orbits.

By the time the research concludes in 2028, the team aims to develop a deeper theoretical understanding of how these unusual planets formed, and whether the same forces could have shaped our own solar system.

"The variability of extrasolar planets is just enormous," Munoz said. "Extrasolar systems can look like our solar system, but in some cases, they look entirely different and exotic. We're very interested in seeing how the solar system forms in context by understanding systems that look like ours and ones that look completely different. We can get a sense of what the extremes are, how average our planet formation history is and how average our solar system is."

Among these extreme planetary systems, the eccentric warm Jupiters stand out as some of the most fascinating.

For years, scientists thought warm Jupiters formed in the same way as their better-known relatives, the hot Jupiters, which share similar size and mass but orbit much closer to their stars. As telescopes improved and more precise data became available, however, astronomers realized warm Jupiters might have far more complicated origins.




Unlike hot Jupiters, which can orbit their stars at almost any tilt, warm Jupiters are almost always aligned with their stars' equators. Observations also reveal that the more elongated a warm Jupiter's orbit is, the more precisely aligned it tends to be -- a surprising pattern that no current planet formation theory can explain.

To explore this mystery, the researcher is developing a new and expanding catalog of eccentric warm Jupiters using data from NASA's Transiting Exoplanet Survey Satellite (TESS). These discoveries will serve as the foundation for both updated and entirely new models that could finally reveal how these strange worlds came to be.

"The data tells us that warm Jupiters are not just the tail end of hot Jupiters," Munoz said. "It tells us they may have a different history. We need to understand if this is just a quirk -- if these are pathological cases that happen maybe once every million cases -- or if there is an additional physical process that we have ignored in the past that we might be able to unveil."

Knowing what processes are at work during an eccentric warm Jupiter's formation could help astronomers uncover hidden truths about our solar system's evolution and the creation of countless others just like it. But before diving into the implications, Munoz has to interrogate multiple hypotheses until he can find one that is practical and plausible.

One possibility is that these eccentric warm Jupiters have companion planets that somehow alter their orbits without misaligning them relative to their stars' equator. Having varying eccentricities and varying inclinations simultaneously is well understood from a modeling perspective, but having one and not the other is not as easily explained.

Another concerns the gaseous nebulas in which the planets and their stars formed. Munoz reasons that these planets could have interacted with their surroundings in ways astronomers could never have anticipated as they were developing. Discoveries of this nature could permanently change the way astronomers map planet formation.




Last, and Munoz's favorite, is the idea that the stars in these systems are responsible. Because stars are fluid bodies, they can develop internal waves that can sometimes crash and extract energy from a planet's orbit in peculiar ways. He said it's mathematically feasible that these waves could also be the reason warm Jupiters align so closely with their host stars' equators.

The answer to which theory is correct, as of now, is a mystery, but it's one Munoz will be hard at work solving with myriad modeling techniques.

"I'm a theorist, so I work on models using heavy-duty computers, pencil-and-paper calculations and anything in between," Munoz said. "We don't have a model that predicted this to begin with, so we're going to go crazy and dive into the most creative ways we can think about this problem. But once you have a mathematical model, that is just the beginning."

Next year, Munoz will hire a graduate student who excels in creative puzzle solving to assist him throughout his modeling study. In the meantime, he said his research into his host star hypothesis has been promising, and he hopes to publish his findings in the near future.
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This tiny worm uses static electricity to hunt flying insects | ScienceDaily
A minuscule parasitic worm capable of springing into the air up to 25 times its own body length can latch onto flying insects with the help of static electricity, according to new research. The findings, published in PNAS, focus on the nematode Steinernema carpocapsae and come from a collaboration between scientists at Emory University and the University of California, Berkeley.


						
"We've identified the electrostatic mechanism this worm uses to hit its target, and we've shown the importance of this mechanism for the worm's survival," says co-author Justin Burton, an Emory professor of physics whose lab led the mathematical analyses of laboratory experiments. "Higher voltage, combined with a tiny breath of wind, greatly boosts the odds of a jumping worm connecting to a flying insect."

Victor Ortega-Jimenez, co-lead author and assistant professor of biomechanics at the University of California, Berkeley, adds, "You might expect to find big discoveries in big animals, but the tiny ones also hold a lot of interesting secrets." He led the experimental work, using high-speed microscopy to capture footage of the needle-tip-sized worms launching themselves toward electrically charged fruit flies.

The researchers discovered that an insect's wings generate an electric field of several hundred volts as they move through the air. This charge induces an opposite charge in the worm, creating an attraction that pulls the two together. They confirmed that the process is powered by electrostatic induction.

"Using physics we learned something new and interesting about an adaptive strategy in an organism," says Ranjiangshang Ran, co-lead author of the paper and a postdoctoral fellow in Burton's lab. "We're helping to pioneer the emerging field of electrostatic ecology."

Other contributors include Saad Bhamla and Sunny Kumar from the Georgia Institute of Technology, who study biomechanics across species and conducted preliminary trials, as well as Adler Dillman, a nematode biologist at the University of California, Riverside.

The shocking lives of tiny creatures

Static electricity -- the spark you feel when touching a doorknob or pulling on a sweater -- occurs when electrons build up and discharge suddenly upon contact with a conductor.




While for humans it's a brief jolt of annoyance, scientists are discovering that static electricity plays a major role in the survival and behavior of many small organisms.

In 2013, Ortega-Jimenez found that spider webs can exploit the electrical charge of nearby insects to draw them in and trap them. Other studies have shown that bees use static forces to gather pollen, flower mites cling to hummingbirds using electrostatic attraction, and ballooning spiders rely on charged silk to drift across long distances.

Burton and Ortega-Jimenez also co-wrote a recent commentary for Trends in Parasitology that examined how static electricity affects ticks.

"Ticks can get sucked up from the ground by fluffy animals, purely through the static electricity in the animal's fur," Burton explains.

In experiments testing this phenomenon, Ortega-Jimenez developed a technique to precisely control the electric charge of a tethered tick. That innovation provided the missing method needed to move forward with the new nematode research.

As the jumping worm turns

For the current paper, the researchers wanted to investigate how electrostatic forces, in combination with aerodynamics, affects the success rate of S. carpocapsae to connect with a flying insect.




S. carpocapsae is an unsegmented roundworm, or nematode, that kills insects through a symbiotic relationship with bacteria. The worm thrives in soils nearly everywhere on Earth except the Poles. It is increasingly used for biological pest control in agriculture, with researchers around the world studying how to further drive its effectiveness as a natural pesticide.

When the worm senses an insect overhead, it curls into a loop and then launches itself in the air as high as 25 times its body length. That's the equivalent of a human being jumping higher than a 10-story building.

"I believe these nematodes are some of the smallest, best jumpers in the world," Ortega-Jimenez says. During their dizzying, acrobatic leaps, he notes, they rotate at 1,000 times per second.

If the worm hits its target, it enters the insect's body through a natural opening. It then deposits its symbiotic bacteria, which kills the insect within 48 hours. After the death of the host, the worm feeds on the multiplying bacteria, as well as on the insect tissue, and lays eggs. Several generations may occur in the insect's cadaver until the juvenile worms emerge into the environment to infect other insects with bacteria.

Painstaking experiments

The researchers designed experiments to investigate the physics involved in the worm's prowess at connecting with a flying insect.

In nature, the wings of a flying insect rubbing against ions in the air can generate hundreds of volts. The physicists needed to know the exact charge of the fruit flies used in the experimental model. That required Ortega-Jimenez to attach a tiny wire connected to a high-voltage power supply to the back of each fruit fly to control its voltage.

"It's very difficult to glue a wire to a fruit fly," he says. "Usually, it took me half an hour, or sometimes an hour."

Another challenge was identifying the right conditions to induce worms in the experimental setup to jump. Ortega-Jimenez used a substrate of moistened paper. The paper had to be just wet enough, but not too wet. Finally, a worm needed the encouragement of a gentle puff of air or a slight mechanical disturbance before making the leap toward a suspended fruit fly.

Ortega-Jimenez conducted dozens of experiments, recording them with a special high-speed camera capable of capturing the midair trajectories of the submillimeter worms, which are essentially invisible to the human eye, at 10,000 frames per second.

He also created a tiny wind tunnel for some of the experiments, so that the physicists could analyze the role of ambient breeze in the worm's target success rate.

Digitizing the data

Using computer software, Ran digitized the trajectories of the worms, drawing from about 60 videos of experiments. The process was time consuming in instances when a worm left the focal plane of the camera, blurring the image, in which case Ran needed to click by hand to record its position.

Ran used a computer algorithm known as Markov chain Monte Carlo (MCMC) to analyze the digitized data. ("Markov" stands for the mathematician who developed the algorithm, while "Monte Carlo" refers to the area of Monaco famous for its casinos.)

"MCMC allows you to do random explorations, using different sets of parameters, to determine a mathematical probability for an outcome," Ran explains.

Ran identified a set of 50,000 plausible values of fitting parameters for a single worm's trajectory -- such as the voltage of the insect, the physical dimensions and the launching velocity of the worm -- to test the probability of a particular charge in a worm allowing it to hit its target.

With no electrostatics, only one out of 19 worm trajectories successfully reached the target.

The model showed that a charge of a few hundred volts -- a magnitude commonly found in flying insects -- generates an opposite charge in a jumping worm and significantly increases the odds of it connecting to a midair insect. A charge of just 100 volts resulted in a probability for hitting the target of less than 10%, while 800 volts boosted the probability of success to 80%.

A worm expends a vast amount of energy to jump and faces risks of predation or drying out while suspended in the air.

"Our findings suggest that, without electrostatics, it would make no sense for this jumping predatory behavior to have evolved in these worms," Ran says.

Science past and future

The researchers had theorized that electrostatic induction was the mechanism driving the interplay between the worm and its target. Sifting through research papers eventually led them to a law of induction posited by Scottish physicist James Clerk Maxwell.

"Maxwell, one of the most prolific physicists of all time, had a wild imagination, similar to Einstein," Ran says. "It turns out that our model for the worm-charging mechanism agreed with a prediction for electrostatic induction that Maxwell made in 1870. There are many buried treasures in scientific history. Sometimes being a scientist is like being an archeologist."

Drag force was another key part of the equation, due to the tiny size of the worm. The researchers use the comparison of a bowling ball flying through the air, which is not much affected by drag force, and a floating feather, which is highly dependent on it.

Ran drew from the experimental data to simulate the effects of electrostatic charge combined with various wind speeds. The results revealed how the faintest breeze, just 0.2 meters per second, combined with higher voltage further increased the likelihood of a worm hitting its target.

The work serves as a new framework for further investigations into the role of electrostatics in ecology.

"We live in an electrical world, electricity is all around us, but the electrostatics of small organisms remains mostly an enigma," Ortega-Jimenez says. "We are developing the tools to investigate many more valuable questions surrounding this mystery."

The work was supported by a grant from the W.M. Keck Foundation and the Tarbutton Postdoctoral Fellowship of Emory College of Arts and Sciences.
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Astronomers detect a cosmic "heartbeat" in pulsar signals | ScienceDaily
Pulsars may be revealing that extremely low-frequency gravitational waves are moving through the universe. Observations reported in 2023 by international pulsar timing array collaborations could be caused by either a background of overlapping gravitational waves from countless distant sources or a single pair of nearby supermassive black holes orbiting each other. To determine which explanation fits, Hideki Asada, a theoretical physicist and Professor at Hirosaki University, and Shun Yamamoto, a researcher at the Graduate School of Science and Technology, Hirosaki University, have proposed a new approach. Their method takes advantage of "beat" effects that occur when two gravitational waves have nearly the same frequency, searching for their subtle influence on the arrival times of pulsars' radio signals.


						
Their findings were recently published in the Journal of Cosmology and Astroparticle Physics (JCAP).

The night sky contains remarkably precise "cosmic clocks": pulsars, which are dense neutron stars that emit radio pulses at steady intervals, ticking like perfectly timed metronomes. On Earth, radio telescopes track these pulses not only to learn about the pulsars themselves, but also to use them as tools for studying the structure and behavior of the wider universe.

If something unseen -- almost a "cosmic ghost" -- distorts spacetime between a pulsar and Earth, the timing of its pulses shifts slightly. These changes are not random; several pulsars in certain parts of the sky can show matching variations, as if a slow, invisible wave were passing through space.

"In 2023 several pulsar timing array collaborations -- NANOGrav in the US, and European teams -- announced strong evidence for nanohertz gravitational waves," Asada notes. Nanohertz means wave periods of months to years, with wavelengths of several light-years. To probe such scales, we rely on distant, stable pulsars hundreds to thousands of light-years away. "The signal was statistically reliable but below the 5-sigma threshold that particle physicists usually require," he continues. "It's 'strong evidence' but not yet a confirmed detection, but the cosmology and astrophysics community believes we are approaching the first detection of nanohertz gravitational waves."

Although the evidence is promising, it still falls short of absolute confirmation. Asada notes that if future data strengthen the result, the next step will be to pinpoint the origin. "There are two main candidate sources for nanohertz gravitational waves," he explains. "One is cosmic inflation, which would have created spacetime fluctuations in the very early universe, later stretched to cosmic scales. The other is supermassive black hole binaries, which form when galaxies merge. Both scenarios could generate nanohertz gravitational waves."

Distinguishing between these possibilities has been difficult because the correlation patterns seen in pulsar data -- the way timing differences between pulsars relate to each other -- were once thought to appear similar in both cases. "In our paper, we explored the situation where a nearby pair of supermassive black holes produces a particularly strong signal," Asada says. "If two such systems have very similar frequencies, their waves can interfere and create a beat pattern, like in acoustics. That feature could, in principle, allow us to distinguish them from the stochastic background of inflation."

Asada and Yamamoto therefore leverage a familiar acoustic effect: beats. When two waves have almost -- but not exactly -- the same frequency, their superposition produces periodic strengthening and weakening. Applied to gravitational waves, two supermassive-black-hole binaries with similar frequencies would imprint a characteristic modulation in the pulsar-timing signal. The method is to look for this modulation -- the "beat" -- in the pulsar correlation patterns. If it's present, that strongly suggests the signal is not a diffuse background but arises from specific, relatively nearby binaries.

We now await stronger confirmation of the pulsar signal's nature. "I think once a confirmed detection at 5-sigma is achieved, maybe within a few years, the next step will be to ask: what is the origin of the waves? At that point, our method could be useful to distinguish whether they come from inflation or from nearby supermassive black hole binaries," Asada concludes.
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A 151-million-year-old fly just changed what we know about evolution | ScienceDaily
An international group of researchers led by the Donana Biological Station (EBD-CSIC) has identified a previously unknown species of fossilized insect from the Jurassic period in Australia, estimated to be about 151 million years old. This discovery marks the oldest known member of the Chironomidae family found in the Southern Hemisphere. These non-biting midges typically live in freshwater environments. The fossil reveals a remarkable evolutionary feature: a structure that likely helped the insect attach securely to rocks. Until now, such an anchoring mechanism had only been documented in marine organisms.


						
The fossil was uncovered in the Talbragar fish beds in New South Wales. The study, published in the journal Gondwana Research, involved experts from the Australian Museum Research Institute, the University of New South Wales, the University of Munich, and Massey University in New Zealand.

The fly from the stagnant waters

"This fossil, which is the oldest registered find in the Southern Hemisphere, indicates that this group of freshwater animals might have originated on the southern supercontinent of Gondwana," explains Viktor Baranov, a researcher at the Donana Biological Station and first author of the study.

The newly identified species was named Telmatomyia talbragarica, meaning "fly from the stagnant waters," a nod to the lake-like setting of the Talbragar region.

Researchers examined six fossilized specimens, including pupae and emerging adults, all showing the presence of a terminal disc. This structure, known to function in environments affected by tides, was once believed to be limited to marine species. However, sediment and fossil evidence from Talbragar indicate that the area was once a freshwater habitat, demonstrating the surprising adaptability (phenotypic plasticity) of chironomids.

Rethinking the origins of the family

The Podonominae group has long served as a valuable model for studying how species are distributed across the planet and how biodiversity arises over time.




Earlier theories suggested that Podonominae originated in northern Gondwana before spreading northward into Laurasia, the ancient landmass that included today's Northern Hemisphere continents. Their fossil record, however, is limited, partly because of preservation challenges and a lack of studies focusing on Southern Hemisphere specimens. Later discoveries of older fossils in Eurasia, dating back to the Jurassic, prompted some scientists to propose a Laurasian origin instead.

The new findings challenge that view, offering strong evidence that the Podonominae subfamily most likely began in the Southern Hemisphere and later expanded worldwide.

Today, Podonominae species are found mostly in the Southern Hemisphere. Their scattered distribution across South America, Australia, South Africa, and New Zealand is a classic case of vicariance -- a process in which natural barriers such as mountains or rivers divide a population, forcing each group to evolve independently and form new species. Swedish entomologist Lars Brundin first proposed in 1966 that the breakup of the ancient supercontinent Gondwana triggered this evolutionary separation.

Limitations due to the scarcity of fossils in the Southern Hemisphere

While this discovery addresses a significant gap in the lineage's fossil record, a comprehensive understanding of this group's evolutionary history is still limited by the lack of Southern Hemisphere fossils. The majority of known Podonominae fossils originate from the Northern Hemisphere, with only two prior exceptions documented from the Southern Hemisphere: an Eocene specimen from Australia and a Paleocene record from India.

There is a strong bias towards finding and studying fossils in the Northern Hemisphere. Because of this we end up making incorrect assumptions about where groups originated," explains Matthew McCurry, palaeontologist from the Australian Museum and The University of New South Wales.

Professor in Massey University Steve Trewick claims, "there are long-standing questions about the way Southern Hemisphere biotas formed and changed through geological time. Fossils species of tiny, delicate freshwater insects like the Talbragar fly are rare and help us interpret the history of life on our planet."

The analysis of the fossilized specimens, combined with genomics, will help determine whether the dispersal of these insects after the breakup of Gondwana was primarily passive or active. The resulting data will certainly be of value for comprehending and conserving modern-day biodiversity.
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The Sun's hidden poles could finally reveal its greatest secrets | ScienceDaily
The Sun's polar regions remain one of the least explored areas in solar science. Space-based observatories and ground telescopes have given us extraordinary images of the Sun's surface, atmosphere, and magnetic fields, but nearly all of those observations come from within the ecliptic plane -- the narrow zone where Earth and most other planets orbit. This viewing angle limits what scientists can see of the Sun's high-latitude poles. Yet these regions are crucial, as their magnetic fields and dynamic activity help shape the solar magnetic cycle and supply the mass and energy that feed the fast solar wind, influencing solar behavior and driving space weather throughout the solar system.


						
Why the Poles Matter

At first glance, the Sun's poles seem calm compared to the active mid-latitudes around +-35deg, where sunspots, solar flares, and coronal mass ejections (CMEs) dominate. But appearances are deceiving. The magnetic fields at the poles are vital to the Sun's global dynamo process and may act as "seed fields" that shape the next solar cycle, defining the overall solar magnetic structure. Data from the Ulysses spacecraft showed that the fast solar wind originates mainly from vast coronal holes near the poles. Understanding these regions is therefore key to answering three of the most important questions in solar physics:

1. How does the solar dynamo operate and drive the magnetic cycle?

The Sun's magnetic cycle is a repeating pattern that lasts about 11 years, marked by fluctuations in sunspot numbers and a complete reversal of the Sun's magnetic poles. This process is driven by a complex dynamo mechanism powered by the Sun's internal motion. Differential rotation produces magnetic activity, while meridional circulation carries magnetic flux toward the poles. However, decades of helioseismic studies have revealed conflicting information about how these flows behave deep inside the convection zone. Some evidence even points to poleward flows at the base of the zone, challenging traditional dynamo theories. Observations from high latitudes are needed to clarify these internal flow patterns and refine existing models.

2. What powers the fast solar wind?

The fast solar wind -- a supersonic stream of charged particles -- originates mainly in the Sun's polar coronal holes and fills most of the heliosphere, shaping conditions in interplanetary space. Yet scientists still do not fully understand how it begins. Does it emerge from dense plumes inside the coronal holes, or from the more diffuse regions between them? Are magnetic reconnection events, wave interactions, or both responsible for accelerating the flow? Only direct imaging of the poles and in-situ measurements can resolve these long-standing questions.




3. How do space weather events spread through the solar system?

Space weather refers to changes in the solar wind and solar eruptions that disturb the space environment. Extreme events such as powerful flares and CMEs can trigger geomagnetic and ionospheric storms on Earth, creating dazzling auroras but also threatening satellites, communication systems, and power grids. To improve forecasts, researchers must follow how solar material and magnetic structures evolve across the Sun and through space, not just from the limited perspective of Earth's orbital plane. Observing from outside the ecliptic would provide a crucial top-down view, helping scientists trace how CMEs and other disturbances travel through the solar system.

Past Efforts

Scientists have long recognized the importance of solar polar observations. The Ulysses mission, launched in 1990, was the first spacecraft to leave the ecliptic plane and sample the solar wind over the poles. Its in-situ instruments confirmed key properties of the fast solar wind but lacked imaging capability. More recently, the European Space Agency's Solar Orbiter has been gradually moving out of the ecliptic plane and is expected to reach latitudes of around 34deg in a few years. While this represents a remarkable progress, it still falls far short of the vantage needed for a true polar view.

A number of ambitious mission concepts have been proposed over the past decades, including the Solar Polar Imager (SPI), the POLAR Investigation of the Sun (POLARIS), the Solar Polar ORbit Telescope (SPORT), the Solaris mission, and the High Inclination Solar Mission (HISM). Some envisioned using advanced propulsion such as solar sails to reach high inclinations. Others relied on gravity assists to incrementally tilt their orbits. Each of these missions would carry both remote-sensing and in-situ instruments to image the Sun's poles and measure key physical parameters above the poles.

The SPO Mission

The Solar Polar-orbit Observatory (SPO) is designed specifically to overcome the limitations of past and current missions. Scheduled for launch in January 2029, SPO will use a Jupiter gravity assist (JGA) to bend its trajectory out of the ecliptic plane. After several Earth flybys and a carefully planned encounter with Jupiter, the spacecraft will settle into a 1.5-year orbit with a perihelion of about 1 AU and an inclination of up to 75deg. In its extended mission, SPO could climb to 80deg, offering the most direct view of the poles ever achieved.




The 15-year lifetime of the mission (including an 7-year extended mission period) will allow it to cover both solar minimum and maximum, including the crucial period around 2035 when the next solar maximum and expected polar magnetic field reversal will occur. During the whole lifetime, SPO will repeatedly pass over both poles, with extended high-latitude observation windows lasting more than 1000 days.

The SPO mission aims at breakthroughs on the three scientific questions mentioned above. To meet its ambitious objectives, SPO will carry a suite of several remote-sensing and in-situ instruments. Together, they will provide a comprehensive view of the Sun's poles. The remote-sensing instruments include the Magnetic and Helioseismic Imager (MHI) to measure magnetic fields and plasma flows at the surface, the Extreme Ultraviolet Telescope (EUT) and the X-ray Imaging Telescope (XIT) to capture dynamic events in the solar upper atmosphere, the VISible-light CORonagraph (VISCOR) and the Very Large Angle CORonagraph (VLACOR) to track the solar corona and solar wind streams out to 45 solar radii (at 1 AU). The in-situ package includes a magnetometer and particle detectors to sample the solar wind and interplanetary magnetic field directly. By combining these observations, SPO will not only capture images of the poles for the first time but also connect them to the flows of plasma and magnetic energy that shape the heliosphere.

SPO will not operate in isolation. It is expected to work in concert with a growing fleet of solar missions. These include the STEREO Mission, the Hinode satellite, the Solar Dynamics Observatory (SDO), the Interface Region Imaging Spectrograph (IRIS), the Advanced Space-based Solar Observatory (ASO-S), the Solar Orbiter, the Aditya-L1 mission, the PUNCH mission, as well as the upcoming L5 missions (e.g., ESA's Vigil mission and China's LAVSO mission). Together, these assets will form an unprecedented observational network. SPO's polar vantage will provide the missing piece, enabling nearly global 4p coverage of the Sun for the first time in human history.

Looking Ahead

The Sun is our nearest star, yet much about it remains unknown. The upcoming Solar Polar-orbit Observatory (SPO) mission is expected to change that by giving scientists an unprecedented look at the Sun's polar regions. These areas, which have long been hidden from direct view, will soon be observed in detail, offering new insight into the forces that shape our star and sustain life on Earth.

The importance of SPO goes far beyond pure scientific curiosity. By improving knowledge of the solar dynamo, the mission could lead to more accurate predictions of the solar cycle and, in turn, more reliable space weather forecasts. Understanding how the fast solar wind forms and behaves will also refine models of the heliosphere, which is vital for spacecraft engineering and astronaut safety. Most significantly, advances in tracking solar activity could strengthen our ability to safeguard critical technologies, including navigation and communication satellites, aviation systems, and power grids on Earth.
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A telescope larger than Earth just revealed the hidden heart of a mysterious galaxy | ScienceDaily
For more than a century and a half, astronomers have been captivated by the distant galaxy OJ 287, located about five billion light years from Earth. Its puzzling variations in brightness have long hinted that two enormous black holes may be orbiting and merging at its center. Now, an international team led by Dr. Efthalia Traianou of Heidelberg University has captured a highly detailed image of the galaxy's core, revealing features never seen before. Using a space-based radio telescope, the researchers produced an image that uncovers a sharply curved section of a plasma jet streaming from the galaxy's center, offering fresh insight into the extreme environments surrounding supermassive black holes.


						
OJ 287 is classified as a blazar, a type of active galaxy known for its intense energy and brightness. At its heart lies a supermassive black hole that draws in matter from nearby space and propels some of it outward in colossal plasma jets filled with radiation, heat, magnetic fields, and heavy particles. "We have never before observed a structure in the OJ 287 galaxy at the level of detail seen in the new image," said Dr. Traianou, a postdoctoral researcher working with Dr. Roman Gold at Heidelberg University's Interdisciplinary Center for Scientific Computing.

The image penetrates deeply into the galaxy's center, revealing a sharply bent, ribbon-like jet structure and providing clues about the plasma's composition and motion. Some areas reach temperatures of around ten trillion degrees Kelvin, showing just how much energy is being released near the black hole. The scientists also detected a new shock wave forming and colliding along the jet, which they linked to trillion-electron-volt energy levels observed in an unusual gamma-ray signal detected in 2017.

To obtain this remarkable view, the researchers used a ground-space radio interferometer that combined a radio telescope in Earth's orbit (the ten-meter antenna of the RadioAstron mission aboard the Spektr-R satellite) with 27 ground-based observatories around the world. By linking signals from these observatories, they effectively created a virtual telescope five times wider than Earth's diameter. The extraordinary resolution of the resulting image comes from measuring how light waves overlap, taking full advantage of the wave properties of light itself.

The interferometric image underpins the assumption that a binary supermassive black hole is located inside galaxy OJ 287. It also provides important information on how the movements of such black holes influence the form and orientation of the plasma jets emitted. "Its special properties make the galaxy an ideal candidate for further research into merging black holes and the associated gravitational waves," states Efthalia Traianou.

Institutions from Germany, Italy, Russia, Spain, South Korea, and the US all contributed to the research. It was supported by various research and funding institutions. The research results were published in the journal Astronomy & Astrophysics.
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Scientists unlock a 100-year-old quantum secret to supercharge solar power | ScienceDaily
In a breakthrough that connects modern science with ideas first explored a century ago, researchers have witnessed a surprising phenomenon once thought possible only in inorganic metal oxides appearing inside a glowing organic semiconductor molecule. Led by scientists at the University of Cambridge, the discovery reveals a new and efficient way to capture light and convert it into electricity. This finding could reshape the future of solar technology and electronics, paving the way for lightweight, affordable solar panels built from a single material.


						
The study centers on a spin-radical organic semiconductor known as P3TTM. At the core of each molecule lies one unpaired electron, which gives it distinctive magnetic and electronic behavior. The work is the result of collaboration between Professor Hugo Bronstein's synthetic chemistry group in the Yusuf Hamied Department of Chemistry and Professor Sir Richard Friend's semiconductor physics team in the Department of Physics. These researchers previously designed this family of molecules for their bright luminescence, useful in organic LEDs, but the new paper in Nature Materials reveals something unexpected: when the molecules are packed closely together, their unpaired electrons interact much like those in a Mott-Hubbard insulator.

"This is the real magic," explained Biwen Li, the lead researcher at the Cavendish Laboratory. "In most organic materials, electrons are paired up and don't interact with their neighbors. But in our system, when the molecules pack together the interaction between the unpaired electrons on neighboring sites encourages them to align themselves alternately up and down, a hallmark of Mott-Hubbard behavior. Upon absorbing light one of these electrons hops onto its nearest neighbor creating positive and negative charges which can be extracted to give a photocurrent (electricity)."

To test this effect, the team built a solar cell using a thin film of P3TTM. When exposed to light, the device achieved nearly perfect charge collection efficiency, meaning almost every incoming photon was turned into usable electric current. Traditional organic solar cells require two materials -- one to donate electrons and another to accept them -- and this interface limits efficiency. In contrast, these new molecules perform the entire conversion process within a single substance. After a photon is absorbed, an electron naturally moves to a neighboring molecule of the same type, creating charge separation. The small amount of energy needed for this process, known as the "Hubbard U," represents the electrostatic cost of placing two electrons on the same negatively charged molecule.

Dr. Petri Murto in the Yusuf Hamied Department of Chemistry developed molecular structures that allow tuning of the molecule-to-molecule contact and the energy balance governed by Mott-Hubbard physics needed to achieve charge separation. This breakthrough means that it might be possible to fabricate solar cells from a single, low-cost lightweight material.

The discovery carries profound historical significance. The paper's senior author, Professor Sir Richard Friend, interacted with Sir Nevill Mott early in his career. This finding emerges in the same year as the 120th anniversary of Mott's birth, paying a fitting tribute to the legendary physicist whose work on electron interactions in disordered systems laid the groundwork for modern condensed matter physics.

"It feels like coming full circle," said Prof. Friend. "Mott's insights were foundational for my own career and for our understanding of semiconductors. To now see these profound quantum mechanical rules manifesting in a completely new class of organic materials, and to harness them for light harvesting, is truly special."

"We are not just improving old designs" said Prof. Bronstein. "We are writing a new chapter in the textbook, showing that organic materials are able to generate charges all by themselves."
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JWST may have found the Universe's first stars powered by dark matter | ScienceDaily
In the early universe, a few hundred million years after the Big Bang, the first stars emerged from vast, untouched clouds of hydrogen and helium. Recent observations from the James Webb Space Telescope (JWST) suggest that some of these early stars may have been unlike the familiar (nuclear fusion-powered) stars that astronomers have studied for centuries. A new study led by Cosmin Ilie of Colgate University, together with Shafaat Mahmud (Colgate '26), Jillian Paulin (Colgate '23) at the University of Pennsylvania, and Katherine Freese at The University of Texas at Austin, has identified four extremely distant objects whose appearance and spectral signatures match what scientists expect from supermassive dark stars.


						
"Supermassive dark stars are extremely bright, giant, yet puffy clouds made primarily out of hydrogen and helium, which are supported against gravitational collapse by the minute amounts of self-annihilating dark matter inside them," Ilie said. Supermassive dark stars and their black hole remnants could be key to solving two recent astronomical puzzles: i. the larger than expected extremely bright, yet compact, very distant galaxies observed with JWST, and ii. the origin of the supermassive black holes powering the most distant quasars observed.

Katherine Freese first proposed the idea of dark stars with Doug Spolyar and Paolo Gondolo, publishing their initial peer-reviewed paper on the concept in Physical Review Letters in 2008. That study outlined how dark stars might grow and eventually collapse into supermassive black holes in the early universe. In 2010, Freese, Ilie, Spolyar, and their collaborators expanded on the theory in The Astrophysical Journal, describing two possible processes that could allow dark stars to reach immense sizes and predicting that they could seed the black holes found in the earliest quasars known to exist.

Dark matter is thought to make up roughly a quarter of the universe, yet its nature remains one of science's greatest mysteries. Researchers believe it is composed of a still-undetected type of elementary particle. Decades of experiments have searched for these particles, but so far without success. One leading possibility involves Weakly Interacting Massive Particles (WIMPs). When two WIMPs collide, they are expected to annihilate each other, releasing energy that could heat collapsing hydrogen clouds and cause them to shine as brilliant dark stars.

Conditions a few hundred million years after the Big Bang, within dense regions called dark matter halos, appear to have been ideal for forming such stars. These regions are also where the first generation of normal stars was expected to appear.

"For the first time we have identified spectroscopic supermassive dark star candidates in JWST, including the earliest objects at redshift 14, only 300 Myr after the Big Bang," said Freese, the Jeff and Gail Kodosky Endowed Chair in Physics and director of the Weinberg Institute and Texas Center for Cosmology and Astroparticle Physics at UT Austin. "Weighing a million times as much as the Sun, such early dark stars are important not only in teaching us about dark matter but also as precursors to the early supermassive black holes seen in JWST that are otherwise so difficult to explain."

In a 2023 PNAS study by Ilie, Paulin, and Freese, the first supermassive dark star candidates (JADES-GS-z13-0, JADES-GS-z12-0, and JADES-GS-z11-0) were identified using photometric data from JWST's NIRCam instrument. Since then, spectra from JWST's NIRSpec instrument became available for those, and a few other extremely distant objects. The team, which now also includes Shafaat Mahmud analyzed the spectra and morphology of four of the most distant objects ever observed (including two candidates from the 2023 study): JADES-GS-z14-0, JADES-GS-z14-1, JADES-GS-13-0, and JADES-GS-z11-0 and found that each of them is consistent with a supermassive dark star interpretation.




JADES-GS-z14-1 is not resolved, meaning it is consistent with a point source, such as a very distant supermassive star would be. The other three are extremely compact, and can be modeled by supermassive dark stars powering a nebula (i.e. ionized H and He gas surrounding the star). Each of the four objects analyzed in this study is also consistent with a galaxy interpretation, as shown in the literature. Dark stars have a smoking gun signature, an absorption feature at 1640 Angstrom, due to the large amounts of singly ionized helium in their atmospheres. And in fact, one of the four objects analyzed shows signs of this feature.

"One of the most exciting moments during this research was when we found the 1640 Angstrom absorption dip in the spectrum of JADES-GS-z14-0. While the signal to noise ratio of this feature is relatively low (S/N~2), it is for the first time we found a potential smoking gun signature of a dark star. Which, in itself, is remarkable," Ilie said.

Astronomers using the Atacama Large Millimeter/submillimeter Array (ALMA) measured the spectrum of the same object, revealing the presence of oxygen, via a nebular emission line. Researchers said that if both spectral features are confirmed, the object cannot be an isolated dark star, but rather may be a dark star embedded in a metal rich environment. This could be the outcome of a merger, where a dark matter halo hosting a dark star merges with a galaxy. Alternatively, dark stars and regular stars could have formed in the same host halo, as the researchers now realized it is possible.

The identification of supermassive dark stars would open up the possibility of learning about the dark matter particle based on the observed properties of those objects, and would establish a new field of astronomy: the study of dark matter-powered stars. This published PNAS research is a key step in this direction.

Funding Acknowledgments: This research was made possible by generous funding from the following agencies: Colgate University Research Council, The Picker Interdisciplinary Sciences Institute, the U.S. Department of Energy's Office of High Energy Physics program, Swedish Research Council, LSST Discovery Alliance, the Brinson Foundation, the WoodNext Foundation, and the Research Corporation for Science Advancement Foundation.
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MIT scientists find metals hold secret atomic patterns | ScienceDaily
For years, scientists have known that tiny chemical patterns can form inside metal alloys, but most assumed these patterns were insignificant or disappeared during manufacturing. Recent experiments have shown that in controlled lab conditions, such patterns can actually influence how metals behave -- affecting their strength, durability, heat resistance, and even how well they withstand radiation.


						
Researchers at MIT have now discovered that these subtle chemical arrangements also persist in metals made through standard industrial processes. The unexpected finding points to a new physical principle that explains why these patterns remain.

In a study published in Nature Communications, the MIT team detailed how they identified and analyzed the patterns, uncovering the physics that drives them. They also developed a model that predicts how these patterns form, allowing engineers to potentially adjust them to fine-tune a metal's properties for use in aerospace, semiconductor, or nuclear applications.

"The conclusion is: You can never completely randomize the atoms in a metal. It doesn't matter how you process it," explains Rodrigo Freitas, the TDK Assistant Professor in the MIT Department of Materials Science and Engineering. "This is the first paper showing these non-equilibrium states that are retained in the metal. Right now, this chemical order is not something we're controlling for or paying attention to when we manufacture metals."

For Freitas, an early-career researcher, the discovery validates his decision to pursue a problem many others thought was already settled. He credits support from the U.S. Air Force Office of Scientific Research's Young Investigator Program and the collaborative effort of his team, which includes three MIT PhD students -- Mahmudul Islam, Yifan Cao, and Killian Sheriff -- as co-first authors.

"There was the question of whether I should even be tackling this specific problem because people have been working on it for a long time," Freitas says. "But the more I learned about it, the more I saw researchers were thinking about this in idealized laboratory scenarios. We wanted to perform simulations that were as realistic as possible to reproduce these manufacturing processes with high fidelity. My favorite part of this project is how non-intuitive the findings are. The fact that you cannot completely mix something together, people didn't see that coming."

From surprises to theories

Freitas and his team began with a simple question: how quickly do elements mix during the processing of metals? Conventional thinking suggested that there comes a point where metals become completely uniform at the atomic level during manufacturing. Finding that point, they believed, could help design alloys with varying levels of short-range atomic order.




Using advanced machine-learning tools, the researchers simulated how millions of atoms moved and rearranged during metal processing.

"The first thing we did was to deform a piece of metal," Freitas explains. "That's a common step during manufacturing: You roll the metal and deform it and heat it up again and deform it a little more, so it develops the structure you want. We did that and we tracked chemical order. The thought was as you deform the material, its chemical bonds are broken and that randomizes the system. These violent manufacturing processes essentially shuffle the atoms."

Yet the metals didn't behave as expected. Despite extreme processing, the alloys never reached a completely random state. The result puzzled the team since no existing theory could account for it.

"It pointed to a new piece of physics in metals," the researchers write in the paper. "It was one of those cases where applied research led to a fundamental discovery."

To explore further, they built high-precision computational models to capture how atoms interact and statistical methods to measure how order evolves over time. Through large-scale molecular dynamics simulations, they watched how atoms reorganized during deformation and heating.

The team observed that certain atomic arrangements appeared at unexpectedly high temperatures, and even more remarkably, entirely new patterns emerged that had never been seen outside of real-world manufacturing. They described these patterns as "far-from-equilibrium states."

They then developed a simplified model to reproduce the main features of the simulations. The model revealed that these patterns originate from defects in metals known as dislocations -- irregular, three-dimensional distortions in the atomic lattice. When the metal is deformed, dislocations twist and shift, nudging nearby atoms into preferred positions. Previously, researchers thought this process destroyed all atomic order, but the MIT team found the opposite: dislocations actually favor certain atomic exchanges, creating subtle but stable patterns.




"These defects have chemical preferences that guide how they move," Freitas says. "They look for low energy pathways, so given a choice between breaking chemical bonds, they tend to break the weakest bonds, and it's not completely random. This is very exciting because it's a non-equilibrium state: It's not something you'd see naturally occurring in materials. It's the same way our bodies live in non-equilibrium. The temperature outside is always hotter or colder than our bodies, and we're maintaining that steady state equilibrium to stay alive. That's why these states exist in metal: the balance between an internal push toward disorder plus this ordering tendency of breaking certain bonds that are always weaker than others."

Applying a new theory

The researchers are now exploring how these chemical patterns develop across a wide range of manufacturing conditions. The result is a map that links various metal processing steps to different chemical patterns in metal.

To date, this chemical order and the properties they tune have been largely considered an academic subject. With this map, the researchers hope engineers can begin thinking of these patterns as levers in design that can be pulled during production to get new properties.

"Researchers have been looking at the ways these atomic arrangements change metallic properties -- a big one is catalysis," Freitas says of the process that drives chemical reactions. "Electrochemistry happens at the surface of the metal, and it's very sensitive to local atomic arrangements. And there have been other properties that you wouldn't think would be influenced by these factors. Radiation damage is another big one. That affects these materials' performance in nuclear reactors."

Researchers have already told Freitas the paper could help explain other surprise findings about metallic properties, and he's excited for the field to move from fundamental research into chemical order to more applied work.

"You can think of areas where you need very optimized alloys like aerospace," Freitas says. "They care about very specific compositions. Advanced manufacturing now makes it possible to combine metals that normally wouldn't mix through deformation. Understanding how atoms actually shuffle and mix in those processes is crucial, because it's the key to gaining strength while still keeping the low density. So, this could be a huge deal for them."

This work was supported, in part, by the U.S. Air Force Office of Scientific Research, MathWorks, and the MIT-Portugal Program.
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Scientists find the brain's hidden pulse that may predict Alzheimer's | ScienceDaily
Scientists at the Mark and Mary Stevens Neuroimaging and Informatics Institute (Stevens INI) at the Keck School of Medicine of USC have created a pioneering brain imaging method that captures how the brain's smallest blood vessels pulse in time with each heartbeat. These subtle movements may offer vital insights into aging and conditions such as Alzheimer's disease.


						
Published in Nature Cardiovascular Research, the study presents the first noninvasive approach for measuring "microvascular volumetric pulsatility" -- the rhythmic swelling and shrinking of tiny blood vessels -- in living humans. Using ultra-high field 7T magnetic resonance imaging (MRI), the researchers found that these microvessel pulses become stronger with age, particularly in the brain's deep white matter. This region is essential for communication between brain networks but is also vulnerable to reduced blood flow from distal arteries, which carry blood from the heart to the outermost parts of the body. As these pulses intensify, they may interfere with brain function and contribute to memory decline and Alzheimer's progression.

"Arterial pulsation is like the brain's natural pump, helping to move fluids and clear waste," said Danny JJ Wang, PhD, professor of neurology and radiology at the Keck School of Medicine and senior author of the study. "Our new method allows us to see, for the first time in people, how the volumes of those tiny blood vessels change with aging and vascular risk factors. This opens new avenues for studying brain health, dementia, and small vessel disease."

Scientists have long recognized that stiffness and excessive pulsation in large arteries are linked to stroke, dementia, and small vessel disease. However, until now, it has been nearly impossible to observe these rhythmic changes in the brain's smallest vessels without using invasive procedures limited to animal studies.

To overcome this, the USC team combined two advanced MRI techniques -- vascular space occupancy (VASO) and arterial spin labeling (ASL) -- to monitor subtle shifts in microvessel volume throughout the cardiac cycle. Their results revealed that older adults exhibit stronger microvascular pulsations in deep white matter compared to younger individuals, and that hypertension further intensifies these effects. "These findings provide a missing link between what we see in large vessel imaging and the microvascular damage we observe in aging and Alzheimer's disease," said lead author Fanhua Guo, PhD, a postdoctoral researcher in Wang's lab.

Excessive vascular pulsation may also disrupt the brain's "glymphatic system," a recently discovered network that removes waste substances such as beta-amyloid, a protein that accumulates in Alzheimer's disease. Over time, interference with this fluid circulation could hasten cognitive decline.

"Being able to measure these tiny vascular pulses in vivo is a critical step forward," said Arthur W. Toga, PhD, director of the Stevens INI. "This technology not only advances our understanding of brain aging but also holds promise for early diagnosis and monitoring of neurodegenerative disorders."

The researchers are exploring how the method could be adapted for wider clinical use, including on more commonly available 3T MRI scanners. Future studies will test whether microvascular volumetric pulsatility predicts cognitive outcomes and whether it can serve as a biomarker for early intervention in Alzheimer's disease and related conditions.




"This is just the beginning," Wang said. "Our goal is to bring this from research labs into clinical practice, where it could guide diagnosis, prevention, and treatment strategies for millions at risk of dementia."

About the study

In addition to Wang, the study's other authors are Fanhua Guo, Chenyang Zhao, Qinyang Shou, Kay Jann, and Xingfeng Shao from the Stevens INI, and Ning Jin from Siemens Healthcare.

This research was supported by the National Institutes of Health (NIH) grants UF1-NS100614, S10-OD025312, R01-600 NS114382, R01-EB032169, RF1AG084072, R01-EB028297, R01-NS134712, and R01-NS121040.
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Supercharged vitamin k could help the brain heal itself | ScienceDaily
Neurodegenerative disorders such as Alzheimer's, Parkinson's, and Huntington's disease occur when neurons gradually deteriorate and die. This progressive loss of brain cells leads to severe symptoms including memory decline, cognitive impairment, and difficulty with movement. Over time, these conditions can greatly diminish quality of life and often leave patients dependent on continuous care. Current medications can help ease symptoms but do not stop or reverse the underlying disease, highlighting the urgent need for new therapeutic approaches. One promising strategy focuses on stimulating neuronal differentiation, the process of forming new neurons that could replace those lost and potentially slow or counteract neurodegeneration.


						
Vitamin K, a fat-soluble nutrient best known for its role in blood clotting and bone health, has recently attracted attention for its influence on brain cell development and protection. However, naturally occurring vitamin K forms such as menaquinone 4 (MK-4) may not be potent enough for effective use in regenerative therapies targeting neurodegenerative disorders.

In a groundbreaking study published in ACS Chemical Neuroscience, researchers from the Department of Bioscience and Engineering at Shibaura Institute of Technology in Japan, led by Associate Professor Yoshihisa Hirota and Professor Yoshitomo Suhara, created and tested new vitamin K analogues with stronger neuroactive effects. The team also identified a distinct mechanism through which vitamin K promotes neuronal differentiation.

Explaining their findings, Dr. Hirota noted, "The newly synthesized vitamin K analogues demonstrated approximately threefold greater potency in inducing the differentiation of neural progenitor cells into neurons compared to natural vitamin K. Since neuronal loss is a hallmark of neurodegenerative diseases such as Alzheimer's disease, these analogues may serve as regenerative agents that help replenish lost neurons and restore brain function."

To boost vitamin K's biological impact, the team produced 12 hybrid vitamin K homologs by linking them with retinoic acid (an active metabolite of vitamin A that encourages neuronal differentiation), a carboxylic acid group, or a methyl ester side chain. They then evaluated how effectively each compound promoted neuronal differentiation.

Vitamin K and retinoic acid influence gene transcription through the steroid and xenobiotic receptor (SXR) and retinoic acid receptor (RAR), respectively. The researchers measured SXR and RAR activity in mouse neural progenitor cells treated with the newly developed compounds and found that the hybrids maintained the biological functions of both parent molecules. They also measured the expression of microtubule-associated protein 2 (Map2), a neuronal growth marker, to track cell differentiation. One compound, which combined retinoic acid with a methyl ester side chain, produced a threefold increase in neuronal differentiation compared with the control and showed significantly stronger activity than natural vitamin K. This enhanced version was designated as the Novel vitamin K analog (Novel VK).

To better understand how vitamin K protects neurons, the team compared gene expression patterns in neural stem cells treated with MK-4, which promotes neuronal differentiation, to those treated with a compound that suppresses it. Transcriptomic analysis revealed that vitamin K-induced neuronal differentiation is mediated by metabotropic glutamate receptors (mGluRs) through downstream epigenetic and transcriptional processes. The effect of MK-4 was specifically linked to mGluR1. Previous studies have shown that mGluR1 plays a key role in synaptic communication, and that mice lacking this receptor experience motor and synaptic impairments similar to those seen in neurodegenerative disorders.




Delving deeper, the researchers conducted structural simulations and molecular docking studies to elucidate whether the vitamin K homolog interacts with mGluR1. Indeed, their analysis revealed a stronger binding affinity between Novel VK and mGluR1. Finally, the researchers examined the cellular uptake of Novel VK and its conversion to bioactive MK-4 in cells and mice. They noted a significant concentration-dependent increase in the intracellular concentration of MK-4. Moreover, Novel VK converted to MK-4 more easily than natural vitamin K. Further, in vivo experiments in mice showed that Novel VK exhibited a stable pharmacokinetic profile, crossed the blood-brain barrier, and achieved higher MK-4 concentration in the brain compared to the control.

Overall, the study sheds light on the mechanism by which vitamin K and its structural analogues exert neuroprotective effects, paving the way for the development of novel therapeutic agents that can delay or reverse neurodegenerative diseases.

Concluding with the long-term implications of their work, Dr. Hirota says, "Our research offers a potentially groundbreaking approach to treating neurodegenerative diseases. A vitamin K-derived drug that slows the progression of Alzheimer's disease or improves its symptoms could not only improve the quality of life for patients and their families but also significantly reduce the growing societal burden of healthcare expenditures and long-term caregiving."

We hope their research translates into clinically meaningful treatments for patients battling neurological diseases.

Funding information

This study was partly supported by a fund for the Mishima Kaiun Memorial Foundation and the Suzuken Memorial Foundation, KOSE Cosmetology Research Foundation, Koyanagi Foundation, Research Grants from the Toyo Institute of Food Technology, the Science Research Promotion Fund and the Takahashi Industrial and Economic Research Foundation. This study was partly supported by a Fund for the Promotion of Joint International Research (Fostering Joint International Research (A)) [grant number 18KK0455] and a Grant-in-Aid for Scientific Research (C) [grant numbers 20K05754 and 18K11056, 21K11709, and 24K14656], Grant-in-Aid for Early-Career Scientists [grant number 23K14091] from the Japan Society for the Promotion of Science (JSPS).
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A simple fatty acid could restore failing vision | ScienceDaily
Changes in eyesight are one of the most familiar effects of getting older. Sit in a dim restaurant with someone over 60, and you might hear, "Hold on -- let me pull out my cell phone. I need more light to read the menu!" But what if declining vision with age could actually be reversed?


						
Researchers at UC Irvine have taken a closer look at that question, investigating a potential treatment aimed at slowing or even undoing "aging" in the eye while also preventing age-related diseases such as macular degeneration (AMD).

"We show the potential for reversing age-related vision loss," explains Dorota Skowronska-Krawczyk, PhD, an associate professor in the Department of Physiology and Biophysics and the Department of Ophthalmology and Visual Sciences. The study, conducted in partnership with scientists from the Polish Academy of Sciences and the Health and Medical University in Potsdam, Germany, presents findings published in Science Translational Medicine under the title "Retinal polyunsaturated fatty acid supplementation reverses aging-related vision decline in mice."

Understanding the "Aging" Gene

This research builds on earlier work involving the Elongation of Very Long Chain Fatty Acids Protein 2 (ELOVL2), a well-established biomarker of aging. "We showed that we have lower vision when this ELOVL2 enzyme isn't active," says Skowronska-Krawczyk, who is also part of the Robert M. Brunson Center for Translational Vision Research at the UC Irvine School of Medicine. In that previous study, boosting ELOVL2 activity in aging mice increased levels of the omega[?]3 fatty acid docosahexaenoic acid (DHA) in the eye and led to better vision.

The new research aimed to find a way to achieve similar benefits without depending on the ELOVL2 enzyme.

As people age, changes in lipid metabolism reduce the amount of very-long-chain polyunsaturated fatty acids (VLC-PUFAs) in the retina. This decline can impair vision and contribute to AMD. The ELOVL2 gene plays a crucial role in producing both VLC-PUFAs and DHA.




When researchers injected older mice with a specific polyunsaturated fatty acid, their visual performance improved. "It's a proof-of-concept for turning lipid injection into a possible therapy," says Skowronska-Krawczyk. "What is important is that we didn't see the same effect with DHA." Others have also questioned the ability of DHA to slow AMD progression.

"Our work really confirms the fact that DHA alone cannot do the work, but we have this other fatty acid that is seemingly working and improving vision in aged animals," says Skowronska-Krawczyk. "We have also shown on a molecular level that it actually reverses the aging features."

Furthermore, the researchers found genetic variants in the ELOVL2 enzyme that correlate with faster progression of AMD. "Now we actually have a genetic connection to the disease and its aging aspect," says Skowronska-Krawczyk, "so we could potentially identify people at higher risk for vision loss progression." This could lead to not only therapeutic treatment options but also targeted interventions for prevention.

These findings have only further solidified Skowronska-Krawczyk's view of the importance of the ELOVL2 enzyme. "I am pretty convinced it's one of the top aging genes that we should look at when we think about anti-aging therapies."

Looking Beyond the Retina

In a collaboration with researchers from UC San Diego, Skowronska-Krawczyk has also started to explore the role of lipid metabolism in immune system aging. That study found that the lack of ELOVL2 enzyme induces accelerated aging of immune cells, suggesting that systemic lipid supplementation could potentially counteract the effects of age on the immune system. It also suggested that lipid metabolism might play a role in blood cancers.

"Our first study explored a potential therapy to address vision loss," says Skowronska-Krawczyk, "but with the information we've since learned about immune aging, we are hopeful the supplementation therapy will boost the immune system as well."
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Your brain's power supply may hold the key to mental illness | ScienceDaily

Dr. Cohen's laboratory has led the way in developing techniques that grow living brain cells from patient samples using induced pluripotent stem cell technology. He describes these advances as "giving us leads we did not have forty years ago." Through this approach, his team has identified key disruptions in how brain cells generate energy and connect with one another -- processes that appear central to many psychiatric illnesses affecting millions globally. With more than 400 scientific papers and five patents, his research points to new treatment strategies that could prove far more precise and effective than traditional therapies.

Mitochondrial Mysteries Transform Treatment Paradigms

The discussion highlights how Dr. Cohen's team uncovered widespread disturbances in cellular energy metabolism underlying major psychiatric conditions. These findings have far-reaching potential for designing targeted treatments that could benefit people in many regions and populations. His studies show that brain cells created from individuals with schizophrenia, bipolar disorder, or Alzheimer disease display intrinsic metabolic defects that may be corrected even before symptoms emerge.

This energy-based framework challenges decades of conventional thinking centered on neurotransmitter imbalance. Dr. Cohen explains that the brain relies more than any other organ on finely tuned energy production and communication between cells. His results suggest that restoring these fundamental cellular functions could help prevent or ease symptoms in vulnerable individuals worldwide, independent of background or environment.

By combining genomic analysis, advanced brain imaging, and cellular modeling, Dr. Cohen promotes a multidisciplinary approach to mental health research. This integration provides scientists with a powerful model for exploring complex brain disorders -- especially mood, psychotic, and cognitive conditions -- that appear across cultures and regions.

Challenging Century-Old Diagnostic Models

Instead of the status quo expert-consensus diagnostic systems, that place people in categories, Dr. Cohen advocates implementation of an evidence-based dimensional approach for describing patients. He argues that terms like "schizophrenia" should be retired in favor of scientifically accurate alternatives that reduce stigma while better capturing illness complexity. His proposed dimensional model focuses on symptom profiles rather than categorical labels, offering clinicians more nuanced tools for patient assessment and treatment planning.




This diagnostic revolution extends beyond mere terminology. Dr. Cohen's research demonstrates that traditional categorical systems fail to reflect underlying biological realities or clinical presentations adequately. His dimensional approach aligns with how clinicians actually evaluate patients, globally, providing richer individual descriptions while enabling formation of more homogeneous research cohorts. Such reforms could transform psychiatric practice internationally, improving diagnostic precision and treatment outcomes across diverse healthcare systems.

The interview explores how these new models could particularly benefit regions where Western diagnostic frameworks have proven problematic. By emphasizing observable symptoms and illness trajectories rather than culturally bound categories, dimensional approaches offer universal applicability while respecting local contexts and experiences.

From Laboratory Bench to Hospital Leadership

Dr. Cohen's impact extends beyond research laboratories. As McLean Hospital President and Psychiatrist-in -Chief from 1997 to 2005, he reversed financial decline while establishing over 30 new programs advancing both clinical care and scientific investigation. His leadership philosophy emphasized supporting frontline staff and reducing bureaucracy, principles applicable to healthcare institutions worldwide facing similar challenges.

Under his guidance, McLean achieved record levels of patient care, research funding, and educational training. These accomplishments demonstrate how scientific rigor combined with compassionate leadership can transform struggling institutions into thriving centers of excellence. His experience offers valuable lessons for hospital administrators globally confronting resource constraints while striving to maintain quality care and research productivity.

Particularly noteworthy was his establishment of Waverley Place, a peer-run center supporting individuals with mental illness living in communities. This innovative model, prioritizing mission over revenue generation, demonstrates how psychiatric institutions can serve broader societal needs while maintaining financial viability.




Personal Journey Shapes Scientific Vision

The interview offers a window into the personal experiences that guided Dr. Cohen's path as a scientist. His fascination with physics and mathematics in his youth, combined with meaningful interactions with psychiatric patients during medical training, helped shape his approach to research and care. He recalls his first psychiatric patient, a young woman whose remarkable recovery through medication left a lasting impression and underscored psychiatry's power to rebuild lives affected by mental illness.

Dr. Cohen also speaks candidly about the anxiety and shyness that sometimes limited his professional opportunities. His openness about these challenges offers a rare glimpse of vulnerability in a leading researcher. By sharing these reflections, he highlights that perseverance and commitment, rather than the absence of difficulty, are what truly define scientific achievement. His honesty serves as encouragement for young scientists who may encounter similar obstacles.

Family plays a central role in his story. His father, a respected internist, modeled a deep sense of medical dedication and the value of collaboration in research. Having been married for more than 55 years, Dr. Cohen credits his family's steady support as a cornerstone of his long and productive career. Together, these elements reveal how great science often grows from human connections and experiences that extend far beyond the laboratory.

Future Directions and Global Impact

Looking ahead, Dr. Cohen expresses optimism about the future of psychiatric research while recognizing the societal hurdles that remain. His current work aims to identify specific biological mechanisms that influence vulnerability to mental illness, with a strong focus on prevention. Because psychotic disorders usually do not appear before adolescence and dementia tends to develop later in life, he believes early interventions are becoming increasingly achievable.

The discussion emphasizes how new technologies, particularly in cellular reprogramming and genomic analysis, are transforming what researchers can uncover about the origins of psychiatric disease. These methods, now more widely available thanks to international initiatives (including those supported by Genomic Press), are accelerating discoveries and opening the door to more effective treatments.

Dr. Cohen also stresses the need to nurture creativity and risk-taking in science, cautioning against the tendency to fund only predictable or incremental research. He envisions a global scientific community where innovation can flourish in any country or institution, free from hierarchy or limitation. This philosophy aligns with the open-access approach advanced by Genomic Press, ensuring that important findings can be shared broadly without financial barriers, promoting a truly inclusive and collaborative model of discovery.
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Popular hair-loss pill linked to depression and suicide | ScienceDaily
A new analysis by a public health expert at the Hebrew University of Jerusalem has found that finasteride, a widely used treatment for hair loss, has been associated with depression and suicide for more than twenty years. Despite these long-standing concerns, neither regulators nor the drug's manufacturer took meaningful action. Drawing on adverse event reports and health records from several countries, the review identifies a consistent pattern of psychiatric side effects linked to the drug. Even with growing evidence, both Merck and the FDA failed to launch necessary safety investigations. The author is now urging major reforms to the way medications are approved and monitored for long-term risks.


						
For more than two decades, finasteride has been prescribed to millions of men seeking to slow or reverse hair loss. Behind its cosmetic appeal, however, evidence has continued to emerge suggesting serious mental health consequences, including depression, anxiety, and in some cases, suicide.

Prof. Mayer Brezis of the Hebrew University of Jerusalem argues that both the medical community and regulators have repeatedly failed to protect the public by overlooking signs of psychiatric harm associated with the drug.

His review analyzed data from eight large studies published between 2017 and 2023. The findings show a clear trend: people who used finasteride were far more likely to experience mood disorders and suicidal thoughts than those who did not. This pattern appeared consistently across various national databases, including the FDA's adverse event system and healthcare records from Sweden, Canada, and Israel.

"The evidence is no longer anecdotal," said Prof. Brezis, a professor emeritus of medicine and public health. "We now see consistent patterns across diverse populations. And the consequences may have been tragic."

The report estimates that hundreds of thousands of users may have suffered from finasteride-related depression, and that hundreds -- possibly more -- may have died by suicide. Originally approved by the FDA in 1997 for male pattern baldness, the drug has remained popular for its perceived safety and effectiveness, particularly among younger men. Critics say, however, that its risks were downplayed or ignored.

A Delayed Response, With a High Cost

Although the FDA recognized depression as a possible side effect in 2011 and added suicidal thoughts to the label in 2022, researchers had been warning of potential dangers as early as 2002. Internal FDA files from 2010, cited in Brezis' review, contained entire sections redacted as "confidential," including estimates of how many people might have been affected.




By 2011, only 18 suicides linked to finasteride had been reported to the FDA. Based on worldwide usage, Brezis concluded the actual number should have been in the thousands. "It wasn't just underreporting," Dr. Brezis wrote. "It was a systemic failure of pharmacovigilance."

Unlike drugs used to treat obesity or psychiatric disorders, which are often closely monitored after approval, finasteride's classification as a cosmetic treatment may have shielded it from deeper scrutiny. None of the data-mining studies referenced in the review were initiated by Merck, the company that developed the drug, nor were they commissioned by regulatory authorities.

A Cosmetic Drug With Life-Altering Risks

Brezis argues the drug's classification as a non-essential, appearance-enhancing medication changes the risk calculus. "This wasn't about life or death medical necessity," he said. "This was about hair."

The biological rationale is clear. Finasteride works by blocking the conversion of testosterone into dihydrotestosterone (DHT), but in doing so, it may also disrupt neurosteroids like allopregnanolone -- linked to mood regulation in the brain. Animal studies have shown long-term effects on neuroinflammation and even changes in hippocampal structure.

For some patients, the consequences don't end when the pills do. Reports of lingering symptoms -- dubbed "post-finasteride syndrome" -- include insomnia, panic attacks, cognitive dysfunction, and suicidal thoughts that persist months or even years after stopping treatment.




Regulatory Gaps, Corporate Silence

The report is especially scathing toward the FDA and Merck. Despite having access to millions of patient records and robust pharmacovigilance tools, neither party acted in time, Brezis argues. The industry's silence was strategic, he suggests, driven by market pressures and legal liability -- echoing past controversies like Merck's handling of Vioxx.

"Nothing is more important to Organon than the safety of our medicines," the company recently claimed in a public statement. Yet none of the safety studies cited were initiated by the manufacturer.

The FDA, meanwhile, took five years to respond to a citizen petition calling for a black-box warning. Its final decision? To add suicidal ideation to the label -- but not as a formal warning.

What Now?

Brezis is calling for immediate changes in how drugs like finasteride are approved, monitored, and prescribed. His recommendations include suspending marketing of the drug for cosmetic purposes until safety is re-established, mandatory post-approval studies with strict enforcement, and systematic recording of drug histories in suicide investigations.

"For many, those changes come too late. The paper is dedicated to one such individual -- a previously healthy man who took finasteride "just" to improve his hair. Within days, he spiraled into severe psychiatric distress. He never recovered. Months later, he took his own life."
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Scientists build artificial neurons that work like real ones | ScienceDaily
Engineers at the University of Massachusetts Amherst have developed an artificial neuron whose electrical activity closely matches that of natural brain cells. The innovation builds on the team's earlier research using protein nanowires made from electricity-producing bacteria. This new approach could pave the way for computers that run with the efficiency of living systems and may even connect directly with biological tissue.


						
"Our brain processes an enormous amount of data," says Shuai Fu, a graduate student in electrical and computer engineering at UMass Amherst and lead author of the study published in Nature Communications. "But its power usage is very, very low, especially compared to the amount of electricity it takes to run a Large Language Model, like ChatGPT."

The human body operates with remarkable electrical efficiency -- more than 100 times greater than that of a typical computer circuit. The brain alone contains billions of neurons, specialized cells that send and receive electrical signals throughout the body. Performing a task such as writing a story uses only about 20 watts of power in the human brain, whereas a large language model can require more than a megawatt to accomplish the same thing.

Engineers have long sought to design artificial neurons for more energy-efficient computing, but reducing their voltage to match biological levels has been a major obstacle. "Previous versions of artificial neurons used 10 times more voltage -- and 100 times more power -- than the one we have created," says Jun Yao, associate professor of electrical and computer engineering at UMass Amherst and the paper's senior author. Because of this, earlier designs were far less efficient and couldn't connect directly with living neurons, which are sensitive to stronger electrical signals.

"Ours register only 0.1 volts, which about the same as the neurons in our bodies," says Yao.

There are a wide range of applications for Fu and Yao's new neuron, from redesigning computers along bio-inspired, and far more efficient principles, to electronic devices that could speak to our bodies directly.

"We currently have all kinds of wearable electronic sensing systems," says Yao, "but they are comparatively clunky and inefficient. Every time they sense a signal from our body, they have to electrically amplify it so that a computer can analyze it. That intermediate step of amplification increases both power consumption and the circuit's complexity, but sensors built with our low-voltage neurons could do without any amplification at all."

The secret ingredient in the team's new low-powered neuron is a protein nanowire synthesized from the remarkable bacteria Geobacter sulfurreducens, which also has the superpower of producing electricity. Yao, along with various colleagues, have used the bacteria's protein nanowires to design a whole host of extraordinary efficient devices: a biofilm, powered by sweat, that can power personal electronics; an "electronic nose" that can sniff out disease; and a device, which can be built of nearly anything, that can harvest electricity from thin air itself.

This research was supported by the Army Research Office, the U.S. National Science Foundation, the National Institutes of Health and the Alfred P. Sloan Foundation.
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This 250-year-old equation just got a quantum makeover | ScienceDaily
How likely you think something is to happen depends on what you already believe about the situation. This simple idea forms the basis of Bayes' rule, a mathematical approach to calculating probabilities first introduced in 1763. Now, an international group of scientists has demonstrated how Bayes' rule can also apply in the quantum realm.


						
"I would say it is a breakthrough in mathematical physics," said Professor Valerio Scarani, Deputy Director and Principal Investigator at the Centre for Quantum Technologies, and member of the team. His co-authors on the work published on 28 August 2025 in Physical Review Letters are Assistant Professor Ge Bai at the Hong Kong University of Science and Technology in China, and Professor Francesco Buscemi at Nagoya University in Japan.

"Bayes' rule has been helping us make smarter guesses for 250 years. Now we have taught it some quantum tricks," said Prof Buscemi.

Although other researchers had previously suggested quantum versions of Bayes' rule, this team is the first to derive a true quantum Bayes' rule based on a core physical principle.

Conditional probability

Bayes' rule takes its name from Thomas Bayes, who described his method for calculating conditional probabilities in "An Essay Towards Solving a Problem in the Doctrine of Chances."

Imagine someone who tests positive for the flu. They might have suspected illness already, but this new result changes their assessment of the situation. Bayes' rule provides a systematic way to update that belief, factoring in the likelihood of the test being wrong as well as the person's prior assumptions.




The rule treats probabilities as measures of belief rather than absolute facts. This interpretation has sparked debate among statisticians, with some arguing that probability should represent objective frequency rather than subjective confidence. Still, when uncertainty and belief play a role, Bayes' rule is widely recognized as a rational framework for decision-making. It underpins countless applications today, from medical testing and weather forecasting to data science and machine learning.

Principle of minimum change

When calculating probabilities with Bayes' rule, the principle of minimum change is obeyed. Mathematically, the principle of minimum change minimizes the distance between the joint probability distributions of the initial and updated belief. Intuitively, this is the idea that for any new piece of information, beliefs are updated in the smallest possible way that is compatible with the new facts. In the case of the flu test, for example, a negative test would not imply that the person is healthy, but rather that they are less likely to have the flu.

In their work, Prof Scarani, who is also from NUS Department of Physics, Asst Prof Bai, and Prof Buscemi began with a quantum analogue to the minimum change principle. They quantified change in terms of quantum fidelity, which is a measure of the closeness between quantum states.

Researchers always thought a quantum Bayes' rule should exist because quantum states define probabilities. For example, the quantum state of a particle provides the probability of it being found at different locations. The goal is to determine the whole quantum state, but the particle is only found at one location when a measurement is performed. This new information will then update the belief, boosting the probability around that location.

The team derived their quantum Bayes' rule by maximizing the fidelity between two objects that represent the forward and the reverse process, in analogy with a classical joint probability distribution. Maximizing fidelity is equivalent to minimizing change. They found in some cases their equations matched the Petz recovery map, which was proposed by Denes Petz in the 1980s and was later identified as one of the most likely candidates for the quantum Bayes' rule based just on its properties.

"This is the first time we have derived it from a higher principle, which could be a validation for using the Petz map," said Prof Scarani. The Petz map has potential applications in quantum computing for tasks such as quantum error correction and machine learning. The team plans to explore whether applying the minimum change principle to other quantum measures might reveal other solutions.
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Your skin could warn of hidden mental health trouble | ScienceDaily
Scientists have found that people receiving treatment for mental health conditions who also have skin problems may face a higher risk of severe outcomes, including depression and suicidal thoughts. The research, which could help doctors better identify vulnerable patients and tailor psychiatric care, was presented at the ECNP meeting in Amsterdam.


						
The study involved 481 individuals experiencing their first episode of psychosis (the first time a person has symptoms such as delusions, hallucinations, or losing touch with reality). Among them, 14.5% showed signs of skin issues (24% of females and 9.8% of males), including rashes, itching, or sensitivity to light. All participants received four weeks of antipsychotic treatment, after which researchers assessed various mental health indicators.

Lead researcher Dr. Joaquin Galvan (Instituto de Investigacion Sanitaria Gregorio Maranon, Madrid) explained:

"After 4 weeks of follow-up, patients with a first episode of psychosis presenting with skin conditions experienced higher levels of depression and risk of suicide. We found that just 7% of the patients without the initial skin conditions had suicidal thoughts or attempts, in contrast, around 25% of the patients with initial skin conditions had suicidal thoughts or attempts. Initial skin conditions are also linked to greater depression and poorer well-being at follow-up.

"This discovery suggests that the presence of skin conditions indicates that these patients are more at risk for worse outcomes than patients who do not have skin conditions after a first episode of psychosis."

The team noted that, if further research supports these results, skin symptoms could serve as an early warning sign for elevated mental health risks, much like how blood tests can signal the likelihood of cancer or heart disease.

Because both the brain and skin develop from the same embryonic layer called the ectoderm, the scientists set out to explore how these two systems might be connected.




Dr. Galvan added:

"It was already known that between 30% and 60% of people with skin conditions show psychiatric symptoms. What we have done is look at things from the opposite direction; do people with mental health problems have skin conditions, and if so, can this tell us anything useful?

Our findings suggest that dermatological symptoms may represent a marker of illness severity and poor short-term outcomes in the early stages of psychosis, potentially identifying a subgroup of patients with a poorer clinical prognosis who may benefit from early tailored interventions. The reason for the connection is still unclear, but our working hypothesis is that this may be due to the skin and neurological systems having common developmental origins and inflammatory pathways; but this needs to be confirmed. As far as we know this is the first study to show this link in patients with psychosis, so we need follow-up studies to confirm the finding. We also need to understand if this link applies also to a range of other psychiatric conditions, such as bipolar disorder, ADHD, anxiety or depression."

Offering an independent perspective, Professor Eric Ruhe (Professor of Difficult-to-Treat Depression at Radboud University, the Netherlands) commented:

"This is an interesting association between skin problems and a first episode of psychosis. These results need replication in different cohorts but might indeed show a new link between skin and psychopathology.

As the skin and the brain derive from the same embryonic origin, this would worth pursuing further, both diagnostically and mechanistically (which may be more interesting). For example, this association might be used to culture skin cells to begin to understand which treatment is appropriate."

This is an independent comment, Professor Ruhe was not involved in this work.
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This experimental "super vaccine" stopped cancer cold in the lab | ScienceDaily
Researchers at the University of Massachusetts Amherst have shown that their nanoparticle-based vaccine can successfully prevent several aggressive cancers in mice, including melanoma, pancreatic cancer, and triple-negative breast cancer. Depending on the cancer type, up to 88% of vaccinated mice stayed tumor-free (depending on the cancer), and the vaccine also reduced -- and in some cases completely prevented -- the spread of cancer throughout the body.


						
"By engineering these nanoparticles to activate the immune system via multi-pathway activation that combines with cancer-specific antigens, we can prevent tumor growth with remarkable survival rates," says Prabhani Atukorale, assistant professor of biomedical engineering in the Riccio College of Engineering at UMass Amherst and corresponding author on the paper.

Atukorale had previously shown that her nanoparticle-based drug design could shrink or eliminate tumors in mice. The new findings reveal that this approach can also prevent cancer from forming in the first place.

In the first experiment, her team combined the nanoparticle system with well-studied melanoma peptides (called an antigen, similar to how a flu shot typically contains parts of the inactivated flu virus). This formulation activated immune cells known as T cells, training them to detect and destroy melanoma cells. Three weeks later, the vaccinated mice were exposed to melanoma.

Eighty percent of the mice that received the "super adjuvant" nanoparticle vaccine remained tumor-free and survived the entire study period (250 days). In contrast, all of the mice that received traditional vaccines, non-nanoparticle formulations, or no vaccine at all developed tumors and died within 35 days.

The vaccine also stopped cancer from spreading to the lungs. When the mice were systemically exposed to melanoma cells to mimic metastasis, none of the nanoparticle-vaccinated mice developed lung tumors, while every other mouse did.

"Metastases across the board is the highest hurdle for cancer," says Atukorale. "The vast majority of tumor mortality is still due to metastases, and it almost trumps us working in difficult-to-reach cancers, such as melanoma and pancreatic cancer."

Atukorale refers to this protection as "memory immunity." "That is a real advantage of immunotherapy, because memory is not only sustained locally," she explains. "We have memory systemically, which is very important. The immune system spans the entire geography of the body."




The first phase of testing used a vaccine with known antigens designed for melanoma. However, creating antigens for each cancer type can require extensive genome sequencing or bioinformatics analysis. To simplify the process, the researchers tested a second version using killed tumor cells, called tumor lysate, derived directly from the cancer itself. Mice vaccinated with this nanoparticle lysate vaccine were later exposed to melanoma, pancreatic ductal adenocarcinoma, or triple-negative breast cancer cells.

The results were impressive: 88% of mice with pancreatic cancer, 75% with breast cancer, and 69% with melanoma rejected tumor formation. Furthermore, all mice that remained tumor-free after vaccination also resisted metastasis when exposed systemically to cancer cells.

"The tumor-specific T-cell responses that we are able to generate -- that is really the key behind the survival benefit," says Griffin Kane, postdoctoral research associate at UMass Amherst and first author on the paper. "There is really intense immune activation when you treat innate immune cells with this formulation, which triggers these cells to present antigens and prime tumor-killing T cells."

This robust T-cell response is possible because of the particular nanoparticle design of the vaccine.

Vaccines -- regardless the target disease -- contain two primary components: The antigen and the adjuvant. The antigen is the piece of the disease-causing pathogen (in this study, cancer cells) that the immune system can be trained to target. The adjuvant is a substance that activates the immune system to recognize the antigen, treat it as a foreign intruder and eliminate it.

The Atukorale Lab draws inspiration from how pathogens naturally stimulate the immune system. To mount a strong immune response, the body requires multiple "danger" signals triggered through different pathways. "In recent years, we have come to understand how important the selection of the adjuvant is because it drives the second signal that is needed for the correct priming of T and B cells," says Atukorale.




However, just like oil and water, many of the most promising adjuvants for cancer immunotherapy do not mix well at the molecular level. To overcome this, the Atukorale Lab has engineered a lipid nanoparticle-based "super adjuvant" capable of stably encapsulating and co-delivering two distinct immune adjuvants that activate immunity in a coordinated, synergistic way.

The researchers say that their design offers a platform approach that could be used across multiple cancer types.

The researchers envision that this platform can be applied to create both therapeutic and preventative regimens, particularly for individuals at high risk for cancer. This is an idea that Atukorale and Kane have turned into a startup called NanoVax Therapeutics.

"The real core technology that our company has been founded on is this nanoparticle and this treatment approach," says Kane. "This is a platform that Prabhani developed. The startup lets us pursue these translational efforts with the ultimate goal of improving patients' lives."

Next, Atukorale and Kane plan to extend this technology to a therapeutic vaccine and have already taken the initial de-risking steps in translation.

Atukorale and Kane credit the Biomedical Engineering department and the Institute for Applied Life Sciences at UMass Amherst, UMass Chan Medical School, and funding from the National Institutes of Health for their support.

The study was published in the October 9 edition of Cell Reports Medicine.
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90% of science is lost. This new AI just found it | ScienceDaily
Most scientific data never reach their full potential to drive new discoveries.


						
Out of every 100 datasets produced, about 80 stay within the lab, 20 are shared but seldom reused, fewer than two meet FAIR standards, and only one typically leads to new findings.

The consequences are significant: slower progress in cancer treatment, climate models that lack sufficient evidence, and studies that cannot be replicated.

To change this, the open-science publisher Frontiers has introduced Frontiers FAIR2 Data Management, described as the world's first comprehensive, AI-powered research data service. It is designed to make data both reusable and properly credited by combining all essential steps -- curation, compliance checks, AI-ready formatting, peer review, an interactive portal, certification, and permanent hosting -- into one seamless process. The goal is to ensure that today's research investments translate into faster advances in health, sustainability, and technology.

FAIR2 builds on the FAIR principles (Findable, Accessible, Interoperable and Reusable) with an expanded open framework that guarantees every dataset is AI-compatible and ethically reusable by both humans and machines. The FAIR2 Data Management system is the first working implementation of this model, arriving at a moment when research output is growing rapidly and artificial intelligence is reshaping how discoveries are made. It turns high-level principles into real, scalable infrastructure with measurable impact.

Dr. Kamila Markram, co-founder and CEO of Frontiers, explains:

"Ninety percent of science vanishes into the void. With Frontiers FAIR2 Data Management, no dataset and no discovery need ever be lost again -- every contribution can now fuel progress, earn the credit it deserves, and unleash science."

AI at the Core 




Work that once required months of manual effort -- from organizing and verifying datasets to generating metadata and publishable outputs -- is now completed in minutes by the AI Data Steward, powered by Senscience, the Frontiers venture behind FAIR2.

Researchers who submit their data receive four integrated outputs: a certified Data Package, a peer-reviewed and citable Data Article, an Interactive Data Portal featuring visualizations and AI chat, and a FAIR2 Certificate. Each element includes quality controls and clear summaries that make the data easier to understand for general users and more compatible across research disciplines.

Together, these outputs ensure that every dataset is preserved, validated, citable, and reusable, helping accelerate discovery while giving researchers proper recognition. Frontiers FAIR2 also enhances visibility and accessibility, supporting responsible reuse by scientists, policymakers, practitioners, communities, and even AI systems, allowing society to extract greater value from its investment in science.

Flagship Pilot Datasets 
    	    SARS-CoV-2 Variant Properties  -- Covering 3,800 spike protein variants, this dataset links structural predictions from AlphaFold2 and ESMFold with ACE2 binding and expression data. It offers a powerful resource for pandemic preparedness, enabling deeper understanding of variant behavior and fitness.
    

    	    Preclinical Brain Injury MRI  -- A harmonized dataset of 343 diffusion MRI scans from four research centers, standardized across protocols and aligned for comparability. It supports reproducible biomarker discovery, robust cross-site analysis, and advances in preclinical traumatic brain injury research.
    

    	    


Environmental Pressure Indicators (1990-2050) -- Combining observed data and modeled forecasts across 43 countries over six decades, this dataset tracks emissions, waste, population, and GDP. It underpins sustainability benchmarking and evidence-based climate policy planning.
    

    	    Indo-Pacific Atoll Biodiversity -- Spanning 280 atolls across five regions, this dataset integrates biodiversity records, reef habitats, climate indicators, and human-use histories. It provides an unprecedented basis for ecological modeling, conservation prioritization, and cross-regional research on vulnerable island ecosystems.
    

Researchers testing the pilots noted that Frontiers FAIR2 not only preserves and shares data but also builds confidence in its reuse -- through quality checks, clear summaries for non-specialists, and the reliability to combine datasets across disciplines, all while ensuring scientists receive credit.

All pilot datasets comply with the FAIR2 Open Specification, making them responsibly curated, reusable, and trusted for long-term human and machine use so today's data can accelerate tomorrow's solutions to society's most pressing challenges.

Recognition and Reuse 

Each reuse multiplies the value of the original dataset, ensuring that no discovery is wasted, every contribution can spark the next breakthrough, and researchers gain recognition for their work.

Dr. Sean Hill, co-founder and CEO of Senscience, the Frontiers AI venture behind FAIR2 Data Management, notes:

"Science invests billions generating data, but most of it is lost -- and researchers rarely get credit. With Frontiers FAIR2, every dataset is cited, every scientist recognized -- finally rewarding the essential work of data creation. That's how cures, climate solutions, and new technologies will reach society faster -- this is how we unleash science."

What Researchers Are Saying 

Dr. Angel Borja, Principal Researcher, AZTI, Marine Research, Basque Research and Technology Alliance (BRTA):

"I highly [recommend using] this kind of data curation and publication of articles, because you can generate information very quickly and it's useful formatting for any end users."

Erik Schultes, Senior Researcher, Leiden Academic Centre for Drug Research (LACDR); FAIR Implementation Lead, GO FAIR Foundation:

"Frontiers FAIR2 captured the scientific aspects of the project perfectly."

Femke Heddema, Researcher and Health Data Systems Innovation Manager, PharmAccess:

"Frontiers FAIR2 makes the execution of FAIR principles smoother for researchers and digital health implementers, proving that making datasets like MomCare reusable doesn't have to be complex. By enabling transparent, accessible, and actionable data, Frontiers FAIR2 opens the door to new opportunities in health research."

Dr. Neil Harris, Professor in Residence, Department of Neurosurgery, Brain Injury Research Center, University of California, Los Angeles (UCLA):

"Implementation of [Frontiers] FAIR2 can provide an objective check on data for both missingness and quality that is useful on so many levels. These types of unbiased assessments and data summaries can aid understanding by non-domain experts to ultimately enhance data sharing. As the field progresses to using big data in more disparate sub-disciplines, these data checks and summaries will become crucial to maintaining a good grasp of how we might use and combine the multitude of already acquired data within our current analyses."

Maryann Martone, Chief Editor, Open Data Commons:

"[Frontiers] FAIR2 is one of the easiest and most effective ways to make data FAIR. Every PI wants their data to be findable, accessible, comparable, and reusable -- in the lab, with collaborators, and across the scientific community. The real bottleneck has always been the time and effort required. [Frontiers] FAIR2 dramatically lowers that barrier, putting truly FAIR data within reach for most labs."

Dr. Vincent Woon Kok Sin, Assistant Professor, Carbon Neutrality and Climate Change Thrust, Society Hub, The Hong Kong University of Science and Technology (HKUST):

"[Frontiers] FAIR2 makes our global waste dataset more visible and accessible, helping researchers worldwide who often struggle with scarce and fragmented data. I hope this will broaden collaboration and accelerate insights for sustainable waste management."

Dr. Sebastian Steibl, Postdoctoral Researcher, Naturalis Biodiversity Center and the University of Auckland:

"True data accessibility goes beyond just uploading datasheets to a repository. It means making data easy to view, explore, and understand without necessarily requiring years of training. The [Frontiers] FAIR2 platform, with an AI chatbot and interactive visual data exploration and summary tools, makes our biodiversity and environmental data broadly accessible and usable not just to scholars, but also practitioners, policymakers, and local community initiatives."
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California's next big one could be faster and far more destructive | ScienceDaily
Researchers from the Statewide California Earthquake Center at USC Dornsife are warning that extremely fast and powerful earthquakes could strike California and are calling for tougher building standards and improved fault monitoring.


						
Most residents of the state are accustomed to the idea of earthquakes, but scientists say a particularly dangerous type has been largely ignored: "supershear" earthquakes that move so quickly they overtake their own seismic waves.

In an opinion article in Seismological Research Letters, experts from the USC Dornsife College of Letters, Arts and Sciences explained that these rare events cause far stronger shaking across a wider region than typical quakes. They argue that California needs to strengthen its hazard planning and update building codes to address the greater potential for destruction.

"While California is no more likely to have supershear earthquakes than other, similar regions with large fault systems like the San Andreas, the threat has gone unnoticed for too long," said Yehuda Ben-Zion, professor of Earth sciences and director of the Statewide California Earthquake Center (SCEC), based at USC Dornsife. "The frequency of these supershear ruptures has been greatly underappreciated."

Scientists describe supershear earthquakes as being similar to sonic booms. When a jet surpasses the speed of sound, it produces a shock wave in the air. Likewise, when a supershear rupture travels faster than seismic shear waves, it creates powerful ground shock fronts, said Ahmed Elbanna, professor of Earth sciences and director-designate of SCEC. "It breaks the shear wave speed barrier in the rocks and produces destructive waves that are stronger than what's generated by a normal earthquake," he said.

This added energy can cause severe damage. Supershear quakes send intense shaking farther from the epicenter and strike twice, according to Elbanna -- a sharp initial blow from the shock front followed by the trailing waves.

Globally, about one in three major strike-slip earthquakes are supershear. This is especially significant for California, where many faults near large cities are strike-slip and capable of producing magnitude 7 or higher events.




"We cannot say exactly when and where the next earthquake will be and which one will be supershear," Ben-Zion said, "but we can say with certainty that over the next few decades, we will have multiple magnitude 7 earthquakes in California.

"They are coming, whether we are prepared or not," he added.

The authors warn that current design standards don't fully account for a supershear quake's extra punch. Buildings and infrastructure are generally engineered for the strongest shaking perpendicular to faults, but supershear quakes direct their energy along the fault line itself.

"Critical structures should be built to this higher standard, and so far, they are not," Ben-Zion said.

To prepare, the team calls for denser monitoring near major faults, advanced computer simulations of supershear scenarios, and stronger building codes.

"This is a collaborative effort where everybody has to chip in," Elbanna said. "And I think here at USC and SCEC, with their reputation in the community, this is the right time and right place to get this effort started."

Elbanna and Ben-Zion co-authored the opinion piece with researchers from Caltech and the University of Illinois Urbana-Champaign.
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Decades-old photosynthesis mystery finally solved | ScienceDaily
Scientists from the Indian Institute of Science (IISc) and the California Institute of Technology (Caltech) have finally solved a long-standing puzzle about the earliest moments of photosynthesis -- the vital process through which plants, algae, and certain bacteria capture sunlight to generate oxygen and energy-rich compounds.


						
Their research reveals why the first movements of electrons, which are crucial for transferring energy, occur through only one side of a key protein-pigment structure. The findings were published in the Proceedings of the National Academy of Sciences.

Photosynthesis is a sequence of reactions in which electrons pass between multiple pigment molecules. Although it has been examined for decades, the process remains difficult to fully explain because it involves numerous intricate components, operates at extremely fast timescales, and varies slightly across different species. Gaining a deeper understanding of these steps could help scientists develop efficient artificial systems, such as synthetic leaves and solar-based fuel technologies, that replicate nature's design.

In most life forms that use photosynthesis, the process begins with a protein-pigment complex known as Photosystem II (PSII). This complex captures sunlight and splits water molecules, releasing oxygen and sending electrons onward to other molecules in the chain of energy transfer.

PSII contains two nearly identical branches, known as D1 and D2, surrounded by four chlorophyll molecules and two related pigments called pheophytins. These are symmetrically arranged and connected to electron carriers known as plastoquinones. In theory, electrons should move from chlorophyll to pheophytin and then to plastoquinone along both branches.

However, experiments have consistently shown that electrons move only through the D1 branch -- a finding that has baffled scientists for years. "Despite the structural symmetry between the D1 and D2 protein branches in PSII, only the D1 branch is functionally active," explains Aditya Kumar Mandal, the study's first author and a PhD student in the Department of Physics at IISc.

To investigate this imbalance, the team combined molecular dynamics simulations, quantum mechanical analyses, and Marcus theory (a Nobel Prize-winning model that describes how electrons are transferred) to chart the energy patterns in both pathways. "We assessed the electron transfer efficiency step-by-step through both D1 and D2 branches," says Shubham Basera, PhD student in the Department of Physics and one of the authors.




The team found that the D2 branch has a much higher energy barrier, which makes electron transport energetically unfavourable. Specifically, the transfer of electrons from pheophytin to plastoquinone in D2 requires twice as much activation energy as D1 -- a barrier that electrons seem unable to overcome, preventing energy from flowing forward.

The researchers also simulated the current-voltage characteristics of both branches and found that the resistance against electron movement in D2 was two orders of magnitude higher than that in D1.

The asymmetry in electron flow may also be influenced by subtle differences in the protein environment around the PSII and how the pigments are embedded in it, the researchers suggest. For example, the chlorophyll pigment in D1 has an excitation state at a lower energy than its D2 counterpart, suggesting that the D1 pigment has a better chance of attracting and transferring electrons.

The researchers also suggest that tweaking some of these components can boost or rewire electron flow across PSII. For example, swapping chlorophyll and pheophytin in D2 could overcome the electron block, because chlorophyll needs lower activation energy than pheophytin.

"Our research presents a significant step forward in understanding natural photosynthesis," says Prabal K Maiti, Professor at the Department of Physics and one of the corresponding authors of the study. "These findings may help design efficient artificial photosynthetic systems capable of converting solar energy into chemical fuels, contributing to innovative and sustainable renewable energy solutions."

This is a beautiful combination of theory at various levels to address a long-standing problem culminating in a new level of understanding, but still leaving mysteries to be challenged, says Bill Goddard, Professor at Caltech and one of the corresponding authors.
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An interstellar visitor lights up the Red Planet's sky | ScienceDaily
Between October 1 and 7, ESA's ExoMars Trace Gas Orbiter (TGO) and Mars Express spacecraft turned their instruments toward interstellar comet 3I/ATLAS as it passed near Mars.


						
Of all ESA spacecraft, the two Mars orbiters had the best view of this rare visitor. During its closest approach to the Red Planet on October 3, the comet was about 30 million km away.

Both orbiters used their onboard cameras to track the comet's motion. These instruments are typically designed to capture Mars's bright surface from just a few hundred to a few thousand kilometers above it, so observing such a faint object at such a great distance presented a major challenge.

ExoMars TGO successfully recorded a series of images using its Colour and Stereo Surface Imaging System (CaSSIS). In the animation below, comet 3I/ATLAS appears as a faint white spot drifting downward near the center. That small blur marks the heart of the comet, made up of its icy, rocky nucleus surrounded by a glowing cloud called the coma.

Because the comet was so distant, CaSSIS could not separate the nucleus from the coma. Detecting the nucleus itself would have been like trying to spot a mobile phone on the Moon from Earth.

The coma, however, is clearly visible. Stretching several thousand kilometers across, it forms as sunlight warms the comet, releasing gas and dust that collect into a hazy halo around the core.

CaSSIS could not measure the coma's full extent because its brightness fades rapidly with distance from the nucleus, eventually disappearing into background noise.




Usually, gas and dust from the coma stream away to create a long tail that can stretch for millions of kilometers as the comet nears the Sun. The tail is much dimmer than the coma, so it does not appear in the current images, but it could become visible in future observations as 3I/ATLAS heats up and sheds more ice.

Nick Thomas, Principal Investigator of the CaSSIS camera, said, "This was a very challenging observation for the instrument. The comet is around 10,000 to 100,000 times fainter than our usual target.

The work continues

So far, 3I/ATLAS has not been detected in the Mars Express images. One reason is that Mars Express can only take exposures of up to 0.5 seconds (its maximum limit), while ExoMars TGO was able to use five-second exposures.

Researchers are continuing to process the data from both orbiters. They plan to combine multiple Mars Express images to enhance the faint signal and improve their chances of detecting the comet.

The teams also attempted to study the comet's light spectrum using the OMEGA and SPICAM spectrometers on Mars Express and the NOMAD instrument on ExoMars TGO. It remains uncertain whether the coma and tail were bright enough to allow scientists to identify the comet's chemical composition.




Over the coming weeks and months, researchers will keep analyzing the data to learn more about the materials that make up 3I/ATLAS and how it changes as it draws closer to the Sun.

Colin Wilson, Mars Express and ExoMars project scientist at ESA, said: "Though our Mars orbiters continue to make impressive contributions to Mars science, it's always extra exciting to see them responding to unexpected situations like this one. I look forward to seeing what the data reveals following further analysis."

A rare visitor

Originating from outside our Solar System, comet 3I/ATLAS is only the third interstellar comet ever seen, following 1I/`Oumuamua in 2017 and 2I/Borisov in 2019.

These comets are absolutely foreign. Every planet, moon, asteroid, comet and lifeform in our Solar System share a common origin. But interstellar comets are true outsiders, carrying clues about the formation of worlds far beyond our own.

Comet 3I/ATLAS was first spotted on July 1, 2025, by the Asteroid Terrestrial-impact Last Alert System (ATLAS) telescope in Rio Hurtado, Chile. Since then, astronomers have used ground-based and space telescopes to monitor its progress and discover more about it.

Based on its trajectory, astronomers suspect that 3I/ATLAS could be the oldest comet ever observed. It may be three billion years older than the Solar System, which is itself already 4.6 billion years old.

What's next?

Next month, we will observe the comet with our Jupiter Icy Moons Explorer (Juice). Though Juice will be further from 3I/ATLAS than our Mars orbiters were last week, it will see the comet just after its closest approach to the Sun, meaning that it will be in a more active state. We don't expect to receive data from Juice's observations until February 2026 -- find out why in our FAQs.

Icy wanderers such as 3I/ATLAS offer a rare, tangible connection to the broader galaxy. To actually visit one would connect humankind with the Universe on a far greater scale. To this end, ESA is preparing the Comet Interceptor mission.

Comet Interceptor is due to launch in 2029 into a parking orbit, from where it will lie in wait for a suitable target -- a pristine comet from the distant Oort Cloud that surrounds our Solar System, or, unlikely but highly appealing, an interstellar object like 3I/ATLAS.

Michael Kueppers, Comet Interceptor project scientist expands: "When Comet Interceptor was selected in 2019, we only knew of one interstellar object -- 1I/`Oumuamua, discovered in 2017. Since then, two more such objects have been discovered, showing large diversity in their appearance. Visiting one could provide a breakthrough in understanding their nature."

While it remains improbable that we will discover an interstellar object that is reachable for Comet Interceptor, as a first demonstration of a rapid response mission that waits in space for its target, it will be a pathfinder for possible future missions to intercept these mysterious visitors.
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Ancient humans in Italy butchered elephants and made tools from their bones | ScienceDaily
During a warmer stretch of the Middle Pleistocene, early humans living in what is now Italy regularly butchered elephants for both food and usable materials, according to a study published October 8, 2025, in the open-access journal PLOS One by Beniamino Mecozzi of Sapienza University of Rome (Italy) and his research team.


						
Early humans often relied on animal carcasses for meat and tools, but clear evidence of such activities is rare and challenging to interpret in the archaeological record. In this new analysis, Mecozzi and his colleagues examined the remains of an elephant found at the Casal Lumbroso site in northwest Rome. By comparing surrounding layers of ash, they determined that the remains date back roughly 404,000 years to a notably warm phase of the Middle Pleistocene Epoch.

At the site, researchers uncovered more than 300 skeletal fragments belonging to a single straight-tusked elephant, Palaeoloxodon, along with over 500 stone tools. Many bones showed fresh fractures caused by blunt impacts soon after the elephant's death, indicating deliberate breakage. The absence of visible cut marks suggests that smaller tools were likely used to process soft tissue. Most of the stone tools measured under 30mm, possibly reflecting a scarcity of large stones in the area. Some elephant bones themselves were later reshaped into larger tools.

The site's characteristics align with several others in central Italy where butchered elephant remains appear alongside small stone tools and modified bones. Together, these findings point to a recurring pattern of behavior among ancient hominins during mild climate periods of the Middle Pleistocene. They also highlight central Italy as an important region for understanding how early Europeans obtained food and raw materials.

The researchers note: "Our study shows how, 400,000 years ago in the area of Rome, human groups were able to exploit an extraordinary resource like the elephant -- not only for food, but also by transforming its bones into tools."

"Reconstructing these events means bringing to life ancient and vanished scenarios, revealing a world where humans, animals, and ecosystems interacted in ways that still surprise and fascinate us today."
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The Moon's south pole hides a 4-billion-year-old secret | ScienceDaily
When astronauts touch down near the moon's south pole in the coming years as part of NASA's Artemis program, they may discover a remarkable archive of clues about how the moon was born. That possibility comes from new research led by Jeffrey Andrews-Hanna, a planetary scientist at the University of Arizona.


						
The study, published Oct. 8 in Nature, paints a vivid picture of the moon's violent early history. It could also shed light on one of lunar science's enduring mysteries: why the far side of the moon is heavily cratered while the near side, which hosted the Apollo landings of the 1960s and 1970s, is comparatively smooth.

Around 4.3 billion years ago, when the solar system was still young, a massive asteroid struck the far side of the moon. The colossal impact carved out the South Pole-Aitken basin (SPA), an immense crater measuring roughly 1,200 miles from north to south and 1,000 miles from east to west. Its elongated, oval shape suggests the asteroid hit at an angle rather than head-on.

By comparing SPA with other giant impact sites across the solar system, Andrews-Hanna's team found a consistent pattern: these enormous craters narrow in the direction the impactor was traveling, forming a shape similar to a teardrop or avocado. Contrary to earlier assumptions that the asteroid came from the south, their analysis shows the SPA basin tapers toward the south, meaning the asteroid likely arrived from the north. The researchers determined that the southern, or down-range, rim should be buried under thick layers of debris blasted from deep within the moon, while the northern, up-range end should contain less of this material.

"This means that the Artemis missions will be landing on the down-range rim of the basin -- the best place to study the largest and oldest impact basin on the moon, where most of the ejecta, material from deep within the moon's interior, should be piled up," he said.

Further evidence for a north-to-south impact came from studying the moon's topography, crustal thickness, and surface chemistry. Together, these clues not only strengthen the case for the asteroid's northern origin but also reveal new details about the moon's inner structure and how it evolved over time.

Scientists have long believed that the early moon was once completely molten, forming a global "magma ocean." As it cooled, denser minerals sank to create the mantle, while lighter ones floated upward to form the crust. Some elements, however, failed to fit neatly into these solid layers and accumulated in the last remnants of molten material. Those residual ingredients included potassium, rare earth elements, and phosphorus -- collectively known as "KREEP," with the "K" representing potassium's chemical symbol. Andrews-Hanna noted that these elements are unusually concentrated on the moon's near side.




"If you've ever left a can of soda in the freezer, you may have noticed that as the water becomes solid, the high fructose corn syrup resists freezing until the very end and instead becomes concentrated in the last bits of liquid," he said. "We think something similar happened on the moon with KREEP."

As it cooled over many millions of years, the magma ocean gradually solidified into crust and mantle. "And eventually you get to this point where you just have that tiny bit of liquid left sandwiched between the mantle and the crust, and that's this KREEP-rich material," he said.

"All of the KREEP-rich material and heat-producing elements somehow became concentrated on the moon's near side, causing it to heat up and leading to intense volcanism that formed the dark volcanic plains that make for the familiar sight of the 'face' of the Moon from Earth, according to Andrews-Hanna. However, the reason why the KREEP-rich material ended up on the nearside, and how that material evolved over time, has been a mystery.

"The moon's crust is much thicker on its far side than on its near side facing the Earth, an asymmetry that has scientists puzzled to this day. This asymmetry has affected all aspects of the moon's evolution, including the latest stages of the magma ocean," Andrews-Hanna said.

"Our theory is that as the crust thickened on the far side, the magma ocean below was squeezed out to the sides, like toothpaste being squeezed out of a tube, until most of it ended up on the near side," he said.

The new study of the SPA impact crater revealed a striking and unexpected asymmetry around the basin that supports exactly that scenario: The ejecta blanket on its western side is rich in radioactive thorium, but not in its eastern flank. This suggests that the gash left by the impact created a window through the moon's skin right at the boundary separating the crust underlain by the last remnants of the KREEP-enriched magma ocean from the "regular" crust.




"Our study shows that the distribution and composition of these materials match the predictions that we get by modeling the latest stages of the evolution of the magma ocean," Andrews-Hanna said. "The last dregs of the lunar magma ocean ended up on the near side, where we see the highest concentrations of radioactive elements. But at some earlier time, a thin and patchy layer of magma ocean would have existed below parts of the far side, explaining the radioactive ejecta on one side of the SPA impact basin."

Many mysteries surrounding the moon's earliest history still remain, and once astronauts bring samples back to Earth, researchers hope to find more pieces to the puzzle. Remote sensing data collected by orbiting spacecraft like those used for this study provide researchers with a basic idea of the composition of the moon's surface, according to Andrews-Hanna. Thorium, an important element in KREEP-rich material, is easy to spot, but getting a more detailed analysis of the composition is a heavier lift.

"Those samples will be analyzed by scientists around the world, including here at the University of Arizona, where we have state -of-the-art facilities that are specially designed for those types of analyses," he said.

"With Artemis, we'll have samples to study here on Earth, and we will know exactly what they are," he said. "Our study shows that these samples may reveal even more about the early evolution of the moon than had been thought."
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New research reveals how ADHD sparks extraordinary creativity | ScienceDaily
New research has found that ADHD (Attention Deficit Hyperactivity Disorder) is linked to higher levels of creativity, and that this creative advantage may stem from a stronger tendency for the mind to wander. The findings, presented at the ECNP congress in Amsterdam, mark the first study to explain how ADHD and creativity are connected.


						
Lead researcher Han Fang (from the Radboud University Medical Centre, the Netherlands) explained:

"Previous research pointed to mind wandering as a possible factor linking ADHD and creativity, but until now no study has directly examined this connection. We conducted two studies, utilizing 2 different groups of ADHD patients and healthy controls, one from a European group curated by the ECNP, and a second study from a UK group. In total there were 750 participants. Separately analyzing results from 2 independent groups means that we can have greater confidence in the results."

The team explored how ADHD traits, creativity, and functional challenges interact, focusing on the influence of mind wandering. Both groups displayed typical ADHD traits, including inattention, impulsivity, and frequent shifts in focus away from the task at hand. In both studies, participants with more pronounced ADHD symptoms also reported higher levels of mind wandering.

Mind wandering refers to moments when attention drifts away from what a person is doing and turns inward to self-generated thoughts. Everyone experiences this to some extent, but it occurs more frequently in individuals with ADHD.

Han Fang added:

"Previous researchers have been able to distinguish two different types of mind wandering. It can be a loss of concentration, where your mind may drift from subject to subject. This is 'spontaneous mind-wandering'. Another type is 'deliberate mind wandering', where people give themselves the freedom to drift off-subject, where they 'allow their thoughts to take a different course'. Psychiatrists have developed ways of measuring how much people are subject to these different tendencies."

The researchers also measured creativity in both groups (there are standards ways of measuring this, for example by asking people to find a creative use for an everyday object). They then looked at how creativity was associated with the different types of mind wandering.




Dr. Han Fang said:

"We found that people with more ADHD traits such as lack of attention, hyperactivity, or impulsivity, score higher on creative achievements in both studies. This supports previous research. Additionally, we found that mind wandering, particularly deliberate mind wandering, where people allow their "thoughts to wander on purpose," was associated with greater creativity in people with ADHD. This suggests that mind wandering may be an underlying factor connecting ADHD and creativity.

This may have practical implications, for both psychoeducation and treatment. For psychoeducation, specially designed programs or courses that teach individuals how to utilize their spontaneous ideas, for example turning them into creative outputs, could help individuals with ADHD traits harness the benefits of mind wandering. For treatment, ADHD-tailored mindfulness-based interventions that seek to decrease spontaneous mind wandering or transform it into more deliberate forms may reduce functional impairments and enhance treatment outcomes. This is the first time this link has been investigated, so we need to see more studies which confirm the findings."

Commenting, K.P. Lesch (Professor of Molecular Psychiatry, University of Wurzburg, Germany) said:

"Mind wandering is one of the critical resources on which the remarkable creativity of high-functioning ADHD individuals is based. This makes them such an incredibly valuable asset for our society and the future of our planet."
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Closest alien civilization could be 33,000 light years away | ScienceDaily
According to new research presented at the EPSC-DPS2025 Joint Meeting in Helsinki, the nearest technological civilization in the Milky Way could be roughly 33,000 light years away. For such a civilization to exist at the same time as humanity, it would need to have lasted for at least 280,000 years -- and potentially millions of years.


						
These findings highlight the overwhelming odds against discovering Earth-like planets that possess both plate tectonics and a nitrogen-oxygen atmosphere containing the right balance of oxygen and carbon dioxide.

Taking these planetary requirements into account, the chances of success for SETI (Search for Extraterrestrial Intelligence) appear slim, say Dr. Manuel Scherf and Professor Helmut Lammer of the Space Research Institute at the Austrian Academy of Sciences in Graz.

"Extraterrestrial intelligences, ETIs, in our galaxy are probably pretty rare," says Scherf.

A planet's carbon dioxide level plays a key role in sustaining life. Higher levels of CO2 help maintain photosynthesis and keep the atmosphere from leaking into space, but too much can trigger a runaway greenhouse effect or make the air toxic. Plate tectonics are essential because they regulate carbon dioxide through the carbon-silicate cycle, recycling the gas between the atmosphere and the planet's crust. Over time, however, carbon dioxide becomes trapped in rocks and is no longer returned to the atmosphere.

"At some point enough carbon dioxide will be drawn from the atmosphere so that photosynthesis will stop working," says Scherf. "For the Earth, that's expected to happen in about 200 million to roughly one billion years."

Today, Earth's atmosphere consists mostly of nitrogen (78 percent) and oxygen (21 percent), with only a trace of carbon dioxide (0.042 percent). Scherf and Lammer modeled what would happen on other worlds. A planet with ten percent carbon dioxide -- if located farther from its sun or orbiting a dimmer, younger star -- could support a biosphere for up to 4.2 billion years. By comparison, a planet with one percent carbon dioxide would remain habitable for about 3.1 billion years.




For advanced life to emerge, such planets would also need at least 18 percent oxygen. Complex animals require higher oxygen levels, and earlier studies have shown that if oxygen drops below this threshold, there would not be enough free oxygen for open-air combustion. Without fire, metalworking would be impossible, preventing the rise of any technological civilization.

Scherf and Lammer compared these potential biosphere lifetimes with how long it took life on Earth to evolve technology -- about 4.5 billion years -- and with the expected longevity of intelligent species. The longer a civilization endures, the higher the likelihood that it overlaps in time with another.

From these calculations, the researchers concluded that a technological species on a planet with ten percent carbon dioxide would need to persist for at least 280,000 years for even one other civilization to exist in the Milky Way at the same time as ours.

"For ten civilizations to exist at the same time as ours, the average lifetime must be above 10 million years," says Scherf. "The numbers of ETIs are pretty low and depend strongly upon the lifetime of a civilization."

This means that if we do detect an ETI, it is almost certainly going to be much older than humanity.

It's these numbers that also lead to the estimate that the next closest technological civilization is about 33,000 light years away. Our Sun is about 27,000 light years from the galactic center, which means that the next closest technological civilization to our own could be on the other side of the Milky Way.

These numbers are not absolutes - Scherf points out that there are other factors that should be included, such as the origin of life, the origin of photosynthesis, the origin of multi-cellular life and the frequency with which intelligent life develops technology, but they cannot be quantified at present. If each of these factors has a high probability, then ETIs might not be as rare. If each of these factors has a low probability, then a more pessimistic outlook is required.

Nevertheless, Scherf strongly believes that SETI should continue the search.

"Although ETIs might be rare there is only one way to really find out and that is by searching for it," says Scherf. "If these searches find nothing, it makes our theory more likely, and if SETI does find something, then it will be one of the biggest scientific breakthroughs ever achieved as we would know that we are not alone in the Universe."
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Archaeologists uncover lost land bridge that may rewrite human history | ScienceDaily
Once connected stretches of land, now hidden beneath the sea, may have given early humans a way to move between what is today Turkiye and Europe, according to groundbreaking new research in this little-studied region.


						
The study, recently published in the peer-reviewed Journal of Island and Coastal Archaeology, reveals the first evidence of Paleolithic activity in Ayvalik and may reshape how scientists understand our species' journey into Europe.

For decades, experts believed that Homo sapiens reached Europe mainly by traveling through the Balkans and the Levant, moving from Africa into the Middle East.

However, the discovery of 138 stone tools spread across 10 sites within a 200 km2 area suggests a different possibility. Long before Ayvalik became known for its olive groves and seaside scenery, this part of the northeastern Aegean coast (now in Turkey) may have served as another key passageway for ancient humans exploring a shifting prehistoric world.

"Our archaeological discovery has unveiled that this now-idyllic region once potentially offered a vital land bridge for human movement during the Pleistocene era -- when sea levels dropped and the now-submerged landscape was briefly exposed," explains Dr. Goknur Karahan, from the Department of Archaeology-Prehistory, at Hacettepe University, in Turkey, who was part of a fully female team of expert archaeologists from the country.

"We are very excited and delighted with this discovery. These findings mark Ayvalik as a potential new frontier in the story of human evolution, placing it firmly on the map of human prehistory -- opening up a new possibility for how early humans may have entered Europe.

"It feels like we are adding an entirely new page to the story of human dispersal. Our research raises exciting possibilities for future exploration, and we hope it emerges as a body of work that will shift the approach of Pleistocene archaeology for decades to come."

How were these findings possible? 




During the Ice Age, sea levels dropped more than 100 meters, revealing vast coastal plains that are now underwater. At that time, the modern islands and peninsulas of Ayvalik would have formed a single stretch of land, creating a natural bridge that linked Anatolia to Europe.

The artifacts found in the new study were discovered along the present-day coastline, providing evidence that people once lived and traveled across these now-submerged landscapes.

Until now, environmental conditions and deep sediment layers had made it difficult to detect or preserve traces of early human activity in the region.

"In all these periods, the present-day islands and peninsulas of Ayvalik would have formed interior zones within an expansive terrestrial environment," explains co-author Professor Kadriye Ozcelik, from Ankara University.

"These paleogeographic reconstructions underscore the importance of the region for understanding hominin dispersals across the northeastern Aegean during the Pleistocene."

What was found? 

The region's shifting geology and active coastlines in the North Aegean made preservation difficult and the number of items uncovered "limited," however this research team managed to uncover Levallois technologies from various Paleolithic periods, as well as handaxes and cleavers.




Among the most significant finds include Levallois-style flake tools, sophisticated implements linked to the Middle Paleolithic Mousterian tradition -- these are often associated with Neanderthals and early Homosapiens.

"These large cutting tools are among the most iconic artifacts of the Paleolithic and are instantly recognizable even today, so are a very important find," explains Dr. Karahan.

"The presence of these objects in Ayvalik is particularly significant, as they provide direct evidence that the region was part of wider technological traditions shared across Africa, Asia, and Europe."

Describing the initial discovery of the 131 items, Dr. Karahan adds: "It was a truly unforgettable moment for us. Holding the first tools in our hands was both emotional and inspiring.

"And each find from there on was a moment of excitement for the whole team.

"Holding these objects -- after walking across landscapes where no one had ever documented Paleolithic remains before -- was unforgettable."

What does this discovery tell us about early humans? 

The experts' key argument hinges on the potential of Ayvalik as a dynamic site for interaction and exchange, facilitating early human movement between the Anatolia peninsula and Europe.

Exploring how Anatolia, with specific focus on Ayvalik, and Europe were linked during glacial sea-level low stands offers alternative pathways for how early humans moved around the region beyond dominantly emphasized northern mainland-centered routes.

Addressing a gap in the scholarship, the authors' work provides a new foundation for examining resources and migration routes in which Ayvalik may have featured as part of a mobility corridor.

The survey's yield of tools demonstrates a "consistent use of Levallois technology and flake production... and a diversified toolkit," whilst all artefacts together offer what the team state are "valuable insights into early human presence, raw material preferences, and technological variability."

"The findings paint a vivid picture of early human adaptation, innovation, and mobility along the Aegean," Dr. Karahan explains.

"The results confirmed that Ayvalik -- which had never before been studied for its Paleolithic potential -- holds vital traces of early human activity."

Incredible recoveries, hundreds of thousands of years later 

As this was a survey (carried out across a two-week period in June 2022) rather than an excavation, the team could not be certain of what they would find when they set off. They knew from the region's geology and paleogeography that there was potential. They explored -- often muddy, (particularly in lowland basins and coastal plains) -- sites by foot.

What followed was a "discovery of such a diverse and well-preserved set of artifacts, which exceeded our expectations," Dr. Karahan says.

Although these recovery efforts were not without challenges, the authors explore what both the challenges and findings reveal in the paper. They state: "The widespread, muddy cover was considered a limiting factor for the preservation and detectability of Paleolithic materials.

"However, despite these constraints, high-quality raw material sources, such as flint and chalcedony, were identified in multiple locations, including areas affected by alluvial deposition."

Future potential 

Fellow author Dr. Hande Bulut, from Duzce University, adds: "Ultimately the results underline Ayvalik's potential as a long-term hominin habitat and a key area for understanding Paleolithic technological features in the eastern Aegean.

"While preliminary, the current findings underscore the region's potential to contribute to broader debates on Aegean connectivity and technological evolution during the Pleistocene.

"Excitingly, the region between the North Aegean and the Anatolian mainland, may still hold valuable clues to early occupation despite the challenges posed by active geomorphological processes."

The team recommends future research uses a multidisciplinary approach to outline absolute dating, stratigraphic excavation, and paleoenvironmental reconstruction, which they describe as "essential to clarify the temporal depth and functional character of the Ayvalik assemblage."
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New simulation reveals how Earth's magnetic field first sparked to life | ScienceDaily
Earth is lucky to have a magnetic field that shields the planet -- and everything living on it -- from dangerous cosmic radiation. Without this invisible barrier, Earth would be exposed to the same constant stream of charged particles that bombards other planets in our solar system, such as Mars, making life there far more difficult.


						
Scientists have long explained the source of this protective force through the dynamo theory, which describes how motion within Earth's liquid metal core creates magnetism. As the molten iron and nickel slowly cool, they form swirling convection currents in the outer core. The planet's rotation then twists these flows into a spiraling, screw-like pattern. These moving, electrically conductive materials generate electric currents that produce magnetic fields -- together forming most of Earth's overall magnetic field.

Yet the theory raises a problem. Before Earth's solid inner core began to crystallize (about 1 billion years ago), the entire core was liquid. Could the planet's magnetic field have existed even then?

A group of three geophysicists from ETH Zurich and SUSTech, China, set out to answer this question in a study published in Nature.

New model offers fresh insight

Because scientists cannot directly observe the processes deep inside Earth, they rely on computer simulations to model its internal dynamics.

In this new work, the team built a detailed digital model of the planet to test whether a fully liquid core could still maintain a stable magnetic field. The calculations, some performed on the Piz Daint supercomputer at the CSCS in Lugano, revealed that magnetism can indeed arise even when viscosity -- the internal friction of the liquid metal -- has no measurable effect on the process. This finding suggests that Earth's magnetic field likely formed early in its history through mechanisms very similar to those still operating today.




Remarkably, the researchers were the first to show that viscosity could be reduced to an almost negligible level in such models. "Until now, no one has ever managed to perform such calculations under these correct physical conditions," says the study's lead author, Yufeng Lin.

Understanding the history of the Earth's magnetic field

"This finding helps us to better understand the history of the Earth's magnetic field and is useful in interpreting data from the geological past," says co-author Andy Jackson, Professor of Geophysics at ETH Zurich.

This also places the emergence of life in a different light. Billions of years ago, life apparently benefited from the magnetic shield, which blocked harmful radiation from space, making its development possible in the first place.

The researchers can also use the new findings to study the magnetic fields of other celestial bodies such as the Sun or the planets Jupiter and Saturn.

Indispensable for modern civilizations

The Earth's magnetic field not only protects life, however; it plays a crucial role in making satellite communications and many other aspects of modern civilisation possible. "It is therefore important to understand how the magnetic field is generated, how it changes over time, and what mechanisms maintain it," says Jackson. "If we understand how the magnetic field is generated, we can predict its future development."

The magnetic field has changed its polarity thousands of times throughout the history of the Earth. In recent decades, researchers have also observed a rapid shift of the magnetic north pole toward the geographic north pole. It is essential for our civilization to understand how magnetism is changing on Earth.

In brief:
    	Geophysicists from ETH Zurich and SUSTech, China, have demonstrated the dynamo effect of the Earth's core in a model in which viscosity has no influence, as is the correct physical regime for the Earth.
    	The magnetic field was created in the Earth's early history when its core was completely liquid in a similar way to today.
    	This finding helps us to better understand the history of the Earth's magnetic field and make more precise predictions of its future development.
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Scientists unearth a 112-million-year-old time capsule filled with ancient insects | ScienceDaily
Scientists have uncovered the first South American amber deposits containing preserved insects in a quarry in Ecuador, according to a study published in Communications Earth & Environment. The discovery captures a vivid picture of a 112-million-year-old forest that once thrived on the ancient supercontinent Gondwana and opens new doors for exploring a long-overlooked prehistoric ecosystem.


						
Amber (fossilized tree resin) has been found in samples dating back as far as 320 million years, but it became far more common between 120 million and 70 million years ago, during the Cretaceous era (143.1 million to 66 million years ago). These ancient resins sometimes contain "bio-inclusions" -- trapped remains of plants or animals -- that offer rare, detailed glimpses of life forms such as insects and flowers that are not usually preserved as fossils. Until now, nearly all known major amber deposits were located in the Northern Hemisphere, leaving scientists with limited insight into what Southern Hemisphere ecosystems looked like during the time when the continents were beginning to separate from Gondwana.

To investigate, Xavier Delclos and his research team examined amber and surrounding rock samples collected from the Genoveva quarry in Ecuador. The amber, dated to roughly 112 million years ago, belongs to the Hollin Formation, a sedimentary layer that stretches across Ecuador's Oriente Basin. The team identified two distinct kinds of amber: one formed underground near the roots of resin-producing plants, and another that developed in the open air. Among 60 samples of the latter, the researchers found 21 bio-inclusions representing five insect orders, including Diptera (flies), Coleoptera (beetles), and Hymenoptera (a group that includes ants and wasps), as well as a fragment of spider web. In addition, the rock surrounding the amber contained numerous plant fossils such as spores, pollen, and other botanical traces.

According to the researchers, the characteristics of the fossils indicate that the amber originated in a warm, humid forest filled with dense vegetation and resin-producing trees in southern Gondwana. They emphasize that this rare find provides a crucial new resource for understanding life and biodiversity during this key period in Earth's history.
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Dolphins may be getting Alzheimer's from toxic ocean blooms | ScienceDaily
For many nature enthusiasts, few scenes are as distressing as finding a stranded whale or dolphin lying helpless on the beach. When these animals are still alive, marine biologists and volunteers rush to assist, shielding them from the sun and preventing their skin from drying out by pouring seawater over them or draping them with wet towels. Others work tirelessly to guide the animal back to deeper waters once the tide returns.


						
Tragically, not every rescue attempt comes in time. Some dolphins and whales are discovered already dead, leaving behind a haunting mystery that has puzzled scientists for decades: what drives these intelligent creatures to beach themselves in the first place?

A team of researchers from Florida to Wyoming believes they may have uncovered a surprising explanation. They suggest that, much like humans with dementia who sometimes wander away from familiar places, dolphins might also become disoriented due to a form of Alzheimer's-like disease. Their findings point to a connection between this disorientation and long-term exposure to harmful compounds produced by cyanobacteria -- microscopic organisms that thrive in warm, nutrient-rich waters.

Research involving residents of Guam has shown that people who regularly consume foods containing cyanobacterial toxins are more likely to develop the same brain abnormalities seen in Alzheimer's disease, including misfolded tau proteins and amyloid plaques. One of the most concerning of these toxins is b-N-methylamino-L-alanine (BMAA), along with its chemical relatives 2,4-Diaminobutyric acid (2,4-DAB) and N-2-aminoethylglycine (AEG). These compounds are known to be highly toxic to nerve cells. Experiments in animals demonstrate that BMAA exposure can lead to Alzheimer's-like brain damage and cognitive decline. Once released into marine ecosystems, these toxins can build up in the food chain, eventually reaching top predators such as dolphins.

When researchers examined the brains of twenty bottlenose dolphins that had stranded along Florida's Indian River Lagoon, they found significant levels of BMAA and its related toxins, especially 2,4-DAB. Dolphins that washed ashore during peak cyanobacterial bloom periods contained up to 2,900 times more 2,4-DAB than those stranded at other times of the year. Their brains showed many of the same pathological features seen in humans with Alzheimer's disease, including b-amyloid plaques and hyperphosphorylated tau proteins. The scientists also identified TDP-43 protein inclusions, a marker associated with more aggressive forms of Alzheimer's, along with 536 genes expressed in patterns consistent with the disease.

The duration of cyanobacterial blooms is increasing with climate warming and nutrient inputs associated with agricultural runoff and sewage discharges. Cyanobacterial-laden waters have often been released down the St. Lucie River from Lake Okeechobee into the Indian River Lagoon. "Since dolphins are considered environmental sentinels for toxic exposures in marine environments," Dr. David Davis at the Miller School of Medicine explains, "there are concerns about human health issues associated with cyanobacterial blooms."

In 2024, Miami Dade County had the highest prevalence of Alzheimer's disease in the United States. "Although there are likely many paths to Alzheimer's disease, cyanobacterial exposures increasingly appear to be a risk factor," adds Dr. Davis.

"Among Guam villagers, exposure to cyanobacterial toxins appeared to trigger neurological disease," said Dr. Paul Alan Cox of the Brain Chemistry Labs in Jackson Hole.

This research was published in the current Nature journal Communication Biology by researchers at Hubbs-SeaWorld Research Institute in Melbourne Beach, Florida, The Blue World Research Institute in Cocoa, Florida, The University of Miami Miller School of Medicine, Miami, Florida, Brain Chemistry Labs, Jackson Hole, Wyoming, Rosenstiel School of Marine, Atmospheric, and Earth Science, University of Miami, Miami, Florida.
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Quantum simulations that once needed supercomputers now run on laptops | ScienceDaily
Picture diving deep into the quantum realm, where unimaginably small particles can exist and interact in more than a trillion possible ways at the same time.


						
It's as complex as it sounds. To understand these mind-bending systems and their countless configurations, physicists usually turn to powerful supercomputers or artificial intelligence for help.

But what if many of those same problems could be handled by a regular laptop?

Scientists have long believed this was theoretically possible, yet actually achieving it has proven far more difficult.

Researchers at the University at Buffalo have now taken a major step forward. They have expanded a cost-effective computational technique known as the truncated Wigner approximation (TWA), a kind of physics shortcut that simplifies quantum mathematics, so it can handle systems once thought to demand enormous computing power.

Just as significant, their approach -- outlined in a study published in September in PRX Quantum, a journal of the American Physical Society -- offers a practical, easy-to-use TWA framework that lets researchers input their data and obtain meaningful results within hours.

"Our approach offers a significantly lower computational cost and a much simpler formulation of the dynamical equations," says the study's corresponding author, Jamir Marino, PhD, assistant professor of physics in the UB College of Arts and Sciences. "We think this method could, in the near future, become the primary tool for exploring these kinds of quantum dynamics on consumer-grade computers."

Marino, who joined UB this fall, began this work while at Johannes Gutenberg University Mainz in Germany. His co-authors include two of his former students there, Hossein Hosseinabadi and Oksana Chelpanova, the latter now a postdoctoral researcher in Marino's lab at UB.




The research received support from the National Science Foundation, the German Research Foundation, and the European Union.

Taking a semiclassical approach

Not every quantum system can be solved exactly. Doing so would be impractical, as the required computing power grows exponentially as the system becomes more complex.

Instead, physicists often turn to what's known as semiclassical physics -- a middle-ground approach that keeps just enough quantum behavior to stay accurate, while discarding details that have little effect on the outcome.

TWA is one such semiclassical approach that dates back to the 1970s, but is limited to isolated, idealized quantum systems where no energy is gained or lost.

So Marino's team expanded TWA to the messier systems found in the real world, where particles are constantly pushed and pulled by outside forces and leak energy into their surroundings, otherwise known as dissipative spin dynamics.




"Plenty of groups have tried to do this before us. It's known that certain complicated quantum systems could be solved efficiently with a semiclassical approach," Marino says. "However, the real challenge has been to make it accessible and easy to do."

Making quantum dynamics easy

In the past, researchers looking to use TWA faced a wall of complexity. They had to re-derive the math from scratch each time they applied the method to a new quantum problem.

So, Marino's team turned what used to be pages of dense, nearly impenetrable math into a straightforward conversion table that translates a quantum problem into solvable equations.

"Physicists can essentially learn this method in one day, and by about the third day, they are running some of the most complex problems we present in the study," Chelpanova says.

Saving supercomputers for the big problems

The hope is that the new method will save supercomputing clusters and AI models for the truly complicated quantum systems. These are systems that can't be solved with a semiclassical approach. Systems with not just a trillion possible states, but more states than there are atoms in the universe.

"A lot of what appears complicated isn't actually complicated," Marino says. "Physicists can use supercomputing resources on the systems that need a full-fledged quantum approach and solve the rest quickly with our approach."
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A million-sun-mass mystery object found lurking in deep space | ScienceDaily
Astronomers have used a worldwide array of telescopes to spot the smallest dark object ever identified in the universe. Discovering more of these faint, hidden masses and understanding what they are could help eliminate certain explanations for dark matter, the invisible material believed to make up roughly one-quarter of the cosmos. Details of the discovery appear in two studies published on Oct. 9 in Nature Astronomy and the Monthly Notices of the Royal Astronomical Society.


						
Because this object gives off no light or detectable radiation, scientists identified it through its gravitational pull on light passing nearby, an effect known as gravitational lensing. By studying how the light was distorted, researchers could calculate how much matter was packed inside the unseen object.

The newly found object is so small that its presence appeared only as a tiny "pinch" in the distorted image created by a much larger gravitational lens -- something like a subtle flaw in a funhouse mirror.

"It's an impressive achievement to detect such a low mass object at such a large distance from us," said Chris Fassnacht, professor in the Department of Physics and Astronomy at the University of California, Davis, who is a co-author on the Nature Astronomy paper. "Finding low-mass objects such as this one is critical for learning about the nature of dark matter."

This mysterious object weighs about 1 million times as much as the Sun. Its true identity is still uncertain: it could be a dense clump of dark matter, roughly 100 times smaller than any previously detected, or possibly an extremely compact, inactive dwarf galaxy.

Though it cannot be seen directly, dark matter's gravitational influence is thought to shape how galaxies, stars, and other visible matter are arranged across the universe. One of the major questions in astronomy is whether dark matter can form small, starless clumps. Finding such objects could either support or challenge current theories about what dark matter is.

Using telescopes worldwide

To detect the faint signals from the object, researchers combined data from several powerful instruments, including the Green Bank Telescope (GBT) in West Virginia, the Very Long Baseline Array (VLBA) in Hawai`i, and the European Very Long Baseline Interferometric Network (EVN), which links radio telescopes across Europe, Asia, South Africa, and Puerto Rico. Together, these instruments functioned like a single Earth-sized telescope capable of detecting incredibly subtle distortions in light caused by the dark object's gravity.




This detection represents an object with a mass about one hundred times smaller than any previously found using this method, showing that the technique can reveal other similarly small dark structures.

"Given the sensitivity of our data, we were expecting to find at least one dark object, so our discovery is consistent with the so-called 'cold dark matter theory' on which much of our understanding of how galaxies form is based," said lead author Devon Powell at the Max Planck Institute for Astrophysics (MPA), Germany. "Having found one, the question now is whether we can find more and whether the numbers will still agree with the models."

The team is further analyzing the data to better understand the nature of the dark object, and also looking for more examples of such dark objects in other parts of the sky.

Additional authors are: John McKean, University of Groningen, the Netherlands, South African Radio Observatory and University of Pretoria; Simona Vegetti, MPA; Cristiana Spingola, Istituto di Radioastronomia, Bologna; and Simon D. M. White, MPA.

The work was supported in part by the European Research Council, the Italian Ministry of Foreign Affairs and International Cooperation and the National Research Foundation of South Africa. The National Radio Astronomy Observatory is a facility of the U.S. National Science Foundation.
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Breakthrough compounds may reverse nerve damage caused by multiple sclerosis | ScienceDaily
Multiple sclerosis (MS) is a long-term autoimmune condition that affects over 2.9 million people around the world. In MS, the immune system mistakenly attacks the myelin sheath, a protective layer that insulates nerve fibers. This damage interrupts communication between the brain and body, leading to symptoms such as numbness, tingling, vision problems, and paralysis.


						
Although existing treatments can help reduce inflammation, there are still no approved therapies that protect neurons or rebuild the damaged myelin sheath. Scientists have now made significant progress toward that goal with support from the National Multiple Sclerosis Society. Their work has led to the discovery of two compounds capable of promoting remyelination, the process of repairing the myelin coating on nerve fibers.

The study, published in Scientific Reports, was led by Seema Tiwari-Woodruff, a professor of biomedical sciences at the University of California, Riverside, School of Medicine, and John Katzenellenbogen, a professor of chemistry at the University of Illinois Urbana-Champaign (UIUC). The research was funded through two National MS Society initiatives: a standard investigator-initiated grant and the organization's Fast Forward program, which accelerates commercialization of promising research.

"Our work represents more than a decade of collaboration, with the last four years focused on identifying and optimizing new drug candidates that show strong potential to treat MS and possibly other neurological diseases involving demyelination," Tiwari-Woodruff said.

With this support, the team launched a drug development program that has since been licensed by Cadenza Bio, Inc. Backed by investor funding, the company has continued advancing the research and is preparing for clinical testing of what could become a first-of-its-kind treatment for people with MS.

From discovery to development

This new work builds on earlier studies involving a compound called indazole chloride, which had shown promise in promoting myelin repair and regulating immune responses in mouse models of MS. However, indazole chloride lacked the chemical properties and patent potential required for clinical and commercial use, Tiwari-Woodruff explained.




Working with UIUC chemists Katzenellenbogen and Sung Hoon Kim, who created new versions of the molecule, Tiwari-Woodruff's group, led by recent UC Riverside graduate Micah Feri, screened more than 60 analogs of indazole chloride. From this effort, they identified two standout candidates, K102 and K110. Both showed better safety, efficacy, and drug-like characteristics in tests using mice and human cells.

Among the two, K102 emerged as the leading candidate. It not only stimulated myelin repair but also helped regulate immune activity, a critical balance for MS therapies. The compound also performed well in human oligodendrocytes -- cells responsible for producing myelin -- derived from induced pluripotent stem cells, suggesting the results could translate effectively from animal studies to human disease.

Normally, oligodendrocyte precursor cells develop into mature myelin-producing cells that repair nerve insulation. In MS, this repair process often breaks down, leading to lasting nerve damage. A compound like K102 that can restore myelin could help improve nerve signal transmission and potentially limit long-term disability.

"K110 is also a strong candidate," Tiwari-Woodruff said. "It has slightly different central nervous system effects and may be better suited for other conditions like spinal cord injury or traumatic brain injury, so we're keeping it in the pipeline."

From bench to biotech

Tiwari-Woodruff and Katzenellenbogen credit the National MS Society's Fast Forward program as a turning point. Fast Forward accelerates the commercialization of promising therapies by promoting academic-industry partnerships. The highly competitive grant enabled Tiwari-Woodruff and Katzenellenbogen to generate sufficient data to license the rights to Cadenza Bio to develop K102 and K110. The patents are jointly held by UCR and UIUC, with an exclusive, worldwide licensing agreement in place between the universities and Cadenza Bio.




"This project has been a good example of how long-standing academic collaborations can lead to real-world applications," Katzenellenbogen said. "Our shared goal was always to take a promising idea and develop it into a therapy that could help people with MS. We're finally getting close to that reality."

Initially, UCR's Office of Technology Partnerships collaborated with UIUC to seek patent protection. Grace Yee, assistant director of technology commercialization at UCR, said the joint efforts of UCR, UIUC, and the National MS Society advocated for and promoted the technology to investors and industry for commercial development.

"Our entrepreneurs-in-residence also helped advise the project, so the team was able to develop materials and messaging to highlight the project's commercial value," she said. "When investors expressed interest in the technology, UCR and UIUC helped them understand how the technology addresses an unmet need in treating MS. These efforts led to the licensing agreement with Cadenza Bio."

Elaine Hamm, chief operating officer at Cadenza Bio, said she and Carol Curtis, cofounder of Cadenza Bio, were impressed by the possibility of moving from slowing axon damage to repairing axon damage.

"This is the future we want to build," Hamm said. "It is why we licensed the technology, and why we are excited to move it forward to patients in need."

More than a decade in the making

Tiwari-Woodruff and Katzenellenbogen have worked together for more than 12 years. Tiwari-Woodruff's move from UCLA to UCR in 2014, she said, turned out to be a pivotal decision.

"The support from UCR -- from leadership to infrastructure -- has been extraordinary," Tiwari-Woodruff said. "None of this would've been possible without that backing. Funding for academic labs like mine and John's is crucial. This is selfless work, driven by a deep love of science and commitment to human health."

Though the initial focus is MS, the team believes K102 and K110 could eventually be applied to other diseases involving neuronal damage, including stroke and neurodegeneration.

Cadenza Bio is now advancing K102 through the necessary non-clinical studies required to support first-in-human clinical trials.

"We're hopeful that clinical trials can begin soon," said Tiwari-Woodruff. "It's been a long journey -- but this is what translational science is all about: turning discovery into real-world impact."

The research was also supported in part by grants from the National Institutes of Health and Cadenza Bio.

Tiwari-Woodruff, Katzenellenbogen, Kim, and Feri were joined in the research by Flavio D. Cardenas, Alyssa M. Anderson, Brandon T. Poole, Devang Deshpande, Shane Desfor, Kelley C. Atkinson, Stephanie R. Peterson, Moyinoluwa T. Ajayi, Fernando Beltran, Julio Tapia, and Martin I. Garcia-Castro of UCR; Kendall W. Nettles and Jerome C. Nwachukwu of The Scripps Research Institute, Florida; and David E. Martin and Curtis of Cadenza Bio, Oklahoma.
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For the first time, scientists pinpoint brain cells linked to depression | ScienceDaily
Scientists at McGill University and the Douglas Institute have discovered that two distinct types of brain cells show changes in people experiencing depression.


						
Published in Nature Genetics, the research provides new clues that could guide the creation of treatments focused on these specific cells. It also enhances scientific understanding of depression, a condition that affects more than 264 million people globally and is one of the leading causes of disability.

"This is the first time we've been able to identify what specific brain cell types are affected in depression by mapping gene activity together with mechanisms that regulate the DNA code," said senior author Dr. Gustavo Turecki, a professor at McGill, clinician-scientist at the Douglas Institute and Canada Research Chair in Major Depressive Disorder and Suicide. "It gives us a much clearer picture of where disruptions are happening, and which cells are involved."

Rare brain bank enables breakthrough

The team conducted their work using post-mortem brain tissue from the Douglas-Bell Canada Brain Bank, one of the few collections worldwide that includes donations from people with psychiatric conditions.

Through advanced single-cell genomic analysis, the researchers examined RNA and DNA from thousands of individual brain cells to determine which ones behaved differently in people with depression and which DNA sequences might explain these variations. The study analyzed tissue from 59 individuals who had depression and 41 who did not.

They discovered that gene activity was altered in two types of brain cells: a class of excitatory neurons responsible for mood and stress regulation, and a subtype of microglia, the immune cells that manage inflammation in the brain. In both cell types, many genes were expressed differently in people with depression, pointing to possible disruptions in vital neural systems.




By identifying the specific cells affected, the research deepens understanding of the biological foundation of depression and helps dispel outdated views of the condition.

"This research reinforces what neuroscience has been telling us for years," Turecki said. "Depression isn't just emotional, it reflects real, measurable changes in the brain."

Looking ahead, the scientists intend to explore how these cellular changes influence brain function and whether targeting them could lead to more effective treatments.

About the study

"Single-nucleus chromatin accessibility profiling identifies cell types and functional variants contributing to major depression" by Anjali Chawla and Gustavo Turecki et al., was published in Nature Genetics.

The study was funded by Canadian Institutes of Health Research, Brain Canada Foundation, Fonds de recherche du Quebec -- Sante and Healthy Brains, Healthy Lives initiative at McGill University.
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12,000-year-old rock art found in Arabia reveals a lost civilization | ScienceDaily
Recent research has revealed the crucial role of early human groups who settled in northern Arabia soon after the intensely dry period known as the Last Glacial Maximum (LGM). These communities followed the return of seasonal water sources and left behind an extraordinary record of their presence through monumental rock art.


						
An international team of archaeologists, coordinated by the Heritage Commission of the Saudi Ministry of Culture, uncovered the findings through the Green Arabia Project. The team included experts from the Max Planck Institute of Geoanthropology, KAUST (King Abdullah University of Science and Technology), University College London, Griffith University, and several other institutions.

Researchers documented over 60 rock art panels featuring 176 individual engravings across three previously unexplored locations: Jebel Arnaan, Jebel Mleiha, and Jebel Misma, situated along the southern edge of the Nefud Desert in northern Saudi Arabia.

The engravings, which depict animals such as camels, ibex, equids, gazelles, and aurochs, include 130 highly detailed and life-sized figures, some reaching up to 3 meters long and more than 2 meters tall.

Dating to between 12,800 and 11,400 years ago, the engravings correspond to a time when temporary lakes and rivers reappeared after centuries of extreme aridity.

Sediment analysis confirmed the existence of these ancient water sources, which would have provided essential support for human groups venturing into the desert interior and allowed them to survive in this challenging environment.

"These large engravings are not just rock art -- they were probably statements of presence, access, and cultural identity," said lead author, Dr. Maria Guagnin from Max Planck Institute of Geoanthropology.




Dr. Ceri Shipton, co-lead author from the Institute of Archaeology, University College London, said: "The rock art marks water sources and movement routes, possibly signifying territorial rights and intergenerational memory."

Unlike previously known sites where engravings were hidden in crevices, the Jebel Mleiha and the Jebel Arnaan panels were etched onto towering cliff faces, some up to 39 meters high, in visually commanding locations.

One panel would have required ancient artists to climb and work precariously on narrow ledges, underscoring the sheer effort and significance of the imagery.

Artefacts including Levantine-style El Khiam and Helwan stone points, green pigment, and dentalium beads suggest long-distance connections to Pre-Pottery Neolithic (PPN) populations in the Levant region.

However, the scale, content, and placement of the Arabian engravings set them apart.

"This unique form of symbolic expression belongs to a distinct cultural identity adapted to life in a challenging, arid environment," said Dr. Faisal Al-Jibreen, from the Heritage Commmission, Saudi Ministry of Culture.

"The project's interdisciplinary approach has begun to fill a critical gap in the archaeological record of northern Arabia between the LGM and the Holocene, shedding light on the resilience and innovation of early desert communities," said Michael Petraglia, lead of the Green Arabia project.

The study 'Monumental rock art illustrates that humans thrived in the Arabian Desert during the Pleistocene-Holocene transition' has been published in Nature Communications.
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MIT's new precision gene editing tool could transform medicine | ScienceDaily
A gene-editing approach called prime editing could one day help treat many illnesses by turning faulty genes into healthy ones. However, the technique sometimes introduces small mistakes into DNA, which can occasionally be harmful.


						
Researchers at MIT have now discovered a way to significantly reduce these errors by altering the key proteins that drive the editing process. They believe this improvement could make gene therapy safer and more practical for treating a wide range of diseases.

"This paper outlines a new approach to doing gene editing that doesn't complicate the delivery system and doesn't add additional steps, but results in a much more precise edit with fewer unwanted mutations," says Phillip Sharp, an MIT Institute Professor Emeritus, a member of MIT's Koch Institute for Integrative Cancer Research, and one of the senior authors of the new study.

Using their refined method, the MIT team lowered the rate of mistakes in prime editing from roughly one in seven edits to about one in 101 for the most common editing type. In a more precise editing mode, the improvement went from one in 122 to one in 543.

"For any drug, what you want is something that is effective, but with as few side effects as possible," says Robert Langer, the David H. Koch Institute Professor at MIT, a member of the Koch Institute, and one of the senior authors of the new study. "For any disease where you might do genome editing, I would think this would ultimately be a safer, better way of doing it."

Koch Institute research scientist Vikash Chauhan led the study, which was recently published in Nature.

The potential for error

In the 1990s, early gene therapy efforts relied on inserting new genes into cells using modified viruses. Later, scientists developed techniques that used enzymes like zinc finger nucleases to directly repair genes. These enzymes worked but were difficult to reengineer for new DNA targets, making them slow and cumbersome to use.




The discovery of the CRISPR system in bacteria changed everything. CRISPR uses an enzyme called Cas9, guided by a piece of RNA, to cut DNA at a specific location. Researchers adapted it to remove faulty DNA sequences or insert corrected ones using an RNA-based template, making gene editing faster and more flexible.

In 2019, scientists at the Broad Institute of MIT and Harvard introduced prime editing, a new version of CRISPR that is even more precise and less likely to affect unintended areas of the genome. More recently, prime editing was used successfully to treat a patient with chronic granulomatous disease (CGD), a rare disorder that weakens white blood cells.

"In principle, this technology could eventually be used to address many hundreds of genetic diseases by correcting small mutations directly in cells and tissues," Chauhan says.

One of the advantages of prime editing is that it doesn't require making a double-stranded cut in the target DNA. Instead, it uses a modified version of Cas9 that cuts just one of the complementary strands, opening up a flap where a new sequence can be inserted. A guide RNA delivered along with the prime editor serves as the template for the new sequence.

One reason prime editing is considered safer is that it doesn't cut both strands of DNA. Instead, it makes a gentler, single-strand cut using a modified Cas9 enzyme. This opens a small flap in the DNA where a new, corrected sequence can be inserted, guided by an RNA template.

Once the corrected sequence is added, it must replace the original DNA strand. If the old strand reattaches instead, the new fragment can sometimes end up in the wrong spot, leading to unintended errors.




Most of these mistakes are harmless, but in rare cases they could contribute to tumor growth or other health issues. In current prime editing systems, the error rate can vary from about one in seven edits to one in 121, depending on the editing mode.

"The technologies we have now are really a lot better than earlier gene therapy tools, but there's always a chance for these unintended consequences," Chauhan says.

Precise editing

To reduce those error rates, the MIT team decided to take advantage of a phenomenon they had observed in a 2023 study. In that paper, they found that while Cas9 usually cuts in the same DNA location every time, some mutated versions of the protein show a relaxation of those constraints. Instead of always cutting the same location, those Cas9 proteins would sometimes make their cut one or two bases further along the DNA sequence.

This relaxation, the researchers discovered, makes the old DNA strands less stable, so they get degraded, making it easier for the new strands to be incorporated without introducing any errors.

In the new study, the researchers were able to identify Cas9 mutations that dropped the error rate to 1/20th its original value. Then, by combining pairs of those mutations, they created a Cas9 editor that lowered the error rate even further, to 1/36th the original amount.

To make the editors even more accurate, the researchers incorporated their new Cas9 proteins into a prime editing system that has an RNA binding protein that stabilizes the ends of the RNA template more efficiently. This final editor, which the researchers call vPE, had an error rate just 1/60th of the original, ranging from one in 101 edits to one in 543 edits for different editing modes. These tests were performed in mouse and human cells.

The MIT team is now working on further improving the efficiency of prime editors, through further modifications of Cas9 and the RNA template. They are also working on ways to deliver the editors to specific tissues of the body, which is a longstanding challenge in gene therapy.

They also hope that other labs will begin using the new prime editing approach in their research studies. Prime editors are commonly used to explore many different questions, including how tissues develop, how populations of cancer cells evolve, and how cells respond to drug treatment.

"Genome editors are used extensively in research labs," Chauhan says. "So the therapeutic aspect is exciting, but we are really excited to see how people start to integrate our editors into their research workflows."

The research was funded by the Life Sciences Research Foundation, the National Institute of Biomedical Imaging and Bioengineering, the National Cancer Institute, and the Koch Institute Support (core) Grant from the National Cancer Institute.
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USC engineers just made light smarter with "optical thermodynamics" | ScienceDaily
A research group from the Ming Hsieh Department of Electrical and Computer Engineering has achieved a major advance in photonics with the creation of the first optical device built on the emerging concept of optical thermodynamics. Their findings, published in Nature Photonics, reveal an entirely new way to control and direct light in nonlinear systems (systems that operate without switches, external controls, or digital commands). In this setup, light is not forced through specific routes; instead, it moves naturally through the device, guided by basic thermodynamic behavior.


						
From Valves to Routers to Light

The idea of routing is common across engineering disciplines. In mechanics, a manifold valve controls where fluids flow. In electronics, a Wi-Fi router or Ethernet switch sends digital information from multiple input sources to the correct output port, ensuring every signal reaches its destination. Achieving a similar kind of routing with light, however, has long been much more complex. Traditional optical routers rely on intricate switch networks and electrical control systems to change light's path, which adds layers of complexity and limits both speed and performance.

Researchers at the USC Viterbi School of Engineering have now demonstrated a completely different approach. The concept can be imagined as a marble maze that organizes itself. Normally, a person would need to lift barriers and adjust the path to guide a marble to the right hole. In the USC team's device, the maze is structured so that no matter where you drop the marble, it will roll toward its correct destination automatically. Light behaves in the same way within this system--it finds the appropriate path on its own by following the rules of thermodynamics.

Potential Industry Impact

The potential applications of this discovery reach well beyond academic research. As modern computing and data transfer continue to stretch the limits of conventional electronics, leading companies (including chip designers such as NVIDIA and others) are investigating optical technologies as faster and more energy-efficient alternatives. By offering a natural, self-organizing method for directing light signals, optical thermodynamics could speed up progress in these efforts. In addition to chip-level communication, this principle may also influence fields such as telecommunications, high-performance computing, and secure information transfer, paving the way for simpler yet more powerful optical systems.

How it Works: Chaos Tamed by Thermodynamics

Nonlinear multimode optical systems have often been viewed as chaotic and difficult to control. Their many overlapping light patterns make them extremely challenging to model or design for practical purposes. Yet this very complexity hides rich physical behavior that has remained largely untapped.

The USC researchers realized that light in these nonlinear environments behaves much like a gas moving toward thermal equilibrium, where random collisions eventually create a stable distribution of energy. Based on this insight, they developed the theoretical framework of "optical thermodynamics," describing how light in nonlinear lattices can undergo processes analogous to expansion, compression, and even phase transitions. This model provides a unified way to understand and harness the natural self-organization of light.




 A Device that Routes Light by Itself

The team's demonstration in Nature Photonics marks the first device designed with this new theory. Rather than actively steering the signal, the system is engineered so that the light routes itself.

The principle is directly inspired by thermodynamics. Just as a gas undergoing what's known as a Joule-Thomson expansion redistributes its pressure and temperature before naturally reaching thermal equilibrium, light in the USC device experiences a two-step process: first an optical analogue of expansion, then thermal equilibrium. The result is a self-organized flow of photons into the designated output channel -- without any need for external switches.

 Opening a New Frontier

By effectively turning chaos into predictability, optical thermodynamics opens the door to the creation of a new class of photonic devices that harness, rather than fight against, the complexity of nonlinear systems. "Beyond routing, this framework could also enable entirely new approaches to light management, with implications for information processing, communications, and the exploration of fundamental physics," said the study's lead author, Hediyeh M. Dinani, a PhD student in the Optics and Photonics Group lab at USC Viterbi.

The Steven and Kathryn Sample Chair in Engineering, and Professor of Electrical and Computer Engineering at USC Viterbi Demetrios Christodoulides added, "What was once viewed as an intractable challenge in optics has been reframed as a natural physical process -- one that may redefine how engineers approach the control of light and other electromagnetic signals."
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They're smaller than dust, but crucial for Earth's climate | ScienceDaily
Smaller than a grain of dust and shaped like minute discs, coccolithophores are microscopic ocean dwellers with an outsized influence on the planet's climate. These tiny algae remove carbon from seawater, release oxygen, and create delicate calcite plates that eventually sink to the ocean floor. Over time, these plates form chalk and limestone layers that record Earth's climate history. Today, five European research institutions announced a new effort to establish October 10 as International Coccolithophore Day, drawing attention to the organisms' vital contributions to carbon regulation, oxygen production, and the health of marine ecosystems that sustain life on Earth.


						
The initiative is being led by the Ruder Boskovic Institute (Zagreb, Croatia), the Lyell Centre at Heriot-Watt University (Edinburgh, UK), NORCE Norwegian Research Centre (Bergen, Norway), Marine and Environmental Sciences Centre (MARE) at the University of Lisbon (Portugal), and the International Nannoplankton Association (INA).

A Delicate Balance Under Threat

Few people are aware of coccolithophores, yet without them, the planet's oceans and climate would look drastically different. These single-celled algae, which contain chlorophyll, float in the sunlit layers of the sea and are coated with calcium carbonate plates known as coccoliths.

Though incredibly small, coccolithophores are among Earth's most effective natural carbon regulators. Every year, they generate more than 1.5 billion tonnes of calcium carbonate, capturing carbon dioxide from the atmosphere and storing it in deep-sea sediments. In addition to removing carbon, they produce oxygen, nourish marine food webs, and influence the planet's greenhouse balance.

Coccolithophores often dominate vast stretches of the ocean, but climate change is altering the temperature, chemistry, and nutrient makeup of seawater. These shifts pose serious risks to their survival--and to the stability of the ecosystems that depend on them.

Why Coccolithophores?

What makes coccolithophores stand out from other plankton is both their role in the global carbon cycle and the unique record they leave behind. "Unlike other groups, they build intricate calcium carbonate plates that not only help draw down carbon dioxide from the atmosphere, but also transport it into deep ocean sediments, where it can be locked away for millennia. This biomineralization leaves behind an exceptional geological record, allowing us to study how they've responded to past climate shifts and better predict their future role. In short, their dual role as carbon pumps and climate archives makes them irreplaceable in understanding and tackling climate change," says Professor Alex Poulton of the Lyell Centre.

"They are the ocean's invisible architects, crafting the tiny plates that become vast archives of Earth's climate," says Dr. Jelena Godrijan, a leading coccolithophore researcher at the Ruder Boskovic Institute. "By studying their past and current responses to changes in the ocean, we can better understand how marine ecosystems function and explore how natural processes might help us tackle climate change.''




Cutting-Edge Science: From Plankton to Planetary Processes

The launch of International Coccolithophore Day spotlights the tiny ocean plankton that quietly help regulate atmospheric carbon dioxide.

At the Lyell Centre in Scotland, the OceanCANDY team, led by Prof. Alex Poulton, studies how these plankton pull CO2 from the air and store it in the sea, and tests how warmer, more acidic oceans could alter this process. Computer forecasts compare which species do this job best, today and tomorrow.

In Norway, scientists at NORCE Research, led by Dr. Kyle Mayers and his team, track coccolithophore life stories, how they grow, who eats them, and the viruses that infect and ultimately kill them, to show how carbon moves through the ocean. Ancient DNA in seafloor mud adds a long view of past climate shifts. "Coccolithophore interactions with viruses and grazers matter," says Dr. Kyle Mayers of NORCE. "These links shape food webs and how the ocean stores carbon."

In Croatia, the Cocco team at the Ruder Boskovic Institute study how they shape the ocean's carbon cycle, from the decay of organic matter to bacterial interactions that influence seawater chemistry and CO2 uptake. "In understanding coccolithophores, we're really uncovering the living engine of the ocean's carbon balance," says Dr. Jelena Godrijan "Their interactions with bacteria determine how carbon moves and transforms -- processes that connect the microscopic scale of plankton to the stability of our planet's climate."

At MARE, University of Lisbon, Dr. Catarina V. Guerreiro leads studies to trace how aerosol-driven fertilization shapes the distribution of coccolithophores across the Atlantic into the Southern Ocean, and what that means for the ocean's carbon pumps today and in recent times. Her approach consists of combining aerosol and seawater samples with sediment records, satellite data and lab microcosms to pin down cause and effect. "We're connecting tiny chalky organisms to planetary carbon flows," says Dr. Guerreiro.




At INA, scientists connect living coccolithophores to their fossil record, using their microscopic plates to date rocks and trace Earth's climate history. By refining global biostratigraphic frameworks and calibrating species' evolutionary timelines, INA researchers transform fossils of coccolithophores into precise tools for reconstructing ancient oceans, linking modern plankton ecology with the geological record of climate change.

Why Coccolithophore Day Matters?

Designating a day for Coccolithophores may seem like a small gesture, but its advocates argue it could have a big impact. "This could contribute to changing the way we see the ocean. "We most often talk about whales, coral reefs, and ice caps, but coccolithophores are a vital part of the planet's climate system. They remind us that the smallest organisms can have the biggest impact, and that microscopic life plays a crucial role in shaping our planet's future, " says Dr. Sarah Cryer from the CHALKY project and OceanCANDY team.

The campaign to establish October 10 as International Coccolithophore Day is a call to action. By highlighting the profound, yet often overlooked, role of coccolithophores, scientists want to inspire a new wave of ocean literacy, policy focus, and public engagement.
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        A giant asteroid hit Earth, but its crater is missing
        Researchers discovered a new field of ancient tektites in South Australia, revealing a long-forgotten asteroid impact. These 11-million-year-old glass fragments differ chemically and geographically from other known tektites. Although the crater remains missing, the find exposes a massive event once thought unrecorded, offering clues to Earth's tumultuous past and planetary defense.

      

      
        From poison to power: How lead exposure helped shape human intelligence
        Long before humans built cities or wrote words, our ancestors may have faced a hidden threat that shaped who we became. Scientists studying ancient teeth found that early humans, great apes, and even Neanderthals were exposed to lead millions of years ago. This toxic metal can damage the brain, yet modern humans developed a tiny genetic change that protected our minds and allowed language and intelligence to flourish.

      

      
        Tiny brain nanotubes found by Johns Hopkins may spread Alzheimer's
        Johns Hopkins scientists uncovered microscopic "nanotube" channels that neurons use to transfer toxic molecules. While this process clears waste, it can also spread harmful proteins like amyloid-beta. Alzheimer's-model mice showed more nanotubes early on, hinting at a link to disease development. Researchers hope to one day control nanotube formation as a potential therapy.

      

      
        This type of meat supercharges muscle growth after workouts
        Scientists discovered that lean pork builds muscle more effectively post-workout than high-fat pork, even with identical protein levels. Using advanced tracking techniques, they found that fat content blunted the body's muscle-building response. The results contradict previous findings about fattier foods enhancing synthesis, suggesting that food form and processing matter.

      

      
        This European treatment for joint pain just passed a major scientific test
        Korean researchers found that low-dose radiation therapy eased knee pain and improved movement in people with mild to moderate osteoarthritis. The treatment, far weaker than cancer radiation, showed real benefits beyond placebo. With no side effects and strong trial results, the approach could provide a middle ground between painkillers and joint surgery.

      

      
        A little stress could be the secret to healthy aging
        Scientists discovered that specific nutrients in nematodes' diets activate stress defenses that keep their cells healthier over time. These RNAs prevent toxic protein buildup, promoting longevity and vitality. The worms fed with balanced diets lived more active, healthier lives. The findings hint that mild dietary stress could support better aging in humans as well.

      

      
        Scientists grow mini human livers that predict toxic drug reactions
        A new human liver organoid microarray developed by Cincinnati Children's and Roche recreates immune-driven liver injury in the lab. Built from patient-derived stem cells and immune cells, it accurately models how genetics influence drug reactions. The system replicated flucloxacillin-related toxicity seen only in people with a specific genetic variant, marking a major step toward predictive, patient-tailored drug safety testing.

      

      
        Exercise might be the key to a younger, sharper immune system
        Endurance exercise may train the immune system as much as the muscles. Older adults with decades of running or cycling had immune cells that functioned better and aged more slowly. Their inflammation levels were lower and their cells resisted fatigue even under stress. The findings point to a direct link between lifelong fitness and healthier immune regulation.

      

      
        Scientists find the brain's hidden pulse that may predict Alzheimer's
        Researchers at USC have created the first method to noninvasively measure microscopic blood vessel pulses in the human brain. Using advanced 7T MRI, they found these tiny pulsations grow stronger with age and vascular risk, disrupting the brain's waste-clearing systems. The discovery may explain how circulation changes contribute to Alzheimer's and other neurodegenerative diseases.

      

      
        Supercharged vitamin k could help the brain heal itself
        Researchers have synthesized enhanced vitamin K analogues that outperform natural vitamin K in promoting neuron growth. The new compounds, which combine vitamin K with retinoic acid, activate the mGluR1 receptor to drive neurogenesis. They also efficiently cross the blood-brain barrier and show stability in vivo. This discovery could pave the way for regenerative treatments for Alzheimer's and related diseases.

      

      
        A simple fatty acid could restore failing vision
        Scientists at UC Irvine have found a way to potentially reverse age-related vision loss by targeting the ELOVL2 "aging gene" and restoring vital fatty acids in the retina. Their experiments in mice show that supplementing with specific polyunsaturated fatty acids, not just DHA, can restore visual function and even reverse cellular aging signs.

      

      
        Your brain's power supply may hold the key to mental illness
        Groundbreaking Harvard research is exposing hidden energy failures inside brain cells that may drive major psychiatric conditions. By studying reprogrammed neurons, scientists are revealing how cellular metabolism shapes mood, thought, and cognition. The work calls for abandoning rigid diagnostic categories in favor of biology-based systems that reflect true complexity. It marks a decisive shift toward preventive and precision mental healthcare.

      

      
        Popular hair-loss pill linked to depression and suicide
        Finasteride, a common hair-loss drug, has long been tied to depression and suicide, but regulators ignored the warnings. Prof. Mayer Brezis's review exposes global data showing psychiatric harm and a pattern of inaction by Merck and the FDA. Despite its cosmetic use, the drug's effects on brain chemistry can be devastating. Brezis calls for urgent regulatory reforms and post-marketing studies to protect public health.

      

      
        A single protein could stop sudden death after heart attacks
        A team at Massachusetts General Hospital uncovered that an immune defense protein, Resistin-like molecule gamma, attacks heart cells after a heart attack--literally punching holes in them. This discovery explains why dangerous, fast heart rhythms can strike after an infarction. By removing this molecule in mice, the researchers reduced deadly arrhythmias twelvefold, suggesting that targeting immune-driven damage could open a new path to preventing sudden cardiac death.

      

      
        This new blood test can catch cancer 10 years early
        Scientists at Mass General Brigham have created HPV-DeepSeek, a blood test that can detect HPV-linked head and neck cancers nearly a decade before diagnosis. By finding viral DNA in the bloodstream, the test achieved 99% sensitivity and specificity. This breakthrough could lead to earlier, less invasive treatments and significantly improve survival. A large NIH trial is underway to confirm the results.

      

      
        Scientists build artificial neurons that work like real ones
        UMass Amherst engineers have built an artificial neuron powered by bacterial protein nanowires that functions like a real one, but at extremely low voltage. This allows for seamless communication with biological cells and drastically improved energy efficiency. The discovery could lead to bio-inspired computers and wearable electronics that no longer need power-hungry amplifiers. Future applications may include sensors powered by sweat or devices that harvest electricity from thin air.

      

      
        C-section births linked to sleepless nights and painful recoveries
        Women who undergo C-sections are more likely to experience debilitating pain and sleep disorders in the months after giving birth. Researchers found both qualitative and large-scale data supporting this link, including a 16% increase in sleep disorder diagnoses. Proper pain management and healthy sleep habits can reduce these risks, helping new mothers recover more smoothly and avoid complications like depression and fatigue.

      

      
        Your skin could warn of hidden mental health trouble
        People experiencing their first psychotic episode who also have skin conditions such as rashes or itching are at greater risk of depression and suicidal thoughts, according to new research presented at the ECNP meeting. Scientists found that 25% of these patients experienced suicidal ideation, compared with only 7% of those without skin issues. The study suggests that dermatological symptoms could serve as early warning markers for worse psychiatric outcomes.

      

      
        This experimental "super vaccine" stopped cancer cold in the lab
        UMass Amherst researchers have developed a groundbreaking nanoparticle-based cancer vaccine that prevented melanoma, pancreatic, and triple-negative breast cancers in mice--with up to 88% remaining tumor-free. The vaccine triggers a multi-pathway immune response, producing powerful T-cell activation and long-term immune memory that stops both tumor growth and metastasis. By combining cancer-specific antigens with a lipid nanoparticle "super adjuvant," it overcomes key challenges in cancer immunoth...

      

      
        Scientists found a smarter Mediterranean diet that cuts diabetes risk by 31%
        Spanish researchers found that combining a calorie-reduced Mediterranean diet with exercise and professional support cut type 2 diabetes risk by 31%. Participants also lost weight and reduced waist size, proving that small, consistent lifestyle shifts can yield major health gains. Experts say this realistic approach could be integrated globally to tackle diabetes and obesity epidemics.

      

      
        New research reveals how ADHD sparks extraordinary creativity
        Researchers have discovered that ADHD's hallmark mind wandering might actually boost creativity. People who deliberately let their thoughts drift scored higher on creative tests in two large studies. The findings hint that mindful management of mental drift could turn ADHD's challenges into creative strengths.

      

      
        Fentanyl overdoses among seniors surge 9,000% -- A hidden crisis few saw coming
        Overdose deaths from fentanyl mixed with stimulants have skyrocketed among seniors, increasing 9,000% in just eight years. Once thought to affect mainly the young, the opioid epidemic's fourth wave now engulfs older adults too. Cocaine and methamphetamine are the leading culprits, and experts warn that multi-drug use makes these overdoses especially lethal. Doctors are urged to educate patients and caregivers on prevention and safer pain management.

      

      
        Your type of depression could shape your body's future health
        Different types of depression affect the body in different ways. Atypical, energy-related depression raises the risk of diabetes, while melancholic depression increases the likelihood of heart disease. Scientists say these differences reflect distinct biological pathways and highlight the need for personalized mental and physical health care.

      

      
        Keto diet shields young minds from early-life trauma
        Young rats given a ketogenic diet were largely protected from the mental and behavioral issues caused by prenatal stress. The high-fat, low-carb diet appeared to safeguard brain development and promote sociability. Researchers believe this could pave the way for early dietary interventions to prevent mood and social disorders, though human trials are still needed.

      

      
        Two common drugs could reverse fatty liver disease
        Researchers at the University of Barcelona found that combining pemafibrate and telmisartan significantly reduces liver fat and cardiovascular risks in MASLD models. The drug duo works better together than alone, likely due to complementary mechanisms. They also uncovered a new role for the PCK1 protein in fat metabolism.

      

      
        Dolphins may be getting Alzheimer's from toxic ocean blooms
        Dolphins washing up on Florida's shores may be victims of the same kind of brain degeneration seen in humans with Alzheimer's disease. Researchers discovered that cyanobacterial toxins--worsened by climate change and nutrient pollution--accumulate in marine food chains, damaging dolphin brains with misfolded proteins and Alzheimer's-like pathology.

      

      
        Scientists find gold hiding in food waste
        Researchers are finding extraordinary new uses for what we throw away. Beet pulp may help crops resist disease, while composted coconut fibers could replace peat moss. Discarded radish and beet greens are rich in bioactive compounds that boost gut health and protect cells. Food waste is rapidly becoming a source of sustainable solutions for both agriculture and health.

      

      
        Breakthrough compounds may reverse nerve damage caused by multiple sclerosis
        Researchers have identified two compounds, K102 and K110, that could repair the nerve damage from multiple sclerosis. These drugs help regenerate the protective myelin sheath and balance immune responses. Licensed by Cadenza Bio, the discovery represents a leap from lab research to potential clinical therapy. If successful, it could transform how neurodegenerative diseases are treated.

      

      
        MIT's "stealth" immune cells could change cancer treatment forever
        MIT and Harvard scientists have designed an advanced type of immune cell called a CAR-NK cell that can destroy cancer while avoiding attack from the body's own immune defenses. This innovation could allow doctors to create "off-the-shelf" cancer treatments ready for use immediately after diagnosis, rather than waiting weeks for personalized cell therapies.

      

      
        How 1 in 4 older adults regain happiness after struggling
        A University of Toronto study found that nearly one in four adults aged 60+ who reported poor well-being were able to regain optimal wellness within three years. The research highlights that physical activity, healthy weight, good sleep, and emotional and social support play crucial roles in recovery. Those with strong psychological wellness at the start were five times more likely to bounce back.

      

      
        For the first time, scientists pinpoint brain cells linked to depression
        Scientists identified two types of brain cells, neurons and microglia, that are altered in people with depression. Through genomic mapping of post-mortem brain tissue, they found major differences in gene activity affecting mood and inflammation. The findings reinforce that depression has a clear biological foundation and open new doors for treatment development.

      

      
        A toxic Alzheimer's protein could be the key to fighting cancer
        A surprising link between Alzheimer's and cancer reveals that amyloid beta, a harmful protein in the brain, actually empowers the immune system. It strengthens T-cells' energy production, helping them fight cancer more effectively. By restoring fumarate levels or transplanting healthy mitochondria, researchers may be able to rejuvenate aging immune cells. These findings could inspire a new generation of treatments that target both cancer and age-related decline.

      

      
        MIT's new precision gene editing tool could transform medicine
        MIT scientists have found a way to make gene editing far safer and more accurate -- a breakthrough that could reshape how we treat hundreds of genetic diseases. By fine-tuning the tiny molecular "tools" that rewrite DNA, they've created a new system that makes 60 times fewer mistakes than before.

      

      
        When men drink, women and children pay the price
        Men's heavy drinking is fueling a hidden crisis affecting millions of women and children worldwide. The harms, from violence to financial instability, are especially severe where gender inequality is high. Experts warn that alcohol policies must include gender-responsive strategies to protect vulnerable families. They call for reforms combining regulation, prevention, and community action.

      

      
        Thousands fall ill as mosquito fever explodes across southern China
        China's Guangdong Province is battling its worst-ever chikungunya outbreak, with thousands of infections spreading across major cities and nearby regions. Transmitted by Aedes mosquitoes, the disease underscores how climate change, urbanization, and global travel are fueling mosquito-borne threats.

      

      
        A sweet fix for baldness? Stevia compound boosts hair growth
        Researchers discovered that stevioside, a compound from the Stevia plant, enhances the skin absorption of minoxidil, the main treatment for pattern baldness. In mice, a stevioside-infused patch boosted hair follicle activity and new hair growth. The approach could pave the way for more natural, effective hair loss therapies.

      

      
        Scientists discover brain circuit that can switch off chronic pain
        Scientists have pinpointed Y1 receptor neurons in the brain that can override chronic pain signals when survival instincts like hunger or fear take precedence. Acting like a neural switchboard, these cells balance pain with other biological needs. The research could pave the way for personalized treatments that target pain at its brain source--offering hope for millions living with long-term pain.
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A giant asteroid hit Earth, but its crater is missing | ScienceDaily
"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.


						in a crater but in tiny glass fragments found only in Australia.
The discovery focuses on rare natural glass called tektites, which form when a meteorite hits Earth with enough force to melt the surface and fling molten material vast distances. This newly identified variety of tektites has so far been discovered only across parts of South Australia.
Co-author Professor Fred Jourdan from Curtin's School of Earth and Planetary Sciences compared the finding to uncovering a new chapter in Earth's turbulent past.

"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.

"They formed when an asteroid slammed into Earth, melting surface rock and scattering debris for thousands of kilometers. These tiny pieces of glass are like little time capsules from deep in our planet's history.

"What makes the discovery even more intriguing is that, although the impact must have been immense, scientists are yet to locate the crater.

"Understanding when and how often large asteroids have struck Earth also helps us assess the risk of future impacts, which is important for planetary defense."

Lead author Anna Musolino, a PhD student at Aix-Marseille University, said the glasses stand apart from all previously known tektites.

"These tektites are unique because of their unusual chemistry and their age, which is about 11 million years," Ms. Musolino said.




"They record a completely separate impact event from the famous Australasian tektite-strewn field.

"While the Australasian tektites formed about 780,000 years ago and are spread across half the globe, these tektites are much older and their discovery suggests a previously unrecognized giant impact."

The study was part of a larger research project led by Emeritus Professor Pierre Rochette from Aix-Marseille University and highlights both the destructive power of past impacts and the importance of studying them.

The full research paper, 'A new tektite strewn field in Australia ejected from a volcanic arc impact crater 11 Myr ago', is published in Earth and Planetary Science Letters.
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From poison to power: How lead exposure helped shape human intelligence | ScienceDaily
What made the modern human brain so different from that of our extinct relatives, such as Neanderthals? Researchers at the University of California San Diego School of Medicine, along with an international team, have discovered that ancient hominids, including early humans and great apes, came into contact with lead far earlier than previously believed -- up to two million years before modern humans began mining it. This long-term exposure may have influenced how early brains evolved, possibly hindering language and social development in all but modern humans, who possess a unique protective genetic variant. The findings were published in Science Advances on October 15, 2025.


						
The team examined fossilized teeth from 51 hominids found across Africa, Asia, and Europe. The samples included both modern and archaic humans such as Neanderthals, early human ancestors like Australopithecus africanus, and extinct great apes including Gigantopithecus blacki.

Lead traces were present in 73% of the fossils studied, with 71% of modern and archaic human samples showing contamination. Fossils of G. blacki dating back 1.8 million years revealed the highest levels of acute exposure.

It was previously thought that humans began facing significant lead exposure only in recorded history, especially during the Roman era, when lead pipes were used for water systems, and later during the Industrial Revolution. Lead pollution declined only after the late twentieth century.

"We stopped using lead in our daily lives when we realized how toxic it is, but nobody had ever studied lead in prehistory," said corresponding author Alysson Muotri, Ph.D., professor of pediatrics and cellular & molecular medicine at UC San Diego School of Medicine, associate director of the Archealization Center, and director of the Sanford Integrated Space Stem Cell Orbital Research Center.

To the researchers' surprise, teeth from people born in the mid-twentieth century (the 1940s through the 1970s), when exposure to leaded gasoline and paint was widespread, showed similar lead patterns to ancient human fossils.

The scientists suggest that ancient humans and their relatives might have encountered lead through their search for water, much like the Romans did later in history.




"One possibility is that they were looking for caves with running water inside," Muotri said. "Caves contain lead, so they were all contaminated. Based on the tooth enamel studies, it started very early in infancy."

Lead exposure disrupts brain growth and function, impairing intelligence and emotional regulation.

Faced with this evidence, Muotri and his team began to question how modern humans managed to thrive despite such toxic conditions during their evolutionary past.

A tiny genetic change

A gene known as neuro-oncological ventral antigen 1 (NOVA1) plays a major role in brain formation and synaptic development. Acting as a key regulator of neurodevelopment, NOVA1 helps determine how neural progenitor cells react to lead exposure, and disturbances in its activity are linked to neurological disorders.

Nearly all modern humans carry a version of the NOVA1 gene that differs by a single DNA base pair from the version found in Neanderthals. Earlier work from Muotri's group showed that swapping the modern NOVA1 with the older variant in miniature brain models, called organoids, caused dramatic changes in brain structure and connectivity.




"Everything about the organoids is identical except for that genetic variant, allowing us to ask whether that specific mutation between us and Neanderthals is giving us any advantage," said Muotri. The archaic variant accelerated brain maturation but resulted in less complexity over time. "If all humans have this newer mutation in all corners of the world, very strong genetic pressure must have selected for it in our species."

To test whether lead exposure might have shaped this genetic shift, the researchers created brain organoids with both the modern and ancestral NOVA1 variants, exposing them to lead and monitoring the growth of cortical and thalamic neurons.

They found that lead changed NOVA1 activity in both types of organoids, influencing genes linked to conditions such as autism and epilepsy.

However, only the archaic NOVA1 variant altered the activity of FOXP2, a gene crucial for speech and language. People with certain FOXP2 mutations struggle to form complex words and sentences.

"These type of neurons related to complex language are susceptible to death in the archaic version of NOVA1," said Muotri. " The FOXP2 gene is identical between us and the Neanderthals, but it's how the gene is regulated by NOVA1 that likely contributes to language differences."

Evolutionary implications

The findings suggest that the acquisition of the modern NOVA1 variant may have protected us from the detrimental effects of lead, promoting complex language development and social cohesion. This could have given modern humans a significant evolutionary advantage over Neanderthals, even in the presence of lead contamination.

Muotri believes these results have important implications for understanding how environmental stressors shaped brain development during human evolution. He speculates that lead exposure may have contributed to the extinction of Neanderthals around 40,000 years ago.

"Language is such an important advantage, it's transformational, it is our superpower," said Muotri. "Because we have language, we are able to organize society and exchange ideas, allowing us to coordinate large movements. There is no evidence that Neanderthals could do that. They might have had abstract thinking, but they could not translate that to each other. And maybe the reason is because they never had a system to communicate that was as efficient as our complex language."

Understanding how NOVA1 gene variants can affect FOXP2 expression helps elucidate the relationship between lead contamination and brain development and also sheds light on neurological conditions related to language, including speech apraxia -- a condition that makes it difficult to produce speech sounds correctly -- and autism.

The study's co-authors included Janaina Sena de Souza, Sandra M. Sanchez-Sanchez, Jose Oviedo, University of California San Diego; Marian Bailey and Matthew Tonge at Southern Cross University; Renaud Joannes-Boyau, Southern Cross University and University of Johannesburg; Justin W. Adams, University of Johannesburg and Monash University; Christine Austin, Manish Arora, Icahn School of Medicine at Mount Sinai, Kira Westaway, Macquarie University; Ian Moffat, Flinders University and University of Cambridge; Wei Wang and Wei Liao, Anthropology Museum of Guangxi; Yingqi Zhang, Institute of Vertebrate Paleontology and Paleoanthropology; Luca Fiorenza, Monash University and Johann Wolfgang Goethe University; Marie-Helene Moncel, Museum National d'Histoire Naturelle; Gary T. Schwartz, Arizona State University; Luiz Pedro Petroski and Roberto H. Herai, Pontificia Universidade Catolica do Parana; Jose Oviedo, University of Arizona; and Bernardo Lemos, Harvard T. H. Chan School of Public Health.

The study was funded, in part, by the National Institutes of Health (grants R01 ES027981, P30ES023515, R01ES026033), the Australian Research Council (grant DP170101597), the National Science Foundation (grant BCS 0962564), and the The Leakey Foundation.

Disclosures: Muotri is the co-founder of and has an equity interest in TISMOO, a company specializing in genetic analysis and human brain organogenesis. The terms of this arrangement have been reviewed and approved by the University of California San Diego in accordance with its conflict-of-interest policies.
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Tiny brain nanotubes found by Johns Hopkins may spread Alzheimer's | ScienceDaily
Researchers at Johns Hopkins Medicine report that they have identified how mammalian brains build intricate networks of tiny tubes that move toxins in and out of brain cells, much like pneumatic tubes send items through systems in factories and stores.


						
Their experiments, which used genetically modified mice and advanced imaging tools, were supported by the National Institutes of Health and published on Oct. 2 in Science. According to the team, the discovery could deepen scientific understanding of how Alzheimer's disease and other neurodegenerative disorders develop, offering potential pathways for new treatments.

In the study, the scientists observed that these microscopic tubes, known as nanotubes, primarily formed to help neurons expel toxic small molecules such as amyloid-beta. This protein can clump together into sticky plaques, one of the defining features of Alzheimer's disease.

"Cells have to get rid of toxic molecules, and by producing a nanotube, they can then transmit this toxic molecule to a neighbor cell," says corresponding author Hyungbae Kwon, associate professor of neuroscience at the Johns Hopkins University School of Medicine. "Unfortunately, this also results in spreading harmful proteins to other areas of the brain."

With the help of powerful microscopes and live-cell imaging, the team watched as neurons created long, slender extensions between their dendrites -- the branching projections that connect brain cells. These "dendritic nanotubes," as the researchers call them, appeared to shuttle harmful molecules from one neuron to another.

"The long and thin column-like structures of these dendritic nanotubes help transfer information quickly from neuron to neuron," says Kwon. "These nanotubes can transport calcium, ions or toxic molecules, and are ideal for sending information to cells that are far away."

Computer simulations of the process mirrored the early stages of amyloid buildup, or "early amyloidosis," and revealed what the researchers describe as a "nanotubular connectivity layer" that adds a new dimension to how brain cells interact.




Kwon notes that these insights could help scientists refine approaches to treating Alzheimer's and similar conditions.

To explore the phenomenon, the researchers collected small brain tissue samples from healthy mice and examined them with high-resolution microscopy, allowing them to visualize the nanotubes in remarkable detail and track how they moved materials between neurons.

They then compared these samples with brain tissue from mice genetically engineered to develop Alzheimer's-like amyloid buildup.

The researchers say the mice with Alzheimer's disease had an increased number of nanotubes in their brains at three months old, when the mice were symptom-free, as compared with normal mice of the same age. At six months of age, the number of nanotubes in normal mice and those with Alzheimer's disease began to equalize.

By taking a closer look at human neurons (sampled with permission from a publicly available electron microscopy database), the scientists identified nanotubes with similar morphology forming between neurons in the same way that the laboratory mice developed them.

In future experiments, Kwon says, the team will focus on whether larger-scale nanotube networks exist in cell types other than neurons in the brain. Eventually, he intends to design an experiment in which researchers create a nanotube to see how it affects the state of cells.




With such knowledge, Kwon says, there's the possibility of one day dialing up or down nanotube production to protect the brain.

"When designing a potential treatment based on this work, we can target how nanotubes are produced -- by either increasing or decreasing their formation -- according to the stage of the disease," Kwon says.

Funding for this research was provided by the National Institutes of Health (DP1MH119428 and R01NS138176).

Additional researchers who conducted the study are Minhyeok Chang, Sarah Krussel, Juhyun Kim, Daniel Lee, Alec Merodio and Jaeyoung Kwon from Johns Hopkins; and Laxmi Kumar Parajuli and Shigeo Okabe from the University of Tokyo, Japan.
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This type of meat supercharges muscle growth after workouts | ScienceDaily
A new study examined how muscles respond to weight training when people eat different types of pork afterward. Researchers compared high-fat and lean ground pork burgers that contained the same amount of protein to see how each affected short-term muscle growth. The results surprised the team and added to growing evidence that the body's muscle-building process after exercise depends not just on how much protein is consumed, but on the type of protein as well.


						
The research was published in the American Journal of Clinical Nutrition.

"What we're finding is that not all high-quality animal protein foods are created equal," said Nicholas Burd, a professor of health and kinesiology at the University of Illinois Urbana-Champaign, who led the research with graduate student Zan Zupancic.

Burd's previous work revealed similar patterns. One earlier experiment showed that eating whole eggs after weight training led to greater muscle-protein synthesis than eating the same amount of protein from egg whites alone. Another study found that eating salmon produced a stronger muscle-building response than consuming a processed blend with the same nutrients in identical proportions.

Together, these findings suggest that whole foods stimulate muscle growth more effectively after exercise than processed versions do. Burd noted that in some cases, the natural fat content of whole foods might actually enhance muscle-building activity.

In this latest study, the research team used advanced techniques to measure and track muscle-protein synthesis in 16 young, physically active adults. To prepare the test meals, they collaborated with the University of Illinois Meat Science Laboratory to create pork patties with precisely defined fat levels.

"That took us a year because it was so hard to get those fat ratios correct," Burd said. All of the meat came from a single pig, and the patties were sent to an external lab for detailed nutrient analysis. Once the fat-to-lean ratios and other nutritional values were verified, the burgers were frozen until used during the experiment's feeding phase.




Before participants began the workout and meal trials, they received an infusion of isotope-labeled amino acids. This technique allowed the scientists to monitor how quickly those amino acids were integrated into muscle tissue. Blood samples were also collected throughout the process to measure circulating amino acid levels.

Muscle biopsies were taken both before and after the two-hour infusion to establish a baseline for muscle-protein synthesis.

"And then we took them to the gym," Burd said. "And they were wheeling that infusion pump and everything else with them."

At the gym, participants performed leg presses and leg extensions, then returned to the lab to eat one of three test meals: a high-fat pork burger, a lean pork burger, or a carbohydrate drink. Five hours later, the researchers took another muscle biopsy to measure how the meal and exercise together affected protein synthesis.

After several days of recovery, 14 of the 16 volunteers repeated the process but switched meal types to ensure that individual differences did not skew the results.

As expected, amino acid levels in the blood rose sharply after eating pork compared with the carbohydrate drink. However, those who consumed the lean pork burger showed the largest increases in amino acids -- both total and essential.




"When you see an increased concentration of amino acids in the blood after you eat, you get a pretty good idea that that is coming from the food that you just ate," Burd said.

Those who consumed the lean pork burger after a bout of weight training also had a greater rate of muscle-protein synthesis than those who ate the high-fat pork burger. This was a surprise to Burd, as "the previous studies using fattier foods, such as whole eggs or salmon, generally showed enhanced post-exercise muscle-protein synthesis compared with lower fat food such as egg whites or nutritional supplements," he said.

Although weight training boosted muscle-protein synthesis in the groups eating pork, the protein in the high-fat burger seemed to have no added benefit in the hours after participants consumed it, while the protein in the lean pork gave muscle-protein synthesis a boost.

"For some reason, the high-fat pork truly blunted the response," Burd said. "In fact, the people who ate the high-fat pork only had slightly better muscle-building potential than those who drank a carbohydrate sports beverage after exercise."

Interpreting the results of this study for people who want to optimize muscle gains from weight-training is tricky, Burd said. It could be that processing the ground pork patties, which involved grinding the meat and adding the fattier meat to the lean, affected the kinetics of digestion.

"There was a little larger rise in the amino acids available from eating lean pork, so it could have been a bigger trigger for muscle-protein synthesis," Burd said. "But that seems to be specific to the ground pork. If you're eating other foods, like eggs or salmon, the whole foods appear to be better despite not eliciting a large rise in blood amino acids."

Burd stresses that exercise is the strongest stimulus for muscle-protein synthesis.

"Most of the muscle response is to weight-training, and we use nutrition to try to squeeze out the remaining potential," he said. "When it comes to eating after weight-training, what we're finding is that some foods, particularly whole, unprocessed foods seem to be a better stimulus."

Burd also is a professor of nutritional sciences and is affiliated with the Carl R. Woese Institute for Genomic Biology at the U. of I.

The National Pork Board's Pork Checkoff program supported this research. The funder had no involvement in study design, data collection or analysis.
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This European treatment for joint pain just passed a major scientific test | ScienceDaily
A new randomized, placebo-controlled clinical trial suggests that a single round of low-dose radiation therapy could offer a safe and effective alternative for people suffering from painful knee osteoarthritis.


						
Participants with mild to moderate knee osteoarthritis experienced notable pain reduction and improved mobility within four months of receiving the treatment. The radiation exposure was only a tiny fraction of what is used in cancer therapy. Because the study included a control group that underwent a simulated treatment, researchers were able to clearly separate genuine treatment effects from placebo responses, which are common in osteoarthritis trials. Early results from this Korean study were presented at the American Society for Radiation Oncology (ASTRO) Annual Meeting.

"People with painful knee osteoarthritis often face a difficult choice between the risks of side effects from pain medications and the risks of joint replacement surgery," said Byoung Hyuck Kim, MD, PhD, principal investigator on the trial and an assistant professor of radiation oncology at Seoul National University College of Medicine, Boramae Medical Center. "There's a clinical need for moderate interventions between weak pain medications and aggressive surgery, and we think radiation may be a suitable option for those patients especially when drugs and injections are poorly tolerated."

Osteoarthritis is the most common form of arthritis, affecting an estimated 32.5 million adults in the United States. It develops as the cartilage that cushions bone ends wears away over time. The condition often targets the knees and hips, limiting mobility and diminishing quality of life. Typical treatment begins with lifestyle adjustments and pain-relief medications, with surgery considered when symptoms become severe.

Low-dose radiation therapy has long been used in European countries such as Germany and Spain to treat joint pain, where it is widely accepted. However, Dr. Kim noted that before this study, rigorous placebo-controlled evidence was scarce, and awareness of the treatment remained low among clinicians in other parts of the world.

"There is a misconception that medicinal, or therapeutic, radiation is always delivered in high doses," he said. "But for osteoarthritis, the doses are only a small fraction of what we use for cancer, and the treatment targets joints that are positioned away from vital organs, which lowers the likelihood of side effects." In this study, he explained, the radiation dose was less than 5% of what is typically used in cancer therapy, and no radiation-related side effects were observed.

The multicenter study included 114 participants with mild to moderate knee osteoarthritis, recruited from three academic hospitals in Korea. They were randomly assigned to one of three groups: a very low dose (0.3 Gy), a low dose (3 Gy), or a control group that received simulated (sham) radiation. In the placebo group, patients went through the same setup as those receiving treatment, but no radiation was actually delivered. Each participant underwent six treatment sessions without knowing which group they were assigned to.




To ensure the results reflected the true effects of radiation, the researchers restricted the use of additional pain relievers, allowing only acetaminophen as needed during the four-month follow-up period. The effectiveness of treatment was evaluated using internationally recognized standards, identifying a participant as a "responder" if they achieved meaningful improvement in at least two of three measures: pain, physical function, and overall assessment of their condition. Participants also completed separate questionnaires addressing pain, stiffness, and mobility. No treatment-related side effects were reported.

After four months, 70% of patients in the 3 Gy group met responder criteria, compared to 42% in the placebo group (p=0.014). Outcomes in the 0.3 Gy group were not significantly different from the control group (58.3% improved, p=0.157), indicating the 3 Gy regimen drove relief beyond placebo effects.

Meaningful improvements in the composite score of pain, stiffness and physical function were reported more often in the 3 Gy group (56.8%) than in the placebo group (30.6%, p=0.024). For other secondary outcomes, including the amount of pain medication needed, there were no significant differences.

Dr. Kim said this trial differed from previous research in two critical ways. "The sham-controlled design helped rule out placebo effects, and we limited stronger analgesics, which made differences between groups more clearly attributable to the radiation itself," he said.

"In previous studies, drugs such as NSAIDs or opioids were also used during the intervention or follow-up period. But using these pain relievers could mask the effects of radiation therapy," he said. Because analgesic use was limited to acetaminophen only during the four months of follow-up in this trial, "that means the differences between treatment groups are more clearly attributable to the low-dose radiation therapy itself."

Responses in the placebo arms were substantial -- about 40% met the criteria for treatment response without true radiation -- but are consistent with rates reported in prior osteoarthritis trials of injections or medications and in at least one similar European study, Dr. Kim said. "It was surprising, and it underscores how important placebo-controlled designs are in osteoarthritis research. We need to examine this more closely in future studies."

Radiation therapy may be best suited for patients with underlying inflammation and preserved joint structure, he explained. "For severe osteoarthritis, where the joint is physically destroyed and cartilage is already gone, radiation will not regenerate tissue," Dr. Kim said. "But for people with mild to moderate disease, this approach could delay the need for joint replacement."

He emphasized that low-dose radiation should be considered as part of shared decision-making alongside standard measures such as weight loss, physiotherapy, and medications. "In clinical practice, responses could be even stronger when radiation is properly combined with other treatments, and patient satisfaction may be higher than with current options alone."

The research team is completing 12-month follow-up to assess durability of benefits and to correlate symptom relief with imaging-based measures of joint structure. Planned studies also include larger, pragmatic trials to evaluate outcomes in specific subgroups and health-economic analyses comparing low-dose radiation with injections and medication regimens.
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A little stress could be the secret to healthy aging | ScienceDaily
Researchers at the University of Basel in Switzerland have found that certain nutrients can cause a mild stress reaction in nematodes. Surprisingly, this reaction doesn't harm the worms -- it actually helps them remain healthier as they grow older.


						
Human lifespans are longer than ever, but longevity alone doesn't guarantee good health. Many people are now asking not only "How long can I live?" but "How well can I live?" While lifespan refers to the total number of years from birth to death, healthspan is the portion of those years spent in good health.

Diet plays a major role in determining how well we age. Scientists have long known that both the amount and the type of nutrients we consume influence aging. Using the microscopic worm Caenorhabditis elegans, Professor Spang's team showed that specific RNA molecules found in food can improve the worms' health in later life. "These molecules prevent the formation of harmful protein aggregates that are typically linked with aging and disease," says Spang. The results of their study were published in Nature Communications.

How diet shapes aging

As organisms age, their ability to remove damaged or altered proteins declines. These proteins can accumulate and form toxic clumps within cells, which are thought to drive the aging process and contribute to diseases such as Alzheimer's, Parkinson's, and various muscle disorders.

The researchers discovered that a balanced diet supports longer healthspan and that certain dietary components offer protective effects. The worms mainly consume bacteria that contain double-stranded RNA molecules. "These dietary RNAs are absorbed in the gut and activate quality-control mechanisms to protect from cellular stress," explains Emmanouil Kyriakakis, the study's first author." This low-level stress essentially trains the body to cope with protein damage more effectively."

Diet-dependent mechanisms slow cellular aging

Diet activates autophagy -- a cellular "clean-up" process that degrades and recycles damaged proteins. This mechanism reduces harmful protein aggregation and thus slows down cell aging. "We were surprised to find that the gut communicates with other organs," says Kyriakakis. "We observed protective effects not only locally, but also in muscles and throughout the whole organism."




Healthier aging -- even in worms

Overall, the worms exposed to a balanced diet were more active and healthier in old age. "The dietary-RNA species elicit a systemic stress response that protects the worms from protein aggregation during aging," says Kyriakakis. "thereby extending their healthspan."

The findings confirm that diet strongly influences health in old age. "Specific food components can stimulate the body's own protective mechanisms," adds Spang. "So, a little stress can be good for you." Whether individual nutrients can also spark beneficial effects in humans -- and potentially help prevent age-related diseases -- remains to be investigated. But it's certainly conceivable. What is clear already: What we eat can shape the way we age.
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Scientists grow mini human livers that predict toxic drug reactions | ScienceDaily
Researchers at Cincinnati Children's Hospital Medical Center, working in partnership with Roche, have created a next-generation human liver organoid microarray platform designed to predict which medications might trigger harmful immune responses in certain individuals.


						
The findings, published online on Sept. 26, 2025, in Advanced Science, describe a fully human, miniaturized liver system developed from stem cells and a patient's own immune cells. This advanced model provides a new way to study why some people suffer severe immune-related liver injuries from drugs that are otherwise considered safe. Co-first author Fadoua El Abdellaoui Soussi, PhD, and corresponding author Magdalena Kasendra, PhD, both from the Center for Stem Cell and Organoid Medicine (CuSTOM) at Cincinnati Children's, led the research.

"Our goal was to create a human system that captures how the liver and immune system interact in patients," El Abdellaoui Soussi says. "By integrating patient-specific genetics and immune responses, we can finally begin to explain why certain drugs cause liver injury in only a small subset of individuals."

A model that replicates immune-related liver injury

Certain drugs that pass traditional safety testing can still trigger idiosyncratic drug-induced liver injury (iDILI), a rare but serious immune reaction that can cause severe illness or force a drug to be withdrawn. Standard laboratory and animal models have long struggled to reproduce these complex immune responses that vary from person to person.

The new platform closes this gap by combining liver organoids made from induced pluripotent stem cells (iPSCs) with each donor's own CD8+ T cells, which are immune cells that target infected or damaged tissue. The result is a fully human, immune-competent system that reflects both the genetic and immune diversity found in real patients.

As proof of concept, the researchers recreated the liver damage caused by the antibiotic flucloxacillin, which occurs only in individuals who carry the HLA-B*57:01 risk gene. Their model accurately reproduced the biological signs of immune-related liver injury, including T cell activation, cytokine release, and liver cell damage, closely mirroring what happens in susceptible people.




"Our goal has always been to bring human biology into the lab in a way that's scalable, reproducible, and meaningful for patients," says Kasendra, who serves as director of research and development at CuSTOM. "By linking foundational stem cell science with applied toxicology, this model moves organoid research another step closer to transforming how drugs are developed and tested."

Building on a foundation of organoid innovation

This new platform expands on previous work by co-author Takanori Takebe, MD, PhD, whose lab developed methods for reliably generating human liver organoids from iPSCs. By refining these techniques into a matrix-free microarray system and pairing them with patient-specific immune cells, the CuSTOM Accelerator team at Cincinnati Children's turned a scientific breakthrough into a scalable precision toxicology tool.

The collaboration with Roche played a key role in the project's success, combining the hospital's scientific expertise with Roche's experience in translational toxicology.

"This partnership shows the power of combining academic innovation with industry experience," says Adrian Roth, PhD, principal scientific director of Personalized Healthcare Safety at Roche. "Together we're building predictive human models that can improve patient safety and accelerate the development of new medicines."

A growing ecosystem for organoid medicine 

Cincinnati Children's has been a global leader in organoid medicine since 2010, when its scientists created the first functional human intestinal organoids.




Under Kasendra's leadership, the CuSTOM Accelerator partners with biopharma and technology companies to translate these scientific advances into real-world solutions for drug safety, precision medicine, and regenerative therapy.

What's next

The CuSTOM Accelerator team continues working to automate organoid assays and enable high-throughput screening across large, genetically diverse donor populations. This next phase will allow researchers to capture the full spectrum of human variability -- an essential step toward developing therapies that are more effective, inclusive, and personalized.

Learn more about CuSTOM's ongoing collaboration with Molecular Devices and Danaher: Collaboration to Develop Liver Organoids for Drug Toxicity Screening -- Research Horizons

"This work reflects the vision of CuSTOM -- to turn human organoid science into practical tools that improve health," Kasendra says, "This is just the beginning -- by bridging biology, engineering, and clinical insight, we're getting closer to predicting how real patients will respond to new treatments before they ever reach the clinic."

About the study

Cincinnati Children's and University of Cincinnati co-authors included co-first author Michael Brusilovsky, PhD, (now with Sanofi), Emma Buck, MS, (now at Imanis Life Sciences), W. Clark Bacon, MS, Sina Dadgar, PhD, Riccardo Barrile, PhD, and Michael Helmrath, MD. Collaborators also included experts from Genentech, Inc., and Molecular Devices LLC.

Funding sources for this research include Roche, Danaher, and the Farmer Family Foundation.
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Exercise might be the key to a younger, sharper immune system | ScienceDaily
Regular physical activity does more than improve muscle strength and cardiovascular health -- it also enhances immune function. This conclusion comes from a study of older adults with a long history of endurance training, which includes sustained forms of exercise such as long-distance running, cycling, swimming, rowing, and walking. An international team of scientists examined the immune cells of these individuals and found that their "natural killer" cells, which patrol the body to eliminate viruses and abnormal cells, were more adaptable, less prone to inflammation, and used energy more efficiently.


						
The research, funded by FAPESP and published in Scientific Reports, focused on natural killer (NK) cells, a type of white blood cell (lymphocyte) that targets infected or damaged cells, including cancer cells. As key players in the body's first line of defense, NK cells detect and neutralize invading pathogens. The team analyzed samples from nine participants with an average age of 64, dividing them into two groups: one untrained and the other composed of individuals who had engaged in endurance exercise for years.

"In a previous study, we found that obesity and a sedentary lifestyle can trigger a process of premature aging of defense cells. This made us want to investigate the other side of the story, that is, whether an older adult who has been practicing endurance exercises for more than 20 years may have a better-prepared immune system. And that's indeed what we found. In these individuals, NK cells functioned better in the face of an inflammatory challenge, in addition to using energy more efficiently. Therefore, it's as if exercise also trains the immune system," says Luciele Minuzzi, a visiting researcher at Justus Liebig University Giessen (JLU) in Germany.

Minuzzi's work forms part of her postdoctoral research and contributes to a broader project led by Sao Paulo State University (UNESP) in Brazil, also supported by FAPESP.

The findings indicate that consistent endurance training helps regulate inflammation over time. "When we compared the cells of trained older adults with those of non-athletes of the same age, we found that those with a history of endurance exercise had fewer inflammatory markers and more anti-inflammatory markers. This means that, compared to non-athletic older adults, they had much better control of inflammation," says Fabio Lira, a professor at the Faculty of Science and Technology (FCT-UNESP), Presidente Prudente campus, and project coordinator.

Lira notes that the immune system is affected by many lifestyle factors, including sleep quality, nutrition, vaccination, stress, inactivity, and certain medications that suppress immune activity. "Physical exercise is one of these factors that can benefit the immune system, and in this research project, we're investigating how it can modulate the immune response over time," he says.

Changes in the cell

The team also examined how NK cells functioned and metabolized energy in response to inflammation. They exposed these cells from both trained and untrained older adults to pharmacological agents such as propranolol and rapamycin to observe their effects.




"Trained older individuals demonstrate more efficient and adaptable immunity, with greater metabolic control and less propensity for cellular exhaustion. Regular physical exercise appears to positively modulate both adrenergic sensitivity and cellular energy sensors, promoting a more balanced and less inflammatory response to external stimuli," says Minuzzi.

Propranolol is a medication that blocks the adrenergic pathway -- a network of neural and hormonal signals that release neurotransmitters like adrenaline and noradrenaline -- and was used to study this pathway's role in NK cell activity. Rapamycin, by contrast, inhibits the mTORC1 signaling pathway, which governs cell growth and replication. In the experiment, high doses of rapamycin (100 ng/mL) altered NK cell characteristics and reduced their growth in laboratory conditions.

"In both cases, even with the blocking of signaling pathways, the NK cells of the trained older adults were able to maintain their immune function, while the cells of the untrained individuals showed cellular exhaustion or failure in the inflammatory response. This means that long-term endurance training is associated with protective 'immunometabolic' adaptations in NK cells in older adults. In other words, the cells become more mature and effective, less senescent, and metabolically better prepared to respond to inflammatory or pharmacological stressors," says the researcher.

Inflammatory response

In another study, the same group of researchers compared the immune response of young and master athletes before and after an acute exercise session. To do this, they analyzed whole blood and PBMC (the mononuclear fraction of blood formed by lymphocytes and monocytes, which includes NK cells) data from 12 master athletes (with an average age of 52 and more than 20 years of continuous training) and compared it with data from young athletes (with an average age of 22 and more than 4 years dedicated to training).

The results showed that the master athletes had a more controlled inflammatory response than the younger athletes. When their blood cells were stimulated with a pathogen (LPS), both groups produced more IL-6, a cytokine that signals inflammation. However, the increase was more pronounced in young people. "Another important inflammatory cytokine, TNF-a, was only increased in the younger group," says the researcher.




The young athletes showed a more intense inflammatory response, while the older athletes showed a more regulated and controlled profile. According to the researchers, this suggests that lifelong training can promote beneficial, balanced immune adaptation.

"Because they train regularly, their bodies are accustomed to dealing with inflammatory episodes, which requires more intense stimuli to generate significant long-term inflammatory responses. It's this type of 'training' that, over time, adapts the immune system, making it stronger," she explains.

Minuzzi points out that research on immune cells in athletes with a long training history has once again shown that decades of physical activity seem to "train" the regulation of inflammation. "The system doesn't stop responding, but it avoids exaggeration. This is particularly interesting for a greater understanding of healthy aging since disordered inflammatory responses are linked to several chronic diseases," she concludes.
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Scientists find the brain's hidden pulse that may predict Alzheimer's | ScienceDaily
Scientists at the Mark and Mary Stevens Neuroimaging and Informatics Institute (Stevens INI) at the Keck School of Medicine of USC have created a pioneering brain imaging method that captures how the brain's smallest blood vessels pulse in time with each heartbeat. These subtle movements may offer vital insights into aging and conditions such as Alzheimer's disease.


						
Published in Nature Cardiovascular Research, the study presents the first noninvasive approach for measuring "microvascular volumetric pulsatility" -- the rhythmic swelling and shrinking of tiny blood vessels -- in living humans. Using ultra-high field 7T magnetic resonance imaging (MRI), the researchers found that these microvessel pulses become stronger with age, particularly in the brain's deep white matter. This region is essential for communication between brain networks but is also vulnerable to reduced blood flow from distal arteries, which carry blood from the heart to the outermost parts of the body. As these pulses intensify, they may interfere with brain function and contribute to memory decline and Alzheimer's progression.

"Arterial pulsation is like the brain's natural pump, helping to move fluids and clear waste," said Danny JJ Wang, PhD, professor of neurology and radiology at the Keck School of Medicine and senior author of the study. "Our new method allows us to see, for the first time in people, how the volumes of those tiny blood vessels change with aging and vascular risk factors. This opens new avenues for studying brain health, dementia, and small vessel disease."

Scientists have long recognized that stiffness and excessive pulsation in large arteries are linked to stroke, dementia, and small vessel disease. However, until now, it has been nearly impossible to observe these rhythmic changes in the brain's smallest vessels without using invasive procedures limited to animal studies.

To overcome this, the USC team combined two advanced MRI techniques -- vascular space occupancy (VASO) and arterial spin labeling (ASL) -- to monitor subtle shifts in microvessel volume throughout the cardiac cycle. Their results revealed that older adults exhibit stronger microvascular pulsations in deep white matter compared to younger individuals, and that hypertension further intensifies these effects. "These findings provide a missing link between what we see in large vessel imaging and the microvascular damage we observe in aging and Alzheimer's disease," said lead author Fanhua Guo, PhD, a postdoctoral researcher in Wang's lab.

Excessive vascular pulsation may also disrupt the brain's "glymphatic system," a recently discovered network that removes waste substances such as beta-amyloid, a protein that accumulates in Alzheimer's disease. Over time, interference with this fluid circulation could hasten cognitive decline.

"Being able to measure these tiny vascular pulses in vivo is a critical step forward," said Arthur W. Toga, PhD, director of the Stevens INI. "This technology not only advances our understanding of brain aging but also holds promise for early diagnosis and monitoring of neurodegenerative disorders."

The researchers are exploring how the method could be adapted for wider clinical use, including on more commonly available 3T MRI scanners. Future studies will test whether microvascular volumetric pulsatility predicts cognitive outcomes and whether it can serve as a biomarker for early intervention in Alzheimer's disease and related conditions.




"This is just the beginning," Wang said. "Our goal is to bring this from research labs into clinical practice, where it could guide diagnosis, prevention, and treatment strategies for millions at risk of dementia."

About the study

In addition to Wang, the study's other authors are Fanhua Guo, Chenyang Zhao, Qinyang Shou, Kay Jann, and Xingfeng Shao from the Stevens INI, and Ning Jin from Siemens Healthcare.

This research was supported by the National Institutes of Health (NIH) grants UF1-NS100614, S10-OD025312, R01-600 NS114382, R01-EB032169, RF1AG084072, R01-EB028297, R01-NS134712, and R01-NS121040.
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Supercharged vitamin k could help the brain heal itself | ScienceDaily
Neurodegenerative disorders such as Alzheimer's, Parkinson's, and Huntington's disease occur when neurons gradually deteriorate and die. This progressive loss of brain cells leads to severe symptoms including memory decline, cognitive impairment, and difficulty with movement. Over time, these conditions can greatly diminish quality of life and often leave patients dependent on continuous care. Current medications can help ease symptoms but do not stop or reverse the underlying disease, highlighting the urgent need for new therapeutic approaches. One promising strategy focuses on stimulating neuronal differentiation, the process of forming new neurons that could replace those lost and potentially slow or counteract neurodegeneration.


						
Vitamin K, a fat-soluble nutrient best known for its role in blood clotting and bone health, has recently attracted attention for its influence on brain cell development and protection. However, naturally occurring vitamin K forms such as menaquinone 4 (MK-4) may not be potent enough for effective use in regenerative therapies targeting neurodegenerative disorders.

In a groundbreaking study published in ACS Chemical Neuroscience, researchers from the Department of Bioscience and Engineering at Shibaura Institute of Technology in Japan, led by Associate Professor Yoshihisa Hirota and Professor Yoshitomo Suhara, created and tested new vitamin K analogues with stronger neuroactive effects. The team also identified a distinct mechanism through which vitamin K promotes neuronal differentiation.

Explaining their findings, Dr. Hirota noted, "The newly synthesized vitamin K analogues demonstrated approximately threefold greater potency in inducing the differentiation of neural progenitor cells into neurons compared to natural vitamin K. Since neuronal loss is a hallmark of neurodegenerative diseases such as Alzheimer's disease, these analogues may serve as regenerative agents that help replenish lost neurons and restore brain function."

To boost vitamin K's biological impact, the team produced 12 hybrid vitamin K homologs by linking them with retinoic acid (an active metabolite of vitamin A that encourages neuronal differentiation), a carboxylic acid group, or a methyl ester side chain. They then evaluated how effectively each compound promoted neuronal differentiation.

Vitamin K and retinoic acid influence gene transcription through the steroid and xenobiotic receptor (SXR) and retinoic acid receptor (RAR), respectively. The researchers measured SXR and RAR activity in mouse neural progenitor cells treated with the newly developed compounds and found that the hybrids maintained the biological functions of both parent molecules. They also measured the expression of microtubule-associated protein 2 (Map2), a neuronal growth marker, to track cell differentiation. One compound, which combined retinoic acid with a methyl ester side chain, produced a threefold increase in neuronal differentiation compared with the control and showed significantly stronger activity than natural vitamin K. This enhanced version was designated as the Novel vitamin K analog (Novel VK).

To better understand how vitamin K protects neurons, the team compared gene expression patterns in neural stem cells treated with MK-4, which promotes neuronal differentiation, to those treated with a compound that suppresses it. Transcriptomic analysis revealed that vitamin K-induced neuronal differentiation is mediated by metabotropic glutamate receptors (mGluRs) through downstream epigenetic and transcriptional processes. The effect of MK-4 was specifically linked to mGluR1. Previous studies have shown that mGluR1 plays a key role in synaptic communication, and that mice lacking this receptor experience motor and synaptic impairments similar to those seen in neurodegenerative disorders.




Delving deeper, the researchers conducted structural simulations and molecular docking studies to elucidate whether the vitamin K homolog interacts with mGluR1. Indeed, their analysis revealed a stronger binding affinity between Novel VK and mGluR1. Finally, the researchers examined the cellular uptake of Novel VK and its conversion to bioactive MK-4 in cells and mice. They noted a significant concentration-dependent increase in the intracellular concentration of MK-4. Moreover, Novel VK converted to MK-4 more easily than natural vitamin K. Further, in vivo experiments in mice showed that Novel VK exhibited a stable pharmacokinetic profile, crossed the blood-brain barrier, and achieved higher MK-4 concentration in the brain compared to the control.

Overall, the study sheds light on the mechanism by which vitamin K and its structural analogues exert neuroprotective effects, paving the way for the development of novel therapeutic agents that can delay or reverse neurodegenerative diseases.

Concluding with the long-term implications of their work, Dr. Hirota says, "Our research offers a potentially groundbreaking approach to treating neurodegenerative diseases. A vitamin K-derived drug that slows the progression of Alzheimer's disease or improves its symptoms could not only improve the quality of life for patients and their families but also significantly reduce the growing societal burden of healthcare expenditures and long-term caregiving."

We hope their research translates into clinically meaningful treatments for patients battling neurological diseases.

Funding information

This study was partly supported by a fund for the Mishima Kaiun Memorial Foundation and the Suzuken Memorial Foundation, KOSE Cosmetology Research Foundation, Koyanagi Foundation, Research Grants from the Toyo Institute of Food Technology, the Science Research Promotion Fund and the Takahashi Industrial and Economic Research Foundation. This study was partly supported by a Fund for the Promotion of Joint International Research (Fostering Joint International Research (A)) [grant number 18KK0455] and a Grant-in-Aid for Scientific Research (C) [grant numbers 20K05754 and 18K11056, 21K11709, and 24K14656], Grant-in-Aid for Early-Career Scientists [grant number 23K14091] from the Japan Society for the Promotion of Science (JSPS).
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A simple fatty acid could restore failing vision | ScienceDaily
Changes in eyesight are one of the most familiar effects of getting older. Sit in a dim restaurant with someone over 60, and you might hear, "Hold on -- let me pull out my cell phone. I need more light to read the menu!" But what if declining vision with age could actually be reversed?


						
Researchers at UC Irvine have taken a closer look at that question, investigating a potential treatment aimed at slowing or even undoing "aging" in the eye while also preventing age-related diseases such as macular degeneration (AMD).

"We show the potential for reversing age-related vision loss," explains Dorota Skowronska-Krawczyk, PhD, an associate professor in the Department of Physiology and Biophysics and the Department of Ophthalmology and Visual Sciences. The study, conducted in partnership with scientists from the Polish Academy of Sciences and the Health and Medical University in Potsdam, Germany, presents findings published in Science Translational Medicine under the title "Retinal polyunsaturated fatty acid supplementation reverses aging-related vision decline in mice."

Understanding the "Aging" Gene

This research builds on earlier work involving the Elongation of Very Long Chain Fatty Acids Protein 2 (ELOVL2), a well-established biomarker of aging. "We showed that we have lower vision when this ELOVL2 enzyme isn't active," says Skowronska-Krawczyk, who is also part of the Robert M. Brunson Center for Translational Vision Research at the UC Irvine School of Medicine. In that previous study, boosting ELOVL2 activity in aging mice increased levels of the omega[?]3 fatty acid docosahexaenoic acid (DHA) in the eye and led to better vision.

The new research aimed to find a way to achieve similar benefits without depending on the ELOVL2 enzyme.

As people age, changes in lipid metabolism reduce the amount of very-long-chain polyunsaturated fatty acids (VLC-PUFAs) in the retina. This decline can impair vision and contribute to AMD. The ELOVL2 gene plays a crucial role in producing both VLC-PUFAs and DHA.




When researchers injected older mice with a specific polyunsaturated fatty acid, their visual performance improved. "It's a proof-of-concept for turning lipid injection into a possible therapy," says Skowronska-Krawczyk. "What is important is that we didn't see the same effect with DHA." Others have also questioned the ability of DHA to slow AMD progression.

"Our work really confirms the fact that DHA alone cannot do the work, but we have this other fatty acid that is seemingly working and improving vision in aged animals," says Skowronska-Krawczyk. "We have also shown on a molecular level that it actually reverses the aging features."

Furthermore, the researchers found genetic variants in the ELOVL2 enzyme that correlate with faster progression of AMD. "Now we actually have a genetic connection to the disease and its aging aspect," says Skowronska-Krawczyk, "so we could potentially identify people at higher risk for vision loss progression." This could lead to not only therapeutic treatment options but also targeted interventions for prevention.

These findings have only further solidified Skowronska-Krawczyk's view of the importance of the ELOVL2 enzyme. "I am pretty convinced it's one of the top aging genes that we should look at when we think about anti-aging therapies."

Looking Beyond the Retina

In a collaboration with researchers from UC San Diego, Skowronska-Krawczyk has also started to explore the role of lipid metabolism in immune system aging. That study found that the lack of ELOVL2 enzyme induces accelerated aging of immune cells, suggesting that systemic lipid supplementation could potentially counteract the effects of age on the immune system. It also suggested that lipid metabolism might play a role in blood cancers.

"Our first study explored a potential therapy to address vision loss," says Skowronska-Krawczyk, "but with the information we've since learned about immune aging, we are hopeful the supplementation therapy will boost the immune system as well."
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Your brain's power supply may hold the key to mental illness | ScienceDaily

Dr. Cohen's laboratory has led the way in developing techniques that grow living brain cells from patient samples using induced pluripotent stem cell technology. He describes these advances as "giving us leads we did not have forty years ago." Through this approach, his team has identified key disruptions in how brain cells generate energy and connect with one another -- processes that appear central to many psychiatric illnesses affecting millions globally. With more than 400 scientific papers and five patents, his research points to new treatment strategies that could prove far more precise and effective than traditional therapies.

Mitochondrial Mysteries Transform Treatment Paradigms

The discussion highlights how Dr. Cohen's team uncovered widespread disturbances in cellular energy metabolism underlying major psychiatric conditions. These findings have far-reaching potential for designing targeted treatments that could benefit people in many regions and populations. His studies show that brain cells created from individuals with schizophrenia, bipolar disorder, or Alzheimer disease display intrinsic metabolic defects that may be corrected even before symptoms emerge.

This energy-based framework challenges decades of conventional thinking centered on neurotransmitter imbalance. Dr. Cohen explains that the brain relies more than any other organ on finely tuned energy production and communication between cells. His results suggest that restoring these fundamental cellular functions could help prevent or ease symptoms in vulnerable individuals worldwide, independent of background or environment.

By combining genomic analysis, advanced brain imaging, and cellular modeling, Dr. Cohen promotes a multidisciplinary approach to mental health research. This integration provides scientists with a powerful model for exploring complex brain disorders -- especially mood, psychotic, and cognitive conditions -- that appear across cultures and regions.

Challenging Century-Old Diagnostic Models

Instead of the status quo expert-consensus diagnostic systems, that place people in categories, Dr. Cohen advocates implementation of an evidence-based dimensional approach for describing patients. He argues that terms like "schizophrenia" should be retired in favor of scientifically accurate alternatives that reduce stigma while better capturing illness complexity. His proposed dimensional model focuses on symptom profiles rather than categorical labels, offering clinicians more nuanced tools for patient assessment and treatment planning.




This diagnostic revolution extends beyond mere terminology. Dr. Cohen's research demonstrates that traditional categorical systems fail to reflect underlying biological realities or clinical presentations adequately. His dimensional approach aligns with how clinicians actually evaluate patients, globally, providing richer individual descriptions while enabling formation of more homogeneous research cohorts. Such reforms could transform psychiatric practice internationally, improving diagnostic precision and treatment outcomes across diverse healthcare systems.

The interview explores how these new models could particularly benefit regions where Western diagnostic frameworks have proven problematic. By emphasizing observable symptoms and illness trajectories rather than culturally bound categories, dimensional approaches offer universal applicability while respecting local contexts and experiences.

From Laboratory Bench to Hospital Leadership

Dr. Cohen's impact extends beyond research laboratories. As McLean Hospital President and Psychiatrist-in -Chief from 1997 to 2005, he reversed financial decline while establishing over 30 new programs advancing both clinical care and scientific investigation. His leadership philosophy emphasized supporting frontline staff and reducing bureaucracy, principles applicable to healthcare institutions worldwide facing similar challenges.

Under his guidance, McLean achieved record levels of patient care, research funding, and educational training. These accomplishments demonstrate how scientific rigor combined with compassionate leadership can transform struggling institutions into thriving centers of excellence. His experience offers valuable lessons for hospital administrators globally confronting resource constraints while striving to maintain quality care and research productivity.

Particularly noteworthy was his establishment of Waverley Place, a peer-run center supporting individuals with mental illness living in communities. This innovative model, prioritizing mission over revenue generation, demonstrates how psychiatric institutions can serve broader societal needs while maintaining financial viability.




Personal Journey Shapes Scientific Vision

The interview offers a window into the personal experiences that guided Dr. Cohen's path as a scientist. His fascination with physics and mathematics in his youth, combined with meaningful interactions with psychiatric patients during medical training, helped shape his approach to research and care. He recalls his first psychiatric patient, a young woman whose remarkable recovery through medication left a lasting impression and underscored psychiatry's power to rebuild lives affected by mental illness.

Dr. Cohen also speaks candidly about the anxiety and shyness that sometimes limited his professional opportunities. His openness about these challenges offers a rare glimpse of vulnerability in a leading researcher. By sharing these reflections, he highlights that perseverance and commitment, rather than the absence of difficulty, are what truly define scientific achievement. His honesty serves as encouragement for young scientists who may encounter similar obstacles.

Family plays a central role in his story. His father, a respected internist, modeled a deep sense of medical dedication and the value of collaboration in research. Having been married for more than 55 years, Dr. Cohen credits his family's steady support as a cornerstone of his long and productive career. Together, these elements reveal how great science often grows from human connections and experiences that extend far beyond the laboratory.

Future Directions and Global Impact

Looking ahead, Dr. Cohen expresses optimism about the future of psychiatric research while recognizing the societal hurdles that remain. His current work aims to identify specific biological mechanisms that influence vulnerability to mental illness, with a strong focus on prevention. Because psychotic disorders usually do not appear before adolescence and dementia tends to develop later in life, he believes early interventions are becoming increasingly achievable.

The discussion emphasizes how new technologies, particularly in cellular reprogramming and genomic analysis, are transforming what researchers can uncover about the origins of psychiatric disease. These methods, now more widely available thanks to international initiatives (including those supported by Genomic Press), are accelerating discoveries and opening the door to more effective treatments.

Dr. Cohen also stresses the need to nurture creativity and risk-taking in science, cautioning against the tendency to fund only predictable or incremental research. He envisions a global scientific community where innovation can flourish in any country or institution, free from hierarchy or limitation. This philosophy aligns with the open-access approach advanced by Genomic Press, ensuring that important findings can be shared broadly without financial barriers, promoting a truly inclusive and collaborative model of discovery.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251014014304.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Popular hair-loss pill linked to depression and suicide | ScienceDaily
A new analysis by a public health expert at the Hebrew University of Jerusalem has found that finasteride, a widely used treatment for hair loss, has been associated with depression and suicide for more than twenty years. Despite these long-standing concerns, neither regulators nor the drug's manufacturer took meaningful action. Drawing on adverse event reports and health records from several countries, the review identifies a consistent pattern of psychiatric side effects linked to the drug. Even with growing evidence, both Merck and the FDA failed to launch necessary safety investigations. The author is now urging major reforms to the way medications are approved and monitored for long-term risks.


						
For more than two decades, finasteride has been prescribed to millions of men seeking to slow or reverse hair loss. Behind its cosmetic appeal, however, evidence has continued to emerge suggesting serious mental health consequences, including depression, anxiety, and in some cases, suicide.

Prof. Mayer Brezis of the Hebrew University of Jerusalem argues that both the medical community and regulators have repeatedly failed to protect the public by overlooking signs of psychiatric harm associated with the drug.

His review analyzed data from eight large studies published between 2017 and 2023. The findings show a clear trend: people who used finasteride were far more likely to experience mood disorders and suicidal thoughts than those who did not. This pattern appeared consistently across various national databases, including the FDA's adverse event system and healthcare records from Sweden, Canada, and Israel.

"The evidence is no longer anecdotal," said Prof. Brezis, a professor emeritus of medicine and public health. "We now see consistent patterns across diverse populations. And the consequences may have been tragic."

The report estimates that hundreds of thousands of users may have suffered from finasteride-related depression, and that hundreds -- possibly more -- may have died by suicide. Originally approved by the FDA in 1997 for male pattern baldness, the drug has remained popular for its perceived safety and effectiveness, particularly among younger men. Critics say, however, that its risks were downplayed or ignored.

A Delayed Response, With a High Cost

Although the FDA recognized depression as a possible side effect in 2011 and added suicidal thoughts to the label in 2022, researchers had been warning of potential dangers as early as 2002. Internal FDA files from 2010, cited in Brezis' review, contained entire sections redacted as "confidential," including estimates of how many people might have been affected.




By 2011, only 18 suicides linked to finasteride had been reported to the FDA. Based on worldwide usage, Brezis concluded the actual number should have been in the thousands. "It wasn't just underreporting," Dr. Brezis wrote. "It was a systemic failure of pharmacovigilance."

Unlike drugs used to treat obesity or psychiatric disorders, which are often closely monitored after approval, finasteride's classification as a cosmetic treatment may have shielded it from deeper scrutiny. None of the data-mining studies referenced in the review were initiated by Merck, the company that developed the drug, nor were they commissioned by regulatory authorities.

A Cosmetic Drug With Life-Altering Risks

Brezis argues the drug's classification as a non-essential, appearance-enhancing medication changes the risk calculus. "This wasn't about life or death medical necessity," he said. "This was about hair."

The biological rationale is clear. Finasteride works by blocking the conversion of testosterone into dihydrotestosterone (DHT), but in doing so, it may also disrupt neurosteroids like allopregnanolone -- linked to mood regulation in the brain. Animal studies have shown long-term effects on neuroinflammation and even changes in hippocampal structure.

For some patients, the consequences don't end when the pills do. Reports of lingering symptoms -- dubbed "post-finasteride syndrome" -- include insomnia, panic attacks, cognitive dysfunction, and suicidal thoughts that persist months or even years after stopping treatment.




Regulatory Gaps, Corporate Silence

The report is especially scathing toward the FDA and Merck. Despite having access to millions of patient records and robust pharmacovigilance tools, neither party acted in time, Brezis argues. The industry's silence was strategic, he suggests, driven by market pressures and legal liability -- echoing past controversies like Merck's handling of Vioxx.

"Nothing is more important to Organon than the safety of our medicines," the company recently claimed in a public statement. Yet none of the safety studies cited were initiated by the manufacturer.

The FDA, meanwhile, took five years to respond to a citizen petition calling for a black-box warning. Its final decision? To add suicidal ideation to the label -- but not as a formal warning.

What Now?

Brezis is calling for immediate changes in how drugs like finasteride are approved, monitored, and prescribed. His recommendations include suspending marketing of the drug for cosmetic purposes until safety is re-established, mandatory post-approval studies with strict enforcement, and systematic recording of drug histories in suicide investigations.

"For many, those changes come too late. The paper is dedicated to one such individual -- a previously healthy man who took finasteride "just" to improve his hair. Within days, he spiraled into severe psychiatric distress. He never recovered. Months later, he took his own life."
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A single protein could stop sudden death after heart attacks | ScienceDaily
Nina Kumowski, MD, of the Department of Radiology and Center for Systems Biology at Massachusetts General Hospital, is the lead author and Matthias Nahrendorf, MD, PhD of the Department of Radiology and Center for Systems Biology at MGH, is the senior author of a paper published in Science, "Resistin-like molecule g attacks cardiomyocyte membranes and promotes ventricular tachycardia."


						
Q: How would you summarize your study for a lay audience?

In short: We found that the defense protein "Resistin like molecule gamma" (Relmy), produced by neutrophils, punches holes into heart cells after a heart attack. This promotes dangerous, fast, and irregular heart rhythm and cell death in the heart.

The longer version: The most lethal complications of coronary artery disease are myocardial infarction (MI) and sudden cardiac death.

In MI, the blockage of a heart artery leads to insufficient oxygen supply to heart muscle cells (cardiomyocytes). This compromises their ability to maintain a stable rhythm and can give rise to a dangerous, unstable heart rhythms (arrhythmia) called ventricular tachycardia (VT) and ventricular fibrillation (VF).

VT and VF are both serious arrhythmias that can lead to sudden cardiac arrest and death within minutes. In VT, the heart beats very rapidly, but in a coordinated rhythm. In VF, the rhythm is chaotic and uncoordinated.

Most arrhythmias occur within 48 hours after MI and coincide with massive immune cell infiltration into the heart tissue. We were interested in how these immune cells may promote arrhythmia.




We found neutrophils that get recruited into the infarct (the area of dead tissue resulting from the cutoff of oxygen supply) in large numbers upregulate the gene "Retnlg," coding the protein resistin like molecule gamma (RELMy). We also found a comparable gene, "RETN," in human infarcted heart tissue. When we removed this protein from neutrophils in mice, the arrhythmia burden after MI was reduced 12-fold.

Q: What question were you investigating? 

We were investigating the question of how neutrophils, a specific kind of immune cell, promote ventricular arrhythmia (a dangerous fast irregular heartbeat) after heart attacks. Cardiomyocytes as the main actors in arrhythmia are very well studied, but if and how immune cells can promote arrythmia is less clear. This work is important because ventricular arrhythmia is the most lethal complication after myocardial infarction. We need to understand better what promotes arrythmia to help us develop new antiarrhythmic drugs.

Q: What methods or approach did you use?

We used a plethora of methods to figure this out. For an initial understanding about which proteins in neutrophils might be important, we used deposited data on gene expression generated by single cell and spatial RNA-sequencing from mice that underwent myocardial infarction. But we also used data from human studies to find similarities in human tissue.

We also relied on confocal and super-high resolution microscopy in isolated mouse heart muscle cells that were treated with the labeled protein. Further, we deployed in vitro assays such as a liposome model and cell culture techniques to investigate the mouse and the human version of the protein to find out if they work similar.




Q: What did you find?

We found that after MI in mouse models, neutrophils upregulatethe expression of "Retnlg," the gene coding for RELMy. We also found that the human biological homolog "RETN," the genecoding for Resistin, was higher expressed in human infarcted myocardial tissue compared to non-infarcted tissue, similar to mice.

We saw that deleting the gene from bone marrow derived cells (such as neutrophils) and deleting the gene from neutrophils specifically significantly reduced incidents of ventricular arrhythmia in the mouse models.

Q: What are the implications?

The implications are that immune cells play a crucial role in sudden death and arrhythmia.

We should think about treating both the myocardial infarction both by quick recanalization of the vessel to restore oxygenated blood supply and also by targeting immune cells to mitigate the arrhythmic effects of the injury.

When we understand the underlying mechanisms better, we can pursue therapeutic targets that go beyond the broad immune suppression that is used today.

If we can treat targets more specifically, we can reduce unwanted side effects and unravel the full potential of immune modulation in cardiovascular disease.

Q: What are the next steps?

The next steps are to find a way to neutralize the harmful protein and test if this can reduce VT burden and infarct size. First in the mouse models, but, we hope, eventually also in humans.

We should gather more evidence about the significance of this protein in human disease. It is also interesting to see these findings have implications for other diseases with neutrophil recruitment and activation.

Authorship: In addition to Nina Kumowski and Matthias Nahrendorf, Mass General Brigham authors include Steffen Pabel, Jana Grune, Noor Momin, Kyle I. Mentkowski, Yoshiko Iwamoto, Yi Zheng, I-Hsiu Lee, Fadi E. Pulous, Hana Seung, Alexandre Paccalet, Charlotte G. Muse, Kenneth K. Y. Ting, Paul Delgado, Andrew J. M. Lewis, Vaishali Kaushal, Antonia Kreso, Dennis Brown, Kamila Naxerova, Michael A. Moskowitz, and Maarten Hulsmans.
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This new blood test can catch cancer 10 years early | ScienceDaily
Human papilloma virus (HPV) is responsible for about 70% of head and neck cancers in the United States, making it the leading HPV-related cancer and one that continues to rise in frequency each year. Unlike cervical cancer, which can be detected through routine screening, there is currently no test that can identify HPV-associated head and neck cancers before symptoms develop. As a result, most patients are diagnosed only after the tumor has expanded to billions of cells, often spreading to nearby lymph nodes and causing noticeable symptoms. Finding a way to detect these cancers much earlier could allow for prompt treatment and better outcomes.


						
A new federally funded study published in the Journal of the National Cancer Institute by researchers at Mass General Brigham introduces a promising advance. The team developed a liquid biopsy test called HPV-DeepSeek, which can identify HPV-linked head and neck cancers up to 10 years before symptoms begin. Detecting the disease this early could increase the chances of successful treatment and reduce the need for aggressive therapies, the researchers report.

"Our study shows for the first time that we can accurately detect HPV-associated cancers in asymptomatic individuals many years before they are ever diagnosed with cancer," said lead study author Daniel L. Faden, MD, FACS, a head and neck surgical oncologist and principal investigator in the Mike Toth Head and Neck Cancer Research Center at Mass Eye and Ear, a member of the Mass General Brigham healthcare system. "By the time patients enter our clinics with symptoms from the cancer, they require treatments that cause significant, life-long side effects. We hope tools like HPV-DeepSeek will allow us to catch these cancers at their very earliest stages, which ultimately can improve patient outcomes and quality of life."

HPV-DeepSeek works by using whole-genome sequencing to identify trace fragments of HPV DNA that have separated from a tumor and entered the bloodstream. Earlier research from this team showed that the test could reach 99% specificity and 99% sensitivity in detecting cancer during its initial clinical presentation, outperforming all existing diagnostic methods.

To explore whether HPV-DeepSeek could identify these cancers long before symptoms appear, the researchers analyzed 56 blood samples from the Mass General Brigham Biobank. The samples included 28 from people who later developed HPV-associated head and neck cancer and 28 from healthy individuals who served as controls.

HPV-DeepSeek detected HPV tumor DNA in 22 out of 28 blood samples from patients who later developed the cancer, whereas all 28 control samples tested negative, indicating that the test is highly specific. The test was better able to detect HPV DNA in blood samples that were collected closer to the time of the patients' diagnosis, and the earliest positive result was for a blood sample collected 7.8 years prior to diagnosis.

Using machine learning, the researchers were able to improve the test's power so that it accurately identified 27 out of 28 cancer cases, including samples collected up to 10 years prior to diagnosis.

The authors are now validating these findings in a second blinded study funded by the National Institutes of Health (NIH) using hundreds of samples collected as part of the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial (PLCO) at the National Cancer Institute.
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Scientists build artificial neurons that work like real ones | ScienceDaily
Engineers at the University of Massachusetts Amherst have developed an artificial neuron whose electrical activity closely matches that of natural brain cells. The innovation builds on the team's earlier research using protein nanowires made from electricity-producing bacteria. This new approach could pave the way for computers that run with the efficiency of living systems and may even connect directly with biological tissue.


						
"Our brain processes an enormous amount of data," says Shuai Fu, a graduate student in electrical and computer engineering at UMass Amherst and lead author of the study published in Nature Communications. "But its power usage is very, very low, especially compared to the amount of electricity it takes to run a Large Language Model, like ChatGPT."

The human body operates with remarkable electrical efficiency -- more than 100 times greater than that of a typical computer circuit. The brain alone contains billions of neurons, specialized cells that send and receive electrical signals throughout the body. Performing a task such as writing a story uses only about 20 watts of power in the human brain, whereas a large language model can require more than a megawatt to accomplish the same thing.

Engineers have long sought to design artificial neurons for more energy-efficient computing, but reducing their voltage to match biological levels has been a major obstacle. "Previous versions of artificial neurons used 10 times more voltage -- and 100 times more power -- than the one we have created," says Jun Yao, associate professor of electrical and computer engineering at UMass Amherst and the paper's senior author. Because of this, earlier designs were far less efficient and couldn't connect directly with living neurons, which are sensitive to stronger electrical signals.

"Ours register only 0.1 volts, which about the same as the neurons in our bodies," says Yao.

There are a wide range of applications for Fu and Yao's new neuron, from redesigning computers along bio-inspired, and far more efficient principles, to electronic devices that could speak to our bodies directly.

"We currently have all kinds of wearable electronic sensing systems," says Yao, "but they are comparatively clunky and inefficient. Every time they sense a signal from our body, they have to electrically amplify it so that a computer can analyze it. That intermediate step of amplification increases both power consumption and the circuit's complexity, but sensors built with our low-voltage neurons could do without any amplification at all."

The secret ingredient in the team's new low-powered neuron is a protein nanowire synthesized from the remarkable bacteria Geobacter sulfurreducens, which also has the superpower of producing electricity. Yao, along with various colleagues, have used the bacteria's protein nanowires to design a whole host of extraordinary efficient devices: a biofilm, powered by sweat, that can power personal electronics; an "electronic nose" that can sniff out disease; and a device, which can be built of nearly anything, that can harvest electricity from thin air itself.

This research was supported by the Army Research Office, the U.S. National Science Foundation, the National Institutes of Health and the Alfred P. Sloan Foundation.
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C-section births linked to sleepless nights and painful recoveries | ScienceDaily
New research presented at the ANESTHESIOLOGY(r) 2025 annual meeting suggests that women who give birth by cesarean delivery (C-section) face a greater likelihood of experiencing intense pain that interferes with sleep and daily functioning, as well as a higher risk of developing sleep disorders.


						
"Sleep is often overlooked in postpartum recovery, but it is central to a mother's physical and mental health," said Moe Takenoshita, M.B.B.Ch., lead author of the study and a postdoctoral scholar in the department of anesthesia at Stanford University Center for Academic Medicine, Palo Alto, California. "Cesarean delivery in particular appears to increase the risk for severe pain and sleep disorders, which can lead to postpartum depression, thinking and memory problems, and fatigue, as well as disrupt bonding with their babies and relationships with family and friends."

The research team used both qualitative and quantitative methods. In the qualitative portion, they interviewed 41 mothers about their pain and sleep experiences after childbirth. Among them, 24 had vaginal deliveries, 11 had planned C-sections, and six had unplanned C-sections. Severe pain that affected sleep and everyday activities was reported by more than two-thirds of those who underwent C-sections (73% of planned and 67% of unplanned), compared to just 8% of mothers who had vaginal births.

The quantitative analysis drew from a national insurance database of more than 1.5 million mothers who gave birth between 2008 and 2021. The findings showed that mothers who had C-sections were 16% more likely to receive a new diagnosis of a sleep disorder (such as insomnia, sleep deprivation, or obstructive sleep apnea) within one month to one year after delivery, compared with those who gave birth vaginally.

Dr. Takenoshita advised that new mothers, particularly those recovering from C-sections, should take steps to manage pain effectively, since untreated pain can further disturb sleep. Additional strategies to support better rest include engaging in light physical activity when possible, sleeping when the baby sleeps, avoiding caffeine and alcohol later in the day, and winding down before bed through activities such as taking a bath or practicing deep breathing.

"About one-third of U.S. births are C-sections," said Dr. Takenoshita. "Those who are planning a C-section should understand that the procedure is linked to more severe pain after delivery and a higher risk of sleep disorders. Anyone having sleep problems during pregnancy or after childbirth should discuss their concerns with their physician, who can evaluate the issue, make recommendations and refer them to a specialist if necessary."
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Your skin could warn of hidden mental health trouble | ScienceDaily
Scientists have found that people receiving treatment for mental health conditions who also have skin problems may face a higher risk of severe outcomes, including depression and suicidal thoughts. The research, which could help doctors better identify vulnerable patients and tailor psychiatric care, was presented at the ECNP meeting in Amsterdam.


						
The study involved 481 individuals experiencing their first episode of psychosis (the first time a person has symptoms such as delusions, hallucinations, or losing touch with reality). Among them, 14.5% showed signs of skin issues (24% of females and 9.8% of males), including rashes, itching, or sensitivity to light. All participants received four weeks of antipsychotic treatment, after which researchers assessed various mental health indicators.

Lead researcher Dr. Joaquin Galvan (Instituto de Investigacion Sanitaria Gregorio Maranon, Madrid) explained:

"After 4 weeks of follow-up, patients with a first episode of psychosis presenting with skin conditions experienced higher levels of depression and risk of suicide. We found that just 7% of the patients without the initial skin conditions had suicidal thoughts or attempts, in contrast, around 25% of the patients with initial skin conditions had suicidal thoughts or attempts. Initial skin conditions are also linked to greater depression and poorer well-being at follow-up.

"This discovery suggests that the presence of skin conditions indicates that these patients are more at risk for worse outcomes than patients who do not have skin conditions after a first episode of psychosis."

The team noted that, if further research supports these results, skin symptoms could serve as an early warning sign for elevated mental health risks, much like how blood tests can signal the likelihood of cancer or heart disease.

Because both the brain and skin develop from the same embryonic layer called the ectoderm, the scientists set out to explore how these two systems might be connected.




Dr. Galvan added:

"It was already known that between 30% and 60% of people with skin conditions show psychiatric symptoms. What we have done is look at things from the opposite direction; do people with mental health problems have skin conditions, and if so, can this tell us anything useful?

Our findings suggest that dermatological symptoms may represent a marker of illness severity and poor short-term outcomes in the early stages of psychosis, potentially identifying a subgroup of patients with a poorer clinical prognosis who may benefit from early tailored interventions. The reason for the connection is still unclear, but our working hypothesis is that this may be due to the skin and neurological systems having common developmental origins and inflammatory pathways; but this needs to be confirmed. As far as we know this is the first study to show this link in patients with psychosis, so we need follow-up studies to confirm the finding. We also need to understand if this link applies also to a range of other psychiatric conditions, such as bipolar disorder, ADHD, anxiety or depression."

Offering an independent perspective, Professor Eric Ruhe (Professor of Difficult-to-Treat Depression at Radboud University, the Netherlands) commented:

"This is an interesting association between skin problems and a first episode of psychosis. These results need replication in different cohorts but might indeed show a new link between skin and psychopathology.

As the skin and the brain derive from the same embryonic origin, this would worth pursuing further, both diagnostically and mechanistically (which may be more interesting). For example, this association might be used to culture skin cells to begin to understand which treatment is appropriate."

This is an independent comment, Professor Ruhe was not involved in this work.
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This experimental "super vaccine" stopped cancer cold in the lab | ScienceDaily
Researchers at the University of Massachusetts Amherst have shown that their nanoparticle-based vaccine can successfully prevent several aggressive cancers in mice, including melanoma, pancreatic cancer, and triple-negative breast cancer. Depending on the cancer type, up to 88% of vaccinated mice stayed tumor-free (depending on the cancer), and the vaccine also reduced -- and in some cases completely prevented -- the spread of cancer throughout the body.


						
"By engineering these nanoparticles to activate the immune system via multi-pathway activation that combines with cancer-specific antigens, we can prevent tumor growth with remarkable survival rates," says Prabhani Atukorale, assistant professor of biomedical engineering in the Riccio College of Engineering at UMass Amherst and corresponding author on the paper.

Atukorale had previously shown that her nanoparticle-based drug design could shrink or eliminate tumors in mice. The new findings reveal that this approach can also prevent cancer from forming in the first place.

In the first experiment, her team combined the nanoparticle system with well-studied melanoma peptides (called an antigen, similar to how a flu shot typically contains parts of the inactivated flu virus). This formulation activated immune cells known as T cells, training them to detect and destroy melanoma cells. Three weeks later, the vaccinated mice were exposed to melanoma.

Eighty percent of the mice that received the "super adjuvant" nanoparticle vaccine remained tumor-free and survived the entire study period (250 days). In contrast, all of the mice that received traditional vaccines, non-nanoparticle formulations, or no vaccine at all developed tumors and died within 35 days.

The vaccine also stopped cancer from spreading to the lungs. When the mice were systemically exposed to melanoma cells to mimic metastasis, none of the nanoparticle-vaccinated mice developed lung tumors, while every other mouse did.

"Metastases across the board is the highest hurdle for cancer," says Atukorale. "The vast majority of tumor mortality is still due to metastases, and it almost trumps us working in difficult-to-reach cancers, such as melanoma and pancreatic cancer."

Atukorale refers to this protection as "memory immunity." "That is a real advantage of immunotherapy, because memory is not only sustained locally," she explains. "We have memory systemically, which is very important. The immune system spans the entire geography of the body."




The first phase of testing used a vaccine with known antigens designed for melanoma. However, creating antigens for each cancer type can require extensive genome sequencing or bioinformatics analysis. To simplify the process, the researchers tested a second version using killed tumor cells, called tumor lysate, derived directly from the cancer itself. Mice vaccinated with this nanoparticle lysate vaccine were later exposed to melanoma, pancreatic ductal adenocarcinoma, or triple-negative breast cancer cells.

The results were impressive: 88% of mice with pancreatic cancer, 75% with breast cancer, and 69% with melanoma rejected tumor formation. Furthermore, all mice that remained tumor-free after vaccination also resisted metastasis when exposed systemically to cancer cells.

"The tumor-specific T-cell responses that we are able to generate -- that is really the key behind the survival benefit," says Griffin Kane, postdoctoral research associate at UMass Amherst and first author on the paper. "There is really intense immune activation when you treat innate immune cells with this formulation, which triggers these cells to present antigens and prime tumor-killing T cells."

This robust T-cell response is possible because of the particular nanoparticle design of the vaccine.

Vaccines -- regardless the target disease -- contain two primary components: The antigen and the adjuvant. The antigen is the piece of the disease-causing pathogen (in this study, cancer cells) that the immune system can be trained to target. The adjuvant is a substance that activates the immune system to recognize the antigen, treat it as a foreign intruder and eliminate it.

The Atukorale Lab draws inspiration from how pathogens naturally stimulate the immune system. To mount a strong immune response, the body requires multiple "danger" signals triggered through different pathways. "In recent years, we have come to understand how important the selection of the adjuvant is because it drives the second signal that is needed for the correct priming of T and B cells," says Atukorale.




However, just like oil and water, many of the most promising adjuvants for cancer immunotherapy do not mix well at the molecular level. To overcome this, the Atukorale Lab has engineered a lipid nanoparticle-based "super adjuvant" capable of stably encapsulating and co-delivering two distinct immune adjuvants that activate immunity in a coordinated, synergistic way.

The researchers say that their design offers a platform approach that could be used across multiple cancer types.

The researchers envision that this platform can be applied to create both therapeutic and preventative regimens, particularly for individuals at high risk for cancer. This is an idea that Atukorale and Kane have turned into a startup called NanoVax Therapeutics.

"The real core technology that our company has been founded on is this nanoparticle and this treatment approach," says Kane. "This is a platform that Prabhani developed. The startup lets us pursue these translational efforts with the ultimate goal of improving patients' lives."

Next, Atukorale and Kane plan to extend this technology to a therapeutic vaccine and have already taken the initial de-risking steps in translation.

Atukorale and Kane credit the Biomedical Engineering department and the Institute for Applied Life Sciences at UMass Amherst, UMass Chan Medical School, and funding from the National Institutes of Health for their support.

The study was published in the October 9 edition of Cell Reports Medicine.
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Scientists found a smarter Mediterranean diet that cuts diabetes risk by 31% | ScienceDaily
Eating a Mediterranean-style diet with fewer calories, adding moderate physical activity, and receiving professional guidance for weight management can lower the risk of developing type 2 diabetes by 31%. That is the key finding of PREDIMED-Plus, a large clinical trial led in Spain by the University of Navarra together with more than 200 researchers from 22 universities, hospitals, and research institutes. The project was carried out in over 100 primary care centers within Spain's National Health System.


						
Launched in 2013 after the University of Navarra received an Advanced Grant of over EU2 million from the European Research Council (ERC), PREDIMED-Plus is the largest nutrition trial ever conducted in Europe. Between 2014 and 2016, additional institutions joined the effort, bringing total funding above 15 million euros. Most of the support came from the Carlos III Health Institute (ISCIII) and the Center for Biomedical Research Network (CIBER), through its divisions on Physiopathology of Obesity and Nutrition (CIBEROBN), Epidemiology and Public Health (CIBERESP), and Diabetes and Associated Metabolic Diseases (CIBERDEM).

The study, published in Annals of Internal Medicine, followed 4,746 adults between the ages of 55 and 75 who were overweight or obese and had metabolic syndrome but no prior history of cardiovascular disease or diabetes. Over six years, researchers compared two groups. One group adopted a calorie-reduced Mediterranean diet (about 600 fewer kilocalories per day), engaged in moderate exercise such as brisk walking and strength and balance training, and received professional counseling. The other group continued a traditional Mediterranean diet without calorie limits or exercise advice.

The results revealed that the participants who followed the calorie-reduced diet and exercise plan not only reduced their diabetes risk but also lost more weight and trimmed more from their waistlines. On average, they lost 3.3 kg and 3.6 cm from their waist, compared to 0.6 kg and 0.3 cm in the control group. This translated to preventing about three new cases of type 2 diabetes for every 100 participants -- a meaningful benefit for public health.

"Diabetes is the first solid clinical outcome for which we have shown -- using the strongest available evidence -- that the Mediterranean diet with calorie reduction, physical activity and weight loss is a highly effective preventive tool," said Miguel Angel Martinez-Gonzalez, Professor of Preventive Medicine and Public Health at the University of Navarra, Adjunct Professor of Nutrition at Harvard University, and one of the principal investigators of the project. "Applied at scale in at-risk populations, these modest and sustained lifestyle changes could prevent thousands of new diagnoses every year. We hope soon to show similar evidence for other major public health challenges."

Type 2 Diabetes: A Preventable Global Epidemic

According to the International Diabetes Federation, type 2 diabetes now affects over 530 million people around the world. Its rise is fueled by urbanization (unhealthy diets, sedentary lifestyles, reduced physical activity), an aging population, and increasing rates of overweight and obesity. In Spain, an estimated 4.7 million adults live with diabetes -- mostly type 2 -- giving the country one of the highest rates in Europe, where total cases exceed 65 million. In the United States, roughly 38.5 million people have diabetes, and the disease carries some of the highest per-patient healthcare costs worldwide. Experts emphasize that prevention is crucial to slow this escalating crisis, which greatly increases the risk of heart, kidney, and metabolic complications.




"The Mediterranean diet acts synergistically to improve insulin sensitivity and reduce inflammation. With PREDIMED-Plus, we demonstrate that combining calorie control and physical activity enhances these benefits," explained Miguel Ruiz-Canela, Professor and Chair of Preventive Medicine and Public Health Department at the University of Navarra's School of Medicine and first author of the study. "It is a tasty, sustainable and culturally accepted approach that offers a practical and effective way to prevent type 2 diabetes -- a global disease that is, to a large extent, avoidable."

International Relevance and Support for a Realistic and Scalable Strategy

Annals of Internal Medicine accompanied the publication with an editorial by Sharon J. Herring and Gina L. Tripicchio, nutrition and public health experts at Temple University (Philadelphia, USA). They praised the intervention's clinical relevance and its potential as a preventive model for type 2 diabetes. Furthermore, they warn that replicating similar strategies outside the Mediterranean context -- such as in the U.S. -- requires overcoming structural barriers, including unequal access to healthy foods, the limitations of the urban environment, and the lack of professional guidance. In this scenario, they advocate strengthening public policies that promote more nutritious and more equitable environments. At a time when new drugs against obesity and diabetes are grabbing headlines, PREDIMED-Plus demonstrates that modest, sustained lifestyle changes can still deliver powerful health benefits.

The PREDIMED-Plus project (2013-2024), which involves different patients, is a continuation of the PREDIMED study (2003-2010). This study demonstrated that following a Mediterranean diet enriched with extra-virgin olive oil or nuts reduces the risk of cardiovascular disease by 30%. Researchers emphasize that primary care providers can integrate the new intervention as a sustainable, cost-efficient strategy to prevent type 2 diabetes on a large scale.

Participating Institutions

The PREDIMED-Plus trial has assembled a broad network of investigators from across Spain. In order of the number of participants, the study included researchers from the following institutions: the University of Navarra and the Navarra Health Service (2 centers), Hospital Clinic de Barcelona (2 centers), University of Valencia, Rovira i Virgili University (Reus), IMIM-Hospital del Mar, Miguel Hernandez University (Alicante), Son Espases Hospital (Palma de Mallorca), University of Malaga, Reina Sofia Hospital (Cordoba) and University of Granada. In addition, Bioaraba and the UPV/EHU (Vitoria), the University of the Balearic Islands, the Hospital Virgen de la Victoria (Malaga), the University of Las Palmas de Gran Canaria, the University of Leon, the Primary Health Care District of Seville, the Fundacion Jimenez Diaz (Madrid), the Hospital de Bellvitge, the Hospital Clinico San Carlos (Madrid), the University of Jaen, and the IMDEA Food Institute (Madrid) have also participated.

The project also benefited from international collaboration with the Harvard T.H. Chan School of Public Health (USA). Most of the participating researchers are affiliated with the CIBEROBN, CIBERESP, or CIBERDEM research networks.
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New research reveals how ADHD sparks extraordinary creativity | ScienceDaily
New research has found that ADHD (Attention Deficit Hyperactivity Disorder) is linked to higher levels of creativity, and that this creative advantage may stem from a stronger tendency for the mind to wander. The findings, presented at the ECNP congress in Amsterdam, mark the first study to explain how ADHD and creativity are connected.


						
Lead researcher Han Fang (from the Radboud University Medical Centre, the Netherlands) explained:

"Previous research pointed to mind wandering as a possible factor linking ADHD and creativity, but until now no study has directly examined this connection. We conducted two studies, utilizing 2 different groups of ADHD patients and healthy controls, one from a European group curated by the ECNP, and a second study from a UK group. In total there were 750 participants. Separately analyzing results from 2 independent groups means that we can have greater confidence in the results."

The team explored how ADHD traits, creativity, and functional challenges interact, focusing on the influence of mind wandering. Both groups displayed typical ADHD traits, including inattention, impulsivity, and frequent shifts in focus away from the task at hand. In both studies, participants with more pronounced ADHD symptoms also reported higher levels of mind wandering.

Mind wandering refers to moments when attention drifts away from what a person is doing and turns inward to self-generated thoughts. Everyone experiences this to some extent, but it occurs more frequently in individuals with ADHD.

Han Fang added:

"Previous researchers have been able to distinguish two different types of mind wandering. It can be a loss of concentration, where your mind may drift from subject to subject. This is 'spontaneous mind-wandering'. Another type is 'deliberate mind wandering', where people give themselves the freedom to drift off-subject, where they 'allow their thoughts to take a different course'. Psychiatrists have developed ways of measuring how much people are subject to these different tendencies."

The researchers also measured creativity in both groups (there are standards ways of measuring this, for example by asking people to find a creative use for an everyday object). They then looked at how creativity was associated with the different types of mind wandering.




Dr. Han Fang said:

"We found that people with more ADHD traits such as lack of attention, hyperactivity, or impulsivity, score higher on creative achievements in both studies. This supports previous research. Additionally, we found that mind wandering, particularly deliberate mind wandering, where people allow their "thoughts to wander on purpose," was associated with greater creativity in people with ADHD. This suggests that mind wandering may be an underlying factor connecting ADHD and creativity.

This may have practical implications, for both psychoeducation and treatment. For psychoeducation, specially designed programs or courses that teach individuals how to utilize their spontaneous ideas, for example turning them into creative outputs, could help individuals with ADHD traits harness the benefits of mind wandering. For treatment, ADHD-tailored mindfulness-based interventions that seek to decrease spontaneous mind wandering or transform it into more deliberate forms may reduce functional impairments and enhance treatment outcomes. This is the first time this link has been investigated, so we need to see more studies which confirm the findings."

Commenting, K.P. Lesch (Professor of Molecular Psychiatry, University of Wurzburg, Germany) said:

"Mind wandering is one of the critical resources on which the remarkable creativity of high-functioning ADHD individuals is based. This makes them such an incredibly valuable asset for our society and the future of our planet."
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Fentanyl overdoses among seniors surge 9,000% - A hidden crisis few saw coming | ScienceDaily
Fatal overdoses among adults 65 and older involving fentanyl mixed with stimulants such as cocaine and methamphetamines have risen dramatically, climbing 9,000% in the past eight years. The rate now mirrors that seen in younger adults, according to findings presented at the ANESTHESIOLOGY(r) 2025 annual meeting.


						
This research is one of the first to use Centers for Disease Control and Prevention (CDC) data to reveal that older adults -- often left out of overdose analyses -- are increasingly part of the national surge in fentanyl-stimulant deaths. People in this age group face higher risks of overdose because many manage chronic illnesses, take multiple medications, and metabolize drugs more slowly as they age.

Experts describe the opioid epidemic as unfolding in four distinct "waves," each tied to a different drug driving fatal overdoses: prescription opioids in the 1990s, heroin beginning around 2010, fentanyl taking hold in 2013, and a combination of fentanyl and stimulants emerging in 2015.

"A common misconception is that opioid overdoses primarily affect younger people," said Gab Pasia, M.A., lead author of the study and a medical student at the University of Nevada, Reno School of Medicine. "Our analysis shows that older adults are also impacted by fentanyl-related deaths and that stimulant involvement has become much more common in this group. This suggests older adults are affected by the current fourth wave of the opioid crisis, following similar patterns seen in younger populations."

To conduct the study, researchers examined 404,964 death certificates listing fentanyl as a cause of death from 1999 to 2023, using data from the CDC Wide-ranging Online Data for Epidemiologic Research (WONDER) system. Of those deaths, 17,040 involved adults 65 and older, while 387,924 were among adults aged 25 to 64.

Between 2015 and 2023, fentanyl-related deaths rose from 264 to 4,144 among older adults (a 1,470% increase) and from 8,513 to 64,694 among younger adults (a 660% increase). Within the older population, deaths involving both fentanyl and stimulants grew from 8.7% (23 of 264 fentanyl deaths) in 2015 to 49.9% (2,070 of 4,144) in 2023 -- a staggering 9,000% rise. In comparison, among younger adults, fentanyl-stimulant deaths rose from 21.3% (1,812 of 8,513) to 59.3% (38,333 of 64,694) over the same period, a 2,115% increase.

Researchers chose to highlight 2015 and 2023 in their analysis because 2015 marked the beginning of the epidemic's fourth wave, when fentanyl-stimulant deaths among older adults were at their lowest, and 2023 represented the most recent year of CDC data available.




The researchers noted that the rise in fentanyl deaths involving stimulants in older adults began to sharply rise in 2020, while deaths linked to other substances stayed the same or declined. Cocaine and methamphetamines were the most common stimulants paired with fentanyl among the older adults studied, surpassing alcohol, heroin, and benzodiazepines such as Xanax and Valium.

"National data have shown rising fentanyl-stimulant use among all adults," said Mr. Pasia. "Because our analysis was a national, cross-sectional study, we were only able to describe patterns over time -- not determine the underlying reasons why they are occurring. However, the findings underscore that fentanyl overdoses in older adults are often multi-substance deaths -- not due to fentanyl alone -- and the importance of sharing drug misuse prevention strategies to older patients."

The authors noted anesthesiologists and other pain medicine specialists should:
    	Recognize that polysubstance use can occur in all age groups, not only in young adults.
    	Be cautious when prescribing opioids to adults 65 or older by carefully assessing medication history, closely monitoring patients prescribed opioids who may have a history of stimulant use for potential side effects, and considering non-opioid options when possible.
    	Use harm-reduction approaches such as involving caregivers in naloxone education, simplifying medication routines, using clear labeling and safe storage instructions and making sure instructions are easy to understand for those with memory or vision challenges.
    	Screen older patients for a broad range of substance exposures, beyond prescribed opioids, to better anticipate complications and adjust perioperative planning.

"Older adults who are prescribed opioids, or their caregivers, should ask their clinicians about overdose prevention strategies, such as having naloxone available and knowing the signs of an overdose," said Richard Wang, M.D., an anesthesiology resident at Rush University Medical Center, Chicago and co-author of the study. "With these trends in mind, it is more important than ever to minimize opioid use in this vulnerable group and use other pain control methods when appropriate. Proper patient education and regularly reviewing medication lists could help to flatten this terrible trend."
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Your type of depression could shape your body's future health | ScienceDaily
Scientists have long known that depression increases the risk of developing metabolic disorders. Now, new research reveals that specific forms of depression are tied to different cardiometabolic diseases. The findings were presented at the ECNP Congress in Amsterdam.


						
Over a seven-year period, researchers followed 5,794 adults who participated in the Netherlands Epidemiology of Obesity (NEO) Study. None of the participants had diabetes or cardiovascular disease when the study began. Each person completed a detailed questionnaire assessing depressive symptoms. Based on these responses, the researchers identified two main types of depression: one characterized by "melancholic" features (including early morning awakening and loss of appetite) and another defined by "atypical/energy-related" features (such as fatigue, increased sleep, and higher appetite).

During the study, about 8% of participants developed a cardiometabolic disorder. The specific illness that appeared, however, depended on the kind of depression they had. Individuals with "atypical/energy-related" depression were roughly 2.7 times more likely to develop Type 2 diabetes than those without depressive symptoms, but they did not face a higher risk of cardiovascular disease.

By contrast, participants with "melancholic" depression were about 1.5 times more likely to experience cardiovascular disease (including heart attack or stroke) than those without depression, but they did not have a significantly greater risk of Type 2 diabetes.

Lead researcher Dr. Yuri Milaneschi (Amsterdam UNC) explained:

"Further metabolic analysis revealed that patients with the atypical/energy-related symptoms showed disruptions in inflammatory and metabolic processes linked to cardiometabolic health. This biological signature was not seen in those with "melancholic" symptoms, suggesting biochemical differences in the way that different types of depression link to cardiovascular health.

We already knew that not all depressions are the same, but this means that we may need to consider how the type of depression someone has impacts different areas of their physical health. It very much pushes us towards the idea of precision psychiatry -- the idea that we need to look for physical associations with mental health profiles, so that we can better treat mental illness. To treat sufferers individually."

Commenting, Dr. Chiara Fabbri (of the University of Bologna) said:

"The prevention and treatment of physical diseases in people with depression are not less important than the treatment of depression. These physical conditions are common and expected to raise, for example the number of people with diabetes (66 million) in the EUR Region will see a 10% increase by 2050 according to the International Diabetes Federation. It is a health care priority to prevent cardiometabolic diseases, diagnose them early, and continue to improve monitoring and treatment. This study on the NEO cohort provides highly valuable data on how to do this better for people suffering from depressive symptoms."

Dr. Fabbri was not involved in this work; this is an independent comment.
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Keto diet shields young minds from early-life trauma | ScienceDaily
Researchers have shown that young rats fed a ketogenic diet -- a diet with high fat and low carbohydrates -- are protected from the lasting experience of pre-natal stress. This work, which needs to be confirmed in humans, is presented at the ECNP conference in Amsterdam


						
An extensive body of research has shown that if mothers experience stress while pregnant, the offspring can suffer ongoing psychological and development-related conditions.

Now a group of Italian researchers have shown that the biological changes induced by a ketogenic diet may help them to escape from the long-lasting effects of stress experienced in the womb.

The pregnant rats were stressed in the final week before birth. The offspring were weaned at 21 days after birth, and assigned either a control diet, or a ketogenic diet. At 42 days, the young animals were then tested for a variety of stress-induced deficits, such as poor sociability, or lack of interest in their surroundings (anhedonia). The animals which had received the ketogenic diet showed some notable differences over the control group, such as exhibiting longer grooming times, and greater sociability. The researchers found that if fed a normal diet, 50% of the rats born to stressed mothers showed stress-related problems in later life. However in those rats fed a ketogenic diet only 22% of male offspring, and 12% of female offspring, developed these problems.

The ketogenic diet has been shown to induce a variety of biological changes, such as enhancing mitochondrial efficiency and changing hormone balance.

According to lead researcher Dr. Alessia Marchesin(of the University of Milan):

"We discovered that feeding young rats a ketogenic diet -- a high-fat, very low-carbohydrate regimen -- right after weaning almost completely protected them from the lasting effects of stress they'd experienced before birth. The diet seems to have acted like a shield for their developing brains, so preventing social and motivational problems from ever taking root.




This matters because it suggests a simple way to prevent the occurrence of mood and social disorders that often originate from childhood adversity. Rather than waiting until symptoms appear and then treating them with medications -- many of which carry side effects -- we might one day take advantage of the therapeutic properties of dietary interventions early in life to prevent the manifestation of full-blown pathologic condition. What's more, we found that males and females benefited via different biological routes -- males by reducing inflammation, females by boosting antioxidant defences -- hinting that we could personalize and refine such dietary interventions.

If these findings translate to humans, we may be able to treat the long-term burden of prenatal trauma simply by adjusting what at-risk kids eat."

She added,

"There are a couple of points to note. The animals on the ketogenic diet grew more slowly than the controls, and so it may be that the reduced calory intake is associated with the later mental health benefits. And we see sex-specific differences which need to be better understood before we can apply this to humans."

Commenting, Dr. Aniko Korosi, Associate Professor at the University of Amsterdam says:

"This work nicely contributes further to the nascent field of Nutritional Psychiatry. The role of nutrition in modulating mental health is gaining attention and its potential is more and more appreciated in the field. However important questions remain in the field as to which nutrient, when and for whom are effective in modulating mental health. The presented study interestingly shows that prenatal stress-induced risk to altered behaviour can be modulated with a ketogenic diet fed after weaning. It will be intriguing to further explore what are the biological processes involved in these beneficial effects and if such effects are sex specific."

This is an independent comment, Dr. Korosi was not involved in this work.
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Two common drugs could reverse fatty liver disease | ScienceDaily
Metabolic dysfunction-associated steatotic liver disease is currently the most widespread liver disorder globally, affecting roughly one in three adults. It occurs when excess fat builds up inside liver cells, leading to serious liver damage and a higher risk of death from cardiovascular disease.


						
Researchers at the University of Barcelona have now found a promising approach that could change how this condition is treated. Their study, published in Pharmacological Research, reports that two existing drugs, pemafibrate and telmisartan, significantly reduced fat buildup in animal models of metabolic liver disease. The findings also suggest that using these medications together could ease liver damage while lowering related heart and blood vessel complications. Because available treatments for this disease remain very limited, the results point to a potentially safer and more effective therapeutic option.

The research was led by Marta Alegret, a professor at the University of Barcelona's Faculty of Pharmacy and Food Sciences, and a member of the Institute of Biomedicine of the UB (IBUB) and the CIBER Area for Physiopathology of Obesity and Nutrition (CIBEROBN). The work was conducted in collaboration with scientists from the Santa Creu i Sant Pau Hospital Research Institute, the Hospital Clinic de Barcelona, the CIBER Area for Cardiovascular Diseases (CIBERCV), and Uppsala University (Sweden).

       Drug repurposing, a promising and cost-effective strategy

To date, most new experimental compounds developed for metabolic dysfunction-associated steatotic liver disease (MASLD) -- formerly known as fatty liver disease -- have failed during clinical trials, often because of safety concerns. This has turned attention toward drug repurposing, a strategy that explores new uses for medications already proven to be safe in humans. Such an approach is not only faster and more affordable but also particularly valuable for treating the early, often symptom-free stages of MASLD.

"We have focused on these phases with the aim of preventing the disease from progressing to more severe stages. But for a drug to be used in these early stages, it must have a good safety profile in humans," explains Marta Alegret. "That is why we have studied drugs already on the market for other pathologies, which have been shown to be very safe and could have a potential benefit in the treatment of MASLD," she adds.

In this study, the team evaluated the potential of two approved medications, given separately and together: a lipid-lowering agent (pemafibrate) and an antihypertensive drug (telmisartan). The first is marketed only in Japan, while the second is widely used for high blood pressure. Both are prescribed to reduce cardiovascular risk. "Mortality from cardiovascular causes is significant in patients with MASLD, and often these patients also have these two risk factors together," Alegret stresses.




Zebrafish larvae, an alternative model for studying the disease

To confirm the efficacy of the drugs and explore their mechanism of action, the researchers have applied them to a rat model of the disease and, subsequently, to a zebrafish larval model. "In recent years, zebrafish have emerged as an interesting alternative model that facilitates the study of the pathophysiology of MASLD and the evaluation of treatments. These are simpler and cheaper models that allow results to be obtained more quickly and which, although they are not identical to humans, have a carbohydrate/lipid metabolism and liver physiology similar to those of mammals," says the UB professor.

The results show that the combination of the two drugs reverses the fat accumulation in the liver induced by a diet high in fat and fructose. In addition, in the rat model, the combined administration of half a dose of pemafibrate and half a dose of telmisartan was found to be as effective as a full dose of either drug in reducing fat accumulation. "Combination therapy with drugs acting on different pathogenic pathways may be a better strategy than monotherapy, thanks to possible synergistic effects and reduced toxicity related to the use of lower doses of each drug," Alegret points out.

The combination of these two drugs would be beneficial not only for liver disease, but also because "it lowers blood pressure and cholesterol levels, and all this would result in a lower cardiovascular risk," she stresses.

       Different lipid-lowering mechanisms The study also found that each drug works by different mechanisms and describes, for the first time, the key role of the PCK1 protein in telmisartan-derived hepatic lipid lowering. "Telmisartan is a drug that has been used in other models of MASLD, but mostly in more advanced stages of the disease, and its beneficial effects have been attributed mainly to anti-inflammatory and anti-fibrotic effects. But in the early stages of the disease there is no inflammation or fibrosis yet, only lipid accumulation," explains the researcher.

Researchers have now found that the amount of PCK1 protein in the livers of MASLD animals was reduced and that treatment with telmisartan restored its levels to normal. "This increase in PCK1 diverts the flux of metabolites from lipid synthesis to glucose synthesis. This increase in glucose production could be negative if the glucose were exported and accumulated in the blood, as it could lead to diabetes, but we have noticed that this is not the case," says the UB professor.

Still far from clinical application

Despite these promising results, the researchers point out that, as this is a study using animal models, they are still far from patients. "In order to be translated into a treatment for MASLD patients, clinical studies would be needed to show that the benefits observed in animal models also occur in humans," says Alegret.         In any case, the results raise new questions, such as whether the drugs will be equally effective in more advanced stages of the disease, when fibrosis is present. The research team is therefore already working on new studies in animal models of diet-induced liver fibrosis. "In addition, we will develop a dual model involving liver fibrosis and cardiovascular disease to see if the beneficial action is observed not only in the liver, but also in the reduction of atherosclerosis," he concludes.
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Dolphins may be getting Alzheimer's from toxic ocean blooms | ScienceDaily
For many nature enthusiasts, few scenes are as distressing as finding a stranded whale or dolphin lying helpless on the beach. When these animals are still alive, marine biologists and volunteers rush to assist, shielding them from the sun and preventing their skin from drying out by pouring seawater over them or draping them with wet towels. Others work tirelessly to guide the animal back to deeper waters once the tide returns.


						
Tragically, not every rescue attempt comes in time. Some dolphins and whales are discovered already dead, leaving behind a haunting mystery that has puzzled scientists for decades: what drives these intelligent creatures to beach themselves in the first place?

A team of researchers from Florida to Wyoming believes they may have uncovered a surprising explanation. They suggest that, much like humans with dementia who sometimes wander away from familiar places, dolphins might also become disoriented due to a form of Alzheimer's-like disease. Their findings point to a connection between this disorientation and long-term exposure to harmful compounds produced by cyanobacteria -- microscopic organisms that thrive in warm, nutrient-rich waters.

Research involving residents of Guam has shown that people who regularly consume foods containing cyanobacterial toxins are more likely to develop the same brain abnormalities seen in Alzheimer's disease, including misfolded tau proteins and amyloid plaques. One of the most concerning of these toxins is b-N-methylamino-L-alanine (BMAA), along with its chemical relatives 2,4-Diaminobutyric acid (2,4-DAB) and N-2-aminoethylglycine (AEG). These compounds are known to be highly toxic to nerve cells. Experiments in animals demonstrate that BMAA exposure can lead to Alzheimer's-like brain damage and cognitive decline. Once released into marine ecosystems, these toxins can build up in the food chain, eventually reaching top predators such as dolphins.

When researchers examined the brains of twenty bottlenose dolphins that had stranded along Florida's Indian River Lagoon, they found significant levels of BMAA and its related toxins, especially 2,4-DAB. Dolphins that washed ashore during peak cyanobacterial bloom periods contained up to 2,900 times more 2,4-DAB than those stranded at other times of the year. Their brains showed many of the same pathological features seen in humans with Alzheimer's disease, including b-amyloid plaques and hyperphosphorylated tau proteins. The scientists also identified TDP-43 protein inclusions, a marker associated with more aggressive forms of Alzheimer's, along with 536 genes expressed in patterns consistent with the disease.

The duration of cyanobacterial blooms is increasing with climate warming and nutrient inputs associated with agricultural runoff and sewage discharges. Cyanobacterial-laden waters have often been released down the St. Lucie River from Lake Okeechobee into the Indian River Lagoon. "Since dolphins are considered environmental sentinels for toxic exposures in marine environments," Dr. David Davis at the Miller School of Medicine explains, "there are concerns about human health issues associated with cyanobacterial blooms."

In 2024, Miami Dade County had the highest prevalence of Alzheimer's disease in the United States. "Although there are likely many paths to Alzheimer's disease, cyanobacterial exposures increasingly appear to be a risk factor," adds Dr. Davis.

"Among Guam villagers, exposure to cyanobacterial toxins appeared to trigger neurological disease," said Dr. Paul Alan Cox of the Brain Chemistry Labs in Jackson Hole.

This research was published in the current Nature journal Communication Biology by researchers at Hubbs-SeaWorld Research Institute in Melbourne Beach, Florida, The Blue World Research Institute in Cocoa, Florida, The University of Miami Miller School of Medicine, Miami, Florida, Brain Chemistry Labs, Jackson Hole, Wyoming, Rosenstiel School of Marine, Atmospheric, and Earth Science, University of Miami, Miami, Florida.
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Scientists find gold hiding in food waste | ScienceDaily
Food waste can be far more valuable than the pile of scraps left behind after a meal. Scientists are uncovering surprising ways to turn discarded materials -- from dried beet pulp to coconut fibers processed by millipedes -- into useful resources. In four new studies published in ACS journals, researchers reveal how food waste can offer eco-friendly tools for agriculture and new sources of beneficial compounds for medicine.


						
1. Sugar by-product may "beet" wheat disease.

In a study published in ACS' Journal of Agricultural and Food Chemistry, researchers found that sugar beet pulp could help farmers cut down on synthetic pesticide use. This leftover pulp, which makes up about 80% of the beet after sugar extraction, was transformed into carbohydrates that trigger plants' natural immune responses. When tested on wheat, these compounds helped protect against fungal infections such as powdery mildew.

2. Composted coconuts help seedlings grow.

Coconut fibers broken down by millipedes may serve as a sustainable replacement for peat moss, a material commonly used to start seedlings but often sourced from fragile wetland ecosystems. A study published in ACS Omega explored this "millicompost" and found that, when combined with other plant materials, it supported the healthy growth of bell pepper seedlings as effectively as traditional peat-based mixes.

3. Radish leaves support gut health.

A review in ACS' Journal of Agricultural and Food Chemistry suggests that the often-discarded tops of radishes could be more nutritious than the roots themselves. These peppery greens contain abundant fiber and bioactive compounds, including polysaccharides and antioxidants. In lab and animal studies, they promoted the growth of beneficial gut microbes, hinting that they might also boost digestive health in humans.

4. Beet greens supply bioactive ingredients.

Research described in ACS Engineering Au outlines a way to preserve the powerful compounds extracted from beet leaves for use in food, cosmetics, and pharmaceuticals. Scientists created microparticles by drying a mixture of antioxidant-rich beet-green extract with an edible biopolymer. The resulting encapsulated particles not only remained stable but also showed greater antioxidant activity than the uncoated extract, suggesting that this process helps protect the bioactive ingredients from degradation.
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Breakthrough compounds may reverse nerve damage caused by multiple sclerosis | ScienceDaily
Multiple sclerosis (MS) is a long-term autoimmune condition that affects over 2.9 million people around the world. In MS, the immune system mistakenly attacks the myelin sheath, a protective layer that insulates nerve fibers. This damage interrupts communication between the brain and body, leading to symptoms such as numbness, tingling, vision problems, and paralysis.


						
Although existing treatments can help reduce inflammation, there are still no approved therapies that protect neurons or rebuild the damaged myelin sheath. Scientists have now made significant progress toward that goal with support from the National Multiple Sclerosis Society. Their work has led to the discovery of two compounds capable of promoting remyelination, the process of repairing the myelin coating on nerve fibers.

The study, published in Scientific Reports, was led by Seema Tiwari-Woodruff, a professor of biomedical sciences at the University of California, Riverside, School of Medicine, and John Katzenellenbogen, a professor of chemistry at the University of Illinois Urbana-Champaign (UIUC). The research was funded through two National MS Society initiatives: a standard investigator-initiated grant and the organization's Fast Forward program, which accelerates commercialization of promising research.

"Our work represents more than a decade of collaboration, with the last four years focused on identifying and optimizing new drug candidates that show strong potential to treat MS and possibly other neurological diseases involving demyelination," Tiwari-Woodruff said.

With this support, the team launched a drug development program that has since been licensed by Cadenza Bio, Inc. Backed by investor funding, the company has continued advancing the research and is preparing for clinical testing of what could become a first-of-its-kind treatment for people with MS.

From discovery to development

This new work builds on earlier studies involving a compound called indazole chloride, which had shown promise in promoting myelin repair and regulating immune responses in mouse models of MS. However, indazole chloride lacked the chemical properties and patent potential required for clinical and commercial use, Tiwari-Woodruff explained.




Working with UIUC chemists Katzenellenbogen and Sung Hoon Kim, who created new versions of the molecule, Tiwari-Woodruff's group, led by recent UC Riverside graduate Micah Feri, screened more than 60 analogs of indazole chloride. From this effort, they identified two standout candidates, K102 and K110. Both showed better safety, efficacy, and drug-like characteristics in tests using mice and human cells.

Among the two, K102 emerged as the leading candidate. It not only stimulated myelin repair but also helped regulate immune activity, a critical balance for MS therapies. The compound also performed well in human oligodendrocytes -- cells responsible for producing myelin -- derived from induced pluripotent stem cells, suggesting the results could translate effectively from animal studies to human disease.

Normally, oligodendrocyte precursor cells develop into mature myelin-producing cells that repair nerve insulation. In MS, this repair process often breaks down, leading to lasting nerve damage. A compound like K102 that can restore myelin could help improve nerve signal transmission and potentially limit long-term disability.

"K110 is also a strong candidate," Tiwari-Woodruff said. "It has slightly different central nervous system effects and may be better suited for other conditions like spinal cord injury or traumatic brain injury, so we're keeping it in the pipeline."

From bench to biotech

Tiwari-Woodruff and Katzenellenbogen credit the National MS Society's Fast Forward program as a turning point. Fast Forward accelerates the commercialization of promising therapies by promoting academic-industry partnerships. The highly competitive grant enabled Tiwari-Woodruff and Katzenellenbogen to generate sufficient data to license the rights to Cadenza Bio to develop K102 and K110. The patents are jointly held by UCR and UIUC, with an exclusive, worldwide licensing agreement in place between the universities and Cadenza Bio.




"This project has been a good example of how long-standing academic collaborations can lead to real-world applications," Katzenellenbogen said. "Our shared goal was always to take a promising idea and develop it into a therapy that could help people with MS. We're finally getting close to that reality."

Initially, UCR's Office of Technology Partnerships collaborated with UIUC to seek patent protection. Grace Yee, assistant director of technology commercialization at UCR, said the joint efforts of UCR, UIUC, and the National MS Society advocated for and promoted the technology to investors and industry for commercial development.

"Our entrepreneurs-in-residence also helped advise the project, so the team was able to develop materials and messaging to highlight the project's commercial value," she said. "When investors expressed interest in the technology, UCR and UIUC helped them understand how the technology addresses an unmet need in treating MS. These efforts led to the licensing agreement with Cadenza Bio."

Elaine Hamm, chief operating officer at Cadenza Bio, said she and Carol Curtis, cofounder of Cadenza Bio, were impressed by the possibility of moving from slowing axon damage to repairing axon damage.

"This is the future we want to build," Hamm said. "It is why we licensed the technology, and why we are excited to move it forward to patients in need."

More than a decade in the making

Tiwari-Woodruff and Katzenellenbogen have worked together for more than 12 years. Tiwari-Woodruff's move from UCLA to UCR in 2014, she said, turned out to be a pivotal decision.

"The support from UCR -- from leadership to infrastructure -- has been extraordinary," Tiwari-Woodruff said. "None of this would've been possible without that backing. Funding for academic labs like mine and John's is crucial. This is selfless work, driven by a deep love of science and commitment to human health."

Though the initial focus is MS, the team believes K102 and K110 could eventually be applied to other diseases involving neuronal damage, including stroke and neurodegeneration.

Cadenza Bio is now advancing K102 through the necessary non-clinical studies required to support first-in-human clinical trials.

"We're hopeful that clinical trials can begin soon," said Tiwari-Woodruff. "It's been a long journey -- but this is what translational science is all about: turning discovery into real-world impact."

The research was also supported in part by grants from the National Institutes of Health and Cadenza Bio.

Tiwari-Woodruff, Katzenellenbogen, Kim, and Feri were joined in the research by Flavio D. Cardenas, Alyssa M. Anderson, Brandon T. Poole, Devang Deshpande, Shane Desfor, Kelley C. Atkinson, Stephanie R. Peterson, Moyinoluwa T. Ajayi, Fernando Beltran, Julio Tapia, and Martin I. Garcia-Castro of UCR; Kendall W. Nettles and Jerome C. Nwachukwu of The Scripps Research Institute, Florida; and David E. Martin and Curtis of Cadenza Bio, Oklahoma.
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MIT's "stealth" immune cells could change cancer treatment forever | ScienceDaily
Scientists have created a new and more advanced form of immune-based cancer therapy using engineered cells known as CAR-NK (natural killer) cells. Like CAR-T cells, these modified immune cells can be programmed to recognize and attack cancer, but they rely on a different type of immune cell that naturally targets abnormal or infected cells.


						
A team from MIT and Harvard Medical School has now developed a more effective way to engineer CAR-NK cells that dramatically reduces the chance of the body's immune system rejecting them. Immune rejection has been one of the biggest limitations of cell-based therapies, often weakening their effectiveness.

This innovation could also make it possible to produce "off-the-shelf" CAR-NK treatments that are available immediately after diagnosis, rather than waiting weeks for custom-engineered cells. Traditional CAR-NK and CAR-T manufacturing methods typically require several weeks to complete before patients can begin treatment.

"This enables us to do one-step engineering of CAR-NK cells that can avoid rejection by host T cells and other immune cells. And, they kill cancer cells better and they're safer," says Jianzhu Chen, an MIT professor of biology, a member of the Koch Institute for Integrative Cancer Research, and one of the senior authors of the study.

In tests using mice with humanized immune systems, the newly engineered cells successfully destroyed most cancer cells while avoiding attack from the host's own immune defenses.

Rizwan Romee, an associate professor of medicine at Harvard Medical School and Dana-Farber Cancer Institute, is also a senior author of the paper, which was published in Nature Communications. The study's lead author is Fuguo Liu, a postdoctoral researcher at the Koch Institute and a research fellow at Dana-Farber.

Evading the immune system

Natural killer (NK) cells are a vital part of the body's built-in immune defense, responsible for identifying and destroying cancerous and virus-infected cells. They eliminate these threats through a process called degranulation, which releases a protein known as perforin. This protein punctures the membrane of target cells, leading to their death.




To produce CAR-NK cells for treatment, doctors typically collect a blood sample from the patient. NK cells are then extracted and engineered to express a specialized protein called a chimeric antigen receptor (CAR), which is designed to target specific markers found on cancer cells.

Once modified, the cells must multiply in the lab for several weeks before there are enough to be infused back into the patient. The same general process is used for CAR-T cell therapies, some of which have already been approved to treat blood cancers like lymphoma and leukemia. CAR-NK therapies, however, are still being tested in clinical trials.

Because growing enough personalized CAR-NK cells takes time and the patient's cells may not always be healthy enough for reliable use, scientists have been exploring an alternative: creating NK cells from healthy donors. These donor-derived cells could be mass-produced and stored for rapid use. The challenge, however, is that the recipient's immune system often identifies donor cells as foreign and destroys them before they can attack the cancer.

In their latest research, the MIT team aimed to solve this problem by helping NK cells "hide" from immune detection. Their experiments showed that removing surface proteins known as HLA class 1 molecules allowed NK cells to avoid attack from T cells in the host's immune system. These proteins normally act as identity markers that tell the immune system whether a cell belongs to the body.

To make use of this insight, the researchers added a sequence of siRNA (short interfering RNA) that silences the genes responsible for producing HLA class 1 proteins. Along with this genetic tweak, they introduced the CAR gene itself and another gene that encodes either PD-L1 or single-chain HLA-E (SCE), both of which help strengthen the NK cells' cancer-fighting abilities.

All of these genetic components were combined into a single DNA construct, which allowed the team to efficiently convert donor NK cells into immune-evasive CAR-NK cells. Using this method, they engineered cells that target CD-19, a protein commonly found on malignant B cells in lymphoma patients.




NK cells unleashed

The researchers tested these CAR-NK cells in mice with a human-like immune system. These mice were also injected with lymphoma cells.

Mice that received CAR-NK cells with the new construct maintained the NK cell population for at least three weeks, and the NK cells were able to nearly eliminate cancer in those mice. In mice that received either NK cells with no genetic modifications or NK cells with only the CAR gene, the host immune cells attacked the donor NK cells. In these mice, the NK cells died out within two weeks, and the cancer spread unchecked.

The researchers also found that these engineered CAR-NK cells were much less likely to induce cytokine release syndrome -- a common side effect of immunotherapy treatments, which can cause life-threatening complications.

Because of CAR-NK cells' potentially better safety profile, Chen anticipates that they could eventually be used in place of CAR-T cells. For any CAR-NK cells that are now in development to target lymphoma or other types of cancer, it should be possible to adapt them by adding the construct developed in this study, he says.

The researchers now hope to run a clinical trial of this approach, working with colleagues at Dana-Farber. They are also working with a local biotech company to test CAR-NK cells to treat lupus, an autoimmune disorder that causes the immune system to attack healthy tissues and organs.

The research was funded, in part, by Skyline Therapeutics, the Koch Institute Frontier Research Program through the Kathy and Curt Marble Cancer Research Fund and the Elisa Rah Memorial Fund, the Claudia Adams Barr Foundation, and the Koch Institute Support (core) Grant from the National Cancer Institute.
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How 1 in 4 older adults regain happiness after struggling | ScienceDaily
Almost one in four adults aged 60 and older who initially reported poor well-being managed to regain a state of optimal well-being within three years, according to research published on September 24, 2025, in PLOS One by Mabel Ho and Esme Fuller-Thomson of the University of Toronto, Canada. The findings emphasize the importance of maintaining a healthy lifestyle through actions such as keeping a stable body weight, avoiding smoking, staying physically active, improving sleep, and preventing or managing chronic illnesses. The study also underscores the role of psychological, emotional, and social wellness in overall quality of life.


						
Interest in understanding what drives resilience and long-term well-being is growing. Many lifestyle choices can influence the ability to maintain good health and happiness, defined in this research as a combination of physical, psychological, emotional, social, and self-rated well-being, even in the presence of chronic conditions. However, only a small number of studies have focused on what helps people recover or regain a strong sense of well-being later in life after experiencing difficulty.

Using data from the Canadian Longitudinal Study on Aging, Ho and Fuller-Thomson analyzed 8,332 adults who did not initially meet the criteria for optimal well-being and followed up with them three years later, when all participants were at least 60 years old.

They discovered that nearly one-quarter of these participants had achieved optimal well-being by the end of that period. Those who already showed signs of psychological and emotional wellness at the beginning were nearly five times more likely to recover full well-being than those who did not.

The likelihood of regaining well-being was also higher among participants who were younger (under 70 years old), married, and earning incomes above the poverty line. Better outcomes were linked to being physically active, not smoking, sleeping well, and avoiding chronic conditions such as obesity, diabetes, arthritis, or osteoporosis.

Because all Canadian citizens and permanent residents have access to publicly funded healthcare, the researchers note that these results may not apply to countries where medical care depends on the ability to pay. They also caution that the findings may not extend to low- and middle-income nations.

If future research establishes that the associations observed in the current study are causal, policies and interventions that support physical, psychological, emotional, social, and self-rated wellness might help older adults to regain optimal well-being. For example, programs and services can be provided to encourage older adults to engage in an active and healthy lifestyle, to manage chronic conditions, and to prevent social isolation. According to the authors, these interventions might play an important role in enhancing older adults' resilience and enabling them to regain optimal well-being in later life.

"What's powerful about this research is the reminder that later life can still be fulfilling, even after difficult periods. Good health is important, but so are the people, meaning, and joy we have in our lives," says first author Mabel Ho, a recent doctoral graduate at the University of Toronto's Factor-Inwentash Faculty of Social Work (FIFSW) and the Institute of Life Course and Aging.

"This is a clear call to invest in prevention, financial stability, and accessible wellness supports -- because these aren't just smart policies, they can potentially improve the trajectory of aging for older adults who are struggling," says senior author Esme Fuller-Thomson, Director of the Institute for Life Course & Aging and Professor at the University of Toronto's Factor-Inwentash Faculty of Social Work.
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For the first time, scientists pinpoint brain cells linked to depression | ScienceDaily
Scientists at McGill University and the Douglas Institute have discovered that two distinct types of brain cells show changes in people experiencing depression.


						
Published in Nature Genetics, the research provides new clues that could guide the creation of treatments focused on these specific cells. It also enhances scientific understanding of depression, a condition that affects more than 264 million people globally and is one of the leading causes of disability.

"This is the first time we've been able to identify what specific brain cell types are affected in depression by mapping gene activity together with mechanisms that regulate the DNA code," said senior author Dr. Gustavo Turecki, a professor at McGill, clinician-scientist at the Douglas Institute and Canada Research Chair in Major Depressive Disorder and Suicide. "It gives us a much clearer picture of where disruptions are happening, and which cells are involved."

Rare brain bank enables breakthrough

The team conducted their work using post-mortem brain tissue from the Douglas-Bell Canada Brain Bank, one of the few collections worldwide that includes donations from people with psychiatric conditions.

Through advanced single-cell genomic analysis, the researchers examined RNA and DNA from thousands of individual brain cells to determine which ones behaved differently in people with depression and which DNA sequences might explain these variations. The study analyzed tissue from 59 individuals who had depression and 41 who did not.

They discovered that gene activity was altered in two types of brain cells: a class of excitatory neurons responsible for mood and stress regulation, and a subtype of microglia, the immune cells that manage inflammation in the brain. In both cell types, many genes were expressed differently in people with depression, pointing to possible disruptions in vital neural systems.




By identifying the specific cells affected, the research deepens understanding of the biological foundation of depression and helps dispel outdated views of the condition.

"This research reinforces what neuroscience has been telling us for years," Turecki said. "Depression isn't just emotional, it reflects real, measurable changes in the brain."

Looking ahead, the scientists intend to explore how these cellular changes influence brain function and whether targeting them could lead to more effective treatments.

About the study

"Single-nucleus chromatin accessibility profiling identifies cell types and functional variants contributing to major depression" by Anjali Chawla and Gustavo Turecki et al., was published in Nature Genetics.

The study was funded by Canadian Institutes of Health Research, Brain Canada Foundation, Fonds de recherche du Quebec -- Sante and Healthy Brains, Healthy Lives initiative at McGill University.
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A toxic Alzheimer's protein could be the key to fighting cancer | ScienceDaily
At first, Alzheimer's disease and cancer might seem to have little overlap. One gradually destroys memory and cognition, while the other ravages the body through uncontrolled cell growth. Yet scientists at the MUSC Hollings Cancer Center have found an unexpected biological link between them.


						
Their new study, published in Cancer Research, shows that a protein strongly associated with Alzheimer's disease can also enhance the immune system's strength. The finding could open doors to new approaches for treating cancer, neurodegenerative disorders, and age-related decline.

The Alzheimer's-cancer paradox

For years, researchers noticed something odd in population data: people diagnosed with Alzheimer's disease appeared to have a much lower risk of developing cancer. This unusual pattern intrigued Besim Ogretmen, Ph.D., associate director of Basic Science at Hollings, who set out with his team to uncover the biological explanation behind it.

Epidemiologist Kalyani Sonawane, Ph.D., led the effort to verify this correlation. Her group examined five years of nationally representative survey data and found striking evidence -- adults over age 59 with Alzheimer's were 21 times less likely to develop cancer than those without it.

Although the connection was clear, the underlying reason was not. What biological mechanism could explain why the two diseases seem to work in opposite directions?

A biological trade-off

Through a series of experiments, the researchers traced the connection to a familiar culprit: amyloid beta, the protein known for forming harmful plaques in the brains of Alzheimer's patients. They discovered that amyloid beta has a dual personality, depending on where it acts. In the brain, it damages neurons, but in the immune system, it appears to make immune cells stronger.




Amyloid beta interferes with a cellular recycling process called mitophagy, which normally removes damaged mitochondria -- the energy-producing parts of cells. In the brain, blocking this cleanup leads to a buildup of faulty mitochondria that release toxins and trigger neuron death, worsening memory loss and cognitive decline.

In contrast, when amyloid beta affects immune cells called T-cells, the outcome flips. By limiting mitophagy, it allows more mitochondria to stay functional, giving T-cells extra energy to power their cancer-fighting activity.

"What we found is that the same amyloid peptide that is harmful for neurons in Alzheimer's is actually beneficial for T-cells in the immune system," Ogretmen said. "It rejuvenates the T-cells, making them more protective against tumors."

Rejuvenating the immune system

To explore this further, the team transplanted mitochondria from T-cells of Alzheimer's patients into aging T-cells from individuals without the disease. The change was remarkable.

"Older T-cells began functioning like young, active T-cells again. That was an incredible finding because it suggests a whole new way to think about rejuvenating the immune system."

The results also revealed that amyloid beta contributes to cancer in another way -- by depleting fumarate, a small molecule made inside mitochondria during energy production. Fumarate acts like a brake, keeping mitophagy from running out of control. When fumarate levels drop, cells recycle too many of their healthy mitochondria, resulting in a loss of strength.




"When you deplete fumarate, you increase mitophagy much more," Ogretmen explained. "Fumarate no longer binds proteins involved in that process, so the proteins become more active and induce more mitophagy. It's like a reinforcing feedback loop."

In T-cells, fumarate helps to regulate this balance. When the researchers administered fumarate to aging T-cells in mice and human tissue, they found lower levels of mitophagy. By preserving their mitochondria, fumarate gave the immune cells more energy to fight cancer. The discovery that fumarate rescues aging T-cells from excessive mitochondrial loss and enhances their anti-tumor activity suggests another way to protect immune health.

Broad implications for cancer and aging

Together, these findings shed light on why people with Alzheimer's disease are less likely to develop cancer -- and how that protection might be harnessed. Rather than attacking tumors directly, this research points to a new generation of therapies that recharge the immune system itself.

One approach is mitochondrial transplantation, giving older T-cells fresh, healthy "power plants" to revitalize their disease-fighting protection. Another strategy is to maintain or restore fumarate levels to preserve mitochondria and boost T-cells' anti-tumor activity.

The potential applications for cancer are wide-ranging. Revitalizing T-cells by transplanting healthy mitochondria could strengthen existing treatments like CAR-T cell therapy. Ogretmen's group has already filed a patent for this discovery, underscoring its potential as a new class of therapy. Fumarate-based drugs or supplements might further extend the life and energy of older immune cells by preserving their mitochondria. These could be used in conjunction with immunotherapy to maintain T-cells' strength during treatment.

Beyond cancer, these approaches could help to slow immune aging more generally. As mitochondria naturally wear down over time, protecting them could help older adults to fight infections and stay healthier. Further delving into the double-edged impact of amyloid beta could also inform future treatments for neurodegenerative diseases, like Alzheimer's, by finding ways to isolate its protective immune effects without harming the brain.

For Ogretmen, the novel findings highlight the power of teamwork, noting the collaboration across Hollings' research programs in cancer biology, immunology and prevention.

"This was a true team effort," he emphasized. "We're proud of the different areas of expertise that came together to make these discoveries. The research exemplifies how discoveries in one area can open unexpected doors in another."
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MIT's new precision gene editing tool could transform medicine | ScienceDaily
A gene-editing approach called prime editing could one day help treat many illnesses by turning faulty genes into healthy ones. However, the technique sometimes introduces small mistakes into DNA, which can occasionally be harmful.


						
Researchers at MIT have now discovered a way to significantly reduce these errors by altering the key proteins that drive the editing process. They believe this improvement could make gene therapy safer and more practical for treating a wide range of diseases.

"This paper outlines a new approach to doing gene editing that doesn't complicate the delivery system and doesn't add additional steps, but results in a much more precise edit with fewer unwanted mutations," says Phillip Sharp, an MIT Institute Professor Emeritus, a member of MIT's Koch Institute for Integrative Cancer Research, and one of the senior authors of the new study.

Using their refined method, the MIT team lowered the rate of mistakes in prime editing from roughly one in seven edits to about one in 101 for the most common editing type. In a more precise editing mode, the improvement went from one in 122 to one in 543.

"For any drug, what you want is something that is effective, but with as few side effects as possible," says Robert Langer, the David H. Koch Institute Professor at MIT, a member of the Koch Institute, and one of the senior authors of the new study. "For any disease where you might do genome editing, I would think this would ultimately be a safer, better way of doing it."

Koch Institute research scientist Vikash Chauhan led the study, which was recently published in Nature.

The potential for error

In the 1990s, early gene therapy efforts relied on inserting new genes into cells using modified viruses. Later, scientists developed techniques that used enzymes like zinc finger nucleases to directly repair genes. These enzymes worked but were difficult to reengineer for new DNA targets, making them slow and cumbersome to use.




The discovery of the CRISPR system in bacteria changed everything. CRISPR uses an enzyme called Cas9, guided by a piece of RNA, to cut DNA at a specific location. Researchers adapted it to remove faulty DNA sequences or insert corrected ones using an RNA-based template, making gene editing faster and more flexible.

In 2019, scientists at the Broad Institute of MIT and Harvard introduced prime editing, a new version of CRISPR that is even more precise and less likely to affect unintended areas of the genome. More recently, prime editing was used successfully to treat a patient with chronic granulomatous disease (CGD), a rare disorder that weakens white blood cells.

"In principle, this technology could eventually be used to address many hundreds of genetic diseases by correcting small mutations directly in cells and tissues," Chauhan says.

One of the advantages of prime editing is that it doesn't require making a double-stranded cut in the target DNA. Instead, it uses a modified version of Cas9 that cuts just one of the complementary strands, opening up a flap where a new sequence can be inserted. A guide RNA delivered along with the prime editor serves as the template for the new sequence.

One reason prime editing is considered safer is that it doesn't cut both strands of DNA. Instead, it makes a gentler, single-strand cut using a modified Cas9 enzyme. This opens a small flap in the DNA where a new, corrected sequence can be inserted, guided by an RNA template.

Once the corrected sequence is added, it must replace the original DNA strand. If the old strand reattaches instead, the new fragment can sometimes end up in the wrong spot, leading to unintended errors.




Most of these mistakes are harmless, but in rare cases they could contribute to tumor growth or other health issues. In current prime editing systems, the error rate can vary from about one in seven edits to one in 121, depending on the editing mode.

"The technologies we have now are really a lot better than earlier gene therapy tools, but there's always a chance for these unintended consequences," Chauhan says.

Precise editing

To reduce those error rates, the MIT team decided to take advantage of a phenomenon they had observed in a 2023 study. In that paper, they found that while Cas9 usually cuts in the same DNA location every time, some mutated versions of the protein show a relaxation of those constraints. Instead of always cutting the same location, those Cas9 proteins would sometimes make their cut one or two bases further along the DNA sequence.

This relaxation, the researchers discovered, makes the old DNA strands less stable, so they get degraded, making it easier for the new strands to be incorporated without introducing any errors.

In the new study, the researchers were able to identify Cas9 mutations that dropped the error rate to 1/20th its original value. Then, by combining pairs of those mutations, they created a Cas9 editor that lowered the error rate even further, to 1/36th the original amount.

To make the editors even more accurate, the researchers incorporated their new Cas9 proteins into a prime editing system that has an RNA binding protein that stabilizes the ends of the RNA template more efficiently. This final editor, which the researchers call vPE, had an error rate just 1/60th of the original, ranging from one in 101 edits to one in 543 edits for different editing modes. These tests were performed in mouse and human cells.

The MIT team is now working on further improving the efficiency of prime editors, through further modifications of Cas9 and the RNA template. They are also working on ways to deliver the editors to specific tissues of the body, which is a longstanding challenge in gene therapy.

They also hope that other labs will begin using the new prime editing approach in their research studies. Prime editors are commonly used to explore many different questions, including how tissues develop, how populations of cancer cells evolve, and how cells respond to drug treatment.

"Genome editors are used extensively in research labs," Chauhan says. "So the therapeutic aspect is exciting, but we are really excited to see how people start to integrate our editors into their research workflows."

The research was funded by the Life Sciences Research Foundation, the National Institute of Biomedical Imaging and Bioengineering, the National Cancer Institute, and the Koch Institute Support (core) Grant from the National Cancer Institute.
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When men drink, women and children pay the price | ScienceDaily
A new global review led by La Trobe University has revealed the often-overlooked damage caused by men's alcohol consumption to women and children, urging immediate policy action in Australia and around the world to address these gender-related harms.


						
The study, titled "Harms to Women and Children from Men's Alcohol Use: An Evidence Review and Directions for Policy," draws together data from three recent systematic reviews that analyzed 78 academic papers.

Worldwide, as many as one in three women in some countries live with a partner who drinks heavily. Children in these households are also at greater risk of violence, neglect, poor health, and limited opportunities later in life.

These negative effects are especially severe in low- and middle-income nations and in places where gender inequality remains high.

The research, led by Professor Anne-Marie Laslett of La Trobe's Centre for Alcohol Policy Research (CAPR) and published by the global nonprofit research organization RTI International, found that men typically consume alcohol more heavily than women and are more likely to harm others when they drink.

As a result, women and children bear a disproportionate share of the consequences, including physical injuries, emotional distress, economic strain, and disruptions to schooling and family life.

"Research shows that the consequences of men's alcohol use extend far beyond the individual that drinks," Professor Laslett said.




"Women and children pay a heavy price, yet policies rarely take their experiences into account. This is a major gap in international public health and social policy."

Global data further indicates major differences between countries in how much and how often men and women drink. In many regions, these disparities make the impact of men's alcohol use on women and children even more severe.

"Globally there has been poor recognition that others' drinking, and particularly men's drinking, contributes to many harms to women and children," Professor Laslett said.

"Social, cultural and economic policies, as well as alcohol-specific policies, need to change to ensure that they are responding to the harms to women and children highlighted in this review."

In Australia, the findings are particularly timely given growing national attention to domestic and family violence.

Alcohol's role in driving partner violence has been recognised in recent government reviews, with calls to strengthen regulation and prevention strategies.




Australia's Federal Government last year commissioned a rapid review that recommended addressing alcohol's regulatory environment.

The review emphasizes that while proven policies such as raising alcohol taxes, restricting availability, and limiting marketing remain essential, they should be paired with interventions that tackle harmful gender norms and empower women and children.

An intersectoral approach involving health, legal and social services is critical for meaningful change.

Professor Siri Hettige, a researcher from Sri Lanka's University of Columbo who collaborated on the project, said targeted, community-level interventions that addressed the realities faced by women and children were essential.

"Given the nature of the social context in which the harm to women and children from men's drinking occurs, interventions to reduce such harms might have to go beyond current alcohol policies," Professor Hettige said.
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Thousands fall ill as mosquito fever explodes across southern China | ScienceDaily

Chikungunya fever spreads through bites from Aedes mosquitoes, the same insects that transmit dengue and Zika viruses. The illness, which causes fever and intense joint pain, does not pass directly between people, so reducing mosquito populations remains the most effective way to prevent transmission.

"The outbreak reflects both the global spread of chikungunya and the favorable conditions for mosquito-borne diseases in southern China," said lead author Guang-Guo Ying of South China Normal University.

In response, local authorities have begun a province-wide effort to encourage residents to eliminate standing water and reduce mosquito breeding grounds. The editorial notes that factors such as climate change, rapid urbanization, and increasing international travel are helping mosquito-borne viruses spread more widely, creating new public health challenges around the world.

To address these growing threats, the World Health Organization has issued new clinical guidelines and strengthened its Global Arbovirus Initiative, which focuses on improving monitoring, prevention, and international coordination. The authors emphasize the need for expanded genomic surveillance, active community participation, and global collaboration to reduce the risk of future outbreaks.

Chikungunya fever was first identified in Tanzania in the 1950s and has since spread to more than 110 countries across Africa, Asia, the Americas, and Europe. The name "chikungunya" comes from the Kimakonde language, meaning "that which bends up," a reference to the stooped posture caused by the severe joint pain that often accompanies the infection. While the disease rarely causes death, it can result in long-term arthritis-like symptoms, fatigue, and recurring pain that persist for weeks or even months after recovery.

Most patients experience a sudden onset of fever, headache, muscle aches, rash, and joint swelling within a few days of being bitten by an infected mosquito. There is currently no specific antiviral treatment or licensed vaccine for chikungunya, so medical care focuses on relieving symptoms through rest, hydration, and pain management. Recovery usually occurs within a week, though some individuals--particularly older adults or those with underlying conditions--may experience prolonged discomfort.

The Aedes mosquito, primarily Aedes aegypti and Aedes albopictus, is responsible for transmitting chikungunya as well as other major viruses like dengue, Zika, and yellow fever. These mosquitoes are highly adapted to urban environments and breed in small containers of stagnant water commonly found around homes, such as flower pots, discarded tires, and buckets. They are active mainly during the day, with peak biting times in the early morning and late afternoon.

Scientists note that Aedes mosquitoes are expanding their range due to warmer temperatures, global trade, and increased urbanization, allowing diseases once confined to the tropics to appear in new regions. Their resilience and proximity to human populations make them particularly difficult to control. As a result, public health strategies increasingly emphasize community participation, routine elimination of standing water, and the use of mosquito repellents, screens, and protective clothing to reduce the risk of infection.
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A sweet fix for baldness? Stevia compound boosts hair growth | ScienceDaily
Androgenetic alopecia, also known as male pattern baldness or female pattern hair loss, is one of the most widespread causes of hair thinning in both men and women. While topical minoxidil is an approved therapy, its limited ability to dissolve in water and penetrate the skin reduces its effectiveness. Researchers reporting in Advanced Healthcare Materials have found that stevioside, a natural sweetener extracted from the Stevia plant, can help improve how well the drug is absorbed through the skin.


						In tests using a mouse model of alopecia, a dissolvable patch containing both stevioside and minoxidil successfully stimulated hair follicles to re-enter the growth phase, which resulted in the development of new hair.

"Using stevioside to enhance minoxidil delivery represents a promising step toward more effective and natural treatments for hair loss, potentially benefiting millions worldwide," said co-corresponding author Lifeng Kang, PhD, of the University of Sydney, in Australia.

Androgenetic alopecia develops gradually over time and is influenced by both genetic and hormonal factors. The condition occurs when hair follicles become increasingly sensitive to dihydrotestosterone (DHT), a hormone derived from testosterone. This sensitivity causes the follicles to shrink, leading to shorter and finer strands of hair until growth eventually stops. Although the pattern and progression differ between men and women, the biological mechanism is similar.

Currently, treatment options are limited, with minoxidil being one of the few widely approved topical therapies. Minoxidil works by widening blood vessels and increasing blood flow around hair follicles, which can extend the growth phase of the hair cycle and stimulate new strands to develop. However, because the drug does not easily pass through the outer layer of skin and dissolves poorly in water, its full potential is often not realized. Patients must apply it consistently for several months before seeing results, and even then, the response varies from person to person.

This challenge has driven researchers to explore new ways of improving how minoxidil is delivered to the scalp. Enhancing the drug's skin permeability could make treatments more efficient, reduce application frequency, and possibly lower side effects related to overuse. The discovery that stevioside can act as a natural absorption enhancer offers a new direction for scientists seeking to improve both the safety and effectiveness of hair loss therapies.
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Scientists discover brain circuit that can switch off chronic pain | ScienceDaily
Pain may be unpleasant, but in most cases it plays a vital, even lifesaving, role. Short bursts of pain act as warning signals that protect us from harm. When you touch a hot pan, stub your toe, or bump your head, your nervous system instantly delivers an "Ow!" that prompts you to pull back before more damage occurs. The pain fades, the body heals, and you remember what not to do next time.

Chronic pain, however, is an entirely different story. In this condition, the warning signal doesn't stop even after the injury has healed. For about 50 million people in the United States, pain becomes a constant, invisible companion that can persist for years or even decades. "It's not just an injury that won't heal," explains neuroscientist at the University of Pennsylvania J. Nicholas Betley, "it's a brain input that's become sensitized and hyperactive, and determining how to quiet that input could lead to better treatments."


						
Betley, along with collaborators from the University of Pittsburgh and Scripps Research Institute, has discovered an important piece of the chronic pain puzzle. Their research points to a specific group of brainstem cells called Y1 receptor (Y1R)-expressing neurons, located in the lateral parabrachial nucleus (lPBN). These neurons are activated in persistent pain states, but they also process signals related to hunger, fear, and thirst. This suggests that the brain can adjust pain responses when other, more urgent needs demand attention.

The findings, published in Nature, indicate that relief may be possible because, as the researchers write, "there are circuits in the brain that can reduce the activity of neurons that transmit the signal of pain."

Tracking pain in the brain

Working with the Taylor lab at the University of Pittsburgh, Betley's team used calcium imaging to visualize neuron activity in real time in animal models of both short-term and long-term pain. They observed that Y1R neurons did not simply react to quick bursts of pain; instead, they kept firing steadily during prolonged pain, a phenomenon known as "tonic activity."

Betley compares this to an engine left running even after you've parked the car. The pain signals continue to hum in the background even when physical recovery seems complete. This ongoing neural activity may explain why some people continue to feel pain long after an injury or surgery.

The research originated from an unexpected observation Betley made after joining Penn in 2015: hunger seemed to lessen chronic pain.




"From my own experience, I felt that when you're really hungry you'll do almost anything to get food," he says. "When it came to chronic, lingering pain, hunger seemed to be more powerful than Advil at reducing pain."

That insight inspired further investigation. Former graduate student Nitsan Goldstein found that other critical survival states--such as thirst and fear--can also suppress long-term pain. In collaboration with the Kennedy lab at Scripps, the team showed that the brain's parabrachial nucleus can filter sensory input to quiet pain when immediate survival takes priority.

"That told us the brain must have a built-in way of prioritizing urgent survival needs over pain, and we wanted to find the neurons responsible for that switch," says Goldstein.

A key part of that switch is neuropeptide Y (NPY), a signaling molecule that helps the brain juggle competing needs. When hunger or fear takes priority, NPY acts on Y1 receptors in the parabrachial nucleus to dampen ongoing pain signals.

"It's like the brain has this built-in override switch," Goldstein explains. "If you're starving or facing a predator, you can't afford to be overwhelmed by lingering pain. Neurons activated by these other threats release NPY, and NPY quiets the pain signal so that other survival needs take precedence."

A scattered signal

The researchers also characterized the molecular and anatomical identity of the Y1R neurons in the lPBN. They found that Y1Rneurons didn't form two tidy anatomical or molecular populations. Instead, these neurons were scattered across many other cell types.




"It's like looking at cars in a parking lot," Betley says. "We expected all the Y1R neurons to be a cluster of yellow cars parked together, but here the Y1R neurons are like yellow paint distributed across red cars, blue cars, and green cars. We don't know exactly why, but we think this mosaic distribution may allow the brain to dampen different kinds of painful inputs across multiple circuits."

Explorations of pain treatment

What excites Betley with this discovery is the further exploration of its potential to "use Y1 neural activity as a biomarker for chronic pain, something drug developers and clinicians have long lacked," he says.

"Right now, patients may go to an orthopedist or a neurologist, and there is no clear injury. But they're still in pain," he says. "What we're showing is that the problem may not be in the nerves at the site of injury, but in the brain circuit itself. If we can target these neurons, that opens up a whole new path for treatment."

This research also suggests that behavioral interventions such as exercise, meditation, and cognitive behavioral therapy may influence how these brain circuits fire, just as hunger and fear did in the lab.

"We've shown that this circuit is flexible, it can be dialed up or down," he says. "So, the future isn't just about designing a pill. It's also about asking how behavior, training, and lifestyle can change the way these neurons encode pain."

J Nicholas Betley is an associate professor in the Department of Biology at the University of Pennsylvania's School of Arts & Sciences.

Nitsan Goldstein was a graduate student in the Betley Lab at Penn Arts & Sciences during this study. He is currently a postdoctoral researcher at the Massachusetts Institute of Technology.

Other authors include Michelle Awh, Lavinia Boccia, Jamie R. E. Carty, Ella Cho, Morgan Kindel, Kayla A. Kruger, Emily Lo, Erin L. Marble, Nicholas K. Smith, Rachael E. Villari, and Albert T. M. Yeung of Penn Arts & Sciences; Niklas Blank and Christoph A. Thaiss of Penn's Perelman School of Medicine; Melissa J. Chee and Yasmina Dumiaty of Carleton University; Rajesh Khanna of University of Florida College of Medicine,; Ann Kennedy and Amadeus Maes of Scripps Research Institute; and Heather N. Allen, Tyler S. Nelson and Bradley K. Taylor of the University of Pittsburg.
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        A giant asteroid hit Earth, but its crater is missing
        Researchers discovered a new field of ancient tektites in South Australia, revealing a long-forgotten asteroid impact. These 11-million-year-old glass fragments differ chemically and geographically from other known tektites. Although the crater remains missing, the find exposes a massive event once thought unrecorded, offering clues to Earth's tumultuous past and planetary defense.

      

      
        Asteroid Ryugu's hidden waters could explain how Earth got its oceans
        Ryugu's samples reveal that water activity on asteroids lasted far longer than scientists thought, possibly reshaping theories of how Earth gained its oceans. A billion-year-old impact may have melted ancient ice, keeping asteroids wet and influential far into solar system history.

      

      
        Who or what dug Mars' mysterious gullies? The answer is explosive
        CO2 ice blocks on Mars may dig gullies as they slide and sublimate in the thin atmosphere. In lab experiments, scientists recreated these eerie, worm-like movements under Martian conditions. The findings help explain unusual dune formations and deepen our understanding of how alien landscapes evolve.

      

      
        Quantum crystals could spark the next tech revolution
        Auburn scientists have designed new materials that manipulate free electrons to unlock groundbreaking applications. These "Surface Immobilized Electrides" could power future quantum computers or transform chemical manufacturing. Stable, tunable, and scalable, they represent a leap beyond traditional electrides. The work bridges theory and potential real-world use.

      

      
        It actually rains on the Sun. Here's the stunning reason
        Scientists at the University of Hawai`i have discovered why it rains on the Sun. Solar rain, made of cooling plasma, forms rapidly during solar flares, a mystery now solved by modeling time-varying elements like iron. The finding upends long-held assumptions about the Sun's atmosphere and could improve predictions of space weather events. It's a breakthrough that forces a rewrite of how we understand the Sun's outer layers.

      

      
        Physicists discover mysterious new type of time crystal
        Scientists at TU Wien have uncovered that quantum correlations can stabilize time crystals--structures that oscillate in time without an external driver. Contrary to previous assumptions, quantum fluctuations enhance rather than hinder their formation. Using a laser-trapped lattice, the team demonstrated self-organizing rhythmic behavior arising purely from particle interactions. The finding could revolutionize quantum technology design.

      

      
        These giant planets shouldn't exist. But they do
        Astronomers are investigating a strange class of exoplanets known as eccentric warm Jupiters -- massive gas giants that orbit their stars in unexpected, elongated paths. Unlike their close-orbiting "hot Jupiter" cousins, these planets seem to follow mysterious rules, aligning neatly with their stars despite their bizarre trajectories. Theories suggest that companion planets, surrounding nebulas, or even stellar waves could be shaping these odd orbits in ways never seen before.

      

      
        Astronomers detect a cosmic "heartbeat" in pulsar signals
        Researchers analyzing pulsar data have found tantalizing hints of ultra-slow gravitational waves. A team from Hirosaki University suggests these signals might carry "beats" -- patterns formed by overlapping waves from supermassive black holes. This subtle modulation could help scientists tell whether the waves stem from ancient cosmic inflation or nearby black hole binaries, potentially identifying the true source of spacetime's gentle vibrations.

      

      
        The Sun's hidden poles could finally reveal its greatest secrets
        High above the Sun's blazing equator lie its mysterious poles, the birthplace of fast solar winds and the heart of its magnetic heartbeat. For decades, scientists have struggled to see these regions, hidden from Earth's orbit. With the upcoming Solar Polar-orbit Observatory (SPO) mission, humanity will finally gain a direct view of the poles, unlocking secrets about the Sun's magnetic cycles, space weather, and the forces that shape the heliosphere.

      

      
        A telescope larger than Earth just revealed the hidden heart of a mysterious galaxy
        Scientists imaged the heart of the OJ 287 galaxy, uncovering a curved plasma jet around what appears to be two merging supermassive black holes. The structure reveals unimaginable energy levels and shockwaves in the jet. This achievement, using a virtual telescope the size of multiple Earths, sheds new light on how black holes shape galactic jets and gravitational waves.

      

      
        Scientists unlock a 100-year-old quantum secret to supercharge solar power
        Scientists at the University of Cambridge have uncovered a surprising quantum effect inside an organic material, something once thought impossible outside metals. The team found that a special molecule can turn light into electricity with incredible efficiency, using a hidden quantum behavior unseen in such materials before. This breakthrough could lead to simpler, lighter, and cheaper solar panels.

      

      
        JWST may have found the Universe's first stars powered by dark matter
        New observations from the James Webb Space Telescope hint that the universe's first stars might not have been ordinary fusion-powered suns, but enormous "supermassive dark stars" powered by dark matter annihilation. These colossal, luminous hydrogen-and-helium spheres may explain both the existence of unexpectedly bright early galaxies and the origin of the first supermassive black holes.

      

      
        MIT scientists find metals hold secret atomic patterns
        MIT researchers found that metals retain hidden atomic patterns once believed to vanish during manufacturing. These patterns arise from microscopic dislocations that guide atoms into preferred arrangements instead of random ones. The discovery introduces a new kind of physics in metals and suggests engineers can exploit these patterns to enhance material performance in demanding environments.

      

      
        Scientists build artificial neurons that work like real ones
        UMass Amherst engineers have built an artificial neuron powered by bacterial protein nanowires that functions like a real one, but at extremely low voltage. This allows for seamless communication with biological cells and drastically improved energy efficiency. The discovery could lead to bio-inspired computers and wearable electronics that no longer need power-hungry amplifiers. Future applications may include sensors powered by sweat or devices that harvest electricity from thin air.

      

      
        This 250-year-old equation just got a quantum makeover
        A team of international physicists has brought Bayes' centuries-old probability rule into the quantum world. By applying the "principle of minimum change" -- updating beliefs as little as possible while remaining consistent with new data -- they derived a quantum version of Bayes' rule from first principles. Their work connects quantum fidelity (a measure of similarity between quantum states) to classical probability reasoning, validating a mathematical concept known as the Petz map.

      

      
        90% of science is lost. This new AI just found it
        Vast amounts of valuable research data remain unused, trapped in labs or lost to time. Frontiers aims to change that with FAIR2 Data Management, a groundbreaking AI-driven system that makes datasets reusable, verifiable, and citable. By uniting curation, compliance, peer review, and interactive visualization in one platform, FAIR2 empowers scientists to share their work responsibly and gain recognition.

      

      
        Decades-old photosynthesis mystery finally solved
        Scientists from the Indian Institute of Science (IISc) and Caltech have finally solved a decades-old mystery about how photosynthesis really begins. They discovered why energy inside plants flows down only one of two possible routes -- a design that lets nature move sunlight with astonishing precision. Using advanced computer simulations, the researchers showed that one branch has a much higher energy barrier, blocking electrons from moving freely.

      

      
        An interstellar visitor lights up the Red Planet's sky
        ESA's Mars orbiters have observed comet 3I/ATLAS, only the third interstellar comet ever discovered. The faint, distant object revealed a glowing coma as it was heated by the Sun. Researchers are still studying the data to understand its makeup and origins. This rare event also foreshadows future missions like the Comet Interceptor, designed to chase such elusive visitors.

      

      
        The Moon's south pole hides a 4-billion-year-old secret
        A colossal northern asteroid impact billions of years ago likely shaped the Moon's south polar region and explains its uneven terrain. Researchers found that the South Pole-Aitken Basin formed from a glancing northern strike, revealing deep materials from the Moon's interior. This discovery sheds light on how KREEP elements gathered on the near side, driving volcanic activity. Artemis astronauts may soon uncover samples that rewrite lunar history.

      

      
        Closest alien civilization could be 33,000 light years away
        Complex, intelligent life in the galaxy appears vanishingly rare, with the nearest possible civilization perhaps 33,000 light-years distant. Yet despite the odds, scientists insist that continuing the search for extraterrestrial intelligence is essential -- for either outcome reshapes our understanding of life itself.

      

      
        New simulation reveals how Earth's magnetic field first sparked to life
        Geophysicists have modeled how Earth's magnetic field could form even when its core was fully liquid. By removing the effects of viscosity in their simulation, they revealed a self-sustaining dynamo that mirrors today's mechanism. The results illuminate Earth's early history, life's origins, and the magnetism of other planets. Plus, it could help forecast future changes to our planet's protective shield.

      

      
        Quantum simulations that once needed supercomputers now run on laptops
        A team at the University at Buffalo has made it possible to simulate complex quantum systems without needing a supercomputer. By expanding the truncated Wigner approximation, they've created an accessible, efficient way to model real-world quantum behavior. Their method translates dense equations into a ready-to-use format that runs on ordinary computers. It could transform how physicists explore quantum phenomena.

      

      
        A million-sun-mass mystery object found lurking in deep space
        Scientists using a global array of radio telescopes have detected the universe's lowest-mass dark object by observing how it warped light through gravitational lensing. The invisible mass, about a million times the Sun's weight, could be a small clump of dark matter or a dormant dwarf galaxy. The finding supports cold dark matter models and opens the door to uncovering more hidden objects shaping the cosmos.

      

      
        USC engineers just made light smarter with "optical thermodynamics"
        USC engineers have developed an optical system that routes light autonomously using thermodynamic principles. Rather than relying on switches, light organizes itself much like particles in a gas reaching equilibrium. The discovery could simplify and speed up optical communications and computing. It reimagines chaotic optical behavior as a tool for design rather than a limitation.

      

      
        Scientists create a magnetic lantern that moves like it's alive
        A team of engineers at North Carolina State University has designed a polymer "Chinese lantern" that can rapidly snap into multiple stable 3D shapes--including a lantern, a spinning top, and more--by compression or twisting. By adding a magnetic layer, they achieved remote control of the shape-shifting process, allowing the lanterns to act as grippers, filters, or expandable mechanisms.

      

      
        Scientists create a paper-thin light that glows like the sun
        Scientists have developed an ultra-thin, paper-like LED that emits a warm, sunlike glow, promising to revolutionize how we light up our homes, devices, and workplaces. By engineering a balance of red, yellow-green, and blue quantum dots, the researchers achieved light quality remarkably close to natural sunlight, improving color accuracy and reducing eye strain.
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A giant asteroid hit Earth, but its crater is missing | ScienceDaily
"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.


						in a crater but in tiny glass fragments found only in Australia.
The discovery focuses on rare natural glass called tektites, which form when a meteorite hits Earth with enough force to melt the surface and fling molten material vast distances. This newly identified variety of tektites has so far been discovered only across parts of South Australia.
Co-author Professor Fred Jourdan from Curtin's School of Earth and Planetary Sciences compared the finding to uncovering a new chapter in Earth's turbulent past.

"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.

"They formed when an asteroid slammed into Earth, melting surface rock and scattering debris for thousands of kilometers. These tiny pieces of glass are like little time capsules from deep in our planet's history.

"What makes the discovery even more intriguing is that, although the impact must have been immense, scientists are yet to locate the crater.

"Understanding when and how often large asteroids have struck Earth also helps us assess the risk of future impacts, which is important for planetary defense."

Lead author Anna Musolino, a PhD student at Aix-Marseille University, said the glasses stand apart from all previously known tektites.

"These tektites are unique because of their unusual chemistry and their age, which is about 11 million years," Ms. Musolino said.




"They record a completely separate impact event from the famous Australasian tektite-strewn field.

"While the Australasian tektites formed about 780,000 years ago and are spread across half the globe, these tektites are much older and their discovery suggests a previously unrecognized giant impact."

The study was part of a larger research project led by Emeritus Professor Pierre Rochette from Aix-Marseille University and highlights both the destructive power of past impacts and the importance of studying them.

The full research paper, 'A new tektite strewn field in Australia ejected from a volcanic arc impact crater 11 Myr ago', is published in Earth and Planetary Science Letters.
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Asteroid Ryugu's hidden waters could explain how Earth got its oceans | ScienceDaily
A group of scientists, including researchers from the University of Tokyo, has found evidence that liquid water once moved through the asteroid that eventually gave rise to the near-Earth asteroid Ryugu. Remarkably, this activity took place more than a billion years after the asteroid first formed. The discovery, which relies on microscopic rock samples collected by the Japan Aerospace Exploration Agency (JAXA) Hayabusa2 spacecraft, challenges the long-standing belief that water-related processes on asteroids only occurred in the earliest stages of the solar system's evolution. These findings could influence scientific models that describe how Earth and its oceans developed.


						
Although scientists have a solid general picture of how the solar system came together, many details remain uncertain. One of the biggest questions concerns how Earth ended up with so much water. It has long been thought that carbon-rich asteroids, like Ryugu, which formed from ice and dust in the outer solar system, were key suppliers of water to our planet. Hayabusa2's 2018 mission to Ryugu marked the first time such an asteroid was both observed up close and sampled directly. The mission returned small bits of rock and dust to Earth, giving researchers a rare opportunity to fill in missing pieces of our planet's early story.

"We found that Ryugu preserved a pristine record of water activity, evidence that fluids moved through its rocks far later than we expected," said Associate Professor Tsuyoshi Iizuka from the Department of Earth and Planetary Science at the University of Tokyo. "This changes how we think about the long-term fate of water in asteroids. The water hung around for a long time and was not exhausted so quickly as thought."

The key to the discovery lies in the isotopes of lutetium (Lu) and hafnium (Hf), elements that form a natural radioactive clock through the decay of 176Lu into 176Hf. By analyzing their ratios in Ryugu's samples, researchers expected to determine the asteroid's age in a straightforward way. Instead, they found much higher levels of 176Hf compared with 176Lu than anticipated. This unusual imbalance suggested that liquid water had once seeped through the rocks, effectively leaching lutetium out of them.

"We thought that Ryugu's chemical record would resemble certain meteorites already studied on Earth," said Iizuka. "But the results were completely different. This meant we had to carefully rule out other possible explanations and eventually concluded that the Lu-Hf system was disturbed by late fluid flow. The most likely trigger was an impact on a larger asteroid parent of Ryugu, which fractured the rock and melted buried ice, allowing liquid water to percolate through the body. It was a genuine surprise! This impact event may be also responsible for the disruption of the parent body to form Ryugu."

The study's implications are far-reaching. It suggests that carbon-rich asteroids could have stored and delivered much more water to Earth than scientists previously assumed. Ryugu's parent asteroid appears to have retained frozen water for over a billion years, meaning similar bodies colliding with the young Earth might have delivered two to three times more water than current models estimate. Such impacts could have played a major role in shaping the early oceans and atmosphere.

"The idea that Ryugu-like objects held on to ice for so long is remarkable," said Iizuka. "It suggests that the building blocks of Earth were far wetter than we imagined. This forces us to rethink the starting conditions for our planet's water system. Though it's too early to say for sure, my team and others might build on this research to clarify things, including how and when our Earth became habitable."

Hayabusa2 only brought back a few grams of material. With many researchers wanting to run tests on it, each experiment could only use a few tens of milligrams, fractions of a grain of rice. To maximize the information gained, the team developed sophisticated methods for separating elements and analyzing isotopes with extraordinary precision, realizing the full potential of current geochemical analytical techniques.




"Our small sample size was a huge challenge," recalled Iizuka. "We had to design new chemistry methods that minimized elemental loss while still isolating multiple elements from the same fragment. Without this, we could never have detected such subtle signs of late fluid activity."

The researchers also plan to study phosphate veins within Ryugu samples to pin down more precise ages of the late fluid flow. They will also compare their results with NASA's samples collected from asteroid Bennu by the OSIRIS-REx spacecraft, to test whether similar water activity might have happened there too, or whether it was unique to Ryugu. Eventually, Iizuka and colleagues hope to trace how water was stored, mobilized and finally delivered to Earth, a story that continues to shape our understanding of planetary habitability.

Funding: This work was supported by Japan Society for the Promotion of Science KAKENHI grants (21KK0057, 22H00170).
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Who or what dug Mars' mysterious gullies? The answer is explosive | ScienceDaily
Could Mars have once supported life? Scientists still don't have proof. Yet some of the planet's strange surface features might seem to hint at it. Earth scientist Dr. Lonneke Roelofs of Utrecht University set out to study the origin of mysterious gullies carved into Martian dunes. In her laboratory experiments, she discovered that blocks of frozen carbon dioxide (CO2 ice) can actually dig these channels on their own. "It felt like I was watching the sandworms in the film Dune," she said. Her research appears in Geophysical Research Letters.


						
For years, scientists suspected CO2 ice might be responsible for the odd formations, but no one had been able to show it directly. Roelofs succeeded by creating gullies in the lab using CO2 ice blocks, replicating a natural process that doesn't occur on Earth and had never before been seen in action.

Sublimation

During the Martian winter, when temperatures plunge to around minus 120 degrees Celsius, ice accumulates on the dunes. As spring approaches, the sun warms the slopes and large ice blocks -- sometimes a meter long -- break loose. Because Mars has a thin atmosphere and a sharp temperature difference between warm sand and the ice, the underside of these blocks instantly turns to gas in a process known as sublimation. Since gas takes up far more space than solid ice, the pressure builds rapidly, making the ice appear to "explode."

"In our simulation, I saw how this high gas pressure blasts away the sand around the block in all directions," says Roelofs. As a result, the block digs itself into the slope and becomes trapped in a hollow surrounded by small ridges of settled sand. "However, the sublimation process continues, and so the sand keeps on being blasted in all directions." As the ice keeps vaporizing, it gradually slides downhill, carving a long, deep trench with ridges on either side. These artificial gullies match the ones seen on Mars almost exactly.

Landscape formation

Roelofs studies the geological forces that sculpt Mars' surface. In earlier work, she showed that sublimating CO2 ice can trigger debris flows that cut deep channels along crater walls. "But the gullies from this research looked different," she explains. "Therefore, a different process was behind this, but which? That is what I set out to discover."

Mars chamber




Together with master student Simone Visschers, she traveled to the English city of Milton Keynes to solve the mystery behind these unusual sand gullies. The Open University has a 'Mars chamber': a facility for simulating Martian conditions. Financial support from the British Society of Geomorphology made the visit possible. "We tried out various things by simulating a dune slope at different angles of steepness. We let a block of CO2 ice fall from the top of the slope and observed what happened," states the researcher. "After finding the right slope, we finally saw results. The CO2 ice block began to dig into the slope and move downwards just like a burrowing mole or the sandworms from Dune. It looked very strange!"

From ice to gullies

But how exactly do these blocks of ice form? "The CO2 ice blocks form on the desert dunes halfway down the southern hemisphere of Mars. During the winter, a layer of CO2 ice forms over the entire surface of the dune field, sometimes up to a thickness of 70 cm! In spring, this ice begins to warm up and sublimate. The last remnants of this ice are located on the shaded side of the dune tops, and that is where the blocks break off from once the temperature is high enough. Once the blocks reach the bottom of the slope and stop moving, the ice continues to sublimate until all the CO2 has evaporated. What remains is a hollow in the sand at the bottom of the dune."

Why Mars?

Why does this planet fascinate people so much? "Mars is our nearest neighbour. It is the only rocky planet close to the 'green zone' of our solar system. This zone lies exactly far enough from the Sun to make the presence of liquid water possible, which is a prerequisite for life. Questions about the origin of life, and possible extra-terrestrial life, could therefore be solved here," says Roelofs. "Also, conducting research into the formation of landscape structures of other planets is a way of stepping outside the frameworks used to think about the Earth. This allows you to pose slightly different questions, which in turn can deliver new insights for processes here on our planet."
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Quantum crystals could spark the next tech revolution | ScienceDaily
Picture a future where factories can create materials and chemical compounds more quickly, at lower cost, and with fewer production steps. Imagine your laptop processing complex data in seconds or a supercomputer learning and adapting as efficiently as the human brain. These possibilities depend on one fundamental factor: how electrons behave inside materials. Researchers at Auburn University have now developed a groundbreaking type of material that allows scientists to precisely control these tiny charged particles. Their findings, published in ACS Materials Letters, describe how the team achieved adjustable coupling between isolated-metal molecular complexes, called solvated electron precursors, where electrons are not tied to specific atoms but instead move freely within open spaces.


						
Electrons are central to nearly every chemical and technological process. They drive energy transfer, bonding, and electrical conductivity, serving as the foundation for both chemical synthesis and modern electronics. In chemical reactions, electrons enable redox processes, bond formation, and catalytic activity. In technology, managing how electrons move and interact underpins everything from electronic circuits and AI systems to solar cells and quantum computers. Typically, electrons are confined to atoms, which restricts their potential uses. However, in materials known as electrides, electrons move independently, opening the door to remarkable new capabilities.

"By learning how to control these free electrons, we can design materials that do things nature never intended," explains Dr. Evangelos Miliordos, Associate Professor of Chemistry at Auburn and senior author of the study, which was based on advanced computational modeling.

To achieve this, the Auburn team created innovative material structures called Surface Immobilized Electrides by attaching solvated electron precursors to stable surfaces such as diamond and silicon carbide. This configuration makes the electronic characteristics of the electrides both durable and tunable. By changing how the molecules are arranged, electrons can either cluster into isolated "islands" that behave like quantum bits for advanced computing or spread into extended "seas" that promote complex chemical reactions.

This versatility is what gives the discovery its transformative potential. One version could lead to the development of powerful quantum computers capable of solving problems beyond the reach of today's technology. Another could provide the basis for cutting-edge catalysts that speed up essential chemical reactions, potentially revolutionizing how fuels, pharmaceuticals, and industrial materials are produced.

"As our society pushes the limits of current technology, the demand for new kinds of materials is exploding," says Dr. Marcelo Kuroda, Associate Professor of Physics at Auburn. "Our work shows a new path to materials that offer both opportunities for fundamental investigations on interactions in matter as well as practical applications."

Earlier versions of electrides were unstable and difficult to scale. By depositing them directly on solid surfaces, the Auburn team has overcome these barriers, proposing a family of materials structures that could move from theoretical models to real-world devices. "This is fundamental science, but it has very real implications," says Dr. Konstantin Klyukin, Assistant Professor of Materials Engineering at Auburn. "We're talking about technologies that could change the way we compute and the way we manufacture."

The theoretical study was led by faculty across chemistry, physics, and materials engineering at Auburn University. "This is just the beginning," Miliordos adds. "By learning how to tame free electrons, we can imagine a future with faster computers, smarter machines, and new technologies we haven't even dreamed of yet."

The study, "Electrides with Tunable Electron Delocalization for Applications in Quantum Computing and Catalysis," was also coauthored by graduate students Andrei Evdokimov and Valentina Nesterova. It was supported by the U.S. National Science Foundation and Auburn University computing resources.
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It actually rains on the Sun. Here's the stunning reason | ScienceDaily
It rains on the Sun, and scientists at the University of Hawai`i Institute for Astronomy (IfA) have finally uncovered the reason why.


						
Unlike the water that falls from clouds on Earth, solar rain takes place in the Sun's corona, the outermost layer made of intensely hot plasma. This phenomenon involves cooler, heavier blobs of plasma that condense high above the Sun's surface and then plunge back down. For years, researchers couldn't understand how this "rain" formed so rapidly during solar flares.

New explanation

That puzzle has now been solved by Luke Benavitz, a first-year graduate student at IfA, working with IfA astronomer Jeffrey Reep. Their findings, published in the Astrophysical Journal, fill a critical gap in long-standing solar models.

"At present, models assume that the distribution of various elements in the corona is constant throughout space and time, which clearly isn't the case," said Benavitz. "It's exciting to see that when we allow elements like iron to change with time, the models finally match what we actually observe on the Sun. It makes the physics come alive in a way that feels real."

Why it matters

The discovery gives solar scientists new tools to better simulate how the Sun behaves during energetic flares -- knowledge that could eventually improve forecasts of space weather events that influence technology and communications on Earth.




Earlier models suggested the heating that causes coronal rain should take hours or even days, yet solar flares occur within minutes. The IfA team's new approach shows that changes in the relative amounts of elements, or elemental abundances, can account for the rapid formation of solar rain.

"This discovery matters because it helps us understand how the Sun really works," said Reep. "We can't directly see the heating process, so we use cooling as a proxy. But if our models haven't treated abundances properly, the cooling time has likely been overestimated. We might need to go back to the drawing board on coronal heating, so there's a lot of new and exciting work to be done."

Fresh insights

Their findings also open up a broader range of questions. Scientists now realize that the composition of the Sun's atmosphere changes over time, overturning decades of assumptions that it stayed constant. This insight extends far beyond coronal rain, prompting a reexamination of how the Sun's outer layers evolve and how energy circulates through its atmosphere.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251015032312.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Physicists discover mysterious new type of time crystal | ScienceDaily
Nature follows countless rhythms: the changing of the seasons comes from Earth's orbit around the Sun, and the steady tick of a clock arises from the back-and-forth swing of its pendulum. These patterns can be described with simple mathematical laws.


						
Yet, order can also appear in a far more surprising way -- on its own, without any external timer. When countless particles interact in complex ways, they can spontaneously fall into a repeating rhythm instead of behaving chaotically. This phenomenon is known as a "time crystal." Researchers at TU Wien (Vienna) have now demonstrated that time crystals can form through an entirely different mechanism than scientists had believed possible. Their calculations reveal that quantum correlations between particles, once thought to disrupt these patterns, can in fact help stabilize them. The finding offers a striking new perspective on how collective behaviors emerge in quantum many-particle systems.

Space crystals and time crystals

When a liquid freezes, its particles shift from disorder to order. In the liquid state, the particles move freely and randomly, showing no particular pattern. As the liquid solidifies, the particles lock into precise positions, forming a regular and repeating spatial structure -- a crystal. A liquid is uniform in every direction, but in a crystal that symmetry breaks: it gains structure, with certain directions becoming distinct from others.

Can a similar kind of symmetry breaking happen over time rather than in space? Could a quantum system that initially behaves identically at every moment spontaneously develop a repeating temporal pattern -- a rhythm that marks the emergence of order in time itself?

Quantum fluctuations: harmful or useful?

"This question has been the subject of intensive research in quantum physics for over ten years," says Felix Russo from the Institute of Theoretical Physics at TU Wien, who is conducting research for his doctoral thesis in Prof. Thomas Pohl's team. In fact, it has been shown that so-called time crystals are possible -- systems in which a temporal rhythm is established without the beat being imposed from outside.




"However, it was thought that this was only possible in very specific systems, such as quantum gases, whose physics can be well described by mean values without having to take into account the random fluctuations that are inevitable in quantum physics," says Felix Russo. "We have now shown that it is precisely the quantum physical correlations between the particles, which were previously thought to prevent the formation of time crystals, that can lead to the emergence of time-crystalline phases."

The complex quantum interactions between the particles induce collective behaviour that cannot be explained at the level of individual particles -- similar to how the smoke from an extinguished candle can sometimes form a regular series of smoke rings; a phenomenon whose rhythm is not dictated from outside and which cannot be understood from single smoke particles.

Particles in the laser lattice

"We are investigating a two-dimensional lattice of particles held in place by laser beams," says Felix Russo. "And here we can show that the state of the lattice begins to oscillate -- due to the quantum interaction between the particles."

The research offers the opportunity to better understand the theory of quantum many-body systems -- paving the way for new quantum technologies or high-precision quantum measurement techniques.
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These giant planets shouldn't exist. But they do | ScienceDaily
What do you do when you encounter a strange astronomical event, a collection of data from planets thousands of light-years away, and models that can't quite explain what you're seeing?


						
For one astronomer at Northern Arizona University's Department of Astronomy and Planetary Science, the answer is simple: start building better models.

With funding from the National Science Foundation and collaboration with co-investigators at Indiana University Bloomington, he is leading a three-year study on the origins of eccentric warm Jupiters -- gas giants outside our solar system that follow unusually stretched orbits.

By the time the research concludes in 2028, the team aims to develop a deeper theoretical understanding of how these unusual planets formed, and whether the same forces could have shaped our own solar system.

"The variability of extrasolar planets is just enormous," Munoz said. "Extrasolar systems can look like our solar system, but in some cases, they look entirely different and exotic. We're very interested in seeing how the solar system forms in context by understanding systems that look like ours and ones that look completely different. We can get a sense of what the extremes are, how average our planet formation history is and how average our solar system is."

Among these extreme planetary systems, the eccentric warm Jupiters stand out as some of the most fascinating.

For years, scientists thought warm Jupiters formed in the same way as their better-known relatives, the hot Jupiters, which share similar size and mass but orbit much closer to their stars. As telescopes improved and more precise data became available, however, astronomers realized warm Jupiters might have far more complicated origins.




Unlike hot Jupiters, which can orbit their stars at almost any tilt, warm Jupiters are almost always aligned with their stars' equators. Observations also reveal that the more elongated a warm Jupiter's orbit is, the more precisely aligned it tends to be -- a surprising pattern that no current planet formation theory can explain.

To explore this mystery, the researcher is developing a new and expanding catalog of eccentric warm Jupiters using data from NASA's Transiting Exoplanet Survey Satellite (TESS). These discoveries will serve as the foundation for both updated and entirely new models that could finally reveal how these strange worlds came to be.

"The data tells us that warm Jupiters are not just the tail end of hot Jupiters," Munoz said. "It tells us they may have a different history. We need to understand if this is just a quirk -- if these are pathological cases that happen maybe once every million cases -- or if there is an additional physical process that we have ignored in the past that we might be able to unveil."

Knowing what processes are at work during an eccentric warm Jupiter's formation could help astronomers uncover hidden truths about our solar system's evolution and the creation of countless others just like it. But before diving into the implications, Munoz has to interrogate multiple hypotheses until he can find one that is practical and plausible.

One possibility is that these eccentric warm Jupiters have companion planets that somehow alter their orbits without misaligning them relative to their stars' equator. Having varying eccentricities and varying inclinations simultaneously is well understood from a modeling perspective, but having one and not the other is not as easily explained.

Another concerns the gaseous nebulas in which the planets and their stars formed. Munoz reasons that these planets could have interacted with their surroundings in ways astronomers could never have anticipated as they were developing. Discoveries of this nature could permanently change the way astronomers map planet formation.




Last, and Munoz's favorite, is the idea that the stars in these systems are responsible. Because stars are fluid bodies, they can develop internal waves that can sometimes crash and extract energy from a planet's orbit in peculiar ways. He said it's mathematically feasible that these waves could also be the reason warm Jupiters align so closely with their host stars' equators.

The answer to which theory is correct, as of now, is a mystery, but it's one Munoz will be hard at work solving with myriad modeling techniques.

"I'm a theorist, so I work on models using heavy-duty computers, pencil-and-paper calculations and anything in between," Munoz said. "We don't have a model that predicted this to begin with, so we're going to go crazy and dive into the most creative ways we can think about this problem. But once you have a mathematical model, that is just the beginning."

Next year, Munoz will hire a graduate student who excels in creative puzzle solving to assist him throughout his modeling study. In the meantime, he said his research into his host star hypothesis has been promising, and he hopes to publish his findings in the near future.
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Astronomers detect a cosmic "heartbeat" in pulsar signals | ScienceDaily
Pulsars may be revealing that extremely low-frequency gravitational waves are moving through the universe. Observations reported in 2023 by international pulsar timing array collaborations could be caused by either a background of overlapping gravitational waves from countless distant sources or a single pair of nearby supermassive black holes orbiting each other. To determine which explanation fits, Hideki Asada, a theoretical physicist and Professor at Hirosaki University, and Shun Yamamoto, a researcher at the Graduate School of Science and Technology, Hirosaki University, have proposed a new approach. Their method takes advantage of "beat" effects that occur when two gravitational waves have nearly the same frequency, searching for their subtle influence on the arrival times of pulsars' radio signals.


						
Their findings were recently published in the Journal of Cosmology and Astroparticle Physics (JCAP).

The night sky contains remarkably precise "cosmic clocks": pulsars, which are dense neutron stars that emit radio pulses at steady intervals, ticking like perfectly timed metronomes. On Earth, radio telescopes track these pulses not only to learn about the pulsars themselves, but also to use them as tools for studying the structure and behavior of the wider universe.

If something unseen -- almost a "cosmic ghost" -- distorts spacetime between a pulsar and Earth, the timing of its pulses shifts slightly. These changes are not random; several pulsars in certain parts of the sky can show matching variations, as if a slow, invisible wave were passing through space.

"In 2023 several pulsar timing array collaborations -- NANOGrav in the US, and European teams -- announced strong evidence for nanohertz gravitational waves," Asada notes. Nanohertz means wave periods of months to years, with wavelengths of several light-years. To probe such scales, we rely on distant, stable pulsars hundreds to thousands of light-years away. "The signal was statistically reliable but below the 5-sigma threshold that particle physicists usually require," he continues. "It's 'strong evidence' but not yet a confirmed detection, but the cosmology and astrophysics community believes we are approaching the first detection of nanohertz gravitational waves."

Although the evidence is promising, it still falls short of absolute confirmation. Asada notes that if future data strengthen the result, the next step will be to pinpoint the origin. "There are two main candidate sources for nanohertz gravitational waves," he explains. "One is cosmic inflation, which would have created spacetime fluctuations in the very early universe, later stretched to cosmic scales. The other is supermassive black hole binaries, which form when galaxies merge. Both scenarios could generate nanohertz gravitational waves."

Distinguishing between these possibilities has been difficult because the correlation patterns seen in pulsar data -- the way timing differences between pulsars relate to each other -- were once thought to appear similar in both cases. "In our paper, we explored the situation where a nearby pair of supermassive black holes produces a particularly strong signal," Asada says. "If two such systems have very similar frequencies, their waves can interfere and create a beat pattern, like in acoustics. That feature could, in principle, allow us to distinguish them from the stochastic background of inflation."

Asada and Yamamoto therefore leverage a familiar acoustic effect: beats. When two waves have almost -- but not exactly -- the same frequency, their superposition produces periodic strengthening and weakening. Applied to gravitational waves, two supermassive-black-hole binaries with similar frequencies would imprint a characteristic modulation in the pulsar-timing signal. The method is to look for this modulation -- the "beat" -- in the pulsar correlation patterns. If it's present, that strongly suggests the signal is not a diffuse background but arises from specific, relatively nearby binaries.

We now await stronger confirmation of the pulsar signal's nature. "I think once a confirmed detection at 5-sigma is achieved, maybe within a few years, the next step will be to ask: what is the origin of the waves? At that point, our method could be useful to distinguish whether they come from inflation or from nearby supermassive black hole binaries," Asada concludes.
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The Sun's hidden poles could finally reveal its greatest secrets | ScienceDaily
The Sun's polar regions remain one of the least explored areas in solar science. Space-based observatories and ground telescopes have given us extraordinary images of the Sun's surface, atmosphere, and magnetic fields, but nearly all of those observations come from within the ecliptic plane -- the narrow zone where Earth and most other planets orbit. This viewing angle limits what scientists can see of the Sun's high-latitude poles. Yet these regions are crucial, as their magnetic fields and dynamic activity help shape the solar magnetic cycle and supply the mass and energy that feed the fast solar wind, influencing solar behavior and driving space weather throughout the solar system.


						
Why the Poles Matter

At first glance, the Sun's poles seem calm compared to the active mid-latitudes around +-35deg, where sunspots, solar flares, and coronal mass ejections (CMEs) dominate. But appearances are deceiving. The magnetic fields at the poles are vital to the Sun's global dynamo process and may act as "seed fields" that shape the next solar cycle, defining the overall solar magnetic structure. Data from the Ulysses spacecraft showed that the fast solar wind originates mainly from vast coronal holes near the poles. Understanding these regions is therefore key to answering three of the most important questions in solar physics:

1. How does the solar dynamo operate and drive the magnetic cycle?

The Sun's magnetic cycle is a repeating pattern that lasts about 11 years, marked by fluctuations in sunspot numbers and a complete reversal of the Sun's magnetic poles. This process is driven by a complex dynamo mechanism powered by the Sun's internal motion. Differential rotation produces magnetic activity, while meridional circulation carries magnetic flux toward the poles. However, decades of helioseismic studies have revealed conflicting information about how these flows behave deep inside the convection zone. Some evidence even points to poleward flows at the base of the zone, challenging traditional dynamo theories. Observations from high latitudes are needed to clarify these internal flow patterns and refine existing models.

2. What powers the fast solar wind?

The fast solar wind -- a supersonic stream of charged particles -- originates mainly in the Sun's polar coronal holes and fills most of the heliosphere, shaping conditions in interplanetary space. Yet scientists still do not fully understand how it begins. Does it emerge from dense plumes inside the coronal holes, or from the more diffuse regions between them? Are magnetic reconnection events, wave interactions, or both responsible for accelerating the flow? Only direct imaging of the poles and in-situ measurements can resolve these long-standing questions.




3. How do space weather events spread through the solar system?

Space weather refers to changes in the solar wind and solar eruptions that disturb the space environment. Extreme events such as powerful flares and CMEs can trigger geomagnetic and ionospheric storms on Earth, creating dazzling auroras but also threatening satellites, communication systems, and power grids. To improve forecasts, researchers must follow how solar material and magnetic structures evolve across the Sun and through space, not just from the limited perspective of Earth's orbital plane. Observing from outside the ecliptic would provide a crucial top-down view, helping scientists trace how CMEs and other disturbances travel through the solar system.

Past Efforts

Scientists have long recognized the importance of solar polar observations. The Ulysses mission, launched in 1990, was the first spacecraft to leave the ecliptic plane and sample the solar wind over the poles. Its in-situ instruments confirmed key properties of the fast solar wind but lacked imaging capability. More recently, the European Space Agency's Solar Orbiter has been gradually moving out of the ecliptic plane and is expected to reach latitudes of around 34deg in a few years. While this represents a remarkable progress, it still falls far short of the vantage needed for a true polar view.

A number of ambitious mission concepts have been proposed over the past decades, including the Solar Polar Imager (SPI), the POLAR Investigation of the Sun (POLARIS), the Solar Polar ORbit Telescope (SPORT), the Solaris mission, and the High Inclination Solar Mission (HISM). Some envisioned using advanced propulsion such as solar sails to reach high inclinations. Others relied on gravity assists to incrementally tilt their orbits. Each of these missions would carry both remote-sensing and in-situ instruments to image the Sun's poles and measure key physical parameters above the poles.

The SPO Mission

The Solar Polar-orbit Observatory (SPO) is designed specifically to overcome the limitations of past and current missions. Scheduled for launch in January 2029, SPO will use a Jupiter gravity assist (JGA) to bend its trajectory out of the ecliptic plane. After several Earth flybys and a carefully planned encounter with Jupiter, the spacecraft will settle into a 1.5-year orbit with a perihelion of about 1 AU and an inclination of up to 75deg. In its extended mission, SPO could climb to 80deg, offering the most direct view of the poles ever achieved.




The 15-year lifetime of the mission (including an 7-year extended mission period) will allow it to cover both solar minimum and maximum, including the crucial period around 2035 when the next solar maximum and expected polar magnetic field reversal will occur. During the whole lifetime, SPO will repeatedly pass over both poles, with extended high-latitude observation windows lasting more than 1000 days.

The SPO mission aims at breakthroughs on the three scientific questions mentioned above. To meet its ambitious objectives, SPO will carry a suite of several remote-sensing and in-situ instruments. Together, they will provide a comprehensive view of the Sun's poles. The remote-sensing instruments include the Magnetic and Helioseismic Imager (MHI) to measure magnetic fields and plasma flows at the surface, the Extreme Ultraviolet Telescope (EUT) and the X-ray Imaging Telescope (XIT) to capture dynamic events in the solar upper atmosphere, the VISible-light CORonagraph (VISCOR) and the Very Large Angle CORonagraph (VLACOR) to track the solar corona and solar wind streams out to 45 solar radii (at 1 AU). The in-situ package includes a magnetometer and particle detectors to sample the solar wind and interplanetary magnetic field directly. By combining these observations, SPO will not only capture images of the poles for the first time but also connect them to the flows of plasma and magnetic energy that shape the heliosphere.

SPO will not operate in isolation. It is expected to work in concert with a growing fleet of solar missions. These include the STEREO Mission, the Hinode satellite, the Solar Dynamics Observatory (SDO), the Interface Region Imaging Spectrograph (IRIS), the Advanced Space-based Solar Observatory (ASO-S), the Solar Orbiter, the Aditya-L1 mission, the PUNCH mission, as well as the upcoming L5 missions (e.g., ESA's Vigil mission and China's LAVSO mission). Together, these assets will form an unprecedented observational network. SPO's polar vantage will provide the missing piece, enabling nearly global 4p coverage of the Sun for the first time in human history.

Looking Ahead

The Sun is our nearest star, yet much about it remains unknown. The upcoming Solar Polar-orbit Observatory (SPO) mission is expected to change that by giving scientists an unprecedented look at the Sun's polar regions. These areas, which have long been hidden from direct view, will soon be observed in detail, offering new insight into the forces that shape our star and sustain life on Earth.

The importance of SPO goes far beyond pure scientific curiosity. By improving knowledge of the solar dynamo, the mission could lead to more accurate predictions of the solar cycle and, in turn, more reliable space weather forecasts. Understanding how the fast solar wind forms and behaves will also refine models of the heliosphere, which is vital for spacecraft engineering and astronaut safety. Most significantly, advances in tracking solar activity could strengthen our ability to safeguard critical technologies, including navigation and communication satellites, aviation systems, and power grids on Earth.
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A telescope larger than Earth just revealed the hidden heart of a mysterious galaxy | ScienceDaily
For more than a century and a half, astronomers have been captivated by the distant galaxy OJ 287, located about five billion light years from Earth. Its puzzling variations in brightness have long hinted that two enormous black holes may be orbiting and merging at its center. Now, an international team led by Dr. Efthalia Traianou of Heidelberg University has captured a highly detailed image of the galaxy's core, revealing features never seen before. Using a space-based radio telescope, the researchers produced an image that uncovers a sharply curved section of a plasma jet streaming from the galaxy's center, offering fresh insight into the extreme environments surrounding supermassive black holes.


						
OJ 287 is classified as a blazar, a type of active galaxy known for its intense energy and brightness. At its heart lies a supermassive black hole that draws in matter from nearby space and propels some of it outward in colossal plasma jets filled with radiation, heat, magnetic fields, and heavy particles. "We have never before observed a structure in the OJ 287 galaxy at the level of detail seen in the new image," said Dr. Traianou, a postdoctoral researcher working with Dr. Roman Gold at Heidelberg University's Interdisciplinary Center for Scientific Computing.

The image penetrates deeply into the galaxy's center, revealing a sharply bent, ribbon-like jet structure and providing clues about the plasma's composition and motion. Some areas reach temperatures of around ten trillion degrees Kelvin, showing just how much energy is being released near the black hole. The scientists also detected a new shock wave forming and colliding along the jet, which they linked to trillion-electron-volt energy levels observed in an unusual gamma-ray signal detected in 2017.

To obtain this remarkable view, the researchers used a ground-space radio interferometer that combined a radio telescope in Earth's orbit (the ten-meter antenna of the RadioAstron mission aboard the Spektr-R satellite) with 27 ground-based observatories around the world. By linking signals from these observatories, they effectively created a virtual telescope five times wider than Earth's diameter. The extraordinary resolution of the resulting image comes from measuring how light waves overlap, taking full advantage of the wave properties of light itself.

The interferometric image underpins the assumption that a binary supermassive black hole is located inside galaxy OJ 287. It also provides important information on how the movements of such black holes influence the form and orientation of the plasma jets emitted. "Its special properties make the galaxy an ideal candidate for further research into merging black holes and the associated gravitational waves," states Efthalia Traianou.

Institutions from Germany, Italy, Russia, Spain, South Korea, and the US all contributed to the research. It was supported by various research and funding institutions. The research results were published in the journal Astronomy & Astrophysics.
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Scientists unlock a 100-year-old quantum secret to supercharge solar power | ScienceDaily
In a breakthrough that connects modern science with ideas first explored a century ago, researchers have witnessed a surprising phenomenon once thought possible only in inorganic metal oxides appearing inside a glowing organic semiconductor molecule. Led by scientists at the University of Cambridge, the discovery reveals a new and efficient way to capture light and convert it into electricity. This finding could reshape the future of solar technology and electronics, paving the way for lightweight, affordable solar panels built from a single material.


						
The study centers on a spin-radical organic semiconductor known as P3TTM. At the core of each molecule lies one unpaired electron, which gives it distinctive magnetic and electronic behavior. The work is the result of collaboration between Professor Hugo Bronstein's synthetic chemistry group in the Yusuf Hamied Department of Chemistry and Professor Sir Richard Friend's semiconductor physics team in the Department of Physics. These researchers previously designed this family of molecules for their bright luminescence, useful in organic LEDs, but the new paper in Nature Materials reveals something unexpected: when the molecules are packed closely together, their unpaired electrons interact much like those in a Mott-Hubbard insulator.

"This is the real magic," explained Biwen Li, the lead researcher at the Cavendish Laboratory. "In most organic materials, electrons are paired up and don't interact with their neighbors. But in our system, when the molecules pack together the interaction between the unpaired electrons on neighboring sites encourages them to align themselves alternately up and down, a hallmark of Mott-Hubbard behavior. Upon absorbing light one of these electrons hops onto its nearest neighbor creating positive and negative charges which can be extracted to give a photocurrent (electricity)."

To test this effect, the team built a solar cell using a thin film of P3TTM. When exposed to light, the device achieved nearly perfect charge collection efficiency, meaning almost every incoming photon was turned into usable electric current. Traditional organic solar cells require two materials -- one to donate electrons and another to accept them -- and this interface limits efficiency. In contrast, these new molecules perform the entire conversion process within a single substance. After a photon is absorbed, an electron naturally moves to a neighboring molecule of the same type, creating charge separation. The small amount of energy needed for this process, known as the "Hubbard U," represents the electrostatic cost of placing two electrons on the same negatively charged molecule.

Dr. Petri Murto in the Yusuf Hamied Department of Chemistry developed molecular structures that allow tuning of the molecule-to-molecule contact and the energy balance governed by Mott-Hubbard physics needed to achieve charge separation. This breakthrough means that it might be possible to fabricate solar cells from a single, low-cost lightweight material.

The discovery carries profound historical significance. The paper's senior author, Professor Sir Richard Friend, interacted with Sir Nevill Mott early in his career. This finding emerges in the same year as the 120th anniversary of Mott's birth, paying a fitting tribute to the legendary physicist whose work on electron interactions in disordered systems laid the groundwork for modern condensed matter physics.

"It feels like coming full circle," said Prof. Friend. "Mott's insights were foundational for my own career and for our understanding of semiconductors. To now see these profound quantum mechanical rules manifesting in a completely new class of organic materials, and to harness them for light harvesting, is truly special."

"We are not just improving old designs" said Prof. Bronstein. "We are writing a new chapter in the textbook, showing that organic materials are able to generate charges all by themselves."
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JWST may have found the Universe's first stars powered by dark matter | ScienceDaily
In the early universe, a few hundred million years after the Big Bang, the first stars emerged from vast, untouched clouds of hydrogen and helium. Recent observations from the James Webb Space Telescope (JWST) suggest that some of these early stars may have been unlike the familiar (nuclear fusion-powered) stars that astronomers have studied for centuries. A new study led by Cosmin Ilie of Colgate University, together with Shafaat Mahmud (Colgate '26), Jillian Paulin (Colgate '23) at the University of Pennsylvania, and Katherine Freese at The University of Texas at Austin, has identified four extremely distant objects whose appearance and spectral signatures match what scientists expect from supermassive dark stars.


						
"Supermassive dark stars are extremely bright, giant, yet puffy clouds made primarily out of hydrogen and helium, which are supported against gravitational collapse by the minute amounts of self-annihilating dark matter inside them," Ilie said. Supermassive dark stars and their black hole remnants could be key to solving two recent astronomical puzzles: i. the larger than expected extremely bright, yet compact, very distant galaxies observed with JWST, and ii. the origin of the supermassive black holes powering the most distant quasars observed.

Katherine Freese first proposed the idea of dark stars with Doug Spolyar and Paolo Gondolo, publishing their initial peer-reviewed paper on the concept in Physical Review Letters in 2008. That study outlined how dark stars might grow and eventually collapse into supermassive black holes in the early universe. In 2010, Freese, Ilie, Spolyar, and their collaborators expanded on the theory in The Astrophysical Journal, describing two possible processes that could allow dark stars to reach immense sizes and predicting that they could seed the black holes found in the earliest quasars known to exist.

Dark matter is thought to make up roughly a quarter of the universe, yet its nature remains one of science's greatest mysteries. Researchers believe it is composed of a still-undetected type of elementary particle. Decades of experiments have searched for these particles, but so far without success. One leading possibility involves Weakly Interacting Massive Particles (WIMPs). When two WIMPs collide, they are expected to annihilate each other, releasing energy that could heat collapsing hydrogen clouds and cause them to shine as brilliant dark stars.

Conditions a few hundred million years after the Big Bang, within dense regions called dark matter halos, appear to have been ideal for forming such stars. These regions are also where the first generation of normal stars was expected to appear.

"For the first time we have identified spectroscopic supermassive dark star candidates in JWST, including the earliest objects at redshift 14, only 300 Myr after the Big Bang," said Freese, the Jeff and Gail Kodosky Endowed Chair in Physics and director of the Weinberg Institute and Texas Center for Cosmology and Astroparticle Physics at UT Austin. "Weighing a million times as much as the Sun, such early dark stars are important not only in teaching us about dark matter but also as precursors to the early supermassive black holes seen in JWST that are otherwise so difficult to explain."

In a 2023 PNAS study by Ilie, Paulin, and Freese, the first supermassive dark star candidates (JADES-GS-z13-0, JADES-GS-z12-0, and JADES-GS-z11-0) were identified using photometric data from JWST's NIRCam instrument. Since then, spectra from JWST's NIRSpec instrument became available for those, and a few other extremely distant objects. The team, which now also includes Shafaat Mahmud analyzed the spectra and morphology of four of the most distant objects ever observed (including two candidates from the 2023 study): JADES-GS-z14-0, JADES-GS-z14-1, JADES-GS-13-0, and JADES-GS-z11-0 and found that each of them is consistent with a supermassive dark star interpretation.




JADES-GS-z14-1 is not resolved, meaning it is consistent with a point source, such as a very distant supermassive star would be. The other three are extremely compact, and can be modeled by supermassive dark stars powering a nebula (i.e. ionized H and He gas surrounding the star). Each of the four objects analyzed in this study is also consistent with a galaxy interpretation, as shown in the literature. Dark stars have a smoking gun signature, an absorption feature at 1640 Angstrom, due to the large amounts of singly ionized helium in their atmospheres. And in fact, one of the four objects analyzed shows signs of this feature.

"One of the most exciting moments during this research was when we found the 1640 Angstrom absorption dip in the spectrum of JADES-GS-z14-0. While the signal to noise ratio of this feature is relatively low (S/N~2), it is for the first time we found a potential smoking gun signature of a dark star. Which, in itself, is remarkable," Ilie said.

Astronomers using the Atacama Large Millimeter/submillimeter Array (ALMA) measured the spectrum of the same object, revealing the presence of oxygen, via a nebular emission line. Researchers said that if both spectral features are confirmed, the object cannot be an isolated dark star, but rather may be a dark star embedded in a metal rich environment. This could be the outcome of a merger, where a dark matter halo hosting a dark star merges with a galaxy. Alternatively, dark stars and regular stars could have formed in the same host halo, as the researchers now realized it is possible.

The identification of supermassive dark stars would open up the possibility of learning about the dark matter particle based on the observed properties of those objects, and would establish a new field of astronomy: the study of dark matter-powered stars. This published PNAS research is a key step in this direction.

Funding Acknowledgments: This research was made possible by generous funding from the following agencies: Colgate University Research Council, The Picker Interdisciplinary Sciences Institute, the U.S. Department of Energy's Office of High Energy Physics program, Swedish Research Council, LSST Discovery Alliance, the Brinson Foundation, the WoodNext Foundation, and the Research Corporation for Science Advancement Foundation.
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MIT scientists find metals hold secret atomic patterns | ScienceDaily
For years, scientists have known that tiny chemical patterns can form inside metal alloys, but most assumed these patterns were insignificant or disappeared during manufacturing. Recent experiments have shown that in controlled lab conditions, such patterns can actually influence how metals behave -- affecting their strength, durability, heat resistance, and even how well they withstand radiation.


						
Researchers at MIT have now discovered that these subtle chemical arrangements also persist in metals made through standard industrial processes. The unexpected finding points to a new physical principle that explains why these patterns remain.

In a study published in Nature Communications, the MIT team detailed how they identified and analyzed the patterns, uncovering the physics that drives them. They also developed a model that predicts how these patterns form, allowing engineers to potentially adjust them to fine-tune a metal's properties for use in aerospace, semiconductor, or nuclear applications.

"The conclusion is: You can never completely randomize the atoms in a metal. It doesn't matter how you process it," explains Rodrigo Freitas, the TDK Assistant Professor in the MIT Department of Materials Science and Engineering. "This is the first paper showing these non-equilibrium states that are retained in the metal. Right now, this chemical order is not something we're controlling for or paying attention to when we manufacture metals."

For Freitas, an early-career researcher, the discovery validates his decision to pursue a problem many others thought was already settled. He credits support from the U.S. Air Force Office of Scientific Research's Young Investigator Program and the collaborative effort of his team, which includes three MIT PhD students -- Mahmudul Islam, Yifan Cao, and Killian Sheriff -- as co-first authors.

"There was the question of whether I should even be tackling this specific problem because people have been working on it for a long time," Freitas says. "But the more I learned about it, the more I saw researchers were thinking about this in idealized laboratory scenarios. We wanted to perform simulations that were as realistic as possible to reproduce these manufacturing processes with high fidelity. My favorite part of this project is how non-intuitive the findings are. The fact that you cannot completely mix something together, people didn't see that coming."

From surprises to theories

Freitas and his team began with a simple question: how quickly do elements mix during the processing of metals? Conventional thinking suggested that there comes a point where metals become completely uniform at the atomic level during manufacturing. Finding that point, they believed, could help design alloys with varying levels of short-range atomic order.




Using advanced machine-learning tools, the researchers simulated how millions of atoms moved and rearranged during metal processing.

"The first thing we did was to deform a piece of metal," Freitas explains. "That's a common step during manufacturing: You roll the metal and deform it and heat it up again and deform it a little more, so it develops the structure you want. We did that and we tracked chemical order. The thought was as you deform the material, its chemical bonds are broken and that randomizes the system. These violent manufacturing processes essentially shuffle the atoms."

Yet the metals didn't behave as expected. Despite extreme processing, the alloys never reached a completely random state. The result puzzled the team since no existing theory could account for it.

"It pointed to a new piece of physics in metals," the researchers write in the paper. "It was one of those cases where applied research led to a fundamental discovery."

To explore further, they built high-precision computational models to capture how atoms interact and statistical methods to measure how order evolves over time. Through large-scale molecular dynamics simulations, they watched how atoms reorganized during deformation and heating.

The team observed that certain atomic arrangements appeared at unexpectedly high temperatures, and even more remarkably, entirely new patterns emerged that had never been seen outside of real-world manufacturing. They described these patterns as "far-from-equilibrium states."

They then developed a simplified model to reproduce the main features of the simulations. The model revealed that these patterns originate from defects in metals known as dislocations -- irregular, three-dimensional distortions in the atomic lattice. When the metal is deformed, dislocations twist and shift, nudging nearby atoms into preferred positions. Previously, researchers thought this process destroyed all atomic order, but the MIT team found the opposite: dislocations actually favor certain atomic exchanges, creating subtle but stable patterns.




"These defects have chemical preferences that guide how they move," Freitas says. "They look for low energy pathways, so given a choice between breaking chemical bonds, they tend to break the weakest bonds, and it's not completely random. This is very exciting because it's a non-equilibrium state: It's not something you'd see naturally occurring in materials. It's the same way our bodies live in non-equilibrium. The temperature outside is always hotter or colder than our bodies, and we're maintaining that steady state equilibrium to stay alive. That's why these states exist in metal: the balance between an internal push toward disorder plus this ordering tendency of breaking certain bonds that are always weaker than others."

Applying a new theory

The researchers are now exploring how these chemical patterns develop across a wide range of manufacturing conditions. The result is a map that links various metal processing steps to different chemical patterns in metal.

To date, this chemical order and the properties they tune have been largely considered an academic subject. With this map, the researchers hope engineers can begin thinking of these patterns as levers in design that can be pulled during production to get new properties.

"Researchers have been looking at the ways these atomic arrangements change metallic properties -- a big one is catalysis," Freitas says of the process that drives chemical reactions. "Electrochemistry happens at the surface of the metal, and it's very sensitive to local atomic arrangements. And there have been other properties that you wouldn't think would be influenced by these factors. Radiation damage is another big one. That affects these materials' performance in nuclear reactors."

Researchers have already told Freitas the paper could help explain other surprise findings about metallic properties, and he's excited for the field to move from fundamental research into chemical order to more applied work.

"You can think of areas where you need very optimized alloys like aerospace," Freitas says. "They care about very specific compositions. Advanced manufacturing now makes it possible to combine metals that normally wouldn't mix through deformation. Understanding how atoms actually shuffle and mix in those processes is crucial, because it's the key to gaining strength while still keeping the low density. So, this could be a huge deal for them."

This work was supported, in part, by the U.S. Air Force Office of Scientific Research, MathWorks, and the MIT-Portugal Program.
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Scientists build artificial neurons that work like real ones | ScienceDaily
Engineers at the University of Massachusetts Amherst have developed an artificial neuron whose electrical activity closely matches that of natural brain cells. The innovation builds on the team's earlier research using protein nanowires made from electricity-producing bacteria. This new approach could pave the way for computers that run with the efficiency of living systems and may even connect directly with biological tissue.


						
"Our brain processes an enormous amount of data," says Shuai Fu, a graduate student in electrical and computer engineering at UMass Amherst and lead author of the study published in Nature Communications. "But its power usage is very, very low, especially compared to the amount of electricity it takes to run a Large Language Model, like ChatGPT."

The human body operates with remarkable electrical efficiency -- more than 100 times greater than that of a typical computer circuit. The brain alone contains billions of neurons, specialized cells that send and receive electrical signals throughout the body. Performing a task such as writing a story uses only about 20 watts of power in the human brain, whereas a large language model can require more than a megawatt to accomplish the same thing.

Engineers have long sought to design artificial neurons for more energy-efficient computing, but reducing their voltage to match biological levels has been a major obstacle. "Previous versions of artificial neurons used 10 times more voltage -- and 100 times more power -- than the one we have created," says Jun Yao, associate professor of electrical and computer engineering at UMass Amherst and the paper's senior author. Because of this, earlier designs were far less efficient and couldn't connect directly with living neurons, which are sensitive to stronger electrical signals.

"Ours register only 0.1 volts, which about the same as the neurons in our bodies," says Yao.

There are a wide range of applications for Fu and Yao's new neuron, from redesigning computers along bio-inspired, and far more efficient principles, to electronic devices that could speak to our bodies directly.

"We currently have all kinds of wearable electronic sensing systems," says Yao, "but they are comparatively clunky and inefficient. Every time they sense a signal from our body, they have to electrically amplify it so that a computer can analyze it. That intermediate step of amplification increases both power consumption and the circuit's complexity, but sensors built with our low-voltage neurons could do without any amplification at all."

The secret ingredient in the team's new low-powered neuron is a protein nanowire synthesized from the remarkable bacteria Geobacter sulfurreducens, which also has the superpower of producing electricity. Yao, along with various colleagues, have used the bacteria's protein nanowires to design a whole host of extraordinary efficient devices: a biofilm, powered by sweat, that can power personal electronics; an "electronic nose" that can sniff out disease; and a device, which can be built of nearly anything, that can harvest electricity from thin air itself.

This research was supported by the Army Research Office, the U.S. National Science Foundation, the National Institutes of Health and the Alfred P. Sloan Foundation.
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This 250-year-old equation just got a quantum makeover | ScienceDaily
How likely you think something is to happen depends on what you already believe about the situation. This simple idea forms the basis of Bayes' rule, a mathematical approach to calculating probabilities first introduced in 1763. Now, an international group of scientists has demonstrated how Bayes' rule can also apply in the quantum realm.


						
"I would say it is a breakthrough in mathematical physics," said Professor Valerio Scarani, Deputy Director and Principal Investigator at the Centre for Quantum Technologies, and member of the team. His co-authors on the work published on 28 August 2025 in Physical Review Letters are Assistant Professor Ge Bai at the Hong Kong University of Science and Technology in China, and Professor Francesco Buscemi at Nagoya University in Japan.

"Bayes' rule has been helping us make smarter guesses for 250 years. Now we have taught it some quantum tricks," said Prof Buscemi.

Although other researchers had previously suggested quantum versions of Bayes' rule, this team is the first to derive a true quantum Bayes' rule based on a core physical principle.

Conditional probability

Bayes' rule takes its name from Thomas Bayes, who described his method for calculating conditional probabilities in "An Essay Towards Solving a Problem in the Doctrine of Chances."

Imagine someone who tests positive for the flu. They might have suspected illness already, but this new result changes their assessment of the situation. Bayes' rule provides a systematic way to update that belief, factoring in the likelihood of the test being wrong as well as the person's prior assumptions.




The rule treats probabilities as measures of belief rather than absolute facts. This interpretation has sparked debate among statisticians, with some arguing that probability should represent objective frequency rather than subjective confidence. Still, when uncertainty and belief play a role, Bayes' rule is widely recognized as a rational framework for decision-making. It underpins countless applications today, from medical testing and weather forecasting to data science and machine learning.

Principle of minimum change

When calculating probabilities with Bayes' rule, the principle of minimum change is obeyed. Mathematically, the principle of minimum change minimizes the distance between the joint probability distributions of the initial and updated belief. Intuitively, this is the idea that for any new piece of information, beliefs are updated in the smallest possible way that is compatible with the new facts. In the case of the flu test, for example, a negative test would not imply that the person is healthy, but rather that they are less likely to have the flu.

In their work, Prof Scarani, who is also from NUS Department of Physics, Asst Prof Bai, and Prof Buscemi began with a quantum analogue to the minimum change principle. They quantified change in terms of quantum fidelity, which is a measure of the closeness between quantum states.

Researchers always thought a quantum Bayes' rule should exist because quantum states define probabilities. For example, the quantum state of a particle provides the probability of it being found at different locations. The goal is to determine the whole quantum state, but the particle is only found at one location when a measurement is performed. This new information will then update the belief, boosting the probability around that location.

The team derived their quantum Bayes' rule by maximizing the fidelity between two objects that represent the forward and the reverse process, in analogy with a classical joint probability distribution. Maximizing fidelity is equivalent to minimizing change. They found in some cases their equations matched the Petz recovery map, which was proposed by Denes Petz in the 1980s and was later identified as one of the most likely candidates for the quantum Bayes' rule based just on its properties.

"This is the first time we have derived it from a higher principle, which could be a validation for using the Petz map," said Prof Scarani. The Petz map has potential applications in quantum computing for tasks such as quantum error correction and machine learning. The team plans to explore whether applying the minimum change principle to other quantum measures might reveal other solutions.
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90% of science is lost. This new AI just found it | ScienceDaily
Most scientific data never reach their full potential to drive new discoveries.


						
Out of every 100 datasets produced, about 80 stay within the lab, 20 are shared but seldom reused, fewer than two meet FAIR standards, and only one typically leads to new findings.

The consequences are significant: slower progress in cancer treatment, climate models that lack sufficient evidence, and studies that cannot be replicated.

To change this, the open-science publisher Frontiers has introduced Frontiers FAIR2 Data Management, described as the world's first comprehensive, AI-powered research data service. It is designed to make data both reusable and properly credited by combining all essential steps -- curation, compliance checks, AI-ready formatting, peer review, an interactive portal, certification, and permanent hosting -- into one seamless process. The goal is to ensure that today's research investments translate into faster advances in health, sustainability, and technology.

FAIR2 builds on the FAIR principles (Findable, Accessible, Interoperable and Reusable) with an expanded open framework that guarantees every dataset is AI-compatible and ethically reusable by both humans and machines. The FAIR2 Data Management system is the first working implementation of this model, arriving at a moment when research output is growing rapidly and artificial intelligence is reshaping how discoveries are made. It turns high-level principles into real, scalable infrastructure with measurable impact.

Dr. Kamila Markram, co-founder and CEO of Frontiers, explains:

"Ninety percent of science vanishes into the void. With Frontiers FAIR2 Data Management, no dataset and no discovery need ever be lost again -- every contribution can now fuel progress, earn the credit it deserves, and unleash science."

AI at the Core 




Work that once required months of manual effort -- from organizing and verifying datasets to generating metadata and publishable outputs -- is now completed in minutes by the AI Data Steward, powered by Senscience, the Frontiers venture behind FAIR2.

Researchers who submit their data receive four integrated outputs: a certified Data Package, a peer-reviewed and citable Data Article, an Interactive Data Portal featuring visualizations and AI chat, and a FAIR2 Certificate. Each element includes quality controls and clear summaries that make the data easier to understand for general users and more compatible across research disciplines.

Together, these outputs ensure that every dataset is preserved, validated, citable, and reusable, helping accelerate discovery while giving researchers proper recognition. Frontiers FAIR2 also enhances visibility and accessibility, supporting responsible reuse by scientists, policymakers, practitioners, communities, and even AI systems, allowing society to extract greater value from its investment in science.

Flagship Pilot Datasets 
    	    SARS-CoV-2 Variant Properties  -- Covering 3,800 spike protein variants, this dataset links structural predictions from AlphaFold2 and ESMFold with ACE2 binding and expression data. It offers a powerful resource for pandemic preparedness, enabling deeper understanding of variant behavior and fitness.
    

    	    Preclinical Brain Injury MRI  -- A harmonized dataset of 343 diffusion MRI scans from four research centers, standardized across protocols and aligned for comparability. It supports reproducible biomarker discovery, robust cross-site analysis, and advances in preclinical traumatic brain injury research.
    

    	    


Environmental Pressure Indicators (1990-2050) -- Combining observed data and modeled forecasts across 43 countries over six decades, this dataset tracks emissions, waste, population, and GDP. It underpins sustainability benchmarking and evidence-based climate policy planning.
    

    	    Indo-Pacific Atoll Biodiversity -- Spanning 280 atolls across five regions, this dataset integrates biodiversity records, reef habitats, climate indicators, and human-use histories. It provides an unprecedented basis for ecological modeling, conservation prioritization, and cross-regional research on vulnerable island ecosystems.
    

Researchers testing the pilots noted that Frontiers FAIR2 not only preserves and shares data but also builds confidence in its reuse -- through quality checks, clear summaries for non-specialists, and the reliability to combine datasets across disciplines, all while ensuring scientists receive credit.

All pilot datasets comply with the FAIR2 Open Specification, making them responsibly curated, reusable, and trusted for long-term human and machine use so today's data can accelerate tomorrow's solutions to society's most pressing challenges.

Recognition and Reuse 

Each reuse multiplies the value of the original dataset, ensuring that no discovery is wasted, every contribution can spark the next breakthrough, and researchers gain recognition for their work.

Dr. Sean Hill, co-founder and CEO of Senscience, the Frontiers AI venture behind FAIR2 Data Management, notes:

"Science invests billions generating data, but most of it is lost -- and researchers rarely get credit. With Frontiers FAIR2, every dataset is cited, every scientist recognized -- finally rewarding the essential work of data creation. That's how cures, climate solutions, and new technologies will reach society faster -- this is how we unleash science."

What Researchers Are Saying 

Dr. Angel Borja, Principal Researcher, AZTI, Marine Research, Basque Research and Technology Alliance (BRTA):

"I highly [recommend using] this kind of data curation and publication of articles, because you can generate information very quickly and it's useful formatting for any end users."

Erik Schultes, Senior Researcher, Leiden Academic Centre for Drug Research (LACDR); FAIR Implementation Lead, GO FAIR Foundation:

"Frontiers FAIR2 captured the scientific aspects of the project perfectly."

Femke Heddema, Researcher and Health Data Systems Innovation Manager, PharmAccess:

"Frontiers FAIR2 makes the execution of FAIR principles smoother for researchers and digital health implementers, proving that making datasets like MomCare reusable doesn't have to be complex. By enabling transparent, accessible, and actionable data, Frontiers FAIR2 opens the door to new opportunities in health research."

Dr. Neil Harris, Professor in Residence, Department of Neurosurgery, Brain Injury Research Center, University of California, Los Angeles (UCLA):

"Implementation of [Frontiers] FAIR2 can provide an objective check on data for both missingness and quality that is useful on so many levels. These types of unbiased assessments and data summaries can aid understanding by non-domain experts to ultimately enhance data sharing. As the field progresses to using big data in more disparate sub-disciplines, these data checks and summaries will become crucial to maintaining a good grasp of how we might use and combine the multitude of already acquired data within our current analyses."

Maryann Martone, Chief Editor, Open Data Commons:

"[Frontiers] FAIR2 is one of the easiest and most effective ways to make data FAIR. Every PI wants their data to be findable, accessible, comparable, and reusable -- in the lab, with collaborators, and across the scientific community. The real bottleneck has always been the time and effort required. [Frontiers] FAIR2 dramatically lowers that barrier, putting truly FAIR data within reach for most labs."

Dr. Vincent Woon Kok Sin, Assistant Professor, Carbon Neutrality and Climate Change Thrust, Society Hub, The Hong Kong University of Science and Technology (HKUST):

"[Frontiers] FAIR2 makes our global waste dataset more visible and accessible, helping researchers worldwide who often struggle with scarce and fragmented data. I hope this will broaden collaboration and accelerate insights for sustainable waste management."

Dr. Sebastian Steibl, Postdoctoral Researcher, Naturalis Biodiversity Center and the University of Auckland:

"True data accessibility goes beyond just uploading datasheets to a repository. It means making data easy to view, explore, and understand without necessarily requiring years of training. The [Frontiers] FAIR2 platform, with an AI chatbot and interactive visual data exploration and summary tools, makes our biodiversity and environmental data broadly accessible and usable not just to scholars, but also practitioners, policymakers, and local community initiatives."
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Decades-old photosynthesis mystery finally solved | ScienceDaily
Scientists from the Indian Institute of Science (IISc) and the California Institute of Technology (Caltech) have finally solved a long-standing puzzle about the earliest moments of photosynthesis -- the vital process through which plants, algae, and certain bacteria capture sunlight to generate oxygen and energy-rich compounds.


						
Their research reveals why the first movements of electrons, which are crucial for transferring energy, occur through only one side of a key protein-pigment structure. The findings were published in the Proceedings of the National Academy of Sciences.

Photosynthesis is a sequence of reactions in which electrons pass between multiple pigment molecules. Although it has been examined for decades, the process remains difficult to fully explain because it involves numerous intricate components, operates at extremely fast timescales, and varies slightly across different species. Gaining a deeper understanding of these steps could help scientists develop efficient artificial systems, such as synthetic leaves and solar-based fuel technologies, that replicate nature's design.

In most life forms that use photosynthesis, the process begins with a protein-pigment complex known as Photosystem II (PSII). This complex captures sunlight and splits water molecules, releasing oxygen and sending electrons onward to other molecules in the chain of energy transfer.

PSII contains two nearly identical branches, known as D1 and D2, surrounded by four chlorophyll molecules and two related pigments called pheophytins. These are symmetrically arranged and connected to electron carriers known as plastoquinones. In theory, electrons should move from chlorophyll to pheophytin and then to plastoquinone along both branches.

However, experiments have consistently shown that electrons move only through the D1 branch -- a finding that has baffled scientists for years. "Despite the structural symmetry between the D1 and D2 protein branches in PSII, only the D1 branch is functionally active," explains Aditya Kumar Mandal, the study's first author and a PhD student in the Department of Physics at IISc.

To investigate this imbalance, the team combined molecular dynamics simulations, quantum mechanical analyses, and Marcus theory (a Nobel Prize-winning model that describes how electrons are transferred) to chart the energy patterns in both pathways. "We assessed the electron transfer efficiency step-by-step through both D1 and D2 branches," says Shubham Basera, PhD student in the Department of Physics and one of the authors.




The team found that the D2 branch has a much higher energy barrier, which makes electron transport energetically unfavourable. Specifically, the transfer of electrons from pheophytin to plastoquinone in D2 requires twice as much activation energy as D1 -- a barrier that electrons seem unable to overcome, preventing energy from flowing forward.

The researchers also simulated the current-voltage characteristics of both branches and found that the resistance against electron movement in D2 was two orders of magnitude higher than that in D1.

The asymmetry in electron flow may also be influenced by subtle differences in the protein environment around the PSII and how the pigments are embedded in it, the researchers suggest. For example, the chlorophyll pigment in D1 has an excitation state at a lower energy than its D2 counterpart, suggesting that the D1 pigment has a better chance of attracting and transferring electrons.

The researchers also suggest that tweaking some of these components can boost or rewire electron flow across PSII. For example, swapping chlorophyll and pheophytin in D2 could overcome the electron block, because chlorophyll needs lower activation energy than pheophytin.

"Our research presents a significant step forward in understanding natural photosynthesis," says Prabal K Maiti, Professor at the Department of Physics and one of the corresponding authors of the study. "These findings may help design efficient artificial photosynthetic systems capable of converting solar energy into chemical fuels, contributing to innovative and sustainable renewable energy solutions."

This is a beautiful combination of theory at various levels to address a long-standing problem culminating in a new level of understanding, but still leaving mysteries to be challenged, says Bill Goddard, Professor at Caltech and one of the corresponding authors.
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An interstellar visitor lights up the Red Planet's sky | ScienceDaily
Between October 1 and 7, ESA's ExoMars Trace Gas Orbiter (TGO) and Mars Express spacecraft turned their instruments toward interstellar comet 3I/ATLAS as it passed near Mars.


						
Of all ESA spacecraft, the two Mars orbiters had the best view of this rare visitor. During its closest approach to the Red Planet on October 3, the comet was about 30 million km away.

Both orbiters used their onboard cameras to track the comet's motion. These instruments are typically designed to capture Mars's bright surface from just a few hundred to a few thousand kilometers above it, so observing such a faint object at such a great distance presented a major challenge.

ExoMars TGO successfully recorded a series of images using its Colour and Stereo Surface Imaging System (CaSSIS). In the animation below, comet 3I/ATLAS appears as a faint white spot drifting downward near the center. That small blur marks the heart of the comet, made up of its icy, rocky nucleus surrounded by a glowing cloud called the coma.

Because the comet was so distant, CaSSIS could not separate the nucleus from the coma. Detecting the nucleus itself would have been like trying to spot a mobile phone on the Moon from Earth.

The coma, however, is clearly visible. Stretching several thousand kilometers across, it forms as sunlight warms the comet, releasing gas and dust that collect into a hazy halo around the core.

CaSSIS could not measure the coma's full extent because its brightness fades rapidly with distance from the nucleus, eventually disappearing into background noise.




Usually, gas and dust from the coma stream away to create a long tail that can stretch for millions of kilometers as the comet nears the Sun. The tail is much dimmer than the coma, so it does not appear in the current images, but it could become visible in future observations as 3I/ATLAS heats up and sheds more ice.

Nick Thomas, Principal Investigator of the CaSSIS camera, said, "This was a very challenging observation for the instrument. The comet is around 10,000 to 100,000 times fainter than our usual target.

The work continues

So far, 3I/ATLAS has not been detected in the Mars Express images. One reason is that Mars Express can only take exposures of up to 0.5 seconds (its maximum limit), while ExoMars TGO was able to use five-second exposures.

Researchers are continuing to process the data from both orbiters. They plan to combine multiple Mars Express images to enhance the faint signal and improve their chances of detecting the comet.

The teams also attempted to study the comet's light spectrum using the OMEGA and SPICAM spectrometers on Mars Express and the NOMAD instrument on ExoMars TGO. It remains uncertain whether the coma and tail were bright enough to allow scientists to identify the comet's chemical composition.




Over the coming weeks and months, researchers will keep analyzing the data to learn more about the materials that make up 3I/ATLAS and how it changes as it draws closer to the Sun.

Colin Wilson, Mars Express and ExoMars project scientist at ESA, said: "Though our Mars orbiters continue to make impressive contributions to Mars science, it's always extra exciting to see them responding to unexpected situations like this one. I look forward to seeing what the data reveals following further analysis."

A rare visitor

Originating from outside our Solar System, comet 3I/ATLAS is only the third interstellar comet ever seen, following 1I/`Oumuamua in 2017 and 2I/Borisov in 2019.

These comets are absolutely foreign. Every planet, moon, asteroid, comet and lifeform in our Solar System share a common origin. But interstellar comets are true outsiders, carrying clues about the formation of worlds far beyond our own.

Comet 3I/ATLAS was first spotted on July 1, 2025, by the Asteroid Terrestrial-impact Last Alert System (ATLAS) telescope in Rio Hurtado, Chile. Since then, astronomers have used ground-based and space telescopes to monitor its progress and discover more about it.

Based on its trajectory, astronomers suspect that 3I/ATLAS could be the oldest comet ever observed. It may be three billion years older than the Solar System, which is itself already 4.6 billion years old.

What's next?

Next month, we will observe the comet with our Jupiter Icy Moons Explorer (Juice). Though Juice will be further from 3I/ATLAS than our Mars orbiters were last week, it will see the comet just after its closest approach to the Sun, meaning that it will be in a more active state. We don't expect to receive data from Juice's observations until February 2026 -- find out why in our FAQs.

Icy wanderers such as 3I/ATLAS offer a rare, tangible connection to the broader galaxy. To actually visit one would connect humankind with the Universe on a far greater scale. To this end, ESA is preparing the Comet Interceptor mission.

Comet Interceptor is due to launch in 2029 into a parking orbit, from where it will lie in wait for a suitable target -- a pristine comet from the distant Oort Cloud that surrounds our Solar System, or, unlikely but highly appealing, an interstellar object like 3I/ATLAS.

Michael Kueppers, Comet Interceptor project scientist expands: "When Comet Interceptor was selected in 2019, we only knew of one interstellar object -- 1I/`Oumuamua, discovered in 2017. Since then, two more such objects have been discovered, showing large diversity in their appearance. Visiting one could provide a breakthrough in understanding their nature."

While it remains improbable that we will discover an interstellar object that is reachable for Comet Interceptor, as a first demonstration of a rapid response mission that waits in space for its target, it will be a pathfinder for possible future missions to intercept these mysterious visitors.
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The Moon's south pole hides a 4-billion-year-old secret | ScienceDaily
When astronauts touch down near the moon's south pole in the coming years as part of NASA's Artemis program, they may discover a remarkable archive of clues about how the moon was born. That possibility comes from new research led by Jeffrey Andrews-Hanna, a planetary scientist at the University of Arizona.


						
The study, published Oct. 8 in Nature, paints a vivid picture of the moon's violent early history. It could also shed light on one of lunar science's enduring mysteries: why the far side of the moon is heavily cratered while the near side, which hosted the Apollo landings of the 1960s and 1970s, is comparatively smooth.

Around 4.3 billion years ago, when the solar system was still young, a massive asteroid struck the far side of the moon. The colossal impact carved out the South Pole-Aitken basin (SPA), an immense crater measuring roughly 1,200 miles from north to south and 1,000 miles from east to west. Its elongated, oval shape suggests the asteroid hit at an angle rather than head-on.

By comparing SPA with other giant impact sites across the solar system, Andrews-Hanna's team found a consistent pattern: these enormous craters narrow in the direction the impactor was traveling, forming a shape similar to a teardrop or avocado. Contrary to earlier assumptions that the asteroid came from the south, their analysis shows the SPA basin tapers toward the south, meaning the asteroid likely arrived from the north. The researchers determined that the southern, or down-range, rim should be buried under thick layers of debris blasted from deep within the moon, while the northern, up-range end should contain less of this material.

"This means that the Artemis missions will be landing on the down-range rim of the basin -- the best place to study the largest and oldest impact basin on the moon, where most of the ejecta, material from deep within the moon's interior, should be piled up," he said.

Further evidence for a north-to-south impact came from studying the moon's topography, crustal thickness, and surface chemistry. Together, these clues not only strengthen the case for the asteroid's northern origin but also reveal new details about the moon's inner structure and how it evolved over time.

Scientists have long believed that the early moon was once completely molten, forming a global "magma ocean." As it cooled, denser minerals sank to create the mantle, while lighter ones floated upward to form the crust. Some elements, however, failed to fit neatly into these solid layers and accumulated in the last remnants of molten material. Those residual ingredients included potassium, rare earth elements, and phosphorus -- collectively known as "KREEP," with the "K" representing potassium's chemical symbol. Andrews-Hanna noted that these elements are unusually concentrated on the moon's near side.




"If you've ever left a can of soda in the freezer, you may have noticed that as the water becomes solid, the high fructose corn syrup resists freezing until the very end and instead becomes concentrated in the last bits of liquid," he said. "We think something similar happened on the moon with KREEP."

As it cooled over many millions of years, the magma ocean gradually solidified into crust and mantle. "And eventually you get to this point where you just have that tiny bit of liquid left sandwiched between the mantle and the crust, and that's this KREEP-rich material," he said.

"All of the KREEP-rich material and heat-producing elements somehow became concentrated on the moon's near side, causing it to heat up and leading to intense volcanism that formed the dark volcanic plains that make for the familiar sight of the 'face' of the Moon from Earth, according to Andrews-Hanna. However, the reason why the KREEP-rich material ended up on the nearside, and how that material evolved over time, has been a mystery.

"The moon's crust is much thicker on its far side than on its near side facing the Earth, an asymmetry that has scientists puzzled to this day. This asymmetry has affected all aspects of the moon's evolution, including the latest stages of the magma ocean," Andrews-Hanna said.

"Our theory is that as the crust thickened on the far side, the magma ocean below was squeezed out to the sides, like toothpaste being squeezed out of a tube, until most of it ended up on the near side," he said.

The new study of the SPA impact crater revealed a striking and unexpected asymmetry around the basin that supports exactly that scenario: The ejecta blanket on its western side is rich in radioactive thorium, but not in its eastern flank. This suggests that the gash left by the impact created a window through the moon's skin right at the boundary separating the crust underlain by the last remnants of the KREEP-enriched magma ocean from the "regular" crust.




"Our study shows that the distribution and composition of these materials match the predictions that we get by modeling the latest stages of the evolution of the magma ocean," Andrews-Hanna said. "The last dregs of the lunar magma ocean ended up on the near side, where we see the highest concentrations of radioactive elements. But at some earlier time, a thin and patchy layer of magma ocean would have existed below parts of the far side, explaining the radioactive ejecta on one side of the SPA impact basin."

Many mysteries surrounding the moon's earliest history still remain, and once astronauts bring samples back to Earth, researchers hope to find more pieces to the puzzle. Remote sensing data collected by orbiting spacecraft like those used for this study provide researchers with a basic idea of the composition of the moon's surface, according to Andrews-Hanna. Thorium, an important element in KREEP-rich material, is easy to spot, but getting a more detailed analysis of the composition is a heavier lift.

"Those samples will be analyzed by scientists around the world, including here at the University of Arizona, where we have state -of-the-art facilities that are specially designed for those types of analyses," he said.

"With Artemis, we'll have samples to study here on Earth, and we will know exactly what they are," he said. "Our study shows that these samples may reveal even more about the early evolution of the moon than had been thought."
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Closest alien civilization could be 33,000 light years away | ScienceDaily
According to new research presented at the EPSC-DPS2025 Joint Meeting in Helsinki, the nearest technological civilization in the Milky Way could be roughly 33,000 light years away. For such a civilization to exist at the same time as humanity, it would need to have lasted for at least 280,000 years -- and potentially millions of years.


						
These findings highlight the overwhelming odds against discovering Earth-like planets that possess both plate tectonics and a nitrogen-oxygen atmosphere containing the right balance of oxygen and carbon dioxide.

Taking these planetary requirements into account, the chances of success for SETI (Search for Extraterrestrial Intelligence) appear slim, say Dr. Manuel Scherf and Professor Helmut Lammer of the Space Research Institute at the Austrian Academy of Sciences in Graz.

"Extraterrestrial intelligences, ETIs, in our galaxy are probably pretty rare," says Scherf.

A planet's carbon dioxide level plays a key role in sustaining life. Higher levels of CO2 help maintain photosynthesis and keep the atmosphere from leaking into space, but too much can trigger a runaway greenhouse effect or make the air toxic. Plate tectonics are essential because they regulate carbon dioxide through the carbon-silicate cycle, recycling the gas between the atmosphere and the planet's crust. Over time, however, carbon dioxide becomes trapped in rocks and is no longer returned to the atmosphere.

"At some point enough carbon dioxide will be drawn from the atmosphere so that photosynthesis will stop working," says Scherf. "For the Earth, that's expected to happen in about 200 million to roughly one billion years."

Today, Earth's atmosphere consists mostly of nitrogen (78 percent) and oxygen (21 percent), with only a trace of carbon dioxide (0.042 percent). Scherf and Lammer modeled what would happen on other worlds. A planet with ten percent carbon dioxide -- if located farther from its sun or orbiting a dimmer, younger star -- could support a biosphere for up to 4.2 billion years. By comparison, a planet with one percent carbon dioxide would remain habitable for about 3.1 billion years.




For advanced life to emerge, such planets would also need at least 18 percent oxygen. Complex animals require higher oxygen levels, and earlier studies have shown that if oxygen drops below this threshold, there would not be enough free oxygen for open-air combustion. Without fire, metalworking would be impossible, preventing the rise of any technological civilization.

Scherf and Lammer compared these potential biosphere lifetimes with how long it took life on Earth to evolve technology -- about 4.5 billion years -- and with the expected longevity of intelligent species. The longer a civilization endures, the higher the likelihood that it overlaps in time with another.

From these calculations, the researchers concluded that a technological species on a planet with ten percent carbon dioxide would need to persist for at least 280,000 years for even one other civilization to exist in the Milky Way at the same time as ours.

"For ten civilizations to exist at the same time as ours, the average lifetime must be above 10 million years," says Scherf. "The numbers of ETIs are pretty low and depend strongly upon the lifetime of a civilization."

This means that if we do detect an ETI, it is almost certainly going to be much older than humanity.

It's these numbers that also lead to the estimate that the next closest technological civilization is about 33,000 light years away. Our Sun is about 27,000 light years from the galactic center, which means that the next closest technological civilization to our own could be on the other side of the Milky Way.

These numbers are not absolutes - Scherf points out that there are other factors that should be included, such as the origin of life, the origin of photosynthesis, the origin of multi-cellular life and the frequency with which intelligent life develops technology, but they cannot be quantified at present. If each of these factors has a high probability, then ETIs might not be as rare. If each of these factors has a low probability, then a more pessimistic outlook is required.

Nevertheless, Scherf strongly believes that SETI should continue the search.

"Although ETIs might be rare there is only one way to really find out and that is by searching for it," says Scherf. "If these searches find nothing, it makes our theory more likely, and if SETI does find something, then it will be one of the biggest scientific breakthroughs ever achieved as we would know that we are not alone in the Universe."
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New simulation reveals how Earth's magnetic field first sparked to life | ScienceDaily
Earth is lucky to have a magnetic field that shields the planet -- and everything living on it -- from dangerous cosmic radiation. Without this invisible barrier, Earth would be exposed to the same constant stream of charged particles that bombards other planets in our solar system, such as Mars, making life there far more difficult.


						
Scientists have long explained the source of this protective force through the dynamo theory, which describes how motion within Earth's liquid metal core creates magnetism. As the molten iron and nickel slowly cool, they form swirling convection currents in the outer core. The planet's rotation then twists these flows into a spiraling, screw-like pattern. These moving, electrically conductive materials generate electric currents that produce magnetic fields -- together forming most of Earth's overall magnetic field.

Yet the theory raises a problem. Before Earth's solid inner core began to crystallize (about 1 billion years ago), the entire core was liquid. Could the planet's magnetic field have existed even then?

A group of three geophysicists from ETH Zurich and SUSTech, China, set out to answer this question in a study published in Nature.

New model offers fresh insight

Because scientists cannot directly observe the processes deep inside Earth, they rely on computer simulations to model its internal dynamics.

In this new work, the team built a detailed digital model of the planet to test whether a fully liquid core could still maintain a stable magnetic field. The calculations, some performed on the Piz Daint supercomputer at the CSCS in Lugano, revealed that magnetism can indeed arise even when viscosity -- the internal friction of the liquid metal -- has no measurable effect on the process. This finding suggests that Earth's magnetic field likely formed early in its history through mechanisms very similar to those still operating today.




Remarkably, the researchers were the first to show that viscosity could be reduced to an almost negligible level in such models. "Until now, no one has ever managed to perform such calculations under these correct physical conditions," says the study's lead author, Yufeng Lin.

Understanding the history of the Earth's magnetic field

"This finding helps us to better understand the history of the Earth's magnetic field and is useful in interpreting data from the geological past," says co-author Andy Jackson, Professor of Geophysics at ETH Zurich.

This also places the emergence of life in a different light. Billions of years ago, life apparently benefited from the magnetic shield, which blocked harmful radiation from space, making its development possible in the first place.

The researchers can also use the new findings to study the magnetic fields of other celestial bodies such as the Sun or the planets Jupiter and Saturn.

Indispensable for modern civilizations

The Earth's magnetic field not only protects life, however; it plays a crucial role in making satellite communications and many other aspects of modern civilisation possible. "It is therefore important to understand how the magnetic field is generated, how it changes over time, and what mechanisms maintain it," says Jackson. "If we understand how the magnetic field is generated, we can predict its future development."

The magnetic field has changed its polarity thousands of times throughout the history of the Earth. In recent decades, researchers have also observed a rapid shift of the magnetic north pole toward the geographic north pole. It is essential for our civilization to understand how magnetism is changing on Earth.

In brief:
    	Geophysicists from ETH Zurich and SUSTech, China, have demonstrated the dynamo effect of the Earth's core in a model in which viscosity has no influence, as is the correct physical regime for the Earth.
    	The magnetic field was created in the Earth's early history when its core was completely liquid in a similar way to today.
    	This finding helps us to better understand the history of the Earth's magnetic field and make more precise predictions of its future development.
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Quantum simulations that once needed supercomputers now run on laptops | ScienceDaily
Picture diving deep into the quantum realm, where unimaginably small particles can exist and interact in more than a trillion possible ways at the same time.


						
It's as complex as it sounds. To understand these mind-bending systems and their countless configurations, physicists usually turn to powerful supercomputers or artificial intelligence for help.

But what if many of those same problems could be handled by a regular laptop?

Scientists have long believed this was theoretically possible, yet actually achieving it has proven far more difficult.

Researchers at the University at Buffalo have now taken a major step forward. They have expanded a cost-effective computational technique known as the truncated Wigner approximation (TWA), a kind of physics shortcut that simplifies quantum mathematics, so it can handle systems once thought to demand enormous computing power.

Just as significant, their approach -- outlined in a study published in September in PRX Quantum, a journal of the American Physical Society -- offers a practical, easy-to-use TWA framework that lets researchers input their data and obtain meaningful results within hours.

"Our approach offers a significantly lower computational cost and a much simpler formulation of the dynamical equations," says the study's corresponding author, Jamir Marino, PhD, assistant professor of physics in the UB College of Arts and Sciences. "We think this method could, in the near future, become the primary tool for exploring these kinds of quantum dynamics on consumer-grade computers."

Marino, who joined UB this fall, began this work while at Johannes Gutenberg University Mainz in Germany. His co-authors include two of his former students there, Hossein Hosseinabadi and Oksana Chelpanova, the latter now a postdoctoral researcher in Marino's lab at UB.




The research received support from the National Science Foundation, the German Research Foundation, and the European Union.

Taking a semiclassical approach

Not every quantum system can be solved exactly. Doing so would be impractical, as the required computing power grows exponentially as the system becomes more complex.

Instead, physicists often turn to what's known as semiclassical physics -- a middle-ground approach that keeps just enough quantum behavior to stay accurate, while discarding details that have little effect on the outcome.

TWA is one such semiclassical approach that dates back to the 1970s, but is limited to isolated, idealized quantum systems where no energy is gained or lost.

So Marino's team expanded TWA to the messier systems found in the real world, where particles are constantly pushed and pulled by outside forces and leak energy into their surroundings, otherwise known as dissipative spin dynamics.




"Plenty of groups have tried to do this before us. It's known that certain complicated quantum systems could be solved efficiently with a semiclassical approach," Marino says. "However, the real challenge has been to make it accessible and easy to do."

Making quantum dynamics easy

In the past, researchers looking to use TWA faced a wall of complexity. They had to re-derive the math from scratch each time they applied the method to a new quantum problem.

So, Marino's team turned what used to be pages of dense, nearly impenetrable math into a straightforward conversion table that translates a quantum problem into solvable equations.

"Physicists can essentially learn this method in one day, and by about the third day, they are running some of the most complex problems we present in the study," Chelpanova says.

Saving supercomputers for the big problems

The hope is that the new method will save supercomputing clusters and AI models for the truly complicated quantum systems. These are systems that can't be solved with a semiclassical approach. Systems with not just a trillion possible states, but more states than there are atoms in the universe.

"A lot of what appears complicated isn't actually complicated," Marino says. "Physicists can use supercomputing resources on the systems that need a full-fledged quantum approach and solve the rest quickly with our approach."
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A million-sun-mass mystery object found lurking in deep space | ScienceDaily
Astronomers have used a worldwide array of telescopes to spot the smallest dark object ever identified in the universe. Discovering more of these faint, hidden masses and understanding what they are could help eliminate certain explanations for dark matter, the invisible material believed to make up roughly one-quarter of the cosmos. Details of the discovery appear in two studies published on Oct. 9 in Nature Astronomy and the Monthly Notices of the Royal Astronomical Society.


						
Because this object gives off no light or detectable radiation, scientists identified it through its gravitational pull on light passing nearby, an effect known as gravitational lensing. By studying how the light was distorted, researchers could calculate how much matter was packed inside the unseen object.

The newly found object is so small that its presence appeared only as a tiny "pinch" in the distorted image created by a much larger gravitational lens -- something like a subtle flaw in a funhouse mirror.

"It's an impressive achievement to detect such a low mass object at such a large distance from us," said Chris Fassnacht, professor in the Department of Physics and Astronomy at the University of California, Davis, who is a co-author on the Nature Astronomy paper. "Finding low-mass objects such as this one is critical for learning about the nature of dark matter."

This mysterious object weighs about 1 million times as much as the Sun. Its true identity is still uncertain: it could be a dense clump of dark matter, roughly 100 times smaller than any previously detected, or possibly an extremely compact, inactive dwarf galaxy.

Though it cannot be seen directly, dark matter's gravitational influence is thought to shape how galaxies, stars, and other visible matter are arranged across the universe. One of the major questions in astronomy is whether dark matter can form small, starless clumps. Finding such objects could either support or challenge current theories about what dark matter is.

Using telescopes worldwide

To detect the faint signals from the object, researchers combined data from several powerful instruments, including the Green Bank Telescope (GBT) in West Virginia, the Very Long Baseline Array (VLBA) in Hawai`i, and the European Very Long Baseline Interferometric Network (EVN), which links radio telescopes across Europe, Asia, South Africa, and Puerto Rico. Together, these instruments functioned like a single Earth-sized telescope capable of detecting incredibly subtle distortions in light caused by the dark object's gravity.




This detection represents an object with a mass about one hundred times smaller than any previously found using this method, showing that the technique can reveal other similarly small dark structures.

"Given the sensitivity of our data, we were expecting to find at least one dark object, so our discovery is consistent with the so-called 'cold dark matter theory' on which much of our understanding of how galaxies form is based," said lead author Devon Powell at the Max Planck Institute for Astrophysics (MPA), Germany. "Having found one, the question now is whether we can find more and whether the numbers will still agree with the models."

The team is further analyzing the data to better understand the nature of the dark object, and also looking for more examples of such dark objects in other parts of the sky.

Additional authors are: John McKean, University of Groningen, the Netherlands, South African Radio Observatory and University of Pretoria; Simona Vegetti, MPA; Cristiana Spingola, Istituto di Radioastronomia, Bologna; and Simon D. M. White, MPA.

The work was supported in part by the European Research Council, the Italian Ministry of Foreign Affairs and International Cooperation and the National Research Foundation of South Africa. The National Radio Astronomy Observatory is a facility of the U.S. National Science Foundation.
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USC engineers just made light smarter with "optical thermodynamics" | ScienceDaily
A research group from the Ming Hsieh Department of Electrical and Computer Engineering has achieved a major advance in photonics with the creation of the first optical device built on the emerging concept of optical thermodynamics. Their findings, published in Nature Photonics, reveal an entirely new way to control and direct light in nonlinear systems (systems that operate without switches, external controls, or digital commands). In this setup, light is not forced through specific routes; instead, it moves naturally through the device, guided by basic thermodynamic behavior.


						
From Valves to Routers to Light

The idea of routing is common across engineering disciplines. In mechanics, a manifold valve controls where fluids flow. In electronics, a Wi-Fi router or Ethernet switch sends digital information from multiple input sources to the correct output port, ensuring every signal reaches its destination. Achieving a similar kind of routing with light, however, has long been much more complex. Traditional optical routers rely on intricate switch networks and electrical control systems to change light's path, which adds layers of complexity and limits both speed and performance.

Researchers at the USC Viterbi School of Engineering have now demonstrated a completely different approach. The concept can be imagined as a marble maze that organizes itself. Normally, a person would need to lift barriers and adjust the path to guide a marble to the right hole. In the USC team's device, the maze is structured so that no matter where you drop the marble, it will roll toward its correct destination automatically. Light behaves in the same way within this system--it finds the appropriate path on its own by following the rules of thermodynamics.

Potential Industry Impact

The potential applications of this discovery reach well beyond academic research. As modern computing and data transfer continue to stretch the limits of conventional electronics, leading companies (including chip designers such as NVIDIA and others) are investigating optical technologies as faster and more energy-efficient alternatives. By offering a natural, self-organizing method for directing light signals, optical thermodynamics could speed up progress in these efforts. In addition to chip-level communication, this principle may also influence fields such as telecommunications, high-performance computing, and secure information transfer, paving the way for simpler yet more powerful optical systems.

How it Works: Chaos Tamed by Thermodynamics

Nonlinear multimode optical systems have often been viewed as chaotic and difficult to control. Their many overlapping light patterns make them extremely challenging to model or design for practical purposes. Yet this very complexity hides rich physical behavior that has remained largely untapped.

The USC researchers realized that light in these nonlinear environments behaves much like a gas moving toward thermal equilibrium, where random collisions eventually create a stable distribution of energy. Based on this insight, they developed the theoretical framework of "optical thermodynamics," describing how light in nonlinear lattices can undergo processes analogous to expansion, compression, and even phase transitions. This model provides a unified way to understand and harness the natural self-organization of light.




 A Device that Routes Light by Itself

The team's demonstration in Nature Photonics marks the first device designed with this new theory. Rather than actively steering the signal, the system is engineered so that the light routes itself.

The principle is directly inspired by thermodynamics. Just as a gas undergoing what's known as a Joule-Thomson expansion redistributes its pressure and temperature before naturally reaching thermal equilibrium, light in the USC device experiences a two-step process: first an optical analogue of expansion, then thermal equilibrium. The result is a self-organized flow of photons into the designated output channel -- without any need for external switches.

 Opening a New Frontier

By effectively turning chaos into predictability, optical thermodynamics opens the door to the creation of a new class of photonic devices that harness, rather than fight against, the complexity of nonlinear systems. "Beyond routing, this framework could also enable entirely new approaches to light management, with implications for information processing, communications, and the exploration of fundamental physics," said the study's lead author, Hediyeh M. Dinani, a PhD student in the Optics and Photonics Group lab at USC Viterbi.

The Steven and Kathryn Sample Chair in Engineering, and Professor of Electrical and Computer Engineering at USC Viterbi Demetrios Christodoulides added, "What was once viewed as an intractable challenge in optics has been reframed as a natural physical process -- one that may redefine how engineers approach the control of light and other electromagnetic signals."
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Scientists create a magnetic lantern that moves like it's alive | ScienceDaily
Researchers have developed a polymer structure shaped like a "Chinese lantern" that can quickly change into more than a dozen curved, three-dimensional forms when it is compressed or twisted. This transformation can be triggered and controlled remotely with a magnetic field, opening possibilities for a wide range of practical uses.


						
To build the lantern, the team began with a thin polymer sheet cut into a diamond-shaped parallelogram. They then sliced a series of evenly spaced lines through the center of the sheet, forming parallel ribbons connected by solid strips of material at the top and bottom. When the ends of these top and bottom strips are joined, the sheet naturally folds into a round, lantern-like shape.

"This basic shape is, by itself, bistable," says Jie Yin, corresponding author of a paper on the work and a professor of mechanical and aerospace engineering at North Carolina State University. "In other words, it has two stable forms. It is stable in its lantern shape, of course. But if you compress the structure, pushing down from the top, it will slowly begin to deform until it reaches a critical point, at which point it snaps into a second stable shape that resembles a spinning top. In the spinning-top shape, the structure has stored all of the energy you used to compress it. So, once you begin to pull up on the structure, you will reach a point where all of that energy is released at once, causing it to snap back into the lantern shape very quickly."

"We found that we could create many additional shapes by applying a twist to the shape, by folding the solid strips at the top or bottom of the lantern in or out, or any combination of those things," says Yaoye Hong, first author of the paper and a former Ph.D. student at NC State who is now a postdoctoral researcher at the University of Pennsylvania. "Each of these variations is also multistable. Some can snap back and forth between two stable states. One has four stable states, depending on whether you're compressing the structure, twisting the structure, or compressing and twisting the structure simultaneously."

The researchers also gave the lanterns magnetic control by attaching a thin magnetic film to the bottom strip. This allowed them to remotely twist or compress the structures using a magnetic field. They demonstrated several possible uses for the design, including a gentle magnetic gripper that can catch and release fish without harm, a flow-control filter that opens and closes underwater, and a compact shape that suddenly extends upward to reopen a collapsed tube. A video of the experiment is available below the article.

To better understand and predict the lantern's behavior, the team also created a mathematical model showing how the geometry of each angle affects both the final shape and how much elastic energy is stored in each stable configuration.

"This model allows us to program the shape we want to create, how stable it is, and how powerful it can be when stored potential energy is allowed to snap into kinetic energy," says Hong. "And all of those things are critical for creating shapes that can perform desired applications."

"Moving forward, these lantern units can be assembled into 2D and 3D architectures for broad applications in shape-morphing mechanical metamaterials and robotics," says Yin. "We will be exploring that."

The paper, "Reprogrammable snapping morphogenesis in freestanding ribbon-cluster meta-units via stored elastic energy," was published on Oct. 10 in the journal Nature Materials. The paper was co-authored by Caizhi Zhou and Haitao Qing, both Ph.D. students at NC State; and by Yinding Chi, a former Ph.D. student at NC State who is now a postdoctoral researcher at Penn.

This work was done with support from the National Science Foundation under grants 2005374, 2369274 and 2445551.
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Scientists create a paper-thin light that glows like the sun | ScienceDaily
Light bulbs come in all sorts of forms--globes, spirals, candle-like tips, and long tubes--but few are truly thin. Now, scientists reporting in ACS Applied Materials & Interfaces have designed an LED so slender it's nearly as thin as paper, yet it emits a cozy, sunlike glow. This new design could illuminate the future of phone and computer screens as well as other lighting applications, all while minimizing sleep disruption caused by harsh artificial light.


						
"This work demonstrates the feasibility of ultra-thin, large-area quantum dot LEDs that closely match the solar spectrum," says Xianghua Wang, a corresponding author of the study. "These devices could enable next-generation eye-friendly displays, adaptive indoor lighting, and even wavelength-tunable sources for horticulture or well-being applications."

Many people prefer indoor lighting that feels natural and soothing. Earlier approaches achieved this effect with flexible LEDs that used red and yellow phosphorescent dyes to create a candle-like warmth. A newer alternative relies on quantum dots--tiny semiconductor particles that transform electrical energy into colored light. Some research teams have already used quantum dots to make white LEDs, but replicating the complete spectrum of sunlight has remained difficult, particularly in the yellow and green regions where sunlight is strongest. To address this challenge, Lei Chen and colleagues developed quantum dots that could recreate that balanced, sunlike glow in a thin, white quantum dot LED (QLED). Meanwhile, Wang's group proposed an efficient conductive material design that could operate effectively at relatively low voltages.

The team began by synthesizing red, yellow-green, and blue quantum dots coated with zinc-sulfur shells. They determined the precise color ratio needed to match the spectrum of natural sunlight as closely as possible. Next, they assembled the QLED on an indium tin oxide glass substrate, layering conductive polymers, the quantum dot blend, metal oxide particles, and finally a top coating of aluminum or silver. The quantum dot layer measured only a few dozen nanometers in thickness--much thinner than standard color conversion layers--resulting in a white QLED with an overall profile comparable to wallpaper.

In initial tests, the thin QLED performed best under a 11.5-volt (V) power supply, giving off the maxmium bright, warm white light. The emitted light had more intensity in red wavelengths and less intensity in blue wavelengths, which is better for sleep and eye health, according to the researchers. Objects illuminated by the QLED should appear close to their true colors, scoring over 92% on the color rendering index.

In further experiments, the researchers made 26 white QLED devices, using the same quantum dots but different electrically conductive materials to optimize the operating voltage. These light sources required only 8 V to reach maximum light output, and about 80% exceeded the target brightness for computer monitors.

The authors acknowledge funding from the National Natural Science Foundation of China, the Natural Science Foundation of Anhui Province, and the Major Science and Technology Special Project of Zhongshan City.
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        Scientists just found real teeth growing on a fish's head
        Scientists discovered true teeth growing on the head of the spotted ratfish, a distant shark relative. The toothed structure, called a tenaculum, helps males hold onto females during mating. Genetic evidence shows these head teeth share the same origins as oral teeth, overturning assumptions that teeth only evolve in jaws. This discovery reshapes the story of dental evolution across vertebrates.

      

      
        A giant asteroid hit Earth, but its crater is missing
        Researchers discovered a new field of ancient tektites in South Australia, revealing a long-forgotten asteroid impact. These 11-million-year-old glass fragments differ chemically and geographically from other known tektites. Although the crater remains missing, the find exposes a massive event once thought unrecorded, offering clues to Earth's tumultuous past and planetary defense.

      

      
        Asteroid Ryugu's hidden waters could explain how Earth got its oceans
        Ryugu's samples reveal that water activity on asteroids lasted far longer than scientists thought, possibly reshaping theories of how Earth gained its oceans. A billion-year-old impact may have melted ancient ice, keeping asteroids wet and influential far into solar system history.

      

      
        From poison to power: How lead exposure helped shape human intelligence
        Long before humans built cities or wrote words, our ancestors may have faced a hidden threat that shaped who we became. Scientists studying ancient teeth found that early humans, great apes, and even Neanderthals were exposed to lead millions of years ago. This toxic metal can damage the brain, yet modern humans developed a tiny genetic change that protected our minds and allowed language and intelligence to flourish.

      

      
        Forged in fire: The 900degC heat that built Earth's stable continents
        New research reveals that Earth's continents owe their stability to searing heat deep in the planet's crust. At more than 900degC, radioactive elements shifted upward, cooling and strengthening the landmasses that support life. This ancient heat engine also distributed valuable minerals, giving scientists new clues for exploration and for spotting potentially habitable planets.

      

      
        This tiny worm uses static electricity to hunt flying insects
        A parasitic worm uses static electricity to launch itself onto flying insects, a mechanism uncovered by physicists and biologists at Emory and Berkeley. By generating opposite charges, the worm and insect attract, allowing the leap to succeed far more often. High-speed cameras and mathematical modeling confirmed this "electrostatic ecology" in action.

      

      
        A 151-million-year-old fly just changed what we know about evolution
        Scientists have uncovered a 151-million-year-old midge fossil in Australia that challenges long-held views about insect evolution. Named Telmatomyia talbragarica, the fossil shows freshwater adaptations previously thought to exist only in marine species. This discovery suggests that Chironomidae may have originated in Gondwana, offering new insight into ancient biogeographical patterns.

      

      
        Earth's climate just crossed a line we can't ignore
        Humanity has reached the first Earth system tipping point, the widespread death of warm-water coral reefs, marking the beginning of irreversible planetary shifts. As global temperatures move beyond 1.5degC, the world risks cascading crises such as ice sheet melt, Amazon rainforest dieback, and ocean current collapse. Scientists from the University of Exeter warn that these interconnected tipping points could transform the planet unless urgent, systemic action triggers "positive tipping points," lik...

      

      
        California's next big one could be faster and far more destructive
        Supershear earthquakes, moving faster than seismic waves, could cause catastrophic shaking across California. USC researchers warn that many faults capable of magnitude 7 quakes might produce these explosive ruptures. Current construction standards don't account for their directional force. Stronger monitoring and building codes are urgently needed.

      

      
        Decades-old photosynthesis mystery finally solved
        Scientists from the Indian Institute of Science (IISc) and Caltech have finally solved a decades-old mystery about how photosynthesis really begins. They discovered why energy inside plants flows down only one of two possible routes -- a design that lets nature move sunlight with astonishing precision. Using advanced computer simulations, the researchers showed that one branch has a much higher energy barrier, blocking electrons from moving freely.

      

      
        Ancient humans in Italy butchered elephants and made tools from their bones
        Researchers in Italy discovered 400,000-year-old evidence that ancient humans butchered elephants for food and tools. At the Casal Lumbroso site near Rome, they found hundreds of bones and stone implements, many showing impact marks from butchery. The findings reveal a consistent prehistoric strategy for resource use during warmer Middle Pleistocene periods.

      

      
        Closest alien civilization could be 33,000 light years away
        Complex, intelligent life in the galaxy appears vanishingly rare, with the nearest possible civilization perhaps 33,000 light-years distant. Yet despite the odds, scientists insist that continuing the search for extraterrestrial intelligence is essential -- for either outcome reshapes our understanding of life itself.

      

      
        Archaeologists uncover lost land bridge that may rewrite human history
        New research along Turkey's Ayvalik coast reveals a once-submerged land bridge that may have helped early humans cross from Anatolia into Europe. Archaeologists uncovered 138 Paleolithic tools across 10 sites, indicating the region was a crucial migration corridor during the Ice Age. The findings challenge traditional migration theories centered on the Balkans and Levant, suggesting instead that humans used now-vanished pathways across the Aegean.

      

      
        New simulation reveals how Earth's magnetic field first sparked to life
        Geophysicists have modeled how Earth's magnetic field could form even when its core was fully liquid. By removing the effects of viscosity in their simulation, they revealed a self-sustaining dynamo that mirrors today's mechanism. The results illuminate Earth's early history, life's origins, and the magnetism of other planets. Plus, it could help forecast future changes to our planet's protective shield.

      

      
        Scientists unearth a 112-million-year-old time capsule filled with ancient insects
        Researchers have unearthed South America's first amber deposits containing ancient insects in an Ecuadorian quarry, offering a rare 112-million-year-old glimpse into life on the supercontinent Gondwana. The amber, found in the Hollin Formation, preserved a diverse range of insect species and plant material, revealing a humid, resin-rich forest teeming with life.

      

      
        Dolphins may be getting Alzheimer's from toxic ocean blooms
        Dolphins washing up on Florida's shores may be victims of the same kind of brain degeneration seen in humans with Alzheimer's disease. Researchers discovered that cyanobacterial toxins--worsened by climate change and nutrient pollution--accumulate in marine food chains, damaging dolphin brains with misfolded proteins and Alzheimer's-like pathology.

      

      
        Scientists find gold hiding in food waste
        Researchers are finding extraordinary new uses for what we throw away. Beet pulp may help crops resist disease, while composted coconut fibers could replace peat moss. Discarded radish and beet greens are rich in bioactive compounds that boost gut health and protect cells. Food waste is rapidly becoming a source of sustainable solutions for both agriculture and health.

      

      
        12,000-year-old rock art found in Arabia reveals a lost civilization
        Archaeologists in Saudi Arabia discovered over 170 ancient rock engravings that may be among the earliest monumental artworks in the region. Created between 12,800 and 11,400 years ago, the massive figures were carved when water and life returned to the desert. The art likely marked territories and migration routes, revealing social and symbolic sophistication. Artifacts found nearby show early Arabian peoples connected to distant Neolithic communities.

      

      
        They're smaller than dust, but crucial for Earth's climate
        Coccolithophores, tiny planktonic architects of Earth's climate, capture carbon, produce oxygen, and leave behind geological records that chronicle our planet's history. European scientists are uniting to honor them with International Coccolithophore Day on October 10. Their global collaboration highlights groundbreaking research into how these microscopic organisms link ocean chemistry, climate regulation, and carbon storage. The initiative aims to raise awareness that even the smallest ocean dw...

      

      
        Thousands fall ill as mosquito fever explodes across southern China
        China's Guangdong Province is battling its worst-ever chikungunya outbreak, with thousands of infections spreading across major cities and nearby regions. Transmitted by Aedes mosquitoes, the disease underscores how climate change, urbanization, and global travel are fueling mosquito-borne threats.
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Scientists just found real teeth growing on a fish's head | ScienceDaily
When it comes to teeth, most vertebrates share the same basic blueprint. Regardless of their size, shape, or sharpness, teeth typically have the same genetic roots, similar physical makeup, and, almost always, a place in the jaw.


						
That assumption, however, may no longer hold true. Scientists studying the spotted ratfish, a shark-like species found in the northeastern Pacific Ocean, discovered that it has rows of teeth growing on top of its head. These teeth line a cartilage-based structure known as the tenaculum, a forehead appendage that loosely resembles Squidward's nose.

For years, biologists have debated where teeth originally came from -- an important question, given how vital they are to feeding and survival. Most discussions have focused solely on oral teeth, without exploring whether teeth might have evolved elsewhere on the body. The discovery of teeth on the tenaculum has reopened that debate, prompting researchers to ask how widespread such features might be and what they reveal about the history of vertebrate dentition.

"This insane, absolutely spectacular feature flips the long-standing assumption in evolutionary biology that teeth are strictly oral structures," said Karly Cohen, a UW postdoctoral researcher at the University of Washington's Friday Harbor Labs. "The tenaculum is a developmental relic, not a bizarre one-off, and the first clear example of a toothed structure outside the jaw."

The research was published in Proceedings of the National Academy of Sciences.

Spotted ratfish are among the most common fish in Puget Sound. They belong to a group of cartilaginous fish known as chimaeras, which diverged from sharks millions of years ago. Growing to about 2 feet in length, these fish are named for their long, slender tails that make up roughly half their body size. Only adult males develop a tenaculum on their forehead. When resting, it appears as a small white nub between their eyes, but when raised, it becomes a hooked, barbed organ covered in teeth.

Males use the tenaculum both for display and function. They raise it to ward off rivals and, during mating, use it to grip females by the pectoral fin, keeping the pair together in the water.




"Sharks don't have arms, but they need to mate underwater," Cohen said. "So, a lot of them have developed grasping structures to connect themselves to a mate during reproduction."

Spotted ratfish also use pelvic claspers for mating, similar to many other cartilaginous fish.

In most sharks, rays, and skates, the body is covered in small, tooth-like scales called denticles. But apart from the denticles on their pelvic claspers, spotted ratfish are largely smooth-skinned. This unusual lack of denticles led scientists to question what became of them -- and whether the teeth on the tenaculum might represent their evolutionary remnants.

Before conducting the study, researchers had two possibilities in mind. One was that the "teeth" were simply modified denticles, a leftover feature from ancient ancestors. The other suggested they were genuine teeth, similar to those found inside the mouth.

"Ratfish have really weird faces," Cohen said. "When they are small, they kind of look like an elephant squished into a little yolk sack."

The cells that form the oral region are spread farther afield, making it plausible that at some point, a clump of tooth-forming cells might have migrated onto the head and stuck.




To test these theories, the researchers caught and analyzed hundreds of fish, using micro-CT scans and tissue samples to document tenaculum development. While sharks can be quite hard to study, spotted ratfish abound in Puget Sound. They frequent the shallows surrounding Friday Harbor Labs, the UW research facility located on San Juan Island. They also compared the modern ratfish to ancestral fossils.

The scans showed that both male and female ratfish begin making a tenaculum early on. In males, it grows from a small cluster of cells into a little white pimple that elongates between the eyes. It attaches to muscles controlling the jaw and finally, erupts through the surface of the skin and sprouts teeth. In females it never materializes -- or mineralizes -- but evidence of an early structure remains.

The new teeth are rooted in a band of tissue called the dental lamina that is present in the jaw but has never been documented elsewhere. "When we saw the dental lamina for the first time, our eyes popped," Cohen said. "It was so exciting to see this crucial structure outside the jaw."

In humans, the dental lamina disintegrates after we grow our adult teeth, but many vertebrates retain the ability to replace their teeth. Sharks, for example, have "a constant conveyor belt" of new teeth, Cohen said. Dermal denticles, including the ones on the spotted ratfish's pelvic claspers, do not have a dental lamina. Identifying this structure was compelling evidence that the teeth on the tenaculum really are teeth and not leftover denticles. Genetic evidence also backed this conclusion.

"Vertebrate teeth are extremely well united by a genetic toolbox," Cohen said.

Tissue samples revealed that the genes associated with teeth across vertebrates were expressed in the tenaculum, but not the denticles. In the fossil record, they also observed evidence of teeth on the tenaculum of related species.

"We have a combination of experimental data with paleontological evidence to show how these fishes coopted a preexisting program for manufacturing teeth to make a new device that is essential for reproduction," said Michael Coates, a professor and the chair of organismal biology and anatomy at the University of Chicago and a co-author of the paper.

The modern adult male spotted ratfish can grow seven or eight rows of hooked teeth on its tenaculum. These teeth retract and flex more than the average canine, enabling the fish to latch onto a mate while swimming. The size of the tenaculum also appears to be unrelated to the length of the fish. Its development aligns instead with the pelvic claspers, suggesting that the migrant tissue is now regulated by other networks.

"If these strange chimaeras are sticking teeth on the front of their head, it makes you think about the dynamism of tooth development more generally," said Gareth Fraser, a professor of biology at the University of Florida and the study's senior author.

Sharks often serve as the model for studying teeth and development because they have so many oral teeth and are covered in denticles. But, Cohen added, sharks possess just a sliver of the dental diversity captured by history. "Chimeras offer a rare glimpse into the past," she said "I think the more we look at spiky structures on vertebrates, the more teeth we are going to find outside the jaw."

This research was funded by National Science Foundation, the Save Our Seas Foundation, and internal endowments at Friday Harbor Labs supporting innovative early-career research.
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A giant asteroid hit Earth, but its crater is missing | ScienceDaily
"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.


						in a crater but in tiny glass fragments found only in Australia.
The discovery focuses on rare natural glass called tektites, which form when a meteorite hits Earth with enough force to melt the surface and fling molten material vast distances. This newly identified variety of tektites has so far been discovered only across parts of South Australia.
Co-author Professor Fred Jourdan from Curtin's School of Earth and Planetary Sciences compared the finding to uncovering a new chapter in Earth's turbulent past.

"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.

"They formed when an asteroid slammed into Earth, melting surface rock and scattering debris for thousands of kilometers. These tiny pieces of glass are like little time capsules from deep in our planet's history.

"What makes the discovery even more intriguing is that, although the impact must have been immense, scientists are yet to locate the crater.

"Understanding when and how often large asteroids have struck Earth also helps us assess the risk of future impacts, which is important for planetary defense."

Lead author Anna Musolino, a PhD student at Aix-Marseille University, said the glasses stand apart from all previously known tektites.

"These tektites are unique because of their unusual chemistry and their age, which is about 11 million years," Ms. Musolino said.




"They record a completely separate impact event from the famous Australasian tektite-strewn field.

"While the Australasian tektites formed about 780,000 years ago and are spread across half the globe, these tektites are much older and their discovery suggests a previously unrecognized giant impact."

The study was part of a larger research project led by Emeritus Professor Pierre Rochette from Aix-Marseille University and highlights both the destructive power of past impacts and the importance of studying them.

The full research paper, 'A new tektite strewn field in Australia ejected from a volcanic arc impact crater 11 Myr ago', is published in Earth and Planetary Science Letters.
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Asteroid Ryugu's hidden waters could explain how Earth got its oceans | ScienceDaily
A group of scientists, including researchers from the University of Tokyo, has found evidence that liquid water once moved through the asteroid that eventually gave rise to the near-Earth asteroid Ryugu. Remarkably, this activity took place more than a billion years after the asteroid first formed. The discovery, which relies on microscopic rock samples collected by the Japan Aerospace Exploration Agency (JAXA) Hayabusa2 spacecraft, challenges the long-standing belief that water-related processes on asteroids only occurred in the earliest stages of the solar system's evolution. These findings could influence scientific models that describe how Earth and its oceans developed.


						
Although scientists have a solid general picture of how the solar system came together, many details remain uncertain. One of the biggest questions concerns how Earth ended up with so much water. It has long been thought that carbon-rich asteroids, like Ryugu, which formed from ice and dust in the outer solar system, were key suppliers of water to our planet. Hayabusa2's 2018 mission to Ryugu marked the first time such an asteroid was both observed up close and sampled directly. The mission returned small bits of rock and dust to Earth, giving researchers a rare opportunity to fill in missing pieces of our planet's early story.

"We found that Ryugu preserved a pristine record of water activity, evidence that fluids moved through its rocks far later than we expected," said Associate Professor Tsuyoshi Iizuka from the Department of Earth and Planetary Science at the University of Tokyo. "This changes how we think about the long-term fate of water in asteroids. The water hung around for a long time and was not exhausted so quickly as thought."

The key to the discovery lies in the isotopes of lutetium (Lu) and hafnium (Hf), elements that form a natural radioactive clock through the decay of 176Lu into 176Hf. By analyzing their ratios in Ryugu's samples, researchers expected to determine the asteroid's age in a straightforward way. Instead, they found much higher levels of 176Hf compared with 176Lu than anticipated. This unusual imbalance suggested that liquid water had once seeped through the rocks, effectively leaching lutetium out of them.

"We thought that Ryugu's chemical record would resemble certain meteorites already studied on Earth," said Iizuka. "But the results were completely different. This meant we had to carefully rule out other possible explanations and eventually concluded that the Lu-Hf system was disturbed by late fluid flow. The most likely trigger was an impact on a larger asteroid parent of Ryugu, which fractured the rock and melted buried ice, allowing liquid water to percolate through the body. It was a genuine surprise! This impact event may be also responsible for the disruption of the parent body to form Ryugu."

The study's implications are far-reaching. It suggests that carbon-rich asteroids could have stored and delivered much more water to Earth than scientists previously assumed. Ryugu's parent asteroid appears to have retained frozen water for over a billion years, meaning similar bodies colliding with the young Earth might have delivered two to three times more water than current models estimate. Such impacts could have played a major role in shaping the early oceans and atmosphere.

"The idea that Ryugu-like objects held on to ice for so long is remarkable," said Iizuka. "It suggests that the building blocks of Earth were far wetter than we imagined. This forces us to rethink the starting conditions for our planet's water system. Though it's too early to say for sure, my team and others might build on this research to clarify things, including how and when our Earth became habitable."

Hayabusa2 only brought back a few grams of material. With many researchers wanting to run tests on it, each experiment could only use a few tens of milligrams, fractions of a grain of rice. To maximize the information gained, the team developed sophisticated methods for separating elements and analyzing isotopes with extraordinary precision, realizing the full potential of current geochemical analytical techniques.




"Our small sample size was a huge challenge," recalled Iizuka. "We had to design new chemistry methods that minimized elemental loss while still isolating multiple elements from the same fragment. Without this, we could never have detected such subtle signs of late fluid activity."

The researchers also plan to study phosphate veins within Ryugu samples to pin down more precise ages of the late fluid flow. They will also compare their results with NASA's samples collected from asteroid Bennu by the OSIRIS-REx spacecraft, to test whether similar water activity might have happened there too, or whether it was unique to Ryugu. Eventually, Iizuka and colleagues hope to trace how water was stored, mobilized and finally delivered to Earth, a story that continues to shape our understanding of planetary habitability.

Funding: This work was supported by Japan Society for the Promotion of Science KAKENHI grants (21KK0057, 22H00170).
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From poison to power: How lead exposure helped shape human intelligence | ScienceDaily
What made the modern human brain so different from that of our extinct relatives, such as Neanderthals? Researchers at the University of California San Diego School of Medicine, along with an international team, have discovered that ancient hominids, including early humans and great apes, came into contact with lead far earlier than previously believed -- up to two million years before modern humans began mining it. This long-term exposure may have influenced how early brains evolved, possibly hindering language and social development in all but modern humans, who possess a unique protective genetic variant. The findings were published in Science Advances on October 15, 2025.


						
The team examined fossilized teeth from 51 hominids found across Africa, Asia, and Europe. The samples included both modern and archaic humans such as Neanderthals, early human ancestors like Australopithecus africanus, and extinct great apes including Gigantopithecus blacki.

Lead traces were present in 73% of the fossils studied, with 71% of modern and archaic human samples showing contamination. Fossils of G. blacki dating back 1.8 million years revealed the highest levels of acute exposure.

It was previously thought that humans began facing significant lead exposure only in recorded history, especially during the Roman era, when lead pipes were used for water systems, and later during the Industrial Revolution. Lead pollution declined only after the late twentieth century.

"We stopped using lead in our daily lives when we realized how toxic it is, but nobody had ever studied lead in prehistory," said corresponding author Alysson Muotri, Ph.D., professor of pediatrics and cellular & molecular medicine at UC San Diego School of Medicine, associate director of the Archealization Center, and director of the Sanford Integrated Space Stem Cell Orbital Research Center.

To the researchers' surprise, teeth from people born in the mid-twentieth century (the 1940s through the 1970s), when exposure to leaded gasoline and paint was widespread, showed similar lead patterns to ancient human fossils.

The scientists suggest that ancient humans and their relatives might have encountered lead through their search for water, much like the Romans did later in history.




"One possibility is that they were looking for caves with running water inside," Muotri said. "Caves contain lead, so they were all contaminated. Based on the tooth enamel studies, it started very early in infancy."

Lead exposure disrupts brain growth and function, impairing intelligence and emotional regulation.

Faced with this evidence, Muotri and his team began to question how modern humans managed to thrive despite such toxic conditions during their evolutionary past.

A tiny genetic change

A gene known as neuro-oncological ventral antigen 1 (NOVA1) plays a major role in brain formation and synaptic development. Acting as a key regulator of neurodevelopment, NOVA1 helps determine how neural progenitor cells react to lead exposure, and disturbances in its activity are linked to neurological disorders.

Nearly all modern humans carry a version of the NOVA1 gene that differs by a single DNA base pair from the version found in Neanderthals. Earlier work from Muotri's group showed that swapping the modern NOVA1 with the older variant in miniature brain models, called organoids, caused dramatic changes in brain structure and connectivity.




"Everything about the organoids is identical except for that genetic variant, allowing us to ask whether that specific mutation between us and Neanderthals is giving us any advantage," said Muotri. The archaic variant accelerated brain maturation but resulted in less complexity over time. "If all humans have this newer mutation in all corners of the world, very strong genetic pressure must have selected for it in our species."

To test whether lead exposure might have shaped this genetic shift, the researchers created brain organoids with both the modern and ancestral NOVA1 variants, exposing them to lead and monitoring the growth of cortical and thalamic neurons.

They found that lead changed NOVA1 activity in both types of organoids, influencing genes linked to conditions such as autism and epilepsy.

However, only the archaic NOVA1 variant altered the activity of FOXP2, a gene crucial for speech and language. People with certain FOXP2 mutations struggle to form complex words and sentences.

"These type of neurons related to complex language are susceptible to death in the archaic version of NOVA1," said Muotri. " The FOXP2 gene is identical between us and the Neanderthals, but it's how the gene is regulated by NOVA1 that likely contributes to language differences."

Evolutionary implications

The findings suggest that the acquisition of the modern NOVA1 variant may have protected us from the detrimental effects of lead, promoting complex language development and social cohesion. This could have given modern humans a significant evolutionary advantage over Neanderthals, even in the presence of lead contamination.

Muotri believes these results have important implications for understanding how environmental stressors shaped brain development during human evolution. He speculates that lead exposure may have contributed to the extinction of Neanderthals around 40,000 years ago.

"Language is such an important advantage, it's transformational, it is our superpower," said Muotri. "Because we have language, we are able to organize society and exchange ideas, allowing us to coordinate large movements. There is no evidence that Neanderthals could do that. They might have had abstract thinking, but they could not translate that to each other. And maybe the reason is because they never had a system to communicate that was as efficient as our complex language."

Understanding how NOVA1 gene variants can affect FOXP2 expression helps elucidate the relationship between lead contamination and brain development and also sheds light on neurological conditions related to language, including speech apraxia -- a condition that makes it difficult to produce speech sounds correctly -- and autism.

The study's co-authors included Janaina Sena de Souza, Sandra M. Sanchez-Sanchez, Jose Oviedo, University of California San Diego; Marian Bailey and Matthew Tonge at Southern Cross University; Renaud Joannes-Boyau, Southern Cross University and University of Johannesburg; Justin W. Adams, University of Johannesburg and Monash University; Christine Austin, Manish Arora, Icahn School of Medicine at Mount Sinai, Kira Westaway, Macquarie University; Ian Moffat, Flinders University and University of Cambridge; Wei Wang and Wei Liao, Anthropology Museum of Guangxi; Yingqi Zhang, Institute of Vertebrate Paleontology and Paleoanthropology; Luca Fiorenza, Monash University and Johann Wolfgang Goethe University; Marie-Helene Moncel, Museum National d'Histoire Naturelle; Gary T. Schwartz, Arizona State University; Luiz Pedro Petroski and Roberto H. Herai, Pontificia Universidade Catolica do Parana; Jose Oviedo, University of Arizona; and Bernardo Lemos, Harvard T. H. Chan School of Public Health.

The study was funded, in part, by the National Institutes of Health (grants R01 ES027981, P30ES023515, R01ES026033), the Australian Research Council (grant DP170101597), the National Science Foundation (grant BCS 0962564), and the The Leakey Foundation.

Disclosures: Muotri is the co-founder of and has an equity interest in TISMOO, a company specializing in genetic analysis and human brain organogenesis. The terms of this arrangement have been reviewed and approved by the University of California San Diego in accordance with its conflict-of-interest policies.
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Forged in fire: The 900degC heat that built Earth's stable continents | ScienceDaily
For billions of years, Earth's continents have remained remarkably steady, providing the groundwork for mountains, ecosystems, and human civilization. Yet the reason behind their long-term stability has puzzled scientists for more than a century. Now, researchers from Penn State and Columbia University have uncovered strong evidence explaining how the continents formed and maintained their endurance, and the crucial factor behind it is heat.


						
In a new study published in Nature Geoscience, the team found that creating long-lasting continental crust required extreme temperatures -- over 900 degrees Celsius -- in the planet's lower crust. These intense conditions allowed radioactive elements such as uranium and thorium to move upward. As these elements decayed, they produced heat, and by migrating from the deep crust to higher levels, they carried heat away. This process helped the lower crust cool and solidify, ultimately strengthening it.

According to the researchers, the findings extend beyond understanding Earth's geology. They could also aid modern efforts to locate valuable critical minerals, which are essential for technologies like smartphones, electric vehicles, and renewable energy systems, as well as guide the search for potentially habitable planets elsewhere.

The same processes that stabilized Earth's crust also redistributed rare earth elements such as lithium, tin, and tungsten, revealing new clues about where these minerals may be found today. Similar heat-driven mechanisms could occur on other rocky planets, offering planetary scientists additional signs to identify worlds capable of supporting life.

"Stable continents are a prerequisite for habitability, but in order for them to gain that stability, they have to cool down," said Andrew Smye,   associate professor of geosciences at Penn State and lead author on the paper. "In order to cool down, they have to move all these elements that produce heat -- uranium, thorium and potassium -- towards the surface, because if these elements stay deep, they create heat and melt the crust."

Smye explained that Earth's continental crust, as it exists today, began forming about 3 billion years ago. Before that, the planet's crust was very different -- lacking the silicon-rich composition of modern continents. Scientists had long suspected that the melting of older crust played an important role in forming stable continental plates, but this study shows that the process required far higher temperatures than previously realized.

"We basically found a new recipe for how to make continents: they need to get much hotter than was previously thought, 200 degrees or so hotter," Smye said.




He compared the process to forging steel.

"The metal is heated up until it becomes just soft enough so that it can be shaped mechanically by hammer blows," Smye said. "This process of deforming the metal under extreme temperatures realigns the structure of the metal and removes impurities -- both of which strengthen the metal, culminating in the material toughness that defines forged steel. In the same way, tectonic forces applied during the creation of mountain belts forge the continents. We showed that this forging of the crust requires a furnace capable of ultra-high temperatures."

To reach their conclusions, the researchers analyzed rock samples from the Alps in Europe and the southwestern United States, along with data from previous scientific studies. They examined chemical information from hundreds of samples of metasedimentary and metaigneous rocks, which form much of the lower crust, and organized them based on their peak metamorphic temperatures -- the highest temperatures reached while the rocks remained mostly solid but underwent physical and chemical changes.

The team compared rocks formed under high-temperature (HT) and ultrahigh-temperature (UHT) conditions. Smye and his co-author, Peter Kelemen, professor of earth and environmental sciences at Columbia University, discovered that rocks that had melted at temperatures above 900 degC consistently contained much lower amounts of uranium and thorium than those formed at cooler conditions.

"It's rare to see a consistent signal in rocks from so many different places," he said. "It's one of those eureka moments that you think 'nature is trying to tell us something here.'"

He explained that melting in most rock types occurs when the temperature gets above 650 degC or a little over six times as hot as boiling water. Typically, the further into the crust you go, the temperature increases by about 20 degC for every kilometer of depth. Since the base of most stable continental plates is about 30 to 40 kilometers thick, temperatures of 900 degC are not typical and required them to rethink the temperature structure.




Smye explained that earlier in Earth's history, the amount of heat produced from the radioactive elements that made up the crust -- uranium, thorium and potassium -- was about double what it is today.

"There was more heat available in the system," he said. "Today, we wouldn't expect as much stable crust to be produced because there's less heat available to forge it."

He added that understanding how these ultra-high temperature reactions can mobilize elements in the Earth's crust has wider implications for understanding the distribution and concentration of critical minerals, a highly sought-after group of metals that have proved challenging to mine and locate. If scientists can understand the reactions that first redistributed the valuable elements, theoretically they could better locate new deposits of the materials today.

"If you destabilize the minerals that host uranium, thorium and potassium, you're also releasing a lot of rare earth elements," he said.

The U.S. National Science Foundation funded this research.
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This tiny worm uses static electricity to hunt flying insects | ScienceDaily
A minuscule parasitic worm capable of springing into the air up to 25 times its own body length can latch onto flying insects with the help of static electricity, according to new research. The findings, published in PNAS, focus on the nematode Steinernema carpocapsae and come from a collaboration between scientists at Emory University and the University of California, Berkeley.


						
"We've identified the electrostatic mechanism this worm uses to hit its target, and we've shown the importance of this mechanism for the worm's survival," says co-author Justin Burton, an Emory professor of physics whose lab led the mathematical analyses of laboratory experiments. "Higher voltage, combined with a tiny breath of wind, greatly boosts the odds of a jumping worm connecting to a flying insect."

Victor Ortega-Jimenez, co-lead author and assistant professor of biomechanics at the University of California, Berkeley, adds, "You might expect to find big discoveries in big animals, but the tiny ones also hold a lot of interesting secrets." He led the experimental work, using high-speed microscopy to capture footage of the needle-tip-sized worms launching themselves toward electrically charged fruit flies.

The researchers discovered that an insect's wings generate an electric field of several hundred volts as they move through the air. This charge induces an opposite charge in the worm, creating an attraction that pulls the two together. They confirmed that the process is powered by electrostatic induction.

"Using physics we learned something new and interesting about an adaptive strategy in an organism," says Ranjiangshang Ran, co-lead author of the paper and a postdoctoral fellow in Burton's lab. "We're helping to pioneer the emerging field of electrostatic ecology."

Other contributors include Saad Bhamla and Sunny Kumar from the Georgia Institute of Technology, who study biomechanics across species and conducted preliminary trials, as well as Adler Dillman, a nematode biologist at the University of California, Riverside.

The shocking lives of tiny creatures

Static electricity -- the spark you feel when touching a doorknob or pulling on a sweater -- occurs when electrons build up and discharge suddenly upon contact with a conductor.




While for humans it's a brief jolt of annoyance, scientists are discovering that static electricity plays a major role in the survival and behavior of many small organisms.

In 2013, Ortega-Jimenez found that spider webs can exploit the electrical charge of nearby insects to draw them in and trap them. Other studies have shown that bees use static forces to gather pollen, flower mites cling to hummingbirds using electrostatic attraction, and ballooning spiders rely on charged silk to drift across long distances.

Burton and Ortega-Jimenez also co-wrote a recent commentary for Trends in Parasitology that examined how static electricity affects ticks.

"Ticks can get sucked up from the ground by fluffy animals, purely through the static electricity in the animal's fur," Burton explains.

In experiments testing this phenomenon, Ortega-Jimenez developed a technique to precisely control the electric charge of a tethered tick. That innovation provided the missing method needed to move forward with the new nematode research.

As the jumping worm turns

For the current paper, the researchers wanted to investigate how electrostatic forces, in combination with aerodynamics, affects the success rate of S. carpocapsae to connect with a flying insect.




S. carpocapsae is an unsegmented roundworm, or nematode, that kills insects through a symbiotic relationship with bacteria. The worm thrives in soils nearly everywhere on Earth except the Poles. It is increasingly used for biological pest control in agriculture, with researchers around the world studying how to further drive its effectiveness as a natural pesticide.

When the worm senses an insect overhead, it curls into a loop and then launches itself in the air as high as 25 times its body length. That's the equivalent of a human being jumping higher than a 10-story building.

"I believe these nematodes are some of the smallest, best jumpers in the world," Ortega-Jimenez says. During their dizzying, acrobatic leaps, he notes, they rotate at 1,000 times per second.

If the worm hits its target, it enters the insect's body through a natural opening. It then deposits its symbiotic bacteria, which kills the insect within 48 hours. After the death of the host, the worm feeds on the multiplying bacteria, as well as on the insect tissue, and lays eggs. Several generations may occur in the insect's cadaver until the juvenile worms emerge into the environment to infect other insects with bacteria.

Painstaking experiments

The researchers designed experiments to investigate the physics involved in the worm's prowess at connecting with a flying insect.

In nature, the wings of a flying insect rubbing against ions in the air can generate hundreds of volts. The physicists needed to know the exact charge of the fruit flies used in the experimental model. That required Ortega-Jimenez to attach a tiny wire connected to a high-voltage power supply to the back of each fruit fly to control its voltage.

"It's very difficult to glue a wire to a fruit fly," he says. "Usually, it took me half an hour, or sometimes an hour."

Another challenge was identifying the right conditions to induce worms in the experimental setup to jump. Ortega-Jimenez used a substrate of moistened paper. The paper had to be just wet enough, but not too wet. Finally, a worm needed the encouragement of a gentle puff of air or a slight mechanical disturbance before making the leap toward a suspended fruit fly.

Ortega-Jimenez conducted dozens of experiments, recording them with a special high-speed camera capable of capturing the midair trajectories of the submillimeter worms, which are essentially invisible to the human eye, at 10,000 frames per second.

He also created a tiny wind tunnel for some of the experiments, so that the physicists could analyze the role of ambient breeze in the worm's target success rate.

Digitizing the data

Using computer software, Ran digitized the trajectories of the worms, drawing from about 60 videos of experiments. The process was time consuming in instances when a worm left the focal plane of the camera, blurring the image, in which case Ran needed to click by hand to record its position.

Ran used a computer algorithm known as Markov chain Monte Carlo (MCMC) to analyze the digitized data. ("Markov" stands for the mathematician who developed the algorithm, while "Monte Carlo" refers to the area of Monaco famous for its casinos.)

"MCMC allows you to do random explorations, using different sets of parameters, to determine a mathematical probability for an outcome," Ran explains.

Ran identified a set of 50,000 plausible values of fitting parameters for a single worm's trajectory -- such as the voltage of the insect, the physical dimensions and the launching velocity of the worm -- to test the probability of a particular charge in a worm allowing it to hit its target.

With no electrostatics, only one out of 19 worm trajectories successfully reached the target.

The model showed that a charge of a few hundred volts -- a magnitude commonly found in flying insects -- generates an opposite charge in a jumping worm and significantly increases the odds of it connecting to a midair insect. A charge of just 100 volts resulted in a probability for hitting the target of less than 10%, while 800 volts boosted the probability of success to 80%.

A worm expends a vast amount of energy to jump and faces risks of predation or drying out while suspended in the air.

"Our findings suggest that, without electrostatics, it would make no sense for this jumping predatory behavior to have evolved in these worms," Ran says.

Science past and future

The researchers had theorized that electrostatic induction was the mechanism driving the interplay between the worm and its target. Sifting through research papers eventually led them to a law of induction posited by Scottish physicist James Clerk Maxwell.

"Maxwell, one of the most prolific physicists of all time, had a wild imagination, similar to Einstein," Ran says. "It turns out that our model for the worm-charging mechanism agreed with a prediction for electrostatic induction that Maxwell made in 1870. There are many buried treasures in scientific history. Sometimes being a scientist is like being an archeologist."

Drag force was another key part of the equation, due to the tiny size of the worm. The researchers use the comparison of a bowling ball flying through the air, which is not much affected by drag force, and a floating feather, which is highly dependent on it.

Ran drew from the experimental data to simulate the effects of electrostatic charge combined with various wind speeds. The results revealed how the faintest breeze, just 0.2 meters per second, combined with higher voltage further increased the likelihood of a worm hitting its target.

The work serves as a new framework for further investigations into the role of electrostatics in ecology.

"We live in an electrical world, electricity is all around us, but the electrostatics of small organisms remains mostly an enigma," Ortega-Jimenez says. "We are developing the tools to investigate many more valuable questions surrounding this mystery."

The work was supported by a grant from the W.M. Keck Foundation and the Tarbutton Postdoctoral Fellowship of Emory College of Arts and Sciences.
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A 151-million-year-old fly just changed what we know about evolution | ScienceDaily
An international group of researchers led by the Donana Biological Station (EBD-CSIC) has identified a previously unknown species of fossilized insect from the Jurassic period in Australia, estimated to be about 151 million years old. This discovery marks the oldest known member of the Chironomidae family found in the Southern Hemisphere. These non-biting midges typically live in freshwater environments. The fossil reveals a remarkable evolutionary feature: a structure that likely helped the insect attach securely to rocks. Until now, such an anchoring mechanism had only been documented in marine organisms.


						
The fossil was uncovered in the Talbragar fish beds in New South Wales. The study, published in the journal Gondwana Research, involved experts from the Australian Museum Research Institute, the University of New South Wales, the University of Munich, and Massey University in New Zealand.

The fly from the stagnant waters

"This fossil, which is the oldest registered find in the Southern Hemisphere, indicates that this group of freshwater animals might have originated on the southern supercontinent of Gondwana," explains Viktor Baranov, a researcher at the Donana Biological Station and first author of the study.

The newly identified species was named Telmatomyia talbragarica, meaning "fly from the stagnant waters," a nod to the lake-like setting of the Talbragar region.

Researchers examined six fossilized specimens, including pupae and emerging adults, all showing the presence of a terminal disc. This structure, known to function in environments affected by tides, was once believed to be limited to marine species. However, sediment and fossil evidence from Talbragar indicate that the area was once a freshwater habitat, demonstrating the surprising adaptability (phenotypic plasticity) of chironomids.

Rethinking the origins of the family

The Podonominae group has long served as a valuable model for studying how species are distributed across the planet and how biodiversity arises over time.




Earlier theories suggested that Podonominae originated in northern Gondwana before spreading northward into Laurasia, the ancient landmass that included today's Northern Hemisphere continents. Their fossil record, however, is limited, partly because of preservation challenges and a lack of studies focusing on Southern Hemisphere specimens. Later discoveries of older fossils in Eurasia, dating back to the Jurassic, prompted some scientists to propose a Laurasian origin instead.

The new findings challenge that view, offering strong evidence that the Podonominae subfamily most likely began in the Southern Hemisphere and later expanded worldwide.

Today, Podonominae species are found mostly in the Southern Hemisphere. Their scattered distribution across South America, Australia, South Africa, and New Zealand is a classic case of vicariance -- a process in which natural barriers such as mountains or rivers divide a population, forcing each group to evolve independently and form new species. Swedish entomologist Lars Brundin first proposed in 1966 that the breakup of the ancient supercontinent Gondwana triggered this evolutionary separation.

Limitations due to the scarcity of fossils in the Southern Hemisphere

While this discovery addresses a significant gap in the lineage's fossil record, a comprehensive understanding of this group's evolutionary history is still limited by the lack of Southern Hemisphere fossils. The majority of known Podonominae fossils originate from the Northern Hemisphere, with only two prior exceptions documented from the Southern Hemisphere: an Eocene specimen from Australia and a Paleocene record from India.

There is a strong bias towards finding and studying fossils in the Northern Hemisphere. Because of this we end up making incorrect assumptions about where groups originated," explains Matthew McCurry, palaeontologist from the Australian Museum and The University of New South Wales.

Professor in Massey University Steve Trewick claims, "there are long-standing questions about the way Southern Hemisphere biotas formed and changed through geological time. Fossils species of tiny, delicate freshwater insects like the Talbragar fly are rare and help us interpret the history of life on our planet."

The analysis of the fossilized specimens, combined with genomics, will help determine whether the dispersal of these insects after the breakup of Gondwana was primarily passive or active. The resulting data will certainly be of value for comprehending and conserving modern-day biodiversity.
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Earth's climate just crossed a line we can't ignore | ScienceDaily
Humanity is entering a "new reality," as scientists warn that the planet has now crossed the first of several critical Earth system tipping points. Without immediate global action, these shifts could cause widespread and lasting damage, according to a major report released today (Oct 13) by the University of Exeter and international collaborators.


						
As ministers meet ahead of the COP30 summit, the second Global Tipping Points Report concludes that warm-water coral reefs -- vital to nearly a billion people and a quarter of marine species -- have already passed their threshold of stability. Mass coral die-off is underway and, unless global warming is reversed, large reef systems as we know them will disappear. A few isolated refuges may endure, but they will require urgent protection.

Researchers warn that this is only the beginning. The world is nearing other irreversible tipping points that could trigger devastating consequences for people and ecosystems, including the melting of polar ice sheets, disruption of major ocean currents, and the collapse of the Amazon rainforest -- where COP30 will take place.

With global temperatures expected to exceed 1.5degC, the report -- produced by 160 scientists across 87 institutions in 23 countries -- urges governments to limit any temperature overshoot to prevent further irreversible changes. Every fraction of a degree and every additional year above 1.5degC increases the risks.

The authors say that the best hope now lies in accelerating "positive tipping points," such as the rapid spread of clean energy technologies that can drive large-scale, self-reinforcing change. These shifts could provide a viable path toward a safer, fairer, and more sustainable world.

Researchers are working with Brazil's COP30 Presidency to ensure that the issue of tipping points is prioritized at the upcoming summit.

Professor Tim Lenton of the University of Exeter's Global Systems Institute said: "We are rapidly approaching multiple Earth system tipping points that could transform our world, with devastating consequences for people and nature. This demands immediate, unprecedented action from leaders at COP30 and policymakers worldwide.




"In the two years since the first Global Tipping Points Report, there has been a radical global acceleration in some areas, including the uptake of solar power and electric vehicles. But we need to do more -- and move faster -- to seize positive tipping point opportunities. By doing so, we can drastically cut greenhouse gas emissions and tip the world away from catastrophic tipping points and towards a thriving, sustainable future."

Dr. Mike Barrett, chief scientific advisor at WWF-UK and a co-author of the report, added: "The findings of this report are incredibly alarming. That warm-water coral reefs are passing their thermal tipping point is a tragedy for nature and the people that rely on them for food and income. This grim situation must be a wake-up call that unless we act decisively now, we will also lose the Amazon rainforest, the ice sheets and vital ocean currents. In that scenario we would be looking at a truly catastrophic outcome for all humanity.

"As we head into the COP30 climate negotiations it's vital that all parties grasp the gravity of the situation and the extent of what we all stand to lose if the climate and nature crises are not addressed. The solutions are within our reach. Countries must show the political bravery and leadership to work together and achieve them."

The report says that the nature of abrupt and irreversible Earth system tipping points mean that they pose a different type of threat to other environmental challenges, and that current policies and decision-making processes are not adequate to respond. Global action must include accelerating emissions reductions and scaling up carbon removal to minimise temperature overshoot. The expected impacts of tipping processes need to be considered in risk assessments, adaptation policies, loss and damage mechanisms and human rights litigation.

Dr. Manjana Milkoreit, from the University of Oslo, said: "Current policy thinking doesn't usually take tipping points into account. Tipping points present distinct governance challenges compared to other aspects of climate change or environmental decline, requiring both governance innovations and reforms of existing institutions.

"Preventing tipping points requires 'frontloaded' mitigation pathways that minimise peak global temperature, the duration of the overshoot period above 1.5degC, and the return time below 1.5degC. Sustainable carbon dioxide removal approaches need to be rapidly scaled up to achieve this."

The report's authors are working with Brazil's COP30 Presidency on the "Action Agenda" as a platform for accelerating climate transition plans and triggering self-reinforcing change across different sectors -- from agriculture to energy, from forests to cities -- towards low-carbon and climate-resilient global transformation.




The President Designate of COP30 in Brazil, Ambassador Andre Correa do Lago, said: "As part of a global mobilization against climate change -- our 'Global Mutirao' -- the COP30 Presidency invited community leaders, scholars and scientists to explore the best available science and ancestral wisdom around how our institutions can gain exponentiality in deploying solutions and versatility in responding to the climate crisis, including through agile, iterative and adaptive capabilities. I welcome the Global Tipping Points Report as a positive and timely response to our invitation. The report stands as hopeful and sober evidence that humanity can still choose to change and evolve towards a safe, prosperous and equitable future."

The report highlights progress on positive tipping points -- and opportunities for a cascade of positive change:
    	Positive tipping points have already been crossed in solar PV and wind power globally, and in the adoption of electric vehicles, battery storage and heat pumps in leading markets. These transitions can still be accelerated. Coordinated policy action at "super-leverage points" can unleash positive tipping cascades across interacting sectors (e.g. power, transport and heating), bringing forward tipping in all. Once replaced, polluting technologies are unlikely to return because the new options are cheaper and better. Social attitudes are also tipping. Concern about climate change is growing globally -- and even small numbers of people can tip the majority.
    	More positive tipping points are approaching in sectors including goods transport. COP30's host nation, Brazil, has great potential for producing green steel, green hydrogen, and green ammonia -- helping to kickstart these crucial technologies worldwide. Positive tipping points can rapidly restore nature and biodiversity. Ecosystem restoration can tip degraded systems back to health, and shifts to more sustainable patterns of consumption and production can lead to tipping points in food and fibre supply chains that end deforestation and ecosystem conversion.
    	We need to identify and trigger many more positive tipping points. Better indicators are needed to understand tipping potential. Once identified, positive tipping is enabled by making the desired innovation the most affordable, accessible and/or attractive option. Governments, businesses, civil society and individuals all have a role to play. People understand the need for change and support the transition to a cleaner, healthier world, provided it is done fairly. Success may depend on following a path of least polarisation. The COP30 Presidency has launched a Global Mutirao (meaning "collective efforts") to encourage climate action worldwide.

The report includes case studies on several Earth system tipping points:
    	Globally, warm-water coral reefs are experiencing unprecedented mortality under repeated mass bleaching events. With current global warming at about 1.4degC, reefs are passing their thermal tipping point (central estimate 1.2degC, range 1-1.5degC). Even stabilising warming at 1.5degC, warm-water coral reefs are virtually certain (over 99% probability) to tip. This means coral reefs on any meaningful scale will be lost unless the global temperature returns towards 1degC warming or below, although fragments of reef may be preserved with conservation action that minimise other human stressors such as overfishing and pollution. Regional risk assessments and governance are urgently needed to prepare for the increasing loss of ecosystem services provided by reefs.
    	The report finds that the temperature rise that would trigger the widespread dieback of the Amazon rainforest due to a combination of climate change and deforestation is lower than previously thought, with the lower end of the estimated range now at 1.5degC, highlighting the need for urgent action. Over a hundred million people depend on the Amazon and it could also be subject to positive social tipping points: inclusive local governance (including by Indigenous People), recognition of traditional knowledge, and targeted investments in conservation and restoration could boost the resilience of people and nature.
    	The Atlantic Meridional Overturning Circulation (AMOC) is at risk of collapse below 2degC of global warming. This would result in much harsher winters in north-west Europe, disrupt the West African and Indian Monsoons, and decrease agricultural yields in much of the world -- with major impacts for global food security.

Professor Lenton concluded: "Only with a combination of decisive policy and civil society action can the world tip its trajectory from facing existential Earth system tipping point risks to seizing positive tipping point opportunities."

Key Points:
    	Coral reefs are dying worldwide, marking the first major Earth system tipping point already underway.
    	Global temperatures are on track to exceed 1.5degC, putting the planet dangerously close to triggering more irreversible changes.
    	Scientists warn that these next tipping points could include melting polar ice sheets, the collapse of ocean circulation, and the dieback of the Amazon rainforest.
    	Current global policies are not equipped to deal with the abrupt and interconnected nature of these threats.
    	The report stresses that rapid, transformative action is essential -- by driving social change and unleashing "positive tipping points," such as the rapid global spread of clean and affordable green technologies.
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California's next big one could be faster and far more destructive | ScienceDaily
Researchers from the Statewide California Earthquake Center at USC Dornsife are warning that extremely fast and powerful earthquakes could strike California and are calling for tougher building standards and improved fault monitoring.


						
Most residents of the state are accustomed to the idea of earthquakes, but scientists say a particularly dangerous type has been largely ignored: "supershear" earthquakes that move so quickly they overtake their own seismic waves.

In an opinion article in Seismological Research Letters, experts from the USC Dornsife College of Letters, Arts and Sciences explained that these rare events cause far stronger shaking across a wider region than typical quakes. They argue that California needs to strengthen its hazard planning and update building codes to address the greater potential for destruction.

"While California is no more likely to have supershear earthquakes than other, similar regions with large fault systems like the San Andreas, the threat has gone unnoticed for too long," said Yehuda Ben-Zion, professor of Earth sciences and director of the Statewide California Earthquake Center (SCEC), based at USC Dornsife. "The frequency of these supershear ruptures has been greatly underappreciated."

Scientists describe supershear earthquakes as being similar to sonic booms. When a jet surpasses the speed of sound, it produces a shock wave in the air. Likewise, when a supershear rupture travels faster than seismic shear waves, it creates powerful ground shock fronts, said Ahmed Elbanna, professor of Earth sciences and director-designate of SCEC. "It breaks the shear wave speed barrier in the rocks and produces destructive waves that are stronger than what's generated by a normal earthquake," he said.

This added energy can cause severe damage. Supershear quakes send intense shaking farther from the epicenter and strike twice, according to Elbanna -- a sharp initial blow from the shock front followed by the trailing waves.

Globally, about one in three major strike-slip earthquakes are supershear. This is especially significant for California, where many faults near large cities are strike-slip and capable of producing magnitude 7 or higher events.




"We cannot say exactly when and where the next earthquake will be and which one will be supershear," Ben-Zion said, "but we can say with certainty that over the next few decades, we will have multiple magnitude 7 earthquakes in California.

"They are coming, whether we are prepared or not," he added.

The authors warn that current design standards don't fully account for a supershear quake's extra punch. Buildings and infrastructure are generally engineered for the strongest shaking perpendicular to faults, but supershear quakes direct their energy along the fault line itself.

"Critical structures should be built to this higher standard, and so far, they are not," Ben-Zion said.

To prepare, the team calls for denser monitoring near major faults, advanced computer simulations of supershear scenarios, and stronger building codes.

"This is a collaborative effort where everybody has to chip in," Elbanna said. "And I think here at USC and SCEC, with their reputation in the community, this is the right time and right place to get this effort started."

Elbanna and Ben-Zion co-authored the opinion piece with researchers from Caltech and the University of Illinois Urbana-Champaign.
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Decades-old photosynthesis mystery finally solved | ScienceDaily
Scientists from the Indian Institute of Science (IISc) and the California Institute of Technology (Caltech) have finally solved a long-standing puzzle about the earliest moments of photosynthesis -- the vital process through which plants, algae, and certain bacteria capture sunlight to generate oxygen and energy-rich compounds.


						
Their research reveals why the first movements of electrons, which are crucial for transferring energy, occur through only one side of a key protein-pigment structure. The findings were published in the Proceedings of the National Academy of Sciences.

Photosynthesis is a sequence of reactions in which electrons pass between multiple pigment molecules. Although it has been examined for decades, the process remains difficult to fully explain because it involves numerous intricate components, operates at extremely fast timescales, and varies slightly across different species. Gaining a deeper understanding of these steps could help scientists develop efficient artificial systems, such as synthetic leaves and solar-based fuel technologies, that replicate nature's design.

In most life forms that use photosynthesis, the process begins with a protein-pigment complex known as Photosystem II (PSII). This complex captures sunlight and splits water molecules, releasing oxygen and sending electrons onward to other molecules in the chain of energy transfer.

PSII contains two nearly identical branches, known as D1 and D2, surrounded by four chlorophyll molecules and two related pigments called pheophytins. These are symmetrically arranged and connected to electron carriers known as plastoquinones. In theory, electrons should move from chlorophyll to pheophytin and then to plastoquinone along both branches.

However, experiments have consistently shown that electrons move only through the D1 branch -- a finding that has baffled scientists for years. "Despite the structural symmetry between the D1 and D2 protein branches in PSII, only the D1 branch is functionally active," explains Aditya Kumar Mandal, the study's first author and a PhD student in the Department of Physics at IISc.

To investigate this imbalance, the team combined molecular dynamics simulations, quantum mechanical analyses, and Marcus theory (a Nobel Prize-winning model that describes how electrons are transferred) to chart the energy patterns in both pathways. "We assessed the electron transfer efficiency step-by-step through both D1 and D2 branches," says Shubham Basera, PhD student in the Department of Physics and one of the authors.




The team found that the D2 branch has a much higher energy barrier, which makes electron transport energetically unfavourable. Specifically, the transfer of electrons from pheophytin to plastoquinone in D2 requires twice as much activation energy as D1 -- a barrier that electrons seem unable to overcome, preventing energy from flowing forward.

The researchers also simulated the current-voltage characteristics of both branches and found that the resistance against electron movement in D2 was two orders of magnitude higher than that in D1.

The asymmetry in electron flow may also be influenced by subtle differences in the protein environment around the PSII and how the pigments are embedded in it, the researchers suggest. For example, the chlorophyll pigment in D1 has an excitation state at a lower energy than its D2 counterpart, suggesting that the D1 pigment has a better chance of attracting and transferring electrons.

The researchers also suggest that tweaking some of these components can boost or rewire electron flow across PSII. For example, swapping chlorophyll and pheophytin in D2 could overcome the electron block, because chlorophyll needs lower activation energy than pheophytin.

"Our research presents a significant step forward in understanding natural photosynthesis," says Prabal K Maiti, Professor at the Department of Physics and one of the corresponding authors of the study. "These findings may help design efficient artificial photosynthetic systems capable of converting solar energy into chemical fuels, contributing to innovative and sustainable renewable energy solutions."

This is a beautiful combination of theory at various levels to address a long-standing problem culminating in a new level of understanding, but still leaving mysteries to be challenged, says Bill Goddard, Professor at Caltech and one of the corresponding authors.
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Ancient humans in Italy butchered elephants and made tools from their bones | ScienceDaily
During a warmer stretch of the Middle Pleistocene, early humans living in what is now Italy regularly butchered elephants for both food and usable materials, according to a study published October 8, 2025, in the open-access journal PLOS One by Beniamino Mecozzi of Sapienza University of Rome (Italy) and his research team.


						
Early humans often relied on animal carcasses for meat and tools, but clear evidence of such activities is rare and challenging to interpret in the archaeological record. In this new analysis, Mecozzi and his colleagues examined the remains of an elephant found at the Casal Lumbroso site in northwest Rome. By comparing surrounding layers of ash, they determined that the remains date back roughly 404,000 years to a notably warm phase of the Middle Pleistocene Epoch.

At the site, researchers uncovered more than 300 skeletal fragments belonging to a single straight-tusked elephant, Palaeoloxodon, along with over 500 stone tools. Many bones showed fresh fractures caused by blunt impacts soon after the elephant's death, indicating deliberate breakage. The absence of visible cut marks suggests that smaller tools were likely used to process soft tissue. Most of the stone tools measured under 30mm, possibly reflecting a scarcity of large stones in the area. Some elephant bones themselves were later reshaped into larger tools.

The site's characteristics align with several others in central Italy where butchered elephant remains appear alongside small stone tools and modified bones. Together, these findings point to a recurring pattern of behavior among ancient hominins during mild climate periods of the Middle Pleistocene. They also highlight central Italy as an important region for understanding how early Europeans obtained food and raw materials.

The researchers note: "Our study shows how, 400,000 years ago in the area of Rome, human groups were able to exploit an extraordinary resource like the elephant -- not only for food, but also by transforming its bones into tools."

"Reconstructing these events means bringing to life ancient and vanished scenarios, revealing a world where humans, animals, and ecosystems interacted in ways that still surprise and fascinate us today."




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251012054612.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Closest alien civilization could be 33,000 light years away | ScienceDaily
According to new research presented at the EPSC-DPS2025 Joint Meeting in Helsinki, the nearest technological civilization in the Milky Way could be roughly 33,000 light years away. For such a civilization to exist at the same time as humanity, it would need to have lasted for at least 280,000 years -- and potentially millions of years.


						
These findings highlight the overwhelming odds against discovering Earth-like planets that possess both plate tectonics and a nitrogen-oxygen atmosphere containing the right balance of oxygen and carbon dioxide.

Taking these planetary requirements into account, the chances of success for SETI (Search for Extraterrestrial Intelligence) appear slim, say Dr. Manuel Scherf and Professor Helmut Lammer of the Space Research Institute at the Austrian Academy of Sciences in Graz.

"Extraterrestrial intelligences, ETIs, in our galaxy are probably pretty rare," says Scherf.

A planet's carbon dioxide level plays a key role in sustaining life. Higher levels of CO2 help maintain photosynthesis and keep the atmosphere from leaking into space, but too much can trigger a runaway greenhouse effect or make the air toxic. Plate tectonics are essential because they regulate carbon dioxide through the carbon-silicate cycle, recycling the gas between the atmosphere and the planet's crust. Over time, however, carbon dioxide becomes trapped in rocks and is no longer returned to the atmosphere.

"At some point enough carbon dioxide will be drawn from the atmosphere so that photosynthesis will stop working," says Scherf. "For the Earth, that's expected to happen in about 200 million to roughly one billion years."

Today, Earth's atmosphere consists mostly of nitrogen (78 percent) and oxygen (21 percent), with only a trace of carbon dioxide (0.042 percent). Scherf and Lammer modeled what would happen on other worlds. A planet with ten percent carbon dioxide -- if located farther from its sun or orbiting a dimmer, younger star -- could support a biosphere for up to 4.2 billion years. By comparison, a planet with one percent carbon dioxide would remain habitable for about 3.1 billion years.




For advanced life to emerge, such planets would also need at least 18 percent oxygen. Complex animals require higher oxygen levels, and earlier studies have shown that if oxygen drops below this threshold, there would not be enough free oxygen for open-air combustion. Without fire, metalworking would be impossible, preventing the rise of any technological civilization.

Scherf and Lammer compared these potential biosphere lifetimes with how long it took life on Earth to evolve technology -- about 4.5 billion years -- and with the expected longevity of intelligent species. The longer a civilization endures, the higher the likelihood that it overlaps in time with another.

From these calculations, the researchers concluded that a technological species on a planet with ten percent carbon dioxide would need to persist for at least 280,000 years for even one other civilization to exist in the Milky Way at the same time as ours.

"For ten civilizations to exist at the same time as ours, the average lifetime must be above 10 million years," says Scherf. "The numbers of ETIs are pretty low and depend strongly upon the lifetime of a civilization."

This means that if we do detect an ETI, it is almost certainly going to be much older than humanity.

It's these numbers that also lead to the estimate that the next closest technological civilization is about 33,000 light years away. Our Sun is about 27,000 light years from the galactic center, which means that the next closest technological civilization to our own could be on the other side of the Milky Way.

These numbers are not absolutes - Scherf points out that there are other factors that should be included, such as the origin of life, the origin of photosynthesis, the origin of multi-cellular life and the frequency with which intelligent life develops technology, but they cannot be quantified at present. If each of these factors has a high probability, then ETIs might not be as rare. If each of these factors has a low probability, then a more pessimistic outlook is required.

Nevertheless, Scherf strongly believes that SETI should continue the search.

"Although ETIs might be rare there is only one way to really find out and that is by searching for it," says Scherf. "If these searches find nothing, it makes our theory more likely, and if SETI does find something, then it will be one of the biggest scientific breakthroughs ever achieved as we would know that we are not alone in the Universe."
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Archaeologists uncover lost land bridge that may rewrite human history | ScienceDaily
Once connected stretches of land, now hidden beneath the sea, may have given early humans a way to move between what is today Turkiye and Europe, according to groundbreaking new research in this little-studied region.


						
The study, recently published in the peer-reviewed Journal of Island and Coastal Archaeology, reveals the first evidence of Paleolithic activity in Ayvalik and may reshape how scientists understand our species' journey into Europe.

For decades, experts believed that Homo sapiens reached Europe mainly by traveling through the Balkans and the Levant, moving from Africa into the Middle East.

However, the discovery of 138 stone tools spread across 10 sites within a 200 km2 area suggests a different possibility. Long before Ayvalik became known for its olive groves and seaside scenery, this part of the northeastern Aegean coast (now in Turkey) may have served as another key passageway for ancient humans exploring a shifting prehistoric world.

"Our archaeological discovery has unveiled that this now-idyllic region once potentially offered a vital land bridge for human movement during the Pleistocene era -- when sea levels dropped and the now-submerged landscape was briefly exposed," explains Dr. Goknur Karahan, from the Department of Archaeology-Prehistory, at Hacettepe University, in Turkey, who was part of a fully female team of expert archaeologists from the country.

"We are very excited and delighted with this discovery. These findings mark Ayvalik as a potential new frontier in the story of human evolution, placing it firmly on the map of human prehistory -- opening up a new possibility for how early humans may have entered Europe.

"It feels like we are adding an entirely new page to the story of human dispersal. Our research raises exciting possibilities for future exploration, and we hope it emerges as a body of work that will shift the approach of Pleistocene archaeology for decades to come."

How were these findings possible? 




During the Ice Age, sea levels dropped more than 100 meters, revealing vast coastal plains that are now underwater. At that time, the modern islands and peninsulas of Ayvalik would have formed a single stretch of land, creating a natural bridge that linked Anatolia to Europe.

The artifacts found in the new study were discovered along the present-day coastline, providing evidence that people once lived and traveled across these now-submerged landscapes.

Until now, environmental conditions and deep sediment layers had made it difficult to detect or preserve traces of early human activity in the region.

"In all these periods, the present-day islands and peninsulas of Ayvalik would have formed interior zones within an expansive terrestrial environment," explains co-author Professor Kadriye Ozcelik, from Ankara University.

"These paleogeographic reconstructions underscore the importance of the region for understanding hominin dispersals across the northeastern Aegean during the Pleistocene."

What was found? 

The region's shifting geology and active coastlines in the North Aegean made preservation difficult and the number of items uncovered "limited," however this research team managed to uncover Levallois technologies from various Paleolithic periods, as well as handaxes and cleavers.




Among the most significant finds include Levallois-style flake tools, sophisticated implements linked to the Middle Paleolithic Mousterian tradition -- these are often associated with Neanderthals and early Homosapiens.

"These large cutting tools are among the most iconic artifacts of the Paleolithic and are instantly recognizable even today, so are a very important find," explains Dr. Karahan.

"The presence of these objects in Ayvalik is particularly significant, as they provide direct evidence that the region was part of wider technological traditions shared across Africa, Asia, and Europe."

Describing the initial discovery of the 131 items, Dr. Karahan adds: "It was a truly unforgettable moment for us. Holding the first tools in our hands was both emotional and inspiring.

"And each find from there on was a moment of excitement for the whole team.

"Holding these objects -- after walking across landscapes where no one had ever documented Paleolithic remains before -- was unforgettable."

What does this discovery tell us about early humans? 

The experts' key argument hinges on the potential of Ayvalik as a dynamic site for interaction and exchange, facilitating early human movement between the Anatolia peninsula and Europe.

Exploring how Anatolia, with specific focus on Ayvalik, and Europe were linked during glacial sea-level low stands offers alternative pathways for how early humans moved around the region beyond dominantly emphasized northern mainland-centered routes.

Addressing a gap in the scholarship, the authors' work provides a new foundation for examining resources and migration routes in which Ayvalik may have featured as part of a mobility corridor.

The survey's yield of tools demonstrates a "consistent use of Levallois technology and flake production... and a diversified toolkit," whilst all artefacts together offer what the team state are "valuable insights into early human presence, raw material preferences, and technological variability."

"The findings paint a vivid picture of early human adaptation, innovation, and mobility along the Aegean," Dr. Karahan explains.

"The results confirmed that Ayvalik -- which had never before been studied for its Paleolithic potential -- holds vital traces of early human activity."

Incredible recoveries, hundreds of thousands of years later 

As this was a survey (carried out across a two-week period in June 2022) rather than an excavation, the team could not be certain of what they would find when they set off. They knew from the region's geology and paleogeography that there was potential. They explored -- often muddy, (particularly in lowland basins and coastal plains) -- sites by foot.

What followed was a "discovery of such a diverse and well-preserved set of artifacts, which exceeded our expectations," Dr. Karahan says.

Although these recovery efforts were not without challenges, the authors explore what both the challenges and findings reveal in the paper. They state: "The widespread, muddy cover was considered a limiting factor for the preservation and detectability of Paleolithic materials.

"However, despite these constraints, high-quality raw material sources, such as flint and chalcedony, were identified in multiple locations, including areas affected by alluvial deposition."

Future potential 

Fellow author Dr. Hande Bulut, from Duzce University, adds: "Ultimately the results underline Ayvalik's potential as a long-term hominin habitat and a key area for understanding Paleolithic technological features in the eastern Aegean.

"While preliminary, the current findings underscore the region's potential to contribute to broader debates on Aegean connectivity and technological evolution during the Pleistocene.

"Excitingly, the region between the North Aegean and the Anatolian mainland, may still hold valuable clues to early occupation despite the challenges posed by active geomorphological processes."

The team recommends future research uses a multidisciplinary approach to outline absolute dating, stratigraphic excavation, and paleoenvironmental reconstruction, which they describe as "essential to clarify the temporal depth and functional character of the Ayvalik assemblage."
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New simulation reveals how Earth's magnetic field first sparked to life | ScienceDaily
Earth is lucky to have a magnetic field that shields the planet -- and everything living on it -- from dangerous cosmic radiation. Without this invisible barrier, Earth would be exposed to the same constant stream of charged particles that bombards other planets in our solar system, such as Mars, making life there far more difficult.


						
Scientists have long explained the source of this protective force through the dynamo theory, which describes how motion within Earth's liquid metal core creates magnetism. As the molten iron and nickel slowly cool, they form swirling convection currents in the outer core. The planet's rotation then twists these flows into a spiraling, screw-like pattern. These moving, electrically conductive materials generate electric currents that produce magnetic fields -- together forming most of Earth's overall magnetic field.

Yet the theory raises a problem. Before Earth's solid inner core began to crystallize (about 1 billion years ago), the entire core was liquid. Could the planet's magnetic field have existed even then?

A group of three geophysicists from ETH Zurich and SUSTech, China, set out to answer this question in a study published in Nature.

New model offers fresh insight

Because scientists cannot directly observe the processes deep inside Earth, they rely on computer simulations to model its internal dynamics.

In this new work, the team built a detailed digital model of the planet to test whether a fully liquid core could still maintain a stable magnetic field. The calculations, some performed on the Piz Daint supercomputer at the CSCS in Lugano, revealed that magnetism can indeed arise even when viscosity -- the internal friction of the liquid metal -- has no measurable effect on the process. This finding suggests that Earth's magnetic field likely formed early in its history through mechanisms very similar to those still operating today.




Remarkably, the researchers were the first to show that viscosity could be reduced to an almost negligible level in such models. "Until now, no one has ever managed to perform such calculations under these correct physical conditions," says the study's lead author, Yufeng Lin.

Understanding the history of the Earth's magnetic field

"This finding helps us to better understand the history of the Earth's magnetic field and is useful in interpreting data from the geological past," says co-author Andy Jackson, Professor of Geophysics at ETH Zurich.

This also places the emergence of life in a different light. Billions of years ago, life apparently benefited from the magnetic shield, which blocked harmful radiation from space, making its development possible in the first place.

The researchers can also use the new findings to study the magnetic fields of other celestial bodies such as the Sun or the planets Jupiter and Saturn.

Indispensable for modern civilizations

The Earth's magnetic field not only protects life, however; it plays a crucial role in making satellite communications and many other aspects of modern civilisation possible. "It is therefore important to understand how the magnetic field is generated, how it changes over time, and what mechanisms maintain it," says Jackson. "If we understand how the magnetic field is generated, we can predict its future development."

The magnetic field has changed its polarity thousands of times throughout the history of the Earth. In recent decades, researchers have also observed a rapid shift of the magnetic north pole toward the geographic north pole. It is essential for our civilization to understand how magnetism is changing on Earth.

In brief:
    	Geophysicists from ETH Zurich and SUSTech, China, have demonstrated the dynamo effect of the Earth's core in a model in which viscosity has no influence, as is the correct physical regime for the Earth.
    	The magnetic field was created in the Earth's early history when its core was completely liquid in a similar way to today.
    	This finding helps us to better understand the history of the Earth's magnetic field and make more precise predictions of its future development.
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Scientists unearth a 112-million-year-old time capsule filled with ancient insects | ScienceDaily
Scientists have uncovered the first South American amber deposits containing preserved insects in a quarry in Ecuador, according to a study published in Communications Earth & Environment. The discovery captures a vivid picture of a 112-million-year-old forest that once thrived on the ancient supercontinent Gondwana and opens new doors for exploring a long-overlooked prehistoric ecosystem.


						
Amber (fossilized tree resin) has been found in samples dating back as far as 320 million years, but it became far more common between 120 million and 70 million years ago, during the Cretaceous era (143.1 million to 66 million years ago). These ancient resins sometimes contain "bio-inclusions" -- trapped remains of plants or animals -- that offer rare, detailed glimpses of life forms such as insects and flowers that are not usually preserved as fossils. Until now, nearly all known major amber deposits were located in the Northern Hemisphere, leaving scientists with limited insight into what Southern Hemisphere ecosystems looked like during the time when the continents were beginning to separate from Gondwana.

To investigate, Xavier Delclos and his research team examined amber and surrounding rock samples collected from the Genoveva quarry in Ecuador. The amber, dated to roughly 112 million years ago, belongs to the Hollin Formation, a sedimentary layer that stretches across Ecuador's Oriente Basin. The team identified two distinct kinds of amber: one formed underground near the roots of resin-producing plants, and another that developed in the open air. Among 60 samples of the latter, the researchers found 21 bio-inclusions representing five insect orders, including Diptera (flies), Coleoptera (beetles), and Hymenoptera (a group that includes ants and wasps), as well as a fragment of spider web. In addition, the rock surrounding the amber contained numerous plant fossils such as spores, pollen, and other botanical traces.

According to the researchers, the characteristics of the fossils indicate that the amber originated in a warm, humid forest filled with dense vegetation and resin-producing trees in southern Gondwana. They emphasize that this rare find provides a crucial new resource for understanding life and biodiversity during this key period in Earth's history.
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Dolphins may be getting Alzheimer's from toxic ocean blooms | ScienceDaily
For many nature enthusiasts, few scenes are as distressing as finding a stranded whale or dolphin lying helpless on the beach. When these animals are still alive, marine biologists and volunteers rush to assist, shielding them from the sun and preventing their skin from drying out by pouring seawater over them or draping them with wet towels. Others work tirelessly to guide the animal back to deeper waters once the tide returns.


						
Tragically, not every rescue attempt comes in time. Some dolphins and whales are discovered already dead, leaving behind a haunting mystery that has puzzled scientists for decades: what drives these intelligent creatures to beach themselves in the first place?

A team of researchers from Florida to Wyoming believes they may have uncovered a surprising explanation. They suggest that, much like humans with dementia who sometimes wander away from familiar places, dolphins might also become disoriented due to a form of Alzheimer's-like disease. Their findings point to a connection between this disorientation and long-term exposure to harmful compounds produced by cyanobacteria -- microscopic organisms that thrive in warm, nutrient-rich waters.

Research involving residents of Guam has shown that people who regularly consume foods containing cyanobacterial toxins are more likely to develop the same brain abnormalities seen in Alzheimer's disease, including misfolded tau proteins and amyloid plaques. One of the most concerning of these toxins is b-N-methylamino-L-alanine (BMAA), along with its chemical relatives 2,4-Diaminobutyric acid (2,4-DAB) and N-2-aminoethylglycine (AEG). These compounds are known to be highly toxic to nerve cells. Experiments in animals demonstrate that BMAA exposure can lead to Alzheimer's-like brain damage and cognitive decline. Once released into marine ecosystems, these toxins can build up in the food chain, eventually reaching top predators such as dolphins.

When researchers examined the brains of twenty bottlenose dolphins that had stranded along Florida's Indian River Lagoon, they found significant levels of BMAA and its related toxins, especially 2,4-DAB. Dolphins that washed ashore during peak cyanobacterial bloom periods contained up to 2,900 times more 2,4-DAB than those stranded at other times of the year. Their brains showed many of the same pathological features seen in humans with Alzheimer's disease, including b-amyloid plaques and hyperphosphorylated tau proteins. The scientists also identified TDP-43 protein inclusions, a marker associated with more aggressive forms of Alzheimer's, along with 536 genes expressed in patterns consistent with the disease.

The duration of cyanobacterial blooms is increasing with climate warming and nutrient inputs associated with agricultural runoff and sewage discharges. Cyanobacterial-laden waters have often been released down the St. Lucie River from Lake Okeechobee into the Indian River Lagoon. "Since dolphins are considered environmental sentinels for toxic exposures in marine environments," Dr. David Davis at the Miller School of Medicine explains, "there are concerns about human health issues associated with cyanobacterial blooms."

In 2024, Miami Dade County had the highest prevalence of Alzheimer's disease in the United States. "Although there are likely many paths to Alzheimer's disease, cyanobacterial exposures increasingly appear to be a risk factor," adds Dr. Davis.

"Among Guam villagers, exposure to cyanobacterial toxins appeared to trigger neurological disease," said Dr. Paul Alan Cox of the Brain Chemistry Labs in Jackson Hole.

This research was published in the current Nature journal Communication Biology by researchers at Hubbs-SeaWorld Research Institute in Melbourne Beach, Florida, The Blue World Research Institute in Cocoa, Florida, The University of Miami Miller School of Medicine, Miami, Florida, Brain Chemistry Labs, Jackson Hole, Wyoming, Rosenstiel School of Marine, Atmospheric, and Earth Science, University of Miami, Miami, Florida.
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Scientists find gold hiding in food waste | ScienceDaily
Food waste can be far more valuable than the pile of scraps left behind after a meal. Scientists are uncovering surprising ways to turn discarded materials -- from dried beet pulp to coconut fibers processed by millipedes -- into useful resources. In four new studies published in ACS journals, researchers reveal how food waste can offer eco-friendly tools for agriculture and new sources of beneficial compounds for medicine.


						
1. Sugar by-product may "beet" wheat disease.

In a study published in ACS' Journal of Agricultural and Food Chemistry, researchers found that sugar beet pulp could help farmers cut down on synthetic pesticide use. This leftover pulp, which makes up about 80% of the beet after sugar extraction, was transformed into carbohydrates that trigger plants' natural immune responses. When tested on wheat, these compounds helped protect against fungal infections such as powdery mildew.

2. Composted coconuts help seedlings grow.

Coconut fibers broken down by millipedes may serve as a sustainable replacement for peat moss, a material commonly used to start seedlings but often sourced from fragile wetland ecosystems. A study published in ACS Omega explored this "millicompost" and found that, when combined with other plant materials, it supported the healthy growth of bell pepper seedlings as effectively as traditional peat-based mixes.

3. Radish leaves support gut health.

A review in ACS' Journal of Agricultural and Food Chemistry suggests that the often-discarded tops of radishes could be more nutritious than the roots themselves. These peppery greens contain abundant fiber and bioactive compounds, including polysaccharides and antioxidants. In lab and animal studies, they promoted the growth of beneficial gut microbes, hinting that they might also boost digestive health in humans.

4. Beet greens supply bioactive ingredients.

Research described in ACS Engineering Au outlines a way to preserve the powerful compounds extracted from beet leaves for use in food, cosmetics, and pharmaceuticals. Scientists created microparticles by drying a mixture of antioxidant-rich beet-green extract with an edible biopolymer. The resulting encapsulated particles not only remained stable but also showed greater antioxidant activity than the uncoated extract, suggesting that this process helps protect the bioactive ingredients from degradation.
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12,000-year-old rock art found in Arabia reveals a lost civilization | ScienceDaily
Recent research has revealed the crucial role of early human groups who settled in northern Arabia soon after the intensely dry period known as the Last Glacial Maximum (LGM). These communities followed the return of seasonal water sources and left behind an extraordinary record of their presence through monumental rock art.


						
An international team of archaeologists, coordinated by the Heritage Commission of the Saudi Ministry of Culture, uncovered the findings through the Green Arabia Project. The team included experts from the Max Planck Institute of Geoanthropology, KAUST (King Abdullah University of Science and Technology), University College London, Griffith University, and several other institutions.

Researchers documented over 60 rock art panels featuring 176 individual engravings across three previously unexplored locations: Jebel Arnaan, Jebel Mleiha, and Jebel Misma, situated along the southern edge of the Nefud Desert in northern Saudi Arabia.

The engravings, which depict animals such as camels, ibex, equids, gazelles, and aurochs, include 130 highly detailed and life-sized figures, some reaching up to 3 meters long and more than 2 meters tall.

Dating to between 12,800 and 11,400 years ago, the engravings correspond to a time when temporary lakes and rivers reappeared after centuries of extreme aridity.

Sediment analysis confirmed the existence of these ancient water sources, which would have provided essential support for human groups venturing into the desert interior and allowed them to survive in this challenging environment.

"These large engravings are not just rock art -- they were probably statements of presence, access, and cultural identity," said lead author, Dr. Maria Guagnin from Max Planck Institute of Geoanthropology.




Dr. Ceri Shipton, co-lead author from the Institute of Archaeology, University College London, said: "The rock art marks water sources and movement routes, possibly signifying territorial rights and intergenerational memory."

Unlike previously known sites where engravings were hidden in crevices, the Jebel Mleiha and the Jebel Arnaan panels were etched onto towering cliff faces, some up to 39 meters high, in visually commanding locations.

One panel would have required ancient artists to climb and work precariously on narrow ledges, underscoring the sheer effort and significance of the imagery.

Artefacts including Levantine-style El Khiam and Helwan stone points, green pigment, and dentalium beads suggest long-distance connections to Pre-Pottery Neolithic (PPN) populations in the Levant region.

However, the scale, content, and placement of the Arabian engravings set them apart.

"This unique form of symbolic expression belongs to a distinct cultural identity adapted to life in a challenging, arid environment," said Dr. Faisal Al-Jibreen, from the Heritage Commmission, Saudi Ministry of Culture.

"The project's interdisciplinary approach has begun to fill a critical gap in the archaeological record of northern Arabia between the LGM and the Holocene, shedding light on the resilience and innovation of early desert communities," said Michael Petraglia, lead of the Green Arabia project.

The study 'Monumental rock art illustrates that humans thrived in the Arabian Desert during the Pleistocene-Holocene transition' has been published in Nature Communications.
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They're smaller than dust, but crucial for Earth's climate | ScienceDaily
Smaller than a grain of dust and shaped like minute discs, coccolithophores are microscopic ocean dwellers with an outsized influence on the planet's climate. These tiny algae remove carbon from seawater, release oxygen, and create delicate calcite plates that eventually sink to the ocean floor. Over time, these plates form chalk and limestone layers that record Earth's climate history. Today, five European research institutions announced a new effort to establish October 10 as International Coccolithophore Day, drawing attention to the organisms' vital contributions to carbon regulation, oxygen production, and the health of marine ecosystems that sustain life on Earth.


						
The initiative is being led by the Ruder Boskovic Institute (Zagreb, Croatia), the Lyell Centre at Heriot-Watt University (Edinburgh, UK), NORCE Norwegian Research Centre (Bergen, Norway), Marine and Environmental Sciences Centre (MARE) at the University of Lisbon (Portugal), and the International Nannoplankton Association (INA).

A Delicate Balance Under Threat

Few people are aware of coccolithophores, yet without them, the planet's oceans and climate would look drastically different. These single-celled algae, which contain chlorophyll, float in the sunlit layers of the sea and are coated with calcium carbonate plates known as coccoliths.

Though incredibly small, coccolithophores are among Earth's most effective natural carbon regulators. Every year, they generate more than 1.5 billion tonnes of calcium carbonate, capturing carbon dioxide from the atmosphere and storing it in deep-sea sediments. In addition to removing carbon, they produce oxygen, nourish marine food webs, and influence the planet's greenhouse balance.

Coccolithophores often dominate vast stretches of the ocean, but climate change is altering the temperature, chemistry, and nutrient makeup of seawater. These shifts pose serious risks to their survival--and to the stability of the ecosystems that depend on them.

Why Coccolithophores?

What makes coccolithophores stand out from other plankton is both their role in the global carbon cycle and the unique record they leave behind. "Unlike other groups, they build intricate calcium carbonate plates that not only help draw down carbon dioxide from the atmosphere, but also transport it into deep ocean sediments, where it can be locked away for millennia. This biomineralization leaves behind an exceptional geological record, allowing us to study how they've responded to past climate shifts and better predict their future role. In short, their dual role as carbon pumps and climate archives makes them irreplaceable in understanding and tackling climate change," says Professor Alex Poulton of the Lyell Centre.

"They are the ocean's invisible architects, crafting the tiny plates that become vast archives of Earth's climate," says Dr. Jelena Godrijan, a leading coccolithophore researcher at the Ruder Boskovic Institute. "By studying their past and current responses to changes in the ocean, we can better understand how marine ecosystems function and explore how natural processes might help us tackle climate change.''




Cutting-Edge Science: From Plankton to Planetary Processes

The launch of International Coccolithophore Day spotlights the tiny ocean plankton that quietly help regulate atmospheric carbon dioxide.

At the Lyell Centre in Scotland, the OceanCANDY team, led by Prof. Alex Poulton, studies how these plankton pull CO2 from the air and store it in the sea, and tests how warmer, more acidic oceans could alter this process. Computer forecasts compare which species do this job best, today and tomorrow.

In Norway, scientists at NORCE Research, led by Dr. Kyle Mayers and his team, track coccolithophore life stories, how they grow, who eats them, and the viruses that infect and ultimately kill them, to show how carbon moves through the ocean. Ancient DNA in seafloor mud adds a long view of past climate shifts. "Coccolithophore interactions with viruses and grazers matter," says Dr. Kyle Mayers of NORCE. "These links shape food webs and how the ocean stores carbon."

In Croatia, the Cocco team at the Ruder Boskovic Institute study how they shape the ocean's carbon cycle, from the decay of organic matter to bacterial interactions that influence seawater chemistry and CO2 uptake. "In understanding coccolithophores, we're really uncovering the living engine of the ocean's carbon balance," says Dr. Jelena Godrijan "Their interactions with bacteria determine how carbon moves and transforms -- processes that connect the microscopic scale of plankton to the stability of our planet's climate."

At MARE, University of Lisbon, Dr. Catarina V. Guerreiro leads studies to trace how aerosol-driven fertilization shapes the distribution of coccolithophores across the Atlantic into the Southern Ocean, and what that means for the ocean's carbon pumps today and in recent times. Her approach consists of combining aerosol and seawater samples with sediment records, satellite data and lab microcosms to pin down cause and effect. "We're connecting tiny chalky organisms to planetary carbon flows," says Dr. Guerreiro.




At INA, scientists connect living coccolithophores to their fossil record, using their microscopic plates to date rocks and trace Earth's climate history. By refining global biostratigraphic frameworks and calibrating species' evolutionary timelines, INA researchers transform fossils of coccolithophores into precise tools for reconstructing ancient oceans, linking modern plankton ecology with the geological record of climate change.

Why Coccolithophore Day Matters?

Designating a day for Coccolithophores may seem like a small gesture, but its advocates argue it could have a big impact. "This could contribute to changing the way we see the ocean. "We most often talk about whales, coral reefs, and ice caps, but coccolithophores are a vital part of the planet's climate system. They remind us that the smallest organisms can have the biggest impact, and that microscopic life plays a crucial role in shaping our planet's future, " says Dr. Sarah Cryer from the CHALKY project and OceanCANDY team.

The campaign to establish October 10 as International Coccolithophore Day is a call to action. By highlighting the profound, yet often overlooked, role of coccolithophores, scientists want to inspire a new wave of ocean literacy, policy focus, and public engagement.
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Thousands fall ill as mosquito fever explodes across southern China | ScienceDaily

Chikungunya fever spreads through bites from Aedes mosquitoes, the same insects that transmit dengue and Zika viruses. The illness, which causes fever and intense joint pain, does not pass directly between people, so reducing mosquito populations remains the most effective way to prevent transmission.

"The outbreak reflects both the global spread of chikungunya and the favorable conditions for mosquito-borne diseases in southern China," said lead author Guang-Guo Ying of South China Normal University.

In response, local authorities have begun a province-wide effort to encourage residents to eliminate standing water and reduce mosquito breeding grounds. The editorial notes that factors such as climate change, rapid urbanization, and increasing international travel are helping mosquito-borne viruses spread more widely, creating new public health challenges around the world.

To address these growing threats, the World Health Organization has issued new clinical guidelines and strengthened its Global Arbovirus Initiative, which focuses on improving monitoring, prevention, and international coordination. The authors emphasize the need for expanded genomic surveillance, active community participation, and global collaboration to reduce the risk of future outbreaks.

Chikungunya fever was first identified in Tanzania in the 1950s and has since spread to more than 110 countries across Africa, Asia, the Americas, and Europe. The name "chikungunya" comes from the Kimakonde language, meaning "that which bends up," a reference to the stooped posture caused by the severe joint pain that often accompanies the infection. While the disease rarely causes death, it can result in long-term arthritis-like symptoms, fatigue, and recurring pain that persist for weeks or even months after recovery.

Most patients experience a sudden onset of fever, headache, muscle aches, rash, and joint swelling within a few days of being bitten by an infected mosquito. There is currently no specific antiviral treatment or licensed vaccine for chikungunya, so medical care focuses on relieving symptoms through rest, hydration, and pain management. Recovery usually occurs within a week, though some individuals--particularly older adults or those with underlying conditions--may experience prolonged discomfort.

The Aedes mosquito, primarily Aedes aegypti and Aedes albopictus, is responsible for transmitting chikungunya as well as other major viruses like dengue, Zika, and yellow fever. These mosquitoes are highly adapted to urban environments and breed in small containers of stagnant water commonly found around homes, such as flower pots, discarded tires, and buckets. They are active mainly during the day, with peak biting times in the early morning and late afternoon.

Scientists note that Aedes mosquitoes are expanding their range due to warmer temperatures, global trade, and increased urbanization, allowing diseases once confined to the tropics to appear in new regions. Their resilience and proximity to human populations make them particularly difficult to control. As a result, public health strategies increasingly emphasize community participation, routine elimination of standing water, and the use of mosquito repellents, screens, and protective clothing to reduce the risk of infection.
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        90% of science is lost. This new AI just found it
        Vast amounts of valuable research data remain unused, trapped in labs or lost to time. Frontiers aims to change that with FAIR2 Data Management, a groundbreaking AI-driven system that makes datasets reusable, verifiable, and citable. By uniting curation, compliance, peer review, and interactive visualization in one platform, FAIR2 empowers scientists to share their work responsibly and gain recognition.

      

      
        Ancient humans in Italy butchered elephants and made tools from their bones
        Researchers in Italy discovered 400,000-year-old evidence that ancient humans butchered elephants for food and tools. At the Casal Lumbroso site near Rome, they found hundreds of bones and stone implements, many showing impact marks from butchery. The findings reveal a consistent prehistoric strategy for resource use during warmer Middle Pleistocene periods.

      

      
        New research reveals how ADHD sparks extraordinary creativity
        Researchers have discovered that ADHD's hallmark mind wandering might actually boost creativity. People who deliberately let their thoughts drift scored higher on creative tests in two large studies. The findings hint that mindful management of mental drift could turn ADHD's challenges into creative strengths.

      

      
        Fentanyl overdoses among seniors surge 9,000% -- A hidden crisis few saw coming
        Overdose deaths from fentanyl mixed with stimulants have skyrocketed among seniors, increasing 9,000% in just eight years. Once thought to affect mainly the young, the opioid epidemic's fourth wave now engulfs older adults too. Cocaine and methamphetamine are the leading culprits, and experts warn that multi-drug use makes these overdoses especially lethal. Doctors are urged to educate patients and caregivers on prevention and safer pain management.

      

      
        Archaeologists uncover lost land bridge that may rewrite human history
        New research along Turkey's Ayvalik coast reveals a once-submerged land bridge that may have helped early humans cross from Anatolia into Europe. Archaeologists uncovered 138 Paleolithic tools across 10 sites, indicating the region was a crucial migration corridor during the Ice Age. The findings challenge traditional migration theories centered on the Balkans and Levant, suggesting instead that humans used now-vanished pathways across the Aegean.

      

      
        How 1 in 4 older adults regain happiness after struggling
        A University of Toronto study found that nearly one in four adults aged 60+ who reported poor well-being were able to regain optimal wellness within three years. The research highlights that physical activity, healthy weight, good sleep, and emotional and social support play crucial roles in recovery. Those with strong psychological wellness at the start were five times more likely to bounce back.

      

      
        12,000-year-old rock art found in Arabia reveals a lost civilization
        Archaeologists in Saudi Arabia discovered over 170 ancient rock engravings that may be among the earliest monumental artworks in the region. Created between 12,800 and 11,400 years ago, the massive figures were carved when water and life returned to the desert. The art likely marked territories and migration routes, revealing social and symbolic sophistication. Artifacts found nearby show early Arabian peoples connected to distant Neolithic communities.

      

      
        When men drink, women and children pay the price
        Men's heavy drinking is fueling a hidden crisis affecting millions of women and children worldwide. The harms, from violence to financial instability, are especially severe where gender inequality is high. Experts warn that alcohol policies must include gender-responsive strategies to protect vulnerable families. They call for reforms combining regulation, prevention, and community action.
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90% of science is lost. This new AI just found it | ScienceDaily
Most scientific data never reach their full potential to drive new discoveries.


						
Out of every 100 datasets produced, about 80 stay within the lab, 20 are shared but seldom reused, fewer than two meet FAIR standards, and only one typically leads to new findings.

The consequences are significant: slower progress in cancer treatment, climate models that lack sufficient evidence, and studies that cannot be replicated.

To change this, the open-science publisher Frontiers has introduced Frontiers FAIR2 Data Management, described as the world's first comprehensive, AI-powered research data service. It is designed to make data both reusable and properly credited by combining all essential steps -- curation, compliance checks, AI-ready formatting, peer review, an interactive portal, certification, and permanent hosting -- into one seamless process. The goal is to ensure that today's research investments translate into faster advances in health, sustainability, and technology.

FAIR2 builds on the FAIR principles (Findable, Accessible, Interoperable and Reusable) with an expanded open framework that guarantees every dataset is AI-compatible and ethically reusable by both humans and machines. The FAIR2 Data Management system is the first working implementation of this model, arriving at a moment when research output is growing rapidly and artificial intelligence is reshaping how discoveries are made. It turns high-level principles into real, scalable infrastructure with measurable impact.

Dr. Kamila Markram, co-founder and CEO of Frontiers, explains:

"Ninety percent of science vanishes into the void. With Frontiers FAIR2 Data Management, no dataset and no discovery need ever be lost again -- every contribution can now fuel progress, earn the credit it deserves, and unleash science."

AI at the Core 




Work that once required months of manual effort -- from organizing and verifying datasets to generating metadata and publishable outputs -- is now completed in minutes by the AI Data Steward, powered by Senscience, the Frontiers venture behind FAIR2.

Researchers who submit their data receive four integrated outputs: a certified Data Package, a peer-reviewed and citable Data Article, an Interactive Data Portal featuring visualizations and AI chat, and a FAIR2 Certificate. Each element includes quality controls and clear summaries that make the data easier to understand for general users and more compatible across research disciplines.

Together, these outputs ensure that every dataset is preserved, validated, citable, and reusable, helping accelerate discovery while giving researchers proper recognition. Frontiers FAIR2 also enhances visibility and accessibility, supporting responsible reuse by scientists, policymakers, practitioners, communities, and even AI systems, allowing society to extract greater value from its investment in science.

Flagship Pilot Datasets 
    	    SARS-CoV-2 Variant Properties  -- Covering 3,800 spike protein variants, this dataset links structural predictions from AlphaFold2 and ESMFold with ACE2 binding and expression data. It offers a powerful resource for pandemic preparedness, enabling deeper understanding of variant behavior and fitness.
    

    	    Preclinical Brain Injury MRI  -- A harmonized dataset of 343 diffusion MRI scans from four research centers, standardized across protocols and aligned for comparability. It supports reproducible biomarker discovery, robust cross-site analysis, and advances in preclinical traumatic brain injury research.
    

    	    


Environmental Pressure Indicators (1990-2050) -- Combining observed data and modeled forecasts across 43 countries over six decades, this dataset tracks emissions, waste, population, and GDP. It underpins sustainability benchmarking and evidence-based climate policy planning.
    

    	    Indo-Pacific Atoll Biodiversity -- Spanning 280 atolls across five regions, this dataset integrates biodiversity records, reef habitats, climate indicators, and human-use histories. It provides an unprecedented basis for ecological modeling, conservation prioritization, and cross-regional research on vulnerable island ecosystems.
    

Researchers testing the pilots noted that Frontiers FAIR2 not only preserves and shares data but also builds confidence in its reuse -- through quality checks, clear summaries for non-specialists, and the reliability to combine datasets across disciplines, all while ensuring scientists receive credit.

All pilot datasets comply with the FAIR2 Open Specification, making them responsibly curated, reusable, and trusted for long-term human and machine use so today's data can accelerate tomorrow's solutions to society's most pressing challenges.

Recognition and Reuse 

Each reuse multiplies the value of the original dataset, ensuring that no discovery is wasted, every contribution can spark the next breakthrough, and researchers gain recognition for their work.

Dr. Sean Hill, co-founder and CEO of Senscience, the Frontiers AI venture behind FAIR2 Data Management, notes:

"Science invests billions generating data, but most of it is lost -- and researchers rarely get credit. With Frontiers FAIR2, every dataset is cited, every scientist recognized -- finally rewarding the essential work of data creation. That's how cures, climate solutions, and new technologies will reach society faster -- this is how we unleash science."

What Researchers Are Saying 

Dr. Angel Borja, Principal Researcher, AZTI, Marine Research, Basque Research and Technology Alliance (BRTA):

"I highly [recommend using] this kind of data curation and publication of articles, because you can generate information very quickly and it's useful formatting for any end users."

Erik Schultes, Senior Researcher, Leiden Academic Centre for Drug Research (LACDR); FAIR Implementation Lead, GO FAIR Foundation:

"Frontiers FAIR2 captured the scientific aspects of the project perfectly."

Femke Heddema, Researcher and Health Data Systems Innovation Manager, PharmAccess:

"Frontiers FAIR2 makes the execution of FAIR principles smoother for researchers and digital health implementers, proving that making datasets like MomCare reusable doesn't have to be complex. By enabling transparent, accessible, and actionable data, Frontiers FAIR2 opens the door to new opportunities in health research."

Dr. Neil Harris, Professor in Residence, Department of Neurosurgery, Brain Injury Research Center, University of California, Los Angeles (UCLA):

"Implementation of [Frontiers] FAIR2 can provide an objective check on data for both missingness and quality that is useful on so many levels. These types of unbiased assessments and data summaries can aid understanding by non-domain experts to ultimately enhance data sharing. As the field progresses to using big data in more disparate sub-disciplines, these data checks and summaries will become crucial to maintaining a good grasp of how we might use and combine the multitude of already acquired data within our current analyses."

Maryann Martone, Chief Editor, Open Data Commons:

"[Frontiers] FAIR2 is one of the easiest and most effective ways to make data FAIR. Every PI wants their data to be findable, accessible, comparable, and reusable -- in the lab, with collaborators, and across the scientific community. The real bottleneck has always been the time and effort required. [Frontiers] FAIR2 dramatically lowers that barrier, putting truly FAIR data within reach for most labs."

Dr. Vincent Woon Kok Sin, Assistant Professor, Carbon Neutrality and Climate Change Thrust, Society Hub, The Hong Kong University of Science and Technology (HKUST):

"[Frontiers] FAIR2 makes our global waste dataset more visible and accessible, helping researchers worldwide who often struggle with scarce and fragmented data. I hope this will broaden collaboration and accelerate insights for sustainable waste management."

Dr. Sebastian Steibl, Postdoctoral Researcher, Naturalis Biodiversity Center and the University of Auckland:

"True data accessibility goes beyond just uploading datasheets to a repository. It means making data easy to view, explore, and understand without necessarily requiring years of training. The [Frontiers] FAIR2 platform, with an AI chatbot and interactive visual data exploration and summary tools, makes our biodiversity and environmental data broadly accessible and usable not just to scholars, but also practitioners, policymakers, and local community initiatives."
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Ancient humans in Italy butchered elephants and made tools from their bones | ScienceDaily
During a warmer stretch of the Middle Pleistocene, early humans living in what is now Italy regularly butchered elephants for both food and usable materials, according to a study published October 8, 2025, in the open-access journal PLOS One by Beniamino Mecozzi of Sapienza University of Rome (Italy) and his research team.


						
Early humans often relied on animal carcasses for meat and tools, but clear evidence of such activities is rare and challenging to interpret in the archaeological record. In this new analysis, Mecozzi and his colleagues examined the remains of an elephant found at the Casal Lumbroso site in northwest Rome. By comparing surrounding layers of ash, they determined that the remains date back roughly 404,000 years to a notably warm phase of the Middle Pleistocene Epoch.

At the site, researchers uncovered more than 300 skeletal fragments belonging to a single straight-tusked elephant, Palaeoloxodon, along with over 500 stone tools. Many bones showed fresh fractures caused by blunt impacts soon after the elephant's death, indicating deliberate breakage. The absence of visible cut marks suggests that smaller tools were likely used to process soft tissue. Most of the stone tools measured under 30mm, possibly reflecting a scarcity of large stones in the area. Some elephant bones themselves were later reshaped into larger tools.

The site's characteristics align with several others in central Italy where butchered elephant remains appear alongside small stone tools and modified bones. Together, these findings point to a recurring pattern of behavior among ancient hominins during mild climate periods of the Middle Pleistocene. They also highlight central Italy as an important region for understanding how early Europeans obtained food and raw materials.

The researchers note: "Our study shows how, 400,000 years ago in the area of Rome, human groups were able to exploit an extraordinary resource like the elephant -- not only for food, but also by transforming its bones into tools."

"Reconstructing these events means bringing to life ancient and vanished scenarios, revealing a world where humans, animals, and ecosystems interacted in ways that still surprise and fascinate us today."
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New research reveals how ADHD sparks extraordinary creativity | ScienceDaily
New research has found that ADHD (Attention Deficit Hyperactivity Disorder) is linked to higher levels of creativity, and that this creative advantage may stem from a stronger tendency for the mind to wander. The findings, presented at the ECNP congress in Amsterdam, mark the first study to explain how ADHD and creativity are connected.


						
Lead researcher Han Fang (from the Radboud University Medical Centre, the Netherlands) explained:

"Previous research pointed to mind wandering as a possible factor linking ADHD and creativity, but until now no study has directly examined this connection. We conducted two studies, utilizing 2 different groups of ADHD patients and healthy controls, one from a European group curated by the ECNP, and a second study from a UK group. In total there were 750 participants. Separately analyzing results from 2 independent groups means that we can have greater confidence in the results."

The team explored how ADHD traits, creativity, and functional challenges interact, focusing on the influence of mind wandering. Both groups displayed typical ADHD traits, including inattention, impulsivity, and frequent shifts in focus away from the task at hand. In both studies, participants with more pronounced ADHD symptoms also reported higher levels of mind wandering.

Mind wandering refers to moments when attention drifts away from what a person is doing and turns inward to self-generated thoughts. Everyone experiences this to some extent, but it occurs more frequently in individuals with ADHD.

Han Fang added:

"Previous researchers have been able to distinguish two different types of mind wandering. It can be a loss of concentration, where your mind may drift from subject to subject. This is 'spontaneous mind-wandering'. Another type is 'deliberate mind wandering', where people give themselves the freedom to drift off-subject, where they 'allow their thoughts to take a different course'. Psychiatrists have developed ways of measuring how much people are subject to these different tendencies."

The researchers also measured creativity in both groups (there are standards ways of measuring this, for example by asking people to find a creative use for an everyday object). They then looked at how creativity was associated with the different types of mind wandering.




Dr. Han Fang said:

"We found that people with more ADHD traits such as lack of attention, hyperactivity, or impulsivity, score higher on creative achievements in both studies. This supports previous research. Additionally, we found that mind wandering, particularly deliberate mind wandering, where people allow their "thoughts to wander on purpose," was associated with greater creativity in people with ADHD. This suggests that mind wandering may be an underlying factor connecting ADHD and creativity.

This may have practical implications, for both psychoeducation and treatment. For psychoeducation, specially designed programs or courses that teach individuals how to utilize their spontaneous ideas, for example turning them into creative outputs, could help individuals with ADHD traits harness the benefits of mind wandering. For treatment, ADHD-tailored mindfulness-based interventions that seek to decrease spontaneous mind wandering or transform it into more deliberate forms may reduce functional impairments and enhance treatment outcomes. This is the first time this link has been investigated, so we need to see more studies which confirm the findings."

Commenting, K.P. Lesch (Professor of Molecular Psychiatry, University of Wurzburg, Germany) said:

"Mind wandering is one of the critical resources on which the remarkable creativity of high-functioning ADHD individuals is based. This makes them such an incredibly valuable asset for our society and the future of our planet."
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Fentanyl overdoses among seniors surge 9,000% - A hidden crisis few saw coming | ScienceDaily
Fatal overdoses among adults 65 and older involving fentanyl mixed with stimulants such as cocaine and methamphetamines have risen dramatically, climbing 9,000% in the past eight years. The rate now mirrors that seen in younger adults, according to findings presented at the ANESTHESIOLOGY(r) 2025 annual meeting.


						
This research is one of the first to use Centers for Disease Control and Prevention (CDC) data to reveal that older adults -- often left out of overdose analyses -- are increasingly part of the national surge in fentanyl-stimulant deaths. People in this age group face higher risks of overdose because many manage chronic illnesses, take multiple medications, and metabolize drugs more slowly as they age.

Experts describe the opioid epidemic as unfolding in four distinct "waves," each tied to a different drug driving fatal overdoses: prescription opioids in the 1990s, heroin beginning around 2010, fentanyl taking hold in 2013, and a combination of fentanyl and stimulants emerging in 2015.

"A common misconception is that opioid overdoses primarily affect younger people," said Gab Pasia, M.A., lead author of the study and a medical student at the University of Nevada, Reno School of Medicine. "Our analysis shows that older adults are also impacted by fentanyl-related deaths and that stimulant involvement has become much more common in this group. This suggests older adults are affected by the current fourth wave of the opioid crisis, following similar patterns seen in younger populations."

To conduct the study, researchers examined 404,964 death certificates listing fentanyl as a cause of death from 1999 to 2023, using data from the CDC Wide-ranging Online Data for Epidemiologic Research (WONDER) system. Of those deaths, 17,040 involved adults 65 and older, while 387,924 were among adults aged 25 to 64.

Between 2015 and 2023, fentanyl-related deaths rose from 264 to 4,144 among older adults (a 1,470% increase) and from 8,513 to 64,694 among younger adults (a 660% increase). Within the older population, deaths involving both fentanyl and stimulants grew from 8.7% (23 of 264 fentanyl deaths) in 2015 to 49.9% (2,070 of 4,144) in 2023 -- a staggering 9,000% rise. In comparison, among younger adults, fentanyl-stimulant deaths rose from 21.3% (1,812 of 8,513) to 59.3% (38,333 of 64,694) over the same period, a 2,115% increase.

Researchers chose to highlight 2015 and 2023 in their analysis because 2015 marked the beginning of the epidemic's fourth wave, when fentanyl-stimulant deaths among older adults were at their lowest, and 2023 represented the most recent year of CDC data available.




The researchers noted that the rise in fentanyl deaths involving stimulants in older adults began to sharply rise in 2020, while deaths linked to other substances stayed the same or declined. Cocaine and methamphetamines were the most common stimulants paired with fentanyl among the older adults studied, surpassing alcohol, heroin, and benzodiazepines such as Xanax and Valium.

"National data have shown rising fentanyl-stimulant use among all adults," said Mr. Pasia. "Because our analysis was a national, cross-sectional study, we were only able to describe patterns over time -- not determine the underlying reasons why they are occurring. However, the findings underscore that fentanyl overdoses in older adults are often multi-substance deaths -- not due to fentanyl alone -- and the importance of sharing drug misuse prevention strategies to older patients."

The authors noted anesthesiologists and other pain medicine specialists should:
    	Recognize that polysubstance use can occur in all age groups, not only in young adults.
    	Be cautious when prescribing opioids to adults 65 or older by carefully assessing medication history, closely monitoring patients prescribed opioids who may have a history of stimulant use for potential side effects, and considering non-opioid options when possible.
    	Use harm-reduction approaches such as involving caregivers in naloxone education, simplifying medication routines, using clear labeling and safe storage instructions and making sure instructions are easy to understand for those with memory or vision challenges.
    	Screen older patients for a broad range of substance exposures, beyond prescribed opioids, to better anticipate complications and adjust perioperative planning.

"Older adults who are prescribed opioids, or their caregivers, should ask their clinicians about overdose prevention strategies, such as having naloxone available and knowing the signs of an overdose," said Richard Wang, M.D., an anesthesiology resident at Rush University Medical Center, Chicago and co-author of the study. "With these trends in mind, it is more important than ever to minimize opioid use in this vulnerable group and use other pain control methods when appropriate. Proper patient education and regularly reviewing medication lists could help to flatten this terrible trend."
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Archaeologists uncover lost land bridge that may rewrite human history | ScienceDaily
Once connected stretches of land, now hidden beneath the sea, may have given early humans a way to move between what is today Turkiye and Europe, according to groundbreaking new research in this little-studied region.


						
The study, recently published in the peer-reviewed Journal of Island and Coastal Archaeology, reveals the first evidence of Paleolithic activity in Ayvalik and may reshape how scientists understand our species' journey into Europe.

For decades, experts believed that Homo sapiens reached Europe mainly by traveling through the Balkans and the Levant, moving from Africa into the Middle East.

However, the discovery of 138 stone tools spread across 10 sites within a 200 km2 area suggests a different possibility. Long before Ayvalik became known for its olive groves and seaside scenery, this part of the northeastern Aegean coast (now in Turkey) may have served as another key passageway for ancient humans exploring a shifting prehistoric world.

"Our archaeological discovery has unveiled that this now-idyllic region once potentially offered a vital land bridge for human movement during the Pleistocene era -- when sea levels dropped and the now-submerged landscape was briefly exposed," explains Dr. Goknur Karahan, from the Department of Archaeology-Prehistory, at Hacettepe University, in Turkey, who was part of a fully female team of expert archaeologists from the country.

"We are very excited and delighted with this discovery. These findings mark Ayvalik as a potential new frontier in the story of human evolution, placing it firmly on the map of human prehistory -- opening up a new possibility for how early humans may have entered Europe.

"It feels like we are adding an entirely new page to the story of human dispersal. Our research raises exciting possibilities for future exploration, and we hope it emerges as a body of work that will shift the approach of Pleistocene archaeology for decades to come."

How were these findings possible? 




During the Ice Age, sea levels dropped more than 100 meters, revealing vast coastal plains that are now underwater. At that time, the modern islands and peninsulas of Ayvalik would have formed a single stretch of land, creating a natural bridge that linked Anatolia to Europe.

The artifacts found in the new study were discovered along the present-day coastline, providing evidence that people once lived and traveled across these now-submerged landscapes.

Until now, environmental conditions and deep sediment layers had made it difficult to detect or preserve traces of early human activity in the region.

"In all these periods, the present-day islands and peninsulas of Ayvalik would have formed interior zones within an expansive terrestrial environment," explains co-author Professor Kadriye Ozcelik, from Ankara University.

"These paleogeographic reconstructions underscore the importance of the region for understanding hominin dispersals across the northeastern Aegean during the Pleistocene."

What was found? 

The region's shifting geology and active coastlines in the North Aegean made preservation difficult and the number of items uncovered "limited," however this research team managed to uncover Levallois technologies from various Paleolithic periods, as well as handaxes and cleavers.




Among the most significant finds include Levallois-style flake tools, sophisticated implements linked to the Middle Paleolithic Mousterian tradition -- these are often associated with Neanderthals and early Homosapiens.

"These large cutting tools are among the most iconic artifacts of the Paleolithic and are instantly recognizable even today, so are a very important find," explains Dr. Karahan.

"The presence of these objects in Ayvalik is particularly significant, as they provide direct evidence that the region was part of wider technological traditions shared across Africa, Asia, and Europe."

Describing the initial discovery of the 131 items, Dr. Karahan adds: "It was a truly unforgettable moment for us. Holding the first tools in our hands was both emotional and inspiring.

"And each find from there on was a moment of excitement for the whole team.

"Holding these objects -- after walking across landscapes where no one had ever documented Paleolithic remains before -- was unforgettable."

What does this discovery tell us about early humans? 

The experts' key argument hinges on the potential of Ayvalik as a dynamic site for interaction and exchange, facilitating early human movement between the Anatolia peninsula and Europe.

Exploring how Anatolia, with specific focus on Ayvalik, and Europe were linked during glacial sea-level low stands offers alternative pathways for how early humans moved around the region beyond dominantly emphasized northern mainland-centered routes.

Addressing a gap in the scholarship, the authors' work provides a new foundation for examining resources and migration routes in which Ayvalik may have featured as part of a mobility corridor.

The survey's yield of tools demonstrates a "consistent use of Levallois technology and flake production... and a diversified toolkit," whilst all artefacts together offer what the team state are "valuable insights into early human presence, raw material preferences, and technological variability."

"The findings paint a vivid picture of early human adaptation, innovation, and mobility along the Aegean," Dr. Karahan explains.

"The results confirmed that Ayvalik -- which had never before been studied for its Paleolithic potential -- holds vital traces of early human activity."

Incredible recoveries, hundreds of thousands of years later 

As this was a survey (carried out across a two-week period in June 2022) rather than an excavation, the team could not be certain of what they would find when they set off. They knew from the region's geology and paleogeography that there was potential. They explored -- often muddy, (particularly in lowland basins and coastal plains) -- sites by foot.

What followed was a "discovery of such a diverse and well-preserved set of artifacts, which exceeded our expectations," Dr. Karahan says.

Although these recovery efforts were not without challenges, the authors explore what both the challenges and findings reveal in the paper. They state: "The widespread, muddy cover was considered a limiting factor for the preservation and detectability of Paleolithic materials.

"However, despite these constraints, high-quality raw material sources, such as flint and chalcedony, were identified in multiple locations, including areas affected by alluvial deposition."

Future potential 

Fellow author Dr. Hande Bulut, from Duzce University, adds: "Ultimately the results underline Ayvalik's potential as a long-term hominin habitat and a key area for understanding Paleolithic technological features in the eastern Aegean.

"While preliminary, the current findings underscore the region's potential to contribute to broader debates on Aegean connectivity and technological evolution during the Pleistocene.

"Excitingly, the region between the North Aegean and the Anatolian mainland, may still hold valuable clues to early occupation despite the challenges posed by active geomorphological processes."

The team recommends future research uses a multidisciplinary approach to outline absolute dating, stratigraphic excavation, and paleoenvironmental reconstruction, which they describe as "essential to clarify the temporal depth and functional character of the Ayvalik assemblage."
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How 1 in 4 older adults regain happiness after struggling | ScienceDaily
Almost one in four adults aged 60 and older who initially reported poor well-being managed to regain a state of optimal well-being within three years, according to research published on September 24, 2025, in PLOS One by Mabel Ho and Esme Fuller-Thomson of the University of Toronto, Canada. The findings emphasize the importance of maintaining a healthy lifestyle through actions such as keeping a stable body weight, avoiding smoking, staying physically active, improving sleep, and preventing or managing chronic illnesses. The study also underscores the role of psychological, emotional, and social wellness in overall quality of life.


						
Interest in understanding what drives resilience and long-term well-being is growing. Many lifestyle choices can influence the ability to maintain good health and happiness, defined in this research as a combination of physical, psychological, emotional, social, and self-rated well-being, even in the presence of chronic conditions. However, only a small number of studies have focused on what helps people recover or regain a strong sense of well-being later in life after experiencing difficulty.

Using data from the Canadian Longitudinal Study on Aging, Ho and Fuller-Thomson analyzed 8,332 adults who did not initially meet the criteria for optimal well-being and followed up with them three years later, when all participants were at least 60 years old.

They discovered that nearly one-quarter of these participants had achieved optimal well-being by the end of that period. Those who already showed signs of psychological and emotional wellness at the beginning were nearly five times more likely to recover full well-being than those who did not.

The likelihood of regaining well-being was also higher among participants who were younger (under 70 years old), married, and earning incomes above the poverty line. Better outcomes were linked to being physically active, not smoking, sleeping well, and avoiding chronic conditions such as obesity, diabetes, arthritis, or osteoporosis.

Because all Canadian citizens and permanent residents have access to publicly funded healthcare, the researchers note that these results may not apply to countries where medical care depends on the ability to pay. They also caution that the findings may not extend to low- and middle-income nations.

If future research establishes that the associations observed in the current study are causal, policies and interventions that support physical, psychological, emotional, social, and self-rated wellness might help older adults to regain optimal well-being. For example, programs and services can be provided to encourage older adults to engage in an active and healthy lifestyle, to manage chronic conditions, and to prevent social isolation. According to the authors, these interventions might play an important role in enhancing older adults' resilience and enabling them to regain optimal well-being in later life.

"What's powerful about this research is the reminder that later life can still be fulfilling, even after difficult periods. Good health is important, but so are the people, meaning, and joy we have in our lives," says first author Mabel Ho, a recent doctoral graduate at the University of Toronto's Factor-Inwentash Faculty of Social Work (FIFSW) and the Institute of Life Course and Aging.

"This is a clear call to invest in prevention, financial stability, and accessible wellness supports -- because these aren't just smart policies, they can potentially improve the trajectory of aging for older adults who are struggling," says senior author Esme Fuller-Thomson, Director of the Institute for Life Course & Aging and Professor at the University of Toronto's Factor-Inwentash Faculty of Social Work.
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12,000-year-old rock art found in Arabia reveals a lost civilization | ScienceDaily
Recent research has revealed the crucial role of early human groups who settled in northern Arabia soon after the intensely dry period known as the Last Glacial Maximum (LGM). These communities followed the return of seasonal water sources and left behind an extraordinary record of their presence through monumental rock art.


						
An international team of archaeologists, coordinated by the Heritage Commission of the Saudi Ministry of Culture, uncovered the findings through the Green Arabia Project. The team included experts from the Max Planck Institute of Geoanthropology, KAUST (King Abdullah University of Science and Technology), University College London, Griffith University, and several other institutions.

Researchers documented over 60 rock art panels featuring 176 individual engravings across three previously unexplored locations: Jebel Arnaan, Jebel Mleiha, and Jebel Misma, situated along the southern edge of the Nefud Desert in northern Saudi Arabia.

The engravings, which depict animals such as camels, ibex, equids, gazelles, and aurochs, include 130 highly detailed and life-sized figures, some reaching up to 3 meters long and more than 2 meters tall.

Dating to between 12,800 and 11,400 years ago, the engravings correspond to a time when temporary lakes and rivers reappeared after centuries of extreme aridity.

Sediment analysis confirmed the existence of these ancient water sources, which would have provided essential support for human groups venturing into the desert interior and allowed them to survive in this challenging environment.

"These large engravings are not just rock art -- they were probably statements of presence, access, and cultural identity," said lead author, Dr. Maria Guagnin from Max Planck Institute of Geoanthropology.




Dr. Ceri Shipton, co-lead author from the Institute of Archaeology, University College London, said: "The rock art marks water sources and movement routes, possibly signifying territorial rights and intergenerational memory."

Unlike previously known sites where engravings were hidden in crevices, the Jebel Mleiha and the Jebel Arnaan panels were etched onto towering cliff faces, some up to 39 meters high, in visually commanding locations.

One panel would have required ancient artists to climb and work precariously on narrow ledges, underscoring the sheer effort and significance of the imagery.

Artefacts including Levantine-style El Khiam and Helwan stone points, green pigment, and dentalium beads suggest long-distance connections to Pre-Pottery Neolithic (PPN) populations in the Levant region.

However, the scale, content, and placement of the Arabian engravings set them apart.

"This unique form of symbolic expression belongs to a distinct cultural identity adapted to life in a challenging, arid environment," said Dr. Faisal Al-Jibreen, from the Heritage Commmission, Saudi Ministry of Culture.

"The project's interdisciplinary approach has begun to fill a critical gap in the archaeological record of northern Arabia between the LGM and the Holocene, shedding light on the resilience and innovation of early desert communities," said Michael Petraglia, lead of the Green Arabia project.

The study 'Monumental rock art illustrates that humans thrived in the Arabian Desert during the Pleistocene-Holocene transition' has been published in Nature Communications.
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When men drink, women and children pay the price | ScienceDaily
A new global review led by La Trobe University has revealed the often-overlooked damage caused by men's alcohol consumption to women and children, urging immediate policy action in Australia and around the world to address these gender-related harms.


						
The study, titled "Harms to Women and Children from Men's Alcohol Use: An Evidence Review and Directions for Policy," draws together data from three recent systematic reviews that analyzed 78 academic papers.

Worldwide, as many as one in three women in some countries live with a partner who drinks heavily. Children in these households are also at greater risk of violence, neglect, poor health, and limited opportunities later in life.

These negative effects are especially severe in low- and middle-income nations and in places where gender inequality remains high.

The research, led by Professor Anne-Marie Laslett of La Trobe's Centre for Alcohol Policy Research (CAPR) and published by the global nonprofit research organization RTI International, found that men typically consume alcohol more heavily than women and are more likely to harm others when they drink.

As a result, women and children bear a disproportionate share of the consequences, including physical injuries, emotional distress, economic strain, and disruptions to schooling and family life.

"Research shows that the consequences of men's alcohol use extend far beyond the individual that drinks," Professor Laslett said.




"Women and children pay a heavy price, yet policies rarely take their experiences into account. This is a major gap in international public health and social policy."

Global data further indicates major differences between countries in how much and how often men and women drink. In many regions, these disparities make the impact of men's alcohol use on women and children even more severe.

"Globally there has been poor recognition that others' drinking, and particularly men's drinking, contributes to many harms to women and children," Professor Laslett said.

"Social, cultural and economic policies, as well as alcohol-specific policies, need to change to ensure that they are responding to the harms to women and children highlighted in this review."

In Australia, the findings are particularly timely given growing national attention to domestic and family violence.

Alcohol's role in driving partner violence has been recognised in recent government reviews, with calls to strengthen regulation and prevention strategies.




Australia's Federal Government last year commissioned a rapid review that recommended addressing alcohol's regulatory environment.

The review emphasizes that while proven policies such as raising alcohol taxes, restricting availability, and limiting marketing remain essential, they should be paired with interventions that tackle harmful gender norms and empower women and children.

An intersectoral approach involving health, legal and social services is critical for meaningful change.

Professor Siri Hettige, a researcher from Sri Lanka's University of Columbo who collaborated on the project, said targeted, community-level interventions that addressed the realities faced by women and children were essential.

"Given the nature of the social context in which the harm to women and children from men's drinking occurs, interventions to reduce such harms might have to go beyond current alcohol policies," Professor Hettige said.
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      Strange &amp; Offbeat News

      Quirky stories from all of ScienceDaily's health, technology, environment, and society sections.


      
        Scientists just found real teeth growing on a fish's head
        Scientists discovered true teeth growing on the head of the spotted ratfish, a distant shark relative. The toothed structure, called a tenaculum, helps males hold onto females during mating. Genetic evidence shows these head teeth share the same origins as oral teeth, overturning assumptions that teeth only evolve in jaws. This discovery reshapes the story of dental evolution across vertebrates.

      

      
        A giant asteroid hit Earth, but its crater is missing
        Researchers discovered a new field of ancient tektites in South Australia, revealing a long-forgotten asteroid impact. These 11-million-year-old glass fragments differ chemically and geographically from other known tektites. Although the crater remains missing, the find exposes a massive event once thought unrecorded, offering clues to Earth's tumultuous past and planetary defense.

      

      
        From poison to power: How lead exposure helped shape human intelligence
        Long before humans built cities or wrote words, our ancestors may have faced a hidden threat that shaped who we became. Scientists studying ancient teeth found that early humans, great apes, and even Neanderthals were exposed to lead millions of years ago. This toxic metal can damage the brain, yet modern humans developed a tiny genetic change that protected our minds and allowed language and intelligence to flourish.

      

      
        Who or what dug Mars' mysterious gullies? The answer is explosive
        CO2 ice blocks on Mars may dig gullies as they slide and sublimate in the thin atmosphere. In lab experiments, scientists recreated these eerie, worm-like movements under Martian conditions. The findings help explain unusual dune formations and deepen our understanding of how alien landscapes evolve.

      

      
        Tiny brain nanotubes found by Johns Hopkins may spread Alzheimer's
        Johns Hopkins scientists uncovered microscopic "nanotube" channels that neurons use to transfer toxic molecules. While this process clears waste, it can also spread harmful proteins like amyloid-beta. Alzheimer's-model mice showed more nanotubes early on, hinting at a link to disease development. Researchers hope to one day control nanotube formation as a potential therapy.

      

      
        A little stress could be the secret to healthy aging
        Scientists discovered that specific nutrients in nematodes' diets activate stress defenses that keep their cells healthier over time. These RNAs prevent toxic protein buildup, promoting longevity and vitality. The worms fed with balanced diets lived more active, healthier lives. The findings hint that mild dietary stress could support better aging in humans as well.

      

      
        Physicists discover mysterious new type of time crystal
        Scientists at TU Wien have uncovered that quantum correlations can stabilize time crystals--structures that oscillate in time without an external driver. Contrary to previous assumptions, quantum fluctuations enhance rather than hinder their formation. Using a laser-trapped lattice, the team demonstrated self-organizing rhythmic behavior arising purely from particle interactions. The finding could revolutionize quantum technology design.

      

      
        These giant planets shouldn't exist. But they do
        Astronomers are investigating a strange class of exoplanets known as eccentric warm Jupiters -- massive gas giants that orbit their stars in unexpected, elongated paths. Unlike their close-orbiting "hot Jupiter" cousins, these planets seem to follow mysterious rules, aligning neatly with their stars despite their bizarre trajectories. Theories suggest that companion planets, surrounding nebulas, or even stellar waves could be shaping these odd orbits in ways never seen before.

      

      
        This tiny worm uses static electricity to hunt flying insects
        A parasitic worm uses static electricity to launch itself onto flying insects, a mechanism uncovered by physicists and biologists at Emory and Berkeley. By generating opposite charges, the worm and insect attract, allowing the leap to succeed far more often. High-speed cameras and mathematical modeling confirmed this "electrostatic ecology" in action.

      

      
        A 151-million-year-old fly just changed what we know about evolution
        Scientists have uncovered a 151-million-year-old midge fossil in Australia that challenges long-held views about insect evolution. Named Telmatomyia talbragarica, the fossil shows freshwater adaptations previously thought to exist only in marine species. This discovery suggests that Chironomidae may have originated in Gondwana, offering new insight into ancient biogeographical patterns.

      

      
        JWST may have found the Universe's first stars powered by dark matter
        New observations from the James Webb Space Telescope hint that the universe's first stars might not have been ordinary fusion-powered suns, but enormous "supermassive dark stars" powered by dark matter annihilation. These colossal, luminous hydrogen-and-helium spheres may explain both the existence of unexpectedly bright early galaxies and the origin of the first supermassive black holes.

      

      
        Your skin could warn of hidden mental health trouble
        People experiencing their first psychotic episode who also have skin conditions such as rashes or itching are at greater risk of depression and suicidal thoughts, according to new research presented at the ECNP meeting. Scientists found that 25% of these patients experienced suicidal ideation, compared with only 7% of those without skin issues. The study suggests that dermatological symptoms could serve as early warning markers for worse psychiatric outcomes.

      

      
        New research reveals how ADHD sparks extraordinary creativity
        Researchers have discovered that ADHD's hallmark mind wandering might actually boost creativity. People who deliberately let their thoughts drift scored higher on creative tests in two large studies. The findings hint that mindful management of mental drift could turn ADHD's challenges into creative strengths.

      

      
        Archaeologists uncover lost land bridge that may rewrite human history
        New research along Turkey's Ayvalik coast reveals a once-submerged land bridge that may have helped early humans cross from Anatolia into Europe. Archaeologists uncovered 138 Paleolithic tools across 10 sites, indicating the region was a crucial migration corridor during the Ice Age. The findings challenge traditional migration theories centered on the Balkans and Levant, suggesting instead that humans used now-vanished pathways across the Aegean.

      

      
        Scientists unearth a 112-million-year-old time capsule filled with ancient insects
        Researchers have unearthed South America's first amber deposits containing ancient insects in an Ecuadorian quarry, offering a rare 112-million-year-old glimpse into life on the supercontinent Gondwana. The amber, found in the Hollin Formation, preserved a diverse range of insect species and plant material, revealing a humid, resin-rich forest teeming with life.

      

      
        Dolphins may be getting Alzheimer's from toxic ocean blooms
        Dolphins washing up on Florida's shores may be victims of the same kind of brain degeneration seen in humans with Alzheimer's disease. Researchers discovered that cyanobacterial toxins--worsened by climate change and nutrient pollution--accumulate in marine food chains, damaging dolphin brains with misfolded proteins and Alzheimer's-like pathology.

      

      
        12,000-year-old rock art found in Arabia reveals a lost civilization
        Archaeologists in Saudi Arabia discovered over 170 ancient rock engravings that may be among the earliest monumental artworks in the region. Created between 12,800 and 11,400 years ago, the massive figures were carved when water and life returned to the desert. The art likely marked territories and migration routes, revealing social and symbolic sophistication. Artifacts found nearby show early Arabian peoples connected to distant Neolithic communities.

      

      
        Scientists create a magnetic lantern that moves like it's alive
        A team of engineers at North Carolina State University has designed a polymer "Chinese lantern" that can rapidly snap into multiple stable 3D shapes--including a lantern, a spinning top, and more--by compression or twisting. By adding a magnetic layer, they achieved remote control of the shape-shifting process, allowing the lanterns to act as grippers, filters, or expandable mechanisms.

      

      
        A sweet fix for baldness? Stevia compound boosts hair growth
        Researchers discovered that stevioside, a compound from the Stevia plant, enhances the skin absorption of minoxidil, the main treatment for pattern baldness. In mice, a stevioside-infused patch boosted hair follicle activity and new hair growth. The approach could pave the way for more natural, effective hair loss therapies.

      

      
        Scientists discover brain circuit that can switch off chronic pain
        Scientists have pinpointed Y1 receptor neurons in the brain that can override chronic pain signals when survival instincts like hunger or fear take precedence. Acting like a neural switchboard, these cells balance pain with other biological needs. The research could pave the way for personalized treatments that target pain at its brain source--offering hope for millions living with long-term pain.
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Scientists just found real teeth growing on a fish's head | ScienceDaily
When it comes to teeth, most vertebrates share the same basic blueprint. Regardless of their size, shape, or sharpness, teeth typically have the same genetic roots, similar physical makeup, and, almost always, a place in the jaw.


						
That assumption, however, may no longer hold true. Scientists studying the spotted ratfish, a shark-like species found in the northeastern Pacific Ocean, discovered that it has rows of teeth growing on top of its head. These teeth line a cartilage-based structure known as the tenaculum, a forehead appendage that loosely resembles Squidward's nose.

For years, biologists have debated where teeth originally came from -- an important question, given how vital they are to feeding and survival. Most discussions have focused solely on oral teeth, without exploring whether teeth might have evolved elsewhere on the body. The discovery of teeth on the tenaculum has reopened that debate, prompting researchers to ask how widespread such features might be and what they reveal about the history of vertebrate dentition.

"This insane, absolutely spectacular feature flips the long-standing assumption in evolutionary biology that teeth are strictly oral structures," said Karly Cohen, a UW postdoctoral researcher at the University of Washington's Friday Harbor Labs. "The tenaculum is a developmental relic, not a bizarre one-off, and the first clear example of a toothed structure outside the jaw."

The research was published in Proceedings of the National Academy of Sciences.

Spotted ratfish are among the most common fish in Puget Sound. They belong to a group of cartilaginous fish known as chimaeras, which diverged from sharks millions of years ago. Growing to about 2 feet in length, these fish are named for their long, slender tails that make up roughly half their body size. Only adult males develop a tenaculum on their forehead. When resting, it appears as a small white nub between their eyes, but when raised, it becomes a hooked, barbed organ covered in teeth.

Males use the tenaculum both for display and function. They raise it to ward off rivals and, during mating, use it to grip females by the pectoral fin, keeping the pair together in the water.




"Sharks don't have arms, but they need to mate underwater," Cohen said. "So, a lot of them have developed grasping structures to connect themselves to a mate during reproduction."

Spotted ratfish also use pelvic claspers for mating, similar to many other cartilaginous fish.

In most sharks, rays, and skates, the body is covered in small, tooth-like scales called denticles. But apart from the denticles on their pelvic claspers, spotted ratfish are largely smooth-skinned. This unusual lack of denticles led scientists to question what became of them -- and whether the teeth on the tenaculum might represent their evolutionary remnants.

Before conducting the study, researchers had two possibilities in mind. One was that the "teeth" were simply modified denticles, a leftover feature from ancient ancestors. The other suggested they were genuine teeth, similar to those found inside the mouth.

"Ratfish have really weird faces," Cohen said. "When they are small, they kind of look like an elephant squished into a little yolk sack."

The cells that form the oral region are spread farther afield, making it plausible that at some point, a clump of tooth-forming cells might have migrated onto the head and stuck.




To test these theories, the researchers caught and analyzed hundreds of fish, using micro-CT scans and tissue samples to document tenaculum development. While sharks can be quite hard to study, spotted ratfish abound in Puget Sound. They frequent the shallows surrounding Friday Harbor Labs, the UW research facility located on San Juan Island. They also compared the modern ratfish to ancestral fossils.

The scans showed that both male and female ratfish begin making a tenaculum early on. In males, it grows from a small cluster of cells into a little white pimple that elongates between the eyes. It attaches to muscles controlling the jaw and finally, erupts through the surface of the skin and sprouts teeth. In females it never materializes -- or mineralizes -- but evidence of an early structure remains.

The new teeth are rooted in a band of tissue called the dental lamina that is present in the jaw but has never been documented elsewhere. "When we saw the dental lamina for the first time, our eyes popped," Cohen said. "It was so exciting to see this crucial structure outside the jaw."

In humans, the dental lamina disintegrates after we grow our adult teeth, but many vertebrates retain the ability to replace their teeth. Sharks, for example, have "a constant conveyor belt" of new teeth, Cohen said. Dermal denticles, including the ones on the spotted ratfish's pelvic claspers, do not have a dental lamina. Identifying this structure was compelling evidence that the teeth on the tenaculum really are teeth and not leftover denticles. Genetic evidence also backed this conclusion.

"Vertebrate teeth are extremely well united by a genetic toolbox," Cohen said.

Tissue samples revealed that the genes associated with teeth across vertebrates were expressed in the tenaculum, but not the denticles. In the fossil record, they also observed evidence of teeth on the tenaculum of related species.

"We have a combination of experimental data with paleontological evidence to show how these fishes coopted a preexisting program for manufacturing teeth to make a new device that is essential for reproduction," said Michael Coates, a professor and the chair of organismal biology and anatomy at the University of Chicago and a co-author of the paper.

The modern adult male spotted ratfish can grow seven or eight rows of hooked teeth on its tenaculum. These teeth retract and flex more than the average canine, enabling the fish to latch onto a mate while swimming. The size of the tenaculum also appears to be unrelated to the length of the fish. Its development aligns instead with the pelvic claspers, suggesting that the migrant tissue is now regulated by other networks.

"If these strange chimaeras are sticking teeth on the front of their head, it makes you think about the dynamism of tooth development more generally," said Gareth Fraser, a professor of biology at the University of Florida and the study's senior author.

Sharks often serve as the model for studying teeth and development because they have so many oral teeth and are covered in denticles. But, Cohen added, sharks possess just a sliver of the dental diversity captured by history. "Chimeras offer a rare glimpse into the past," she said "I think the more we look at spiky structures on vertebrates, the more teeth we are going to find outside the jaw."

This research was funded by National Science Foundation, the Save Our Seas Foundation, and internal endowments at Friday Harbor Labs supporting innovative early-career research.
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A giant asteroid hit Earth, but its crater is missing | ScienceDaily
"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.


						in a crater but in tiny glass fragments found only in Australia.
The discovery focuses on rare natural glass called tektites, which form when a meteorite hits Earth with enough force to melt the surface and fling molten material vast distances. This newly identified variety of tektites has so far been discovered only across parts of South Australia.
Co-author Professor Fred Jourdan from Curtin's School of Earth and Planetary Sciences compared the finding to uncovering a new chapter in Earth's turbulent past.

"These glasses are unique to Australia and have recorded an ancient impact event we did not even know about," Professor Jourdan said.

"They formed when an asteroid slammed into Earth, melting surface rock and scattering debris for thousands of kilometers. These tiny pieces of glass are like little time capsules from deep in our planet's history.

"What makes the discovery even more intriguing is that, although the impact must have been immense, scientists are yet to locate the crater.

"Understanding when and how often large asteroids have struck Earth also helps us assess the risk of future impacts, which is important for planetary defense."

Lead author Anna Musolino, a PhD student at Aix-Marseille University, said the glasses stand apart from all previously known tektites.

"These tektites are unique because of their unusual chemistry and their age, which is about 11 million years," Ms. Musolino said.




"They record a completely separate impact event from the famous Australasian tektite-strewn field.

"While the Australasian tektites formed about 780,000 years ago and are spread across half the globe, these tektites are much older and their discovery suggests a previously unrecognized giant impact."

The study was part of a larger research project led by Emeritus Professor Pierre Rochette from Aix-Marseille University and highlights both the destructive power of past impacts and the importance of studying them.

The full research paper, 'A new tektite strewn field in Australia ejected from a volcanic arc impact crater 11 Myr ago', is published in Earth and Planetary Science Letters.
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From poison to power: How lead exposure helped shape human intelligence | ScienceDaily
What made the modern human brain so different from that of our extinct relatives, such as Neanderthals? Researchers at the University of California San Diego School of Medicine, along with an international team, have discovered that ancient hominids, including early humans and great apes, came into contact with lead far earlier than previously believed -- up to two million years before modern humans began mining it. This long-term exposure may have influenced how early brains evolved, possibly hindering language and social development in all but modern humans, who possess a unique protective genetic variant. The findings were published in Science Advances on October 15, 2025.


						
The team examined fossilized teeth from 51 hominids found across Africa, Asia, and Europe. The samples included both modern and archaic humans such as Neanderthals, early human ancestors like Australopithecus africanus, and extinct great apes including Gigantopithecus blacki.

Lead traces were present in 73% of the fossils studied, with 71% of modern and archaic human samples showing contamination. Fossils of G. blacki dating back 1.8 million years revealed the highest levels of acute exposure.

It was previously thought that humans began facing significant lead exposure only in recorded history, especially during the Roman era, when lead pipes were used for water systems, and later during the Industrial Revolution. Lead pollution declined only after the late twentieth century.

"We stopped using lead in our daily lives when we realized how toxic it is, but nobody had ever studied lead in prehistory," said corresponding author Alysson Muotri, Ph.D., professor of pediatrics and cellular & molecular medicine at UC San Diego School of Medicine, associate director of the Archealization Center, and director of the Sanford Integrated Space Stem Cell Orbital Research Center.

To the researchers' surprise, teeth from people born in the mid-twentieth century (the 1940s through the 1970s), when exposure to leaded gasoline and paint was widespread, showed similar lead patterns to ancient human fossils.

The scientists suggest that ancient humans and their relatives might have encountered lead through their search for water, much like the Romans did later in history.




"One possibility is that they were looking for caves with running water inside," Muotri said. "Caves contain lead, so they were all contaminated. Based on the tooth enamel studies, it started very early in infancy."

Lead exposure disrupts brain growth and function, impairing intelligence and emotional regulation.

Faced with this evidence, Muotri and his team began to question how modern humans managed to thrive despite such toxic conditions during their evolutionary past.

A tiny genetic change

A gene known as neuro-oncological ventral antigen 1 (NOVA1) plays a major role in brain formation and synaptic development. Acting as a key regulator of neurodevelopment, NOVA1 helps determine how neural progenitor cells react to lead exposure, and disturbances in its activity are linked to neurological disorders.

Nearly all modern humans carry a version of the NOVA1 gene that differs by a single DNA base pair from the version found in Neanderthals. Earlier work from Muotri's group showed that swapping the modern NOVA1 with the older variant in miniature brain models, called organoids, caused dramatic changes in brain structure and connectivity.




"Everything about the organoids is identical except for that genetic variant, allowing us to ask whether that specific mutation between us and Neanderthals is giving us any advantage," said Muotri. The archaic variant accelerated brain maturation but resulted in less complexity over time. "If all humans have this newer mutation in all corners of the world, very strong genetic pressure must have selected for it in our species."

To test whether lead exposure might have shaped this genetic shift, the researchers created brain organoids with both the modern and ancestral NOVA1 variants, exposing them to lead and monitoring the growth of cortical and thalamic neurons.

They found that lead changed NOVA1 activity in both types of organoids, influencing genes linked to conditions such as autism and epilepsy.

However, only the archaic NOVA1 variant altered the activity of FOXP2, a gene crucial for speech and language. People with certain FOXP2 mutations struggle to form complex words and sentences.

"These type of neurons related to complex language are susceptible to death in the archaic version of NOVA1," said Muotri. " The FOXP2 gene is identical between us and the Neanderthals, but it's how the gene is regulated by NOVA1 that likely contributes to language differences."

Evolutionary implications

The findings suggest that the acquisition of the modern NOVA1 variant may have protected us from the detrimental effects of lead, promoting complex language development and social cohesion. This could have given modern humans a significant evolutionary advantage over Neanderthals, even in the presence of lead contamination.

Muotri believes these results have important implications for understanding how environmental stressors shaped brain development during human evolution. He speculates that lead exposure may have contributed to the extinction of Neanderthals around 40,000 years ago.

"Language is such an important advantage, it's transformational, it is our superpower," said Muotri. "Because we have language, we are able to organize society and exchange ideas, allowing us to coordinate large movements. There is no evidence that Neanderthals could do that. They might have had abstract thinking, but they could not translate that to each other. And maybe the reason is because they never had a system to communicate that was as efficient as our complex language."

Understanding how NOVA1 gene variants can affect FOXP2 expression helps elucidate the relationship between lead contamination and brain development and also sheds light on neurological conditions related to language, including speech apraxia -- a condition that makes it difficult to produce speech sounds correctly -- and autism.

The study's co-authors included Janaina Sena de Souza, Sandra M. Sanchez-Sanchez, Jose Oviedo, University of California San Diego; Marian Bailey and Matthew Tonge at Southern Cross University; Renaud Joannes-Boyau, Southern Cross University and University of Johannesburg; Justin W. Adams, University of Johannesburg and Monash University; Christine Austin, Manish Arora, Icahn School of Medicine at Mount Sinai, Kira Westaway, Macquarie University; Ian Moffat, Flinders University and University of Cambridge; Wei Wang and Wei Liao, Anthropology Museum of Guangxi; Yingqi Zhang, Institute of Vertebrate Paleontology and Paleoanthropology; Luca Fiorenza, Monash University and Johann Wolfgang Goethe University; Marie-Helene Moncel, Museum National d'Histoire Naturelle; Gary T. Schwartz, Arizona State University; Luiz Pedro Petroski and Roberto H. Herai, Pontificia Universidade Catolica do Parana; Jose Oviedo, University of Arizona; and Bernardo Lemos, Harvard T. H. Chan School of Public Health.

The study was funded, in part, by the National Institutes of Health (grants R01 ES027981, P30ES023515, R01ES026033), the Australian Research Council (grant DP170101597), the National Science Foundation (grant BCS 0962564), and the The Leakey Foundation.

Disclosures: Muotri is the co-founder of and has an equity interest in TISMOO, a company specializing in genetic analysis and human brain organogenesis. The terms of this arrangement have been reviewed and approved by the University of California San Diego in accordance with its conflict-of-interest policies.
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Who or what dug Mars' mysterious gullies? The answer is explosive | ScienceDaily
Could Mars have once supported life? Scientists still don't have proof. Yet some of the planet's strange surface features might seem to hint at it. Earth scientist Dr. Lonneke Roelofs of Utrecht University set out to study the origin of mysterious gullies carved into Martian dunes. In her laboratory experiments, she discovered that blocks of frozen carbon dioxide (CO2 ice) can actually dig these channels on their own. "It felt like I was watching the sandworms in the film Dune," she said. Her research appears in Geophysical Research Letters.


						
For years, scientists suspected CO2 ice might be responsible for the odd formations, but no one had been able to show it directly. Roelofs succeeded by creating gullies in the lab using CO2 ice blocks, replicating a natural process that doesn't occur on Earth and had never before been seen in action.

Sublimation

During the Martian winter, when temperatures plunge to around minus 120 degrees Celsius, ice accumulates on the dunes. As spring approaches, the sun warms the slopes and large ice blocks -- sometimes a meter long -- break loose. Because Mars has a thin atmosphere and a sharp temperature difference between warm sand and the ice, the underside of these blocks instantly turns to gas in a process known as sublimation. Since gas takes up far more space than solid ice, the pressure builds rapidly, making the ice appear to "explode."

"In our simulation, I saw how this high gas pressure blasts away the sand around the block in all directions," says Roelofs. As a result, the block digs itself into the slope and becomes trapped in a hollow surrounded by small ridges of settled sand. "However, the sublimation process continues, and so the sand keeps on being blasted in all directions." As the ice keeps vaporizing, it gradually slides downhill, carving a long, deep trench with ridges on either side. These artificial gullies match the ones seen on Mars almost exactly.

Landscape formation

Roelofs studies the geological forces that sculpt Mars' surface. In earlier work, she showed that sublimating CO2 ice can trigger debris flows that cut deep channels along crater walls. "But the gullies from this research looked different," she explains. "Therefore, a different process was behind this, but which? That is what I set out to discover."

Mars chamber




Together with master student Simone Visschers, she traveled to the English city of Milton Keynes to solve the mystery behind these unusual sand gullies. The Open University has a 'Mars chamber': a facility for simulating Martian conditions. Financial support from the British Society of Geomorphology made the visit possible. "We tried out various things by simulating a dune slope at different angles of steepness. We let a block of CO2 ice fall from the top of the slope and observed what happened," states the researcher. "After finding the right slope, we finally saw results. The CO2 ice block began to dig into the slope and move downwards just like a burrowing mole or the sandworms from Dune. It looked very strange!"

From ice to gullies

But how exactly do these blocks of ice form? "The CO2 ice blocks form on the desert dunes halfway down the southern hemisphere of Mars. During the winter, a layer of CO2 ice forms over the entire surface of the dune field, sometimes up to a thickness of 70 cm! In spring, this ice begins to warm up and sublimate. The last remnants of this ice are located on the shaded side of the dune tops, and that is where the blocks break off from once the temperature is high enough. Once the blocks reach the bottom of the slope and stop moving, the ice continues to sublimate until all the CO2 has evaporated. What remains is a hollow in the sand at the bottom of the dune."

Why Mars?

Why does this planet fascinate people so much? "Mars is our nearest neighbour. It is the only rocky planet close to the 'green zone' of our solar system. This zone lies exactly far enough from the Sun to make the presence of liquid water possible, which is a prerequisite for life. Questions about the origin of life, and possible extra-terrestrial life, could therefore be solved here," says Roelofs. "Also, conducting research into the formation of landscape structures of other planets is a way of stepping outside the frameworks used to think about the Earth. This allows you to pose slightly different questions, which in turn can deliver new insights for processes here on our planet."
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Tiny brain nanotubes found by Johns Hopkins may spread Alzheimer's | ScienceDaily
Researchers at Johns Hopkins Medicine report that they have identified how mammalian brains build intricate networks of tiny tubes that move toxins in and out of brain cells, much like pneumatic tubes send items through systems in factories and stores.


						
Their experiments, which used genetically modified mice and advanced imaging tools, were supported by the National Institutes of Health and published on Oct. 2 in Science. According to the team, the discovery could deepen scientific understanding of how Alzheimer's disease and other neurodegenerative disorders develop, offering potential pathways for new treatments.

In the study, the scientists observed that these microscopic tubes, known as nanotubes, primarily formed to help neurons expel toxic small molecules such as amyloid-beta. This protein can clump together into sticky plaques, one of the defining features of Alzheimer's disease.

"Cells have to get rid of toxic molecules, and by producing a nanotube, they can then transmit this toxic molecule to a neighbor cell," says corresponding author Hyungbae Kwon, associate professor of neuroscience at the Johns Hopkins University School of Medicine. "Unfortunately, this also results in spreading harmful proteins to other areas of the brain."

With the help of powerful microscopes and live-cell imaging, the team watched as neurons created long, slender extensions between their dendrites -- the branching projections that connect brain cells. These "dendritic nanotubes," as the researchers call them, appeared to shuttle harmful molecules from one neuron to another.

"The long and thin column-like structures of these dendritic nanotubes help transfer information quickly from neuron to neuron," says Kwon. "These nanotubes can transport calcium, ions or toxic molecules, and are ideal for sending information to cells that are far away."

Computer simulations of the process mirrored the early stages of amyloid buildup, or "early amyloidosis," and revealed what the researchers describe as a "nanotubular connectivity layer" that adds a new dimension to how brain cells interact.




Kwon notes that these insights could help scientists refine approaches to treating Alzheimer's and similar conditions.

To explore the phenomenon, the researchers collected small brain tissue samples from healthy mice and examined them with high-resolution microscopy, allowing them to visualize the nanotubes in remarkable detail and track how they moved materials between neurons.

They then compared these samples with brain tissue from mice genetically engineered to develop Alzheimer's-like amyloid buildup.

The researchers say the mice with Alzheimer's disease had an increased number of nanotubes in their brains at three months old, when the mice were symptom-free, as compared with normal mice of the same age. At six months of age, the number of nanotubes in normal mice and those with Alzheimer's disease began to equalize.

By taking a closer look at human neurons (sampled with permission from a publicly available electron microscopy database), the scientists identified nanotubes with similar morphology forming between neurons in the same way that the laboratory mice developed them.

In future experiments, Kwon says, the team will focus on whether larger-scale nanotube networks exist in cell types other than neurons in the brain. Eventually, he intends to design an experiment in which researchers create a nanotube to see how it affects the state of cells.




With such knowledge, Kwon says, there's the possibility of one day dialing up or down nanotube production to protect the brain.

"When designing a potential treatment based on this work, we can target how nanotubes are produced -- by either increasing or decreasing their formation -- according to the stage of the disease," Kwon says.

Funding for this research was provided by the National Institutes of Health (DP1MH119428 and R01NS138176).

Additional researchers who conducted the study are Minhyeok Chang, Sarah Krussel, Juhyun Kim, Daniel Lee, Alec Merodio and Jaeyoung Kwon from Johns Hopkins; and Laxmi Kumar Parajuli and Shigeo Okabe from the University of Tokyo, Japan.
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A little stress could be the secret to healthy aging | ScienceDaily
Researchers at the University of Basel in Switzerland have found that certain nutrients can cause a mild stress reaction in nematodes. Surprisingly, this reaction doesn't harm the worms -- it actually helps them remain healthier as they grow older.


						
Human lifespans are longer than ever, but longevity alone doesn't guarantee good health. Many people are now asking not only "How long can I live?" but "How well can I live?" While lifespan refers to the total number of years from birth to death, healthspan is the portion of those years spent in good health.

Diet plays a major role in determining how well we age. Scientists have long known that both the amount and the type of nutrients we consume influence aging. Using the microscopic worm Caenorhabditis elegans, Professor Spang's team showed that specific RNA molecules found in food can improve the worms' health in later life. "These molecules prevent the formation of harmful protein aggregates that are typically linked with aging and disease," says Spang. The results of their study were published in Nature Communications.

How diet shapes aging

As organisms age, their ability to remove damaged or altered proteins declines. These proteins can accumulate and form toxic clumps within cells, which are thought to drive the aging process and contribute to diseases such as Alzheimer's, Parkinson's, and various muscle disorders.

The researchers discovered that a balanced diet supports longer healthspan and that certain dietary components offer protective effects. The worms mainly consume bacteria that contain double-stranded RNA molecules. "These dietary RNAs are absorbed in the gut and activate quality-control mechanisms to protect from cellular stress," explains Emmanouil Kyriakakis, the study's first author." This low-level stress essentially trains the body to cope with protein damage more effectively."

Diet-dependent mechanisms slow cellular aging

Diet activates autophagy -- a cellular "clean-up" process that degrades and recycles damaged proteins. This mechanism reduces harmful protein aggregation and thus slows down cell aging. "We were surprised to find that the gut communicates with other organs," says Kyriakakis. "We observed protective effects not only locally, but also in muscles and throughout the whole organism."




Healthier aging -- even in worms

Overall, the worms exposed to a balanced diet were more active and healthier in old age. "The dietary-RNA species elicit a systemic stress response that protects the worms from protein aggregation during aging," says Kyriakakis. "thereby extending their healthspan."

The findings confirm that diet strongly influences health in old age. "Specific food components can stimulate the body's own protective mechanisms," adds Spang. "So, a little stress can be good for you." Whether individual nutrients can also spark beneficial effects in humans -- and potentially help prevent age-related diseases -- remains to be investigated. But it's certainly conceivable. What is clear already: What we eat can shape the way we age.
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Physicists discover mysterious new type of time crystal | ScienceDaily
Nature follows countless rhythms: the changing of the seasons comes from Earth's orbit around the Sun, and the steady tick of a clock arises from the back-and-forth swing of its pendulum. These patterns can be described with simple mathematical laws.


						
Yet, order can also appear in a far more surprising way -- on its own, without any external timer. When countless particles interact in complex ways, they can spontaneously fall into a repeating rhythm instead of behaving chaotically. This phenomenon is known as a "time crystal." Researchers at TU Wien (Vienna) have now demonstrated that time crystals can form through an entirely different mechanism than scientists had believed possible. Their calculations reveal that quantum correlations between particles, once thought to disrupt these patterns, can in fact help stabilize them. The finding offers a striking new perspective on how collective behaviors emerge in quantum many-particle systems.

Space crystals and time crystals

When a liquid freezes, its particles shift from disorder to order. In the liquid state, the particles move freely and randomly, showing no particular pattern. As the liquid solidifies, the particles lock into precise positions, forming a regular and repeating spatial structure -- a crystal. A liquid is uniform in every direction, but in a crystal that symmetry breaks: it gains structure, with certain directions becoming distinct from others.

Can a similar kind of symmetry breaking happen over time rather than in space? Could a quantum system that initially behaves identically at every moment spontaneously develop a repeating temporal pattern -- a rhythm that marks the emergence of order in time itself?

Quantum fluctuations: harmful or useful?

"This question has been the subject of intensive research in quantum physics for over ten years," says Felix Russo from the Institute of Theoretical Physics at TU Wien, who is conducting research for his doctoral thesis in Prof. Thomas Pohl's team. In fact, it has been shown that so-called time crystals are possible -- systems in which a temporal rhythm is established without the beat being imposed from outside.




"However, it was thought that this was only possible in very specific systems, such as quantum gases, whose physics can be well described by mean values without having to take into account the random fluctuations that are inevitable in quantum physics," says Felix Russo. "We have now shown that it is precisely the quantum physical correlations between the particles, which were previously thought to prevent the formation of time crystals, that can lead to the emergence of time-crystalline phases."

The complex quantum interactions between the particles induce collective behaviour that cannot be explained at the level of individual particles -- similar to how the smoke from an extinguished candle can sometimes form a regular series of smoke rings; a phenomenon whose rhythm is not dictated from outside and which cannot be understood from single smoke particles.

Particles in the laser lattice

"We are investigating a two-dimensional lattice of particles held in place by laser beams," says Felix Russo. "And here we can show that the state of the lattice begins to oscillate -- due to the quantum interaction between the particles."

The research offers the opportunity to better understand the theory of quantum many-body systems -- paving the way for new quantum technologies or high-precision quantum measurement techniques.
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These giant planets shouldn't exist. But they do | ScienceDaily
What do you do when you encounter a strange astronomical event, a collection of data from planets thousands of light-years away, and models that can't quite explain what you're seeing?


						
For one astronomer at Northern Arizona University's Department of Astronomy and Planetary Science, the answer is simple: start building better models.

With funding from the National Science Foundation and collaboration with co-investigators at Indiana University Bloomington, he is leading a three-year study on the origins of eccentric warm Jupiters -- gas giants outside our solar system that follow unusually stretched orbits.

By the time the research concludes in 2028, the team aims to develop a deeper theoretical understanding of how these unusual planets formed, and whether the same forces could have shaped our own solar system.

"The variability of extrasolar planets is just enormous," Munoz said. "Extrasolar systems can look like our solar system, but in some cases, they look entirely different and exotic. We're very interested in seeing how the solar system forms in context by understanding systems that look like ours and ones that look completely different. We can get a sense of what the extremes are, how average our planet formation history is and how average our solar system is."

Among these extreme planetary systems, the eccentric warm Jupiters stand out as some of the most fascinating.

For years, scientists thought warm Jupiters formed in the same way as their better-known relatives, the hot Jupiters, which share similar size and mass but orbit much closer to their stars. As telescopes improved and more precise data became available, however, astronomers realized warm Jupiters might have far more complicated origins.




Unlike hot Jupiters, which can orbit their stars at almost any tilt, warm Jupiters are almost always aligned with their stars' equators. Observations also reveal that the more elongated a warm Jupiter's orbit is, the more precisely aligned it tends to be -- a surprising pattern that no current planet formation theory can explain.

To explore this mystery, the researcher is developing a new and expanding catalog of eccentric warm Jupiters using data from NASA's Transiting Exoplanet Survey Satellite (TESS). These discoveries will serve as the foundation for both updated and entirely new models that could finally reveal how these strange worlds came to be.

"The data tells us that warm Jupiters are not just the tail end of hot Jupiters," Munoz said. "It tells us they may have a different history. We need to understand if this is just a quirk -- if these are pathological cases that happen maybe once every million cases -- or if there is an additional physical process that we have ignored in the past that we might be able to unveil."

Knowing what processes are at work during an eccentric warm Jupiter's formation could help astronomers uncover hidden truths about our solar system's evolution and the creation of countless others just like it. But before diving into the implications, Munoz has to interrogate multiple hypotheses until he can find one that is practical and plausible.

One possibility is that these eccentric warm Jupiters have companion planets that somehow alter their orbits without misaligning them relative to their stars' equator. Having varying eccentricities and varying inclinations simultaneously is well understood from a modeling perspective, but having one and not the other is not as easily explained.

Another concerns the gaseous nebulas in which the planets and their stars formed. Munoz reasons that these planets could have interacted with their surroundings in ways astronomers could never have anticipated as they were developing. Discoveries of this nature could permanently change the way astronomers map planet formation.




Last, and Munoz's favorite, is the idea that the stars in these systems are responsible. Because stars are fluid bodies, they can develop internal waves that can sometimes crash and extract energy from a planet's orbit in peculiar ways. He said it's mathematically feasible that these waves could also be the reason warm Jupiters align so closely with their host stars' equators.

The answer to which theory is correct, as of now, is a mystery, but it's one Munoz will be hard at work solving with myriad modeling techniques.

"I'm a theorist, so I work on models using heavy-duty computers, pencil-and-paper calculations and anything in between," Munoz said. "We don't have a model that predicted this to begin with, so we're going to go crazy and dive into the most creative ways we can think about this problem. But once you have a mathematical model, that is just the beginning."

Next year, Munoz will hire a graduate student who excels in creative puzzle solving to assist him throughout his modeling study. In the meantime, he said his research into his host star hypothesis has been promising, and he hopes to publish his findings in the near future.
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This tiny worm uses static electricity to hunt flying insects | ScienceDaily
A minuscule parasitic worm capable of springing into the air up to 25 times its own body length can latch onto flying insects with the help of static electricity, according to new research. The findings, published in PNAS, focus on the nematode Steinernema carpocapsae and come from a collaboration between scientists at Emory University and the University of California, Berkeley.


						
"We've identified the electrostatic mechanism this worm uses to hit its target, and we've shown the importance of this mechanism for the worm's survival," says co-author Justin Burton, an Emory professor of physics whose lab led the mathematical analyses of laboratory experiments. "Higher voltage, combined with a tiny breath of wind, greatly boosts the odds of a jumping worm connecting to a flying insect."

Victor Ortega-Jimenez, co-lead author and assistant professor of biomechanics at the University of California, Berkeley, adds, "You might expect to find big discoveries in big animals, but the tiny ones also hold a lot of interesting secrets." He led the experimental work, using high-speed microscopy to capture footage of the needle-tip-sized worms launching themselves toward electrically charged fruit flies.

The researchers discovered that an insect's wings generate an electric field of several hundred volts as they move through the air. This charge induces an opposite charge in the worm, creating an attraction that pulls the two together. They confirmed that the process is powered by electrostatic induction.

"Using physics we learned something new and interesting about an adaptive strategy in an organism," says Ranjiangshang Ran, co-lead author of the paper and a postdoctoral fellow in Burton's lab. "We're helping to pioneer the emerging field of electrostatic ecology."

Other contributors include Saad Bhamla and Sunny Kumar from the Georgia Institute of Technology, who study biomechanics across species and conducted preliminary trials, as well as Adler Dillman, a nematode biologist at the University of California, Riverside.

The shocking lives of tiny creatures

Static electricity -- the spark you feel when touching a doorknob or pulling on a sweater -- occurs when electrons build up and discharge suddenly upon contact with a conductor.




While for humans it's a brief jolt of annoyance, scientists are discovering that static electricity plays a major role in the survival and behavior of many small organisms.

In 2013, Ortega-Jimenez found that spider webs can exploit the electrical charge of nearby insects to draw them in and trap them. Other studies have shown that bees use static forces to gather pollen, flower mites cling to hummingbirds using electrostatic attraction, and ballooning spiders rely on charged silk to drift across long distances.

Burton and Ortega-Jimenez also co-wrote a recent commentary for Trends in Parasitology that examined how static electricity affects ticks.

"Ticks can get sucked up from the ground by fluffy animals, purely through the static electricity in the animal's fur," Burton explains.

In experiments testing this phenomenon, Ortega-Jimenez developed a technique to precisely control the electric charge of a tethered tick. That innovation provided the missing method needed to move forward with the new nematode research.

As the jumping worm turns

For the current paper, the researchers wanted to investigate how electrostatic forces, in combination with aerodynamics, affects the success rate of S. carpocapsae to connect with a flying insect.




S. carpocapsae is an unsegmented roundworm, or nematode, that kills insects through a symbiotic relationship with bacteria. The worm thrives in soils nearly everywhere on Earth except the Poles. It is increasingly used for biological pest control in agriculture, with researchers around the world studying how to further drive its effectiveness as a natural pesticide.

When the worm senses an insect overhead, it curls into a loop and then launches itself in the air as high as 25 times its body length. That's the equivalent of a human being jumping higher than a 10-story building.

"I believe these nematodes are some of the smallest, best jumpers in the world," Ortega-Jimenez says. During their dizzying, acrobatic leaps, he notes, they rotate at 1,000 times per second.

If the worm hits its target, it enters the insect's body through a natural opening. It then deposits its symbiotic bacteria, which kills the insect within 48 hours. After the death of the host, the worm feeds on the multiplying bacteria, as well as on the insect tissue, and lays eggs. Several generations may occur in the insect's cadaver until the juvenile worms emerge into the environment to infect other insects with bacteria.

Painstaking experiments

The researchers designed experiments to investigate the physics involved in the worm's prowess at connecting with a flying insect.

In nature, the wings of a flying insect rubbing against ions in the air can generate hundreds of volts. The physicists needed to know the exact charge of the fruit flies used in the experimental model. That required Ortega-Jimenez to attach a tiny wire connected to a high-voltage power supply to the back of each fruit fly to control its voltage.

"It's very difficult to glue a wire to a fruit fly," he says. "Usually, it took me half an hour, or sometimes an hour."

Another challenge was identifying the right conditions to induce worms in the experimental setup to jump. Ortega-Jimenez used a substrate of moistened paper. The paper had to be just wet enough, but not too wet. Finally, a worm needed the encouragement of a gentle puff of air or a slight mechanical disturbance before making the leap toward a suspended fruit fly.

Ortega-Jimenez conducted dozens of experiments, recording them with a special high-speed camera capable of capturing the midair trajectories of the submillimeter worms, which are essentially invisible to the human eye, at 10,000 frames per second.

He also created a tiny wind tunnel for some of the experiments, so that the physicists could analyze the role of ambient breeze in the worm's target success rate.

Digitizing the data

Using computer software, Ran digitized the trajectories of the worms, drawing from about 60 videos of experiments. The process was time consuming in instances when a worm left the focal plane of the camera, blurring the image, in which case Ran needed to click by hand to record its position.

Ran used a computer algorithm known as Markov chain Monte Carlo (MCMC) to analyze the digitized data. ("Markov" stands for the mathematician who developed the algorithm, while "Monte Carlo" refers to the area of Monaco famous for its casinos.)

"MCMC allows you to do random explorations, using different sets of parameters, to determine a mathematical probability for an outcome," Ran explains.

Ran identified a set of 50,000 plausible values of fitting parameters for a single worm's trajectory -- such as the voltage of the insect, the physical dimensions and the launching velocity of the worm -- to test the probability of a particular charge in a worm allowing it to hit its target.

With no electrostatics, only one out of 19 worm trajectories successfully reached the target.

The model showed that a charge of a few hundred volts -- a magnitude commonly found in flying insects -- generates an opposite charge in a jumping worm and significantly increases the odds of it connecting to a midair insect. A charge of just 100 volts resulted in a probability for hitting the target of less than 10%, while 800 volts boosted the probability of success to 80%.

A worm expends a vast amount of energy to jump and faces risks of predation or drying out while suspended in the air.

"Our findings suggest that, without electrostatics, it would make no sense for this jumping predatory behavior to have evolved in these worms," Ran says.

Science past and future

The researchers had theorized that electrostatic induction was the mechanism driving the interplay between the worm and its target. Sifting through research papers eventually led them to a law of induction posited by Scottish physicist James Clerk Maxwell.

"Maxwell, one of the most prolific physicists of all time, had a wild imagination, similar to Einstein," Ran says. "It turns out that our model for the worm-charging mechanism agreed with a prediction for electrostatic induction that Maxwell made in 1870. There are many buried treasures in scientific history. Sometimes being a scientist is like being an archeologist."

Drag force was another key part of the equation, due to the tiny size of the worm. The researchers use the comparison of a bowling ball flying through the air, which is not much affected by drag force, and a floating feather, which is highly dependent on it.

Ran drew from the experimental data to simulate the effects of electrostatic charge combined with various wind speeds. The results revealed how the faintest breeze, just 0.2 meters per second, combined with higher voltage further increased the likelihood of a worm hitting its target.

The work serves as a new framework for further investigations into the role of electrostatics in ecology.

"We live in an electrical world, electricity is all around us, but the electrostatics of small organisms remains mostly an enigma," Ortega-Jimenez says. "We are developing the tools to investigate many more valuable questions surrounding this mystery."

The work was supported by a grant from the W.M. Keck Foundation and the Tarbutton Postdoctoral Fellowship of Emory College of Arts and Sciences.
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A 151-million-year-old fly just changed what we know about evolution | ScienceDaily
An international group of researchers led by the Donana Biological Station (EBD-CSIC) has identified a previously unknown species of fossilized insect from the Jurassic period in Australia, estimated to be about 151 million years old. This discovery marks the oldest known member of the Chironomidae family found in the Southern Hemisphere. These non-biting midges typically live in freshwater environments. The fossil reveals a remarkable evolutionary feature: a structure that likely helped the insect attach securely to rocks. Until now, such an anchoring mechanism had only been documented in marine organisms.


						
The fossil was uncovered in the Talbragar fish beds in New South Wales. The study, published in the journal Gondwana Research, involved experts from the Australian Museum Research Institute, the University of New South Wales, the University of Munich, and Massey University in New Zealand.

The fly from the stagnant waters

"This fossil, which is the oldest registered find in the Southern Hemisphere, indicates that this group of freshwater animals might have originated on the southern supercontinent of Gondwana," explains Viktor Baranov, a researcher at the Donana Biological Station and first author of the study.

The newly identified species was named Telmatomyia talbragarica, meaning "fly from the stagnant waters," a nod to the lake-like setting of the Talbragar region.

Researchers examined six fossilized specimens, including pupae and emerging adults, all showing the presence of a terminal disc. This structure, known to function in environments affected by tides, was once believed to be limited to marine species. However, sediment and fossil evidence from Talbragar indicate that the area was once a freshwater habitat, demonstrating the surprising adaptability (phenotypic plasticity) of chironomids.

Rethinking the origins of the family

The Podonominae group has long served as a valuable model for studying how species are distributed across the planet and how biodiversity arises over time.




Earlier theories suggested that Podonominae originated in northern Gondwana before spreading northward into Laurasia, the ancient landmass that included today's Northern Hemisphere continents. Their fossil record, however, is limited, partly because of preservation challenges and a lack of studies focusing on Southern Hemisphere specimens. Later discoveries of older fossils in Eurasia, dating back to the Jurassic, prompted some scientists to propose a Laurasian origin instead.

The new findings challenge that view, offering strong evidence that the Podonominae subfamily most likely began in the Southern Hemisphere and later expanded worldwide.

Today, Podonominae species are found mostly in the Southern Hemisphere. Their scattered distribution across South America, Australia, South Africa, and New Zealand is a classic case of vicariance -- a process in which natural barriers such as mountains or rivers divide a population, forcing each group to evolve independently and form new species. Swedish entomologist Lars Brundin first proposed in 1966 that the breakup of the ancient supercontinent Gondwana triggered this evolutionary separation.

Limitations due to the scarcity of fossils in the Southern Hemisphere

While this discovery addresses a significant gap in the lineage's fossil record, a comprehensive understanding of this group's evolutionary history is still limited by the lack of Southern Hemisphere fossils. The majority of known Podonominae fossils originate from the Northern Hemisphere, with only two prior exceptions documented from the Southern Hemisphere: an Eocene specimen from Australia and a Paleocene record from India.

There is a strong bias towards finding and studying fossils in the Northern Hemisphere. Because of this we end up making incorrect assumptions about where groups originated," explains Matthew McCurry, palaeontologist from the Australian Museum and The University of New South Wales.

Professor in Massey University Steve Trewick claims, "there are long-standing questions about the way Southern Hemisphere biotas formed and changed through geological time. Fossils species of tiny, delicate freshwater insects like the Talbragar fly are rare and help us interpret the history of life on our planet."

The analysis of the fossilized specimens, combined with genomics, will help determine whether the dispersal of these insects after the breakup of Gondwana was primarily passive or active. The resulting data will certainly be of value for comprehending and conserving modern-day biodiversity.
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JWST may have found the Universe's first stars powered by dark matter | ScienceDaily
In the early universe, a few hundred million years after the Big Bang, the first stars emerged from vast, untouched clouds of hydrogen and helium. Recent observations from the James Webb Space Telescope (JWST) suggest that some of these early stars may have been unlike the familiar (nuclear fusion-powered) stars that astronomers have studied for centuries. A new study led by Cosmin Ilie of Colgate University, together with Shafaat Mahmud (Colgate '26), Jillian Paulin (Colgate '23) at the University of Pennsylvania, and Katherine Freese at The University of Texas at Austin, has identified four extremely distant objects whose appearance and spectral signatures match what scientists expect from supermassive dark stars.


						
"Supermassive dark stars are extremely bright, giant, yet puffy clouds made primarily out of hydrogen and helium, which are supported against gravitational collapse by the minute amounts of self-annihilating dark matter inside them," Ilie said. Supermassive dark stars and their black hole remnants could be key to solving two recent astronomical puzzles: i. the larger than expected extremely bright, yet compact, very distant galaxies observed with JWST, and ii. the origin of the supermassive black holes powering the most distant quasars observed.

Katherine Freese first proposed the idea of dark stars with Doug Spolyar and Paolo Gondolo, publishing their initial peer-reviewed paper on the concept in Physical Review Letters in 2008. That study outlined how dark stars might grow and eventually collapse into supermassive black holes in the early universe. In 2010, Freese, Ilie, Spolyar, and their collaborators expanded on the theory in The Astrophysical Journal, describing two possible processes that could allow dark stars to reach immense sizes and predicting that they could seed the black holes found in the earliest quasars known to exist.

Dark matter is thought to make up roughly a quarter of the universe, yet its nature remains one of science's greatest mysteries. Researchers believe it is composed of a still-undetected type of elementary particle. Decades of experiments have searched for these particles, but so far without success. One leading possibility involves Weakly Interacting Massive Particles (WIMPs). When two WIMPs collide, they are expected to annihilate each other, releasing energy that could heat collapsing hydrogen clouds and cause them to shine as brilliant dark stars.

Conditions a few hundred million years after the Big Bang, within dense regions called dark matter halos, appear to have been ideal for forming such stars. These regions are also where the first generation of normal stars was expected to appear.

"For the first time we have identified spectroscopic supermassive dark star candidates in JWST, including the earliest objects at redshift 14, only 300 Myr after the Big Bang," said Freese, the Jeff and Gail Kodosky Endowed Chair in Physics and director of the Weinberg Institute and Texas Center for Cosmology and Astroparticle Physics at UT Austin. "Weighing a million times as much as the Sun, such early dark stars are important not only in teaching us about dark matter but also as precursors to the early supermassive black holes seen in JWST that are otherwise so difficult to explain."

In a 2023 PNAS study by Ilie, Paulin, and Freese, the first supermassive dark star candidates (JADES-GS-z13-0, JADES-GS-z12-0, and JADES-GS-z11-0) were identified using photometric data from JWST's NIRCam instrument. Since then, spectra from JWST's NIRSpec instrument became available for those, and a few other extremely distant objects. The team, which now also includes Shafaat Mahmud analyzed the spectra and morphology of four of the most distant objects ever observed (including two candidates from the 2023 study): JADES-GS-z14-0, JADES-GS-z14-1, JADES-GS-13-0, and JADES-GS-z11-0 and found that each of them is consistent with a supermassive dark star interpretation.




JADES-GS-z14-1 is not resolved, meaning it is consistent with a point source, such as a very distant supermassive star would be. The other three are extremely compact, and can be modeled by supermassive dark stars powering a nebula (i.e. ionized H and He gas surrounding the star). Each of the four objects analyzed in this study is also consistent with a galaxy interpretation, as shown in the literature. Dark stars have a smoking gun signature, an absorption feature at 1640 Angstrom, due to the large amounts of singly ionized helium in their atmospheres. And in fact, one of the four objects analyzed shows signs of this feature.

"One of the most exciting moments during this research was when we found the 1640 Angstrom absorption dip in the spectrum of JADES-GS-z14-0. While the signal to noise ratio of this feature is relatively low (S/N~2), it is for the first time we found a potential smoking gun signature of a dark star. Which, in itself, is remarkable," Ilie said.

Astronomers using the Atacama Large Millimeter/submillimeter Array (ALMA) measured the spectrum of the same object, revealing the presence of oxygen, via a nebular emission line. Researchers said that if both spectral features are confirmed, the object cannot be an isolated dark star, but rather may be a dark star embedded in a metal rich environment. This could be the outcome of a merger, where a dark matter halo hosting a dark star merges with a galaxy. Alternatively, dark stars and regular stars could have formed in the same host halo, as the researchers now realized it is possible.

The identification of supermassive dark stars would open up the possibility of learning about the dark matter particle based on the observed properties of those objects, and would establish a new field of astronomy: the study of dark matter-powered stars. This published PNAS research is a key step in this direction.

Funding Acknowledgments: This research was made possible by generous funding from the following agencies: Colgate University Research Council, The Picker Interdisciplinary Sciences Institute, the U.S. Department of Energy's Office of High Energy Physics program, Swedish Research Council, LSST Discovery Alliance, the Brinson Foundation, the WoodNext Foundation, and the Research Corporation for Science Advancement Foundation.
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Your skin could warn of hidden mental health trouble | ScienceDaily
Scientists have found that people receiving treatment for mental health conditions who also have skin problems may face a higher risk of severe outcomes, including depression and suicidal thoughts. The research, which could help doctors better identify vulnerable patients and tailor psychiatric care, was presented at the ECNP meeting in Amsterdam.


						
The study involved 481 individuals experiencing their first episode of psychosis (the first time a person has symptoms such as delusions, hallucinations, or losing touch with reality). Among them, 14.5% showed signs of skin issues (24% of females and 9.8% of males), including rashes, itching, or sensitivity to light. All participants received four weeks of antipsychotic treatment, after which researchers assessed various mental health indicators.

Lead researcher Dr. Joaquin Galvan (Instituto de Investigacion Sanitaria Gregorio Maranon, Madrid) explained:

"After 4 weeks of follow-up, patients with a first episode of psychosis presenting with skin conditions experienced higher levels of depression and risk of suicide. We found that just 7% of the patients without the initial skin conditions had suicidal thoughts or attempts, in contrast, around 25% of the patients with initial skin conditions had suicidal thoughts or attempts. Initial skin conditions are also linked to greater depression and poorer well-being at follow-up.

"This discovery suggests that the presence of skin conditions indicates that these patients are more at risk for worse outcomes than patients who do not have skin conditions after a first episode of psychosis."

The team noted that, if further research supports these results, skin symptoms could serve as an early warning sign for elevated mental health risks, much like how blood tests can signal the likelihood of cancer or heart disease.

Because both the brain and skin develop from the same embryonic layer called the ectoderm, the scientists set out to explore how these two systems might be connected.




Dr. Galvan added:

"It was already known that between 30% and 60% of people with skin conditions show psychiatric symptoms. What we have done is look at things from the opposite direction; do people with mental health problems have skin conditions, and if so, can this tell us anything useful?

Our findings suggest that dermatological symptoms may represent a marker of illness severity and poor short-term outcomes in the early stages of psychosis, potentially identifying a subgroup of patients with a poorer clinical prognosis who may benefit from early tailored interventions. The reason for the connection is still unclear, but our working hypothesis is that this may be due to the skin and neurological systems having common developmental origins and inflammatory pathways; but this needs to be confirmed. As far as we know this is the first study to show this link in patients with psychosis, so we need follow-up studies to confirm the finding. We also need to understand if this link applies also to a range of other psychiatric conditions, such as bipolar disorder, ADHD, anxiety or depression."

Offering an independent perspective, Professor Eric Ruhe (Professor of Difficult-to-Treat Depression at Radboud University, the Netherlands) commented:

"This is an interesting association between skin problems and a first episode of psychosis. These results need replication in different cohorts but might indeed show a new link between skin and psychopathology.

As the skin and the brain derive from the same embryonic origin, this would worth pursuing further, both diagnostically and mechanistically (which may be more interesting). For example, this association might be used to culture skin cells to begin to understand which treatment is appropriate."

This is an independent comment, Professor Ruhe was not involved in this work.
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New research reveals how ADHD sparks extraordinary creativity | ScienceDaily
New research has found that ADHD (Attention Deficit Hyperactivity Disorder) is linked to higher levels of creativity, and that this creative advantage may stem from a stronger tendency for the mind to wander. The findings, presented at the ECNP congress in Amsterdam, mark the first study to explain how ADHD and creativity are connected.


						
Lead researcher Han Fang (from the Radboud University Medical Centre, the Netherlands) explained:

"Previous research pointed to mind wandering as a possible factor linking ADHD and creativity, but until now no study has directly examined this connection. We conducted two studies, utilizing 2 different groups of ADHD patients and healthy controls, one from a European group curated by the ECNP, and a second study from a UK group. In total there were 750 participants. Separately analyzing results from 2 independent groups means that we can have greater confidence in the results."

The team explored how ADHD traits, creativity, and functional challenges interact, focusing on the influence of mind wandering. Both groups displayed typical ADHD traits, including inattention, impulsivity, and frequent shifts in focus away from the task at hand. In both studies, participants with more pronounced ADHD symptoms also reported higher levels of mind wandering.

Mind wandering refers to moments when attention drifts away from what a person is doing and turns inward to self-generated thoughts. Everyone experiences this to some extent, but it occurs more frequently in individuals with ADHD.

Han Fang added:

"Previous researchers have been able to distinguish two different types of mind wandering. It can be a loss of concentration, where your mind may drift from subject to subject. This is 'spontaneous mind-wandering'. Another type is 'deliberate mind wandering', where people give themselves the freedom to drift off-subject, where they 'allow their thoughts to take a different course'. Psychiatrists have developed ways of measuring how much people are subject to these different tendencies."

The researchers also measured creativity in both groups (there are standards ways of measuring this, for example by asking people to find a creative use for an everyday object). They then looked at how creativity was associated with the different types of mind wandering.




Dr. Han Fang said:

"We found that people with more ADHD traits such as lack of attention, hyperactivity, or impulsivity, score higher on creative achievements in both studies. This supports previous research. Additionally, we found that mind wandering, particularly deliberate mind wandering, where people allow their "thoughts to wander on purpose," was associated with greater creativity in people with ADHD. This suggests that mind wandering may be an underlying factor connecting ADHD and creativity.

This may have practical implications, for both psychoeducation and treatment. For psychoeducation, specially designed programs or courses that teach individuals how to utilize their spontaneous ideas, for example turning them into creative outputs, could help individuals with ADHD traits harness the benefits of mind wandering. For treatment, ADHD-tailored mindfulness-based interventions that seek to decrease spontaneous mind wandering or transform it into more deliberate forms may reduce functional impairments and enhance treatment outcomes. This is the first time this link has been investigated, so we need to see more studies which confirm the findings."

Commenting, K.P. Lesch (Professor of Molecular Psychiatry, University of Wurzburg, Germany) said:

"Mind wandering is one of the critical resources on which the remarkable creativity of high-functioning ADHD individuals is based. This makes them such an incredibly valuable asset for our society and the future of our planet."
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Archaeologists uncover lost land bridge that may rewrite human history | ScienceDaily
Once connected stretches of land, now hidden beneath the sea, may have given early humans a way to move between what is today Turkiye and Europe, according to groundbreaking new research in this little-studied region.


						
The study, recently published in the peer-reviewed Journal of Island and Coastal Archaeology, reveals the first evidence of Paleolithic activity in Ayvalik and may reshape how scientists understand our species' journey into Europe.

For decades, experts believed that Homo sapiens reached Europe mainly by traveling through the Balkans and the Levant, moving from Africa into the Middle East.

However, the discovery of 138 stone tools spread across 10 sites within a 200 km2 area suggests a different possibility. Long before Ayvalik became known for its olive groves and seaside scenery, this part of the northeastern Aegean coast (now in Turkey) may have served as another key passageway for ancient humans exploring a shifting prehistoric world.

"Our archaeological discovery has unveiled that this now-idyllic region once potentially offered a vital land bridge for human movement during the Pleistocene era -- when sea levels dropped and the now-submerged landscape was briefly exposed," explains Dr. Goknur Karahan, from the Department of Archaeology-Prehistory, at Hacettepe University, in Turkey, who was part of a fully female team of expert archaeologists from the country.

"We are very excited and delighted with this discovery. These findings mark Ayvalik as a potential new frontier in the story of human evolution, placing it firmly on the map of human prehistory -- opening up a new possibility for how early humans may have entered Europe.

"It feels like we are adding an entirely new page to the story of human dispersal. Our research raises exciting possibilities for future exploration, and we hope it emerges as a body of work that will shift the approach of Pleistocene archaeology for decades to come."

How were these findings possible? 




During the Ice Age, sea levels dropped more than 100 meters, revealing vast coastal plains that are now underwater. At that time, the modern islands and peninsulas of Ayvalik would have formed a single stretch of land, creating a natural bridge that linked Anatolia to Europe.

The artifacts found in the new study were discovered along the present-day coastline, providing evidence that people once lived and traveled across these now-submerged landscapes.

Until now, environmental conditions and deep sediment layers had made it difficult to detect or preserve traces of early human activity in the region.

"In all these periods, the present-day islands and peninsulas of Ayvalik would have formed interior zones within an expansive terrestrial environment," explains co-author Professor Kadriye Ozcelik, from Ankara University.

"These paleogeographic reconstructions underscore the importance of the region for understanding hominin dispersals across the northeastern Aegean during the Pleistocene."

What was found? 

The region's shifting geology and active coastlines in the North Aegean made preservation difficult and the number of items uncovered "limited," however this research team managed to uncover Levallois technologies from various Paleolithic periods, as well as handaxes and cleavers.




Among the most significant finds include Levallois-style flake tools, sophisticated implements linked to the Middle Paleolithic Mousterian tradition -- these are often associated with Neanderthals and early Homosapiens.

"These large cutting tools are among the most iconic artifacts of the Paleolithic and are instantly recognizable even today, so are a very important find," explains Dr. Karahan.

"The presence of these objects in Ayvalik is particularly significant, as they provide direct evidence that the region was part of wider technological traditions shared across Africa, Asia, and Europe."

Describing the initial discovery of the 131 items, Dr. Karahan adds: "It was a truly unforgettable moment for us. Holding the first tools in our hands was both emotional and inspiring.

"And each find from there on was a moment of excitement for the whole team.

"Holding these objects -- after walking across landscapes where no one had ever documented Paleolithic remains before -- was unforgettable."

What does this discovery tell us about early humans? 

The experts' key argument hinges on the potential of Ayvalik as a dynamic site for interaction and exchange, facilitating early human movement between the Anatolia peninsula and Europe.

Exploring how Anatolia, with specific focus on Ayvalik, and Europe were linked during glacial sea-level low stands offers alternative pathways for how early humans moved around the region beyond dominantly emphasized northern mainland-centered routes.

Addressing a gap in the scholarship, the authors' work provides a new foundation for examining resources and migration routes in which Ayvalik may have featured as part of a mobility corridor.

The survey's yield of tools demonstrates a "consistent use of Levallois technology and flake production... and a diversified toolkit," whilst all artefacts together offer what the team state are "valuable insights into early human presence, raw material preferences, and technological variability."

"The findings paint a vivid picture of early human adaptation, innovation, and mobility along the Aegean," Dr. Karahan explains.

"The results confirmed that Ayvalik -- which had never before been studied for its Paleolithic potential -- holds vital traces of early human activity."

Incredible recoveries, hundreds of thousands of years later 

As this was a survey (carried out across a two-week period in June 2022) rather than an excavation, the team could not be certain of what they would find when they set off. They knew from the region's geology and paleogeography that there was potential. They explored -- often muddy, (particularly in lowland basins and coastal plains) -- sites by foot.

What followed was a "discovery of such a diverse and well-preserved set of artifacts, which exceeded our expectations," Dr. Karahan says.

Although these recovery efforts were not without challenges, the authors explore what both the challenges and findings reveal in the paper. They state: "The widespread, muddy cover was considered a limiting factor for the preservation and detectability of Paleolithic materials.

"However, despite these constraints, high-quality raw material sources, such as flint and chalcedony, were identified in multiple locations, including areas affected by alluvial deposition."

Future potential 

Fellow author Dr. Hande Bulut, from Duzce University, adds: "Ultimately the results underline Ayvalik's potential as a long-term hominin habitat and a key area for understanding Paleolithic technological features in the eastern Aegean.

"While preliminary, the current findings underscore the region's potential to contribute to broader debates on Aegean connectivity and technological evolution during the Pleistocene.

"Excitingly, the region between the North Aegean and the Anatolian mainland, may still hold valuable clues to early occupation despite the challenges posed by active geomorphological processes."

The team recommends future research uses a multidisciplinary approach to outline absolute dating, stratigraphic excavation, and paleoenvironmental reconstruction, which they describe as "essential to clarify the temporal depth and functional character of the Ayvalik assemblage."
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Scientists unearth a 112-million-year-old time capsule filled with ancient insects | ScienceDaily
Scientists have uncovered the first South American amber deposits containing preserved insects in a quarry in Ecuador, according to a study published in Communications Earth & Environment. The discovery captures a vivid picture of a 112-million-year-old forest that once thrived on the ancient supercontinent Gondwana and opens new doors for exploring a long-overlooked prehistoric ecosystem.


						
Amber (fossilized tree resin) has been found in samples dating back as far as 320 million years, but it became far more common between 120 million and 70 million years ago, during the Cretaceous era (143.1 million to 66 million years ago). These ancient resins sometimes contain "bio-inclusions" -- trapped remains of plants or animals -- that offer rare, detailed glimpses of life forms such as insects and flowers that are not usually preserved as fossils. Until now, nearly all known major amber deposits were located in the Northern Hemisphere, leaving scientists with limited insight into what Southern Hemisphere ecosystems looked like during the time when the continents were beginning to separate from Gondwana.

To investigate, Xavier Delclos and his research team examined amber and surrounding rock samples collected from the Genoveva quarry in Ecuador. The amber, dated to roughly 112 million years ago, belongs to the Hollin Formation, a sedimentary layer that stretches across Ecuador's Oriente Basin. The team identified two distinct kinds of amber: one formed underground near the roots of resin-producing plants, and another that developed in the open air. Among 60 samples of the latter, the researchers found 21 bio-inclusions representing five insect orders, including Diptera (flies), Coleoptera (beetles), and Hymenoptera (a group that includes ants and wasps), as well as a fragment of spider web. In addition, the rock surrounding the amber contained numerous plant fossils such as spores, pollen, and other botanical traces.

According to the researchers, the characteristics of the fossils indicate that the amber originated in a warm, humid forest filled with dense vegetation and resin-producing trees in southern Gondwana. They emphasize that this rare find provides a crucial new resource for understanding life and biodiversity during this key period in Earth's history.
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Dolphins may be getting Alzheimer's from toxic ocean blooms | ScienceDaily
For many nature enthusiasts, few scenes are as distressing as finding a stranded whale or dolphin lying helpless on the beach. When these animals are still alive, marine biologists and volunteers rush to assist, shielding them from the sun and preventing their skin from drying out by pouring seawater over them or draping them with wet towels. Others work tirelessly to guide the animal back to deeper waters once the tide returns.


						
Tragically, not every rescue attempt comes in time. Some dolphins and whales are discovered already dead, leaving behind a haunting mystery that has puzzled scientists for decades: what drives these intelligent creatures to beach themselves in the first place?

A team of researchers from Florida to Wyoming believes they may have uncovered a surprising explanation. They suggest that, much like humans with dementia who sometimes wander away from familiar places, dolphins might also become disoriented due to a form of Alzheimer's-like disease. Their findings point to a connection between this disorientation and long-term exposure to harmful compounds produced by cyanobacteria -- microscopic organisms that thrive in warm, nutrient-rich waters.

Research involving residents of Guam has shown that people who regularly consume foods containing cyanobacterial toxins are more likely to develop the same brain abnormalities seen in Alzheimer's disease, including misfolded tau proteins and amyloid plaques. One of the most concerning of these toxins is b-N-methylamino-L-alanine (BMAA), along with its chemical relatives 2,4-Diaminobutyric acid (2,4-DAB) and N-2-aminoethylglycine (AEG). These compounds are known to be highly toxic to nerve cells. Experiments in animals demonstrate that BMAA exposure can lead to Alzheimer's-like brain damage and cognitive decline. Once released into marine ecosystems, these toxins can build up in the food chain, eventually reaching top predators such as dolphins.

When researchers examined the brains of twenty bottlenose dolphins that had stranded along Florida's Indian River Lagoon, they found significant levels of BMAA and its related toxins, especially 2,4-DAB. Dolphins that washed ashore during peak cyanobacterial bloom periods contained up to 2,900 times more 2,4-DAB than those stranded at other times of the year. Their brains showed many of the same pathological features seen in humans with Alzheimer's disease, including b-amyloid plaques and hyperphosphorylated tau proteins. The scientists also identified TDP-43 protein inclusions, a marker associated with more aggressive forms of Alzheimer's, along with 536 genes expressed in patterns consistent with the disease.

The duration of cyanobacterial blooms is increasing with climate warming and nutrient inputs associated with agricultural runoff and sewage discharges. Cyanobacterial-laden waters have often been released down the St. Lucie River from Lake Okeechobee into the Indian River Lagoon. "Since dolphins are considered environmental sentinels for toxic exposures in marine environments," Dr. David Davis at the Miller School of Medicine explains, "there are concerns about human health issues associated with cyanobacterial blooms."

In 2024, Miami Dade County had the highest prevalence of Alzheimer's disease in the United States. "Although there are likely many paths to Alzheimer's disease, cyanobacterial exposures increasingly appear to be a risk factor," adds Dr. Davis.

"Among Guam villagers, exposure to cyanobacterial toxins appeared to trigger neurological disease," said Dr. Paul Alan Cox of the Brain Chemistry Labs in Jackson Hole.

This research was published in the current Nature journal Communication Biology by researchers at Hubbs-SeaWorld Research Institute in Melbourne Beach, Florida, The Blue World Research Institute in Cocoa, Florida, The University of Miami Miller School of Medicine, Miami, Florida, Brain Chemistry Labs, Jackson Hole, Wyoming, Rosenstiel School of Marine, Atmospheric, and Earth Science, University of Miami, Miami, Florida.




					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/10/251011105521.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



12,000-year-old rock art found in Arabia reveals a lost civilization | ScienceDaily
Recent research has revealed the crucial role of early human groups who settled in northern Arabia soon after the intensely dry period known as the Last Glacial Maximum (LGM). These communities followed the return of seasonal water sources and left behind an extraordinary record of their presence through monumental rock art.


						
An international team of archaeologists, coordinated by the Heritage Commission of the Saudi Ministry of Culture, uncovered the findings through the Green Arabia Project. The team included experts from the Max Planck Institute of Geoanthropology, KAUST (King Abdullah University of Science and Technology), University College London, Griffith University, and several other institutions.

Researchers documented over 60 rock art panels featuring 176 individual engravings across three previously unexplored locations: Jebel Arnaan, Jebel Mleiha, and Jebel Misma, situated along the southern edge of the Nefud Desert in northern Saudi Arabia.

The engravings, which depict animals such as camels, ibex, equids, gazelles, and aurochs, include 130 highly detailed and life-sized figures, some reaching up to 3 meters long and more than 2 meters tall.

Dating to between 12,800 and 11,400 years ago, the engravings correspond to a time when temporary lakes and rivers reappeared after centuries of extreme aridity.

Sediment analysis confirmed the existence of these ancient water sources, which would have provided essential support for human groups venturing into the desert interior and allowed them to survive in this challenging environment.

"These large engravings are not just rock art -- they were probably statements of presence, access, and cultural identity," said lead author, Dr. Maria Guagnin from Max Planck Institute of Geoanthropology.




Dr. Ceri Shipton, co-lead author from the Institute of Archaeology, University College London, said: "The rock art marks water sources and movement routes, possibly signifying territorial rights and intergenerational memory."

Unlike previously known sites where engravings were hidden in crevices, the Jebel Mleiha and the Jebel Arnaan panels were etched onto towering cliff faces, some up to 39 meters high, in visually commanding locations.

One panel would have required ancient artists to climb and work precariously on narrow ledges, underscoring the sheer effort and significance of the imagery.

Artefacts including Levantine-style El Khiam and Helwan stone points, green pigment, and dentalium beads suggest long-distance connections to Pre-Pottery Neolithic (PPN) populations in the Levant region.

However, the scale, content, and placement of the Arabian engravings set them apart.

"This unique form of symbolic expression belongs to a distinct cultural identity adapted to life in a challenging, arid environment," said Dr. Faisal Al-Jibreen, from the Heritage Commmission, Saudi Ministry of Culture.

"The project's interdisciplinary approach has begun to fill a critical gap in the archaeological record of northern Arabia between the LGM and the Holocene, shedding light on the resilience and innovation of early desert communities," said Michael Petraglia, lead of the Green Arabia project.

The study 'Monumental rock art illustrates that humans thrived in the Arabian Desert during the Pleistocene-Holocene transition' has been published in Nature Communications.
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Scientists create a magnetic lantern that moves like it's alive | ScienceDaily
Researchers have developed a polymer structure shaped like a "Chinese lantern" that can quickly change into more than a dozen curved, three-dimensional forms when it is compressed or twisted. This transformation can be triggered and controlled remotely with a magnetic field, opening possibilities for a wide range of practical uses.


						
To build the lantern, the team began with a thin polymer sheet cut into a diamond-shaped parallelogram. They then sliced a series of evenly spaced lines through the center of the sheet, forming parallel ribbons connected by solid strips of material at the top and bottom. When the ends of these top and bottom strips are joined, the sheet naturally folds into a round, lantern-like shape.

"This basic shape is, by itself, bistable," says Jie Yin, corresponding author of a paper on the work and a professor of mechanical and aerospace engineering at North Carolina State University. "In other words, it has two stable forms. It is stable in its lantern shape, of course. But if you compress the structure, pushing down from the top, it will slowly begin to deform until it reaches a critical point, at which point it snaps into a second stable shape that resembles a spinning top. In the spinning-top shape, the structure has stored all of the energy you used to compress it. So, once you begin to pull up on the structure, you will reach a point where all of that energy is released at once, causing it to snap back into the lantern shape very quickly."

"We found that we could create many additional shapes by applying a twist to the shape, by folding the solid strips at the top or bottom of the lantern in or out, or any combination of those things," says Yaoye Hong, first author of the paper and a former Ph.D. student at NC State who is now a postdoctoral researcher at the University of Pennsylvania. "Each of these variations is also multistable. Some can snap back and forth between two stable states. One has four stable states, depending on whether you're compressing the structure, twisting the structure, or compressing and twisting the structure simultaneously."

The researchers also gave the lanterns magnetic control by attaching a thin magnetic film to the bottom strip. This allowed them to remotely twist or compress the structures using a magnetic field. They demonstrated several possible uses for the design, including a gentle magnetic gripper that can catch and release fish without harm, a flow-control filter that opens and closes underwater, and a compact shape that suddenly extends upward to reopen a collapsed tube. A video of the experiment is available below the article.

To better understand and predict the lantern's behavior, the team also created a mathematical model showing how the geometry of each angle affects both the final shape and how much elastic energy is stored in each stable configuration.

"This model allows us to program the shape we want to create, how stable it is, and how powerful it can be when stored potential energy is allowed to snap into kinetic energy," says Hong. "And all of those things are critical for creating shapes that can perform desired applications."

"Moving forward, these lantern units can be assembled into 2D and 3D architectures for broad applications in shape-morphing mechanical metamaterials and robotics," says Yin. "We will be exploring that."

The paper, "Reprogrammable snapping morphogenesis in freestanding ribbon-cluster meta-units via stored elastic energy," was published on Oct. 10 in the journal Nature Materials. The paper was co-authored by Caizhi Zhou and Haitao Qing, both Ph.D. students at NC State; and by Yinding Chi, a former Ph.D. student at NC State who is now a postdoctoral researcher at Penn.

This work was done with support from the National Science Foundation under grants 2005374, 2369274 and 2445551.
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A sweet fix for baldness? Stevia compound boosts hair growth | ScienceDaily
Androgenetic alopecia, also known as male pattern baldness or female pattern hair loss, is one of the most widespread causes of hair thinning in both men and women. While topical minoxidil is an approved therapy, its limited ability to dissolve in water and penetrate the skin reduces its effectiveness. Researchers reporting in Advanced Healthcare Materials have found that stevioside, a natural sweetener extracted from the Stevia plant, can help improve how well the drug is absorbed through the skin.


						In tests using a mouse model of alopecia, a dissolvable patch containing both stevioside and minoxidil successfully stimulated hair follicles to re-enter the growth phase, which resulted in the development of new hair.

"Using stevioside to enhance minoxidil delivery represents a promising step toward more effective and natural treatments for hair loss, potentially benefiting millions worldwide," said co-corresponding author Lifeng Kang, PhD, of the University of Sydney, in Australia.

Androgenetic alopecia develops gradually over time and is influenced by both genetic and hormonal factors. The condition occurs when hair follicles become increasingly sensitive to dihydrotestosterone (DHT), a hormone derived from testosterone. This sensitivity causes the follicles to shrink, leading to shorter and finer strands of hair until growth eventually stops. Although the pattern and progression differ between men and women, the biological mechanism is similar.

Currently, treatment options are limited, with minoxidil being one of the few widely approved topical therapies. Minoxidil works by widening blood vessels and increasing blood flow around hair follicles, which can extend the growth phase of the hair cycle and stimulate new strands to develop. However, because the drug does not easily pass through the outer layer of skin and dissolves poorly in water, its full potential is often not realized. Patients must apply it consistently for several months before seeing results, and even then, the response varies from person to person.

This challenge has driven researchers to explore new ways of improving how minoxidil is delivered to the scalp. Enhancing the drug's skin permeability could make treatments more efficient, reduce application frequency, and possibly lower side effects related to overuse. The discovery that stevioside can act as a natural absorption enhancer offers a new direction for scientists seeking to improve both the safety and effectiveness of hair loss therapies.
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Scientists discover brain circuit that can switch off chronic pain | ScienceDaily
Pain may be unpleasant, but in most cases it plays a vital, even lifesaving, role. Short bursts of pain act as warning signals that protect us from harm. When you touch a hot pan, stub your toe, or bump your head, your nervous system instantly delivers an "Ow!" that prompts you to pull back before more damage occurs. The pain fades, the body heals, and you remember what not to do next time.

Chronic pain, however, is an entirely different story. In this condition, the warning signal doesn't stop even after the injury has healed. For about 50 million people in the United States, pain becomes a constant, invisible companion that can persist for years or even decades. "It's not just an injury that won't heal," explains neuroscientist at the University of Pennsylvania J. Nicholas Betley, "it's a brain input that's become sensitized and hyperactive, and determining how to quiet that input could lead to better treatments."


						
Betley, along with collaborators from the University of Pittsburgh and Scripps Research Institute, has discovered an important piece of the chronic pain puzzle. Their research points to a specific group of brainstem cells called Y1 receptor (Y1R)-expressing neurons, located in the lateral parabrachial nucleus (lPBN). These neurons are activated in persistent pain states, but they also process signals related to hunger, fear, and thirst. This suggests that the brain can adjust pain responses when other, more urgent needs demand attention.

The findings, published in Nature, indicate that relief may be possible because, as the researchers write, "there are circuits in the brain that can reduce the activity of neurons that transmit the signal of pain."

Tracking pain in the brain

Working with the Taylor lab at the University of Pittsburgh, Betley's team used calcium imaging to visualize neuron activity in real time in animal models of both short-term and long-term pain. They observed that Y1R neurons did not simply react to quick bursts of pain; instead, they kept firing steadily during prolonged pain, a phenomenon known as "tonic activity."

Betley compares this to an engine left running even after you've parked the car. The pain signals continue to hum in the background even when physical recovery seems complete. This ongoing neural activity may explain why some people continue to feel pain long after an injury or surgery.

The research originated from an unexpected observation Betley made after joining Penn in 2015: hunger seemed to lessen chronic pain.




"From my own experience, I felt that when you're really hungry you'll do almost anything to get food," he says. "When it came to chronic, lingering pain, hunger seemed to be more powerful than Advil at reducing pain."

That insight inspired further investigation. Former graduate student Nitsan Goldstein found that other critical survival states--such as thirst and fear--can also suppress long-term pain. In collaboration with the Kennedy lab at Scripps, the team showed that the brain's parabrachial nucleus can filter sensory input to quiet pain when immediate survival takes priority.

"That told us the brain must have a built-in way of prioritizing urgent survival needs over pain, and we wanted to find the neurons responsible for that switch," says Goldstein.

A key part of that switch is neuropeptide Y (NPY), a signaling molecule that helps the brain juggle competing needs. When hunger or fear takes priority, NPY acts on Y1 receptors in the parabrachial nucleus to dampen ongoing pain signals.

"It's like the brain has this built-in override switch," Goldstein explains. "If you're starving or facing a predator, you can't afford to be overwhelmed by lingering pain. Neurons activated by these other threats release NPY, and NPY quiets the pain signal so that other survival needs take precedence."

A scattered signal

The researchers also characterized the molecular and anatomical identity of the Y1R neurons in the lPBN. They found that Y1Rneurons didn't form two tidy anatomical or molecular populations. Instead, these neurons were scattered across many other cell types.




"It's like looking at cars in a parking lot," Betley says. "We expected all the Y1R neurons to be a cluster of yellow cars parked together, but here the Y1R neurons are like yellow paint distributed across red cars, blue cars, and green cars. We don't know exactly why, but we think this mosaic distribution may allow the brain to dampen different kinds of painful inputs across multiple circuits."

Explorations of pain treatment

What excites Betley with this discovery is the further exploration of its potential to "use Y1 neural activity as a biomarker for chronic pain, something drug developers and clinicians have long lacked," he says.

"Right now, patients may go to an orthopedist or a neurologist, and there is no clear injury. But they're still in pain," he says. "What we're showing is that the problem may not be in the nerves at the site of injury, but in the brain circuit itself. If we can target these neurons, that opens up a whole new path for treatment."

This research also suggests that behavioral interventions such as exercise, meditation, and cognitive behavioral therapy may influence how these brain circuits fire, just as hunger and fear did in the lab.

"We've shown that this circuit is flexible, it can be dialed up or down," he says. "So, the future isn't just about designing a pill. It's also about asking how behavior, training, and lifestyle can change the way these neurons encode pain."

J Nicholas Betley is an associate professor in the Department of Biology at the University of Pennsylvania's School of Arts & Sciences.

Nitsan Goldstein was a graduate student in the Betley Lab at Penn Arts & Sciences during this study. He is currently a postdoctoral researcher at the Massachusetts Institute of Technology.
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