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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 find a massive hidden CO2 sponge beneath the ocean floor
        Researchers found that eroded lava rubble beneath the South Atlantic can trap enormous amounts of CO2 for tens of millions of years. These porous breccia deposits store far more carbon than previously sampled ocean crust. The discovery reshapes how scientists view the long-term balance of carbon between the ocean, rocks, and atmosphere. It also reveals a hidden mechanism that helps stabilize Earth's climate over geological timescales.

      

      
        Stressed rats keep returning to cannabis and scientists know why
        Rats with naturally high stress levels were far more likely to self-administer cannabis when given access. Behavioral testing showed that baseline stress hormones were the strongest predictor of cannabis-seeking behavior. Lower cognitive flexibility and low endocannabinoid levels also contributed to increased use. The results hint at possible early indicators of vulnerability to drug misuse.

      

      
        Even moderate drinking carries a bigger cancer risk than you think
        Researchers found that both how often and how much someone drinks significantly shape their cancer risk, even at moderate levels. Vulnerability varies across groups, with genetics, socioeconomic status, obesity, and lifestyle behaviors amplifying harm. The review also uncovered gender differences, beverage-specific risks, and biological pathways that intensify cancer development.

      

      
        Gene-edited CAR-T cells erase aggressive T-cell leukemia
        A cutting-edge therapy using base-edited immune cells is offering a major breakthrough for patients with one of the toughest forms of blood cancer, T-cell acute lymphoblastic leukaemia. By precisely rewriting tiny sections of DNA, scientists at UCL and Great Ormond Street Hospital created universal CAR T-cells capable of targeting the cancer without harming themselves--a long-standing challenge in T-cell-based therapies. Early trial results show deep, long-lasting remissions, including in patients...

      

      
        New research reveals how everyday cues secretly shape your habits
        Researchers uncovered how shifting levels of a brain protein called KCC2 can reshape the way cues become linked with rewards, sometimes making habits form more quickly or more powerfully than expected. When this protein drops, dopamine neurons fire more intensely, strengthening new associations in ways that resemble how addictive behaviors take hold. Rat studies showed that even brief, synchronized bursts of neural activity can amplify reward learning, offering insight into why everyday triggers,...

      

      
        Scientists uncover a hidden protein behind deadly mystery diseases
        Scientists discovered that the protein RPA plays a critical and previously unconfirmed role in stimulating telomerase to maintain long, healthy telomeres. When RPA malfunctions, telomeres can shorten dangerously, leading to serious diseases.

      

      
        These Bald Eagles fly the wrong way every year and stun scientists
        Scientists tracking young Arizona Bald Eagles found that many migrate north during summer and fall, bucking the traditional southbound pattern of most birds. Their routes rely heavily on historic stopover lakes and rivers, and often extend deep into Canada. As the eagles mature, their flights become more precise, but they also encounter significant dangers like electrocution and poisoning. These discoveries point to the need for targeted conservation of critical travel corridors.

      

      
        New research uncovers a surprisingly cheap way to farm kelp offshore
        A new economic modeling tool is helping Maine kelp farmers identify cost-saving strategies with remarkable precision. By analyzing farm design, weather, vessel types, and processing methods, it highlights how decisions ripple through overall profitability. When tested, the tool demonstrated that simple redesigns and mechanization could dramatically reduce production costs. Its findings could reshape the future of offshore kelp farming.

      

      
        Paper mill waste could unlock cheaper clean energy
        Scientists developed a high-performance hydrogen-production catalyst using lignin, a common waste product from paper and biorefinery processes. The nickel-iron oxide nanoparticles embedded in carbon fibers deliver fast kinetics, long-term durability, and low overpotential. Microscopy and modeling show that a tailored nanoscale interface drives the catalyst's strong activity. The discovery points toward more sustainable and industrially scalable clean-energy materials.

      

      
        The deep ocean is fixing carbon in ways no one expected
        Researchers have uncovered surprising evidence that the deep ocean's carbon-fixing engine works very differently than long assumed. While ammonia-oxidizing archaea were thought to dominate carbon fixation in the sunless depths, experiments show that other microbes--especially heterotrophs--are doing far more of the work than expected. This discovery reshapes our understanding of how carbon moves through the deep ocean and stabilizes Earth's climate.

      

      
        Scientists uncover the hidden survival trick that lets cancer bounce back
        Scientists discovered that certain cancer cells use a low-level activation of a DNA-dismantling enzyme--normally seen in cell death--to survive treatment. Instead of dying, these "persister cells" leverage this sublethal signal to regrow. Because the mechanism is non-genetic, it appears much earlier than typical resistance mutations. Targeting this enzyme could help stop tumors from returning.

      

      
        Blood tests reveal obesity rapidly accelerates Alzheimer's progression
        Obesity accelerates the rise of Alzheimer's-related blood biomarkers far more rapidly than previously recognized. Long-term imaging and plasma data show that obese individuals experience much faster increases in proteins linked to neurodegeneration and amyloid buildup. Surprisingly, blood tests detected these changes earlier than PET scans. The results point to obesity as a major, modifiable contributor to Alzheimer's progression.

      

      
        Researchers catch atoms standing still inside molten metal
        Scientists have uncovered that some atoms in liquids don't move at all--even at extreme temperatures--and these anchored atoms dramatically alter the way materials freeze. Using advanced electron microscopy, researchers watched molten metal droplets solidify and found that stationary atoms can trap liquids in tiny "atomic corrals," keeping them fluid far below their normal freezing point and giving rise to a strange hybrid state of matter.

      

      
        This 15 minute hepatitis C test could change everything
        Northwestern scientists have created the fastest-ever hepatitis C diagnostic, delivering accurate results in only 15 minutes. The test uses the DASH rapid PCR system, originally developed for COVID, but adapted for whole blood samples. Independent testing showed 100% agreement with existing commercial platforms. Its speed could transform how quickly patients begin treatment.

      

      
        Uranus and Neptune are hiding something big beneath the blue
        Uranus and Neptune may not be the icy worlds we've long imagined. A new Swiss-led study uses innovative hybrid modeling to reveal that these planets could just as easily be dominated by rock as by water-rich ices. The findings also help explain their bizarre, multi-poled magnetic fields and open the door to a wider range of possible interior structures. But major uncertainties remain, and only future space missions will be able to uncover what truly lies beneath their blue atmospheres.

      

      
        Rising temperatures are slowing early childhood development
        Researchers discovered that unusually high temperatures can hinder early childhood development. Children living in hotter conditions were less likely to reach key learning milestones, especially in reading and basic math skills. Those facing economic hardship or limited resources were hit the hardest. The study underscores how climate change may shape children's learning long before they reach school age.

      

      
        Scientists reveal a tiny brain chip that streams thoughts in real time
        BISC is an ultra-thin neural implant that creates a high-bandwidth wireless link between the brain and computers. Its tiny single-chip design packs tens of thousands of electrodes and supports advanced AI models for decoding movement, perception, and intent. Initial clinical work shows it can be inserted through a small opening in the skull and remain stable while capturing detailed neural activity. The technology could reshape treatments for epilepsy, paralysis, and blindness.

      

      
        This surprising discovery rewrites the Milky Way's origin story
        New simulations of Milky Way-like galaxies reveal that the strange split between two chemically distinct groups of stars may arise from several very different evolutionary events. Bursts of star formation, shifts in flowing gas, and even streams of metal-poor material from a galaxy's outskirts can all create this double pattern. The findings challenge the long-held assumption that a major ancient collision caused the split.

      

      
        A hidden mechanism changes what we know about cell division
        Researchers discovered that a long-misunderstood protein plays a key role in helping chromosomes latch onto the right "tracks" during cell division. Instead of acting like a motor, it works more like a stabilizer that sets everything up correctly from the start. This simple shift in understanding changes how scientists view one of the most important steps in biology. It also highlights a potential weak point that could help explain how some diseases begin.

      

      
        Why ultra-processed foods make teens eat more when they aren't hungry
        A Virginia Tech study shows that ultra-processed foods may influence adolescents differently from slightly older young adults. Participants aged 18 to 21 ate more at a buffet and snacked even when not hungry after two weeks on an ultra-processed diet. Because eating without hunger predicts future weight gain, these findings hint at a heightened vulnerability during late adolescence.

      

      
        Scientists discover a new state of matter at Earth's center
        New research reveals that Earth's solid inner core is actually in a superionic state, where carbon atoms flow freely through a solid iron lattice. This unusual behavior makes the core soft, matching seismic observations that have puzzled scientists for decades. The mobility of these light elements may also contribute energy to Earth's magnetic field. The findings reshape models of Earth's interior and could apply to other rocky planets.

      

      
        Simple supplement mix shows remarkable results in brain cancer
        New research is challenging one of medicine's oldest assumptions: that cancer must be attacked to be cured. By treating glioblastoma patients with a simple combination of resveratrol and copper, the researchers found dramatic reductions in tumor aggressiveness, cancer biomarkers, immune checkpoints, and stem-cell-related markers--all without side effects. Their approach focuses on "healing" tumors by eliminating harmful cell-free chromatin particles released from dying cancer cells, which normally...

      

      
        James Webb catches a giant helium cloud pouring off a puffy planet
        Astronomers using the James Webb Space Telescope have captured dramatic helium streams pouring off the super-puff exoplanet WASP-107b, revealing a world with an enormously inflated, weakly bound atmosphere under intense stellar heat. The detection of helium, water, and various chemical compounds--alongside the surprising absence of methane--paints a picture of a planet that formed far from its star but later migrated inward, where scorching radiation now strips its gases into space.

      

      
        Human brains light up for chimp voices in a way no one expected
        Humans don't just recognize each other's voices--our brains also light up for the calls of chimpanzees, hinting at ancient communication roots shared with our closest primate relatives. Researchers found a specialized region in the auditory cortex that reacts distinctly to chimp vocalizations, but not to those of bonobos or macaques, revealing an unexpected mix of evolutionary and acoustic influences.

      

      
        Simple light trick reveals hidden brain pathways in microscopic detail
        Microscopic fibers secretly shape how every organ in the body works, yet they've been notoriously hard to study--until now. A new imaging technique called ComSLI reveals hidden fiber orientations in stunning detail using only a rotating LED light and simple microscopy equipment. It works on any tissue slide, from fresh samples to those more than a century old, allowing scientists to uncover microstructural changes in disorders like Alzheimer's and even explore the architecture of muscle, bone, and...

      

      
        Small root mutation could make crops fertilize themselves
        Scientists discovered a small protein region that determines whether plants reject or welcome nitrogen-fixing bacteria. By tweaking only two amino acids, they converted a defensive receptor into one that supports symbiosis. Early success in barley hints that cereals may eventually be engineered to fix nitrogen on their own. Such crops could dramatically reduce fertilizer use and emissions.

      

      
        New cosmic lens measurements deepen the Hubble tension mystery
        Scientists are testing a novel way to measure cosmic expansion using time delays in gravitationally lensed quasars. Their results match "local" measurements but clash with early-universe estimates, strengthening the mysterious Hubble tension. This mismatch could point to new physics rather than observational error. Researchers now aim to boost precision to solve the puzzle.

      

      
        Astronomers capture sudden black hole blast firing ultra fast winds
        A sudden X-ray flare from a supermassive black hole in galaxy NGC 3783 triggered ultra-fast winds racing outward at a fifth the speed of light--an event never witnessed before. Using XMM-Newton and XRISM, astronomers caught the blast unfold in real time, revealing how tangled magnetic fields can rapidly "untwist" and hurl matter into space much like an enormous, cosmic-scale version of the Sun's coronal mass ejections.

      

      
        Single enzyme mutation reveals a hidden trigger in dementia
        Researchers discovered that a tiny structural feature of the enzyme GPX4 helps keep neurons safe. A rare mutation removes this protection, allowing harmful molecules to damage cell membranes and trigger early dementia. Mouse and cell studies showed changes resembling Alzheimer's. Early tests to slow this damage give scientists new directions to explore.

      

      
        A cosmic collision reveals how black holes really behave
        A remarkably clean gravitational-wave detection has confirmed long-standing predictions about black holes, including Hawking's area theorem and Einstein's ringdown behavior. The findings also provide the strongest support yet that real black holes follow the Kerr model.

      

      
        Her food cravings vanished on Mounjaro then roared back
        Deep-brain recordings showed that Mounjaro and Zepbound briefly shut down the craving circuits linked to food noise in a patient with severe obesity. Her obsessive thoughts about food disappeared as the medication quieted the nucleus accumbens, the brain's reward hub.

      

      
        Stunning blue pigment on a 13,000-year-old artifact surprises scientists
        Researchers uncovered rare azurite traces on a Final Paleolithic artifact, overturning assumptions that early Europeans used only red and black pigments. The find suggests ancient people possessed deeper knowledge of minerals and colors than believed. It also hints at vanished forms of decoration or artistic practices. The discovery opens new avenues for exploring identity and symbolism in Ice Age cultures.

      

      
        Fossil brain scans show pterosaurs evolved flight in a flash
        Ancient pterosaurs may have taken to the skies far earlier and more explosively than birds, evolving flight at their very origin despite having relatively small brains. Using advanced CT imaging, scientists reconstructed the brain cavities of pterosaur fossils and their close relatives, uncovering surprising clues--such as enlarged optic lobes--that hint at a rapid leap into powered flight. Their findings contrast sharply with the slow, stepwise evolution seen in birds, whose brains expanded over t...

      

      
        Most of the world isn't getting enough omega-3
        Most people worldwide aren't getting enough omega-3, leaving a major gap between scientific recommendations and daily diets. Researchers emphasize the critical role of EPA and DHA across all life stages and point out that food alone often can't meet needs. The review calls for clearer global guidelines and easier access to sustainable omega-3 sources. It also highlights the challenges different populations face in reaching healthy intake levels.

      

      
        This rare bone finally settles the Nanotyrannus mystery
        Scientists have confirmed that Nanotyrannus was a mature species, not a young T. rex. A microscopic look at its hyoid bone provided the key evidence, matching growth signals seen in known T. rex specimens. This discovery suggests a richer, more competitive tyrannosaur ecosystem than previously believed. It also highlights how museum fossils and cutting-edge analysis can rewrite prehistoric history.

      

      
        Low dose melanoma treatment delivers dramatically better results
        Using less ipilimumab appears to make melanoma immunotherapy both safer and more effective, with dramatically better response and survival outcomes. The findings suggest that reducing side effects may be the key to maximizing the benefits of these powerful treatments.

      

      
        Gut molecule shows remarkable anti-diabetes power
        Researchers revealed that the microbial metabolite TMA can directly block the immune protein IRAK4, reducing inflammation and improving insulin sensitivity. The molecule counteracts damage caused by high-fat diets and even protects mice from sepsis. Since IRAK4 is a known drug target, this pathway could inspire new diabetes therapies. The study highlights how gut microbes and nutrition can work together to support metabolic health.

      

      
        This tiny implant sends secret messages to the brain
        Researchers have built a fully implantable device that sends light-based messages directly to the brain. Mice learned to interpret these artificial patterns as meaningful signals, even without touch, sight, or sound. The system uses up to 64 micro-LEDs to create complex neural patterns that resemble natural sensory activity. It could pave the way for next-generation prosthetics and new therapies.

      

      
        Scientists capture most detailed look inside DNA droplets
        High-resolution imaging has revealed the internal layout of chromatin condensates, showing how DNA fibers fold and interact within these droplet-like structures. The findings connect molecular architecture to the broader behaviors of these droplets in cells.

      

      
        Scientists uncover a volcanic trigger behind the Black Death
        A newly analyzed set of climate data points to a major volcanic eruption that may have played a key role in the Black Death's arrival. Cooling and crop failures across Europe pushed Italian states to bring in grain from the Black Sea. Those shipments may have carried plague-infected fleas. The study ties together tree rings, ice cores, and historical writings to reframe how the pandemic began.

      

      
        A violent star explosion just revealed a hidden recipe for life
        XRISM's high-precision X-ray data revealed unusually strong signatures of chlorine and potassium inside the Cassiopeia A supernova remnant. These levels are far higher than theoretical models predicted, showing that supernovae can be major sources of these life-critical elements. Researchers believe powerful mixing deep inside massive stars is responsible for the unexpected boost. The findings reshape our understanding of how the building blocks of planets and life were created.

      

      
        New fat-burning diabetes pill protects muscle and appetite
        Researchers have developed a new oral drug that boosts metabolic activity in muscle rather than altering appetite like GLP-1 drugs. Early trials suggest it improves blood sugar control and fat metabolism while preserving muscle mass, with fewer side effects. Because it acts through a different mechanism, it could be paired with GLP-1 treatments for even stronger results.

      

      
        New study finds a silent genetic heart risk hidden in millions
        A large Mayo Clinic study shows that current guidelines fail to detect nearly 90% of people with familial hypercholesterolemia, a common inherited cause of dangerously high cholesterol. Many affected individuals already had early heart disease but never met testing criteria. Routine DNA screening could dramatically expand detection and prevention. The research underscores the need for genomics-driven healthcare.

      

      
        This simple ingredient makes kale way healthier
        Scientists found that kale's prized nutrients are hard for the body to absorb unless they're eaten with oil. Cooking doesn't improve absorption, but adding oil-based dressings--or even more advanced nanoemulsion sauces--does. These combinations dramatically increase access to kale's carotenoids. The research could inspire new, healthier dressings designed to supercharge everyday vegetables.

      

      
        Garlic mouthwash shows shockingly strong germ-fighting power
        Garlic extract is emerging as a surprisingly powerful contender to chlorhexidine, the long-standing "gold standard" in antimicrobial mouthwashes. A systematic review of clinical studies shows that higher-concentration garlic mouthwash can rival chlorhexidine in killing bacteria--sometimes outperforming it--while offering a more natural alternative.

      

      
        Humans are built for nature not modern life
        Human biology evolved for a world of movement, nature, and short bursts of stress--not the constant pressure of modern life. Industrial environments overstimulate our stress systems and erode both health and reproduction. Evidence ranging from global fertility declines to chronic inflammatory diseases shows the toll of this mismatch. Researchers say cultural and environmental redesign, especially nature-focused planning, is essential.

      

      
        Researchers solve a century-old North Atlantic cold spot mystery
        A century-old North Atlantic cold patch is now linked to a long-term slowdown in the AMOC, the climate-regulating conveyor belt of ocean water. Only weakened-AMOC models match observed temperature and salinity patterns, overturning recent model trends. This slowdown affects weather systems, jet streams, and marine life throughout the Northern Hemisphere. The discovery sharpens climate forecasts and highlights a major shift already underway.

      

      
        Scientists reveal a surprising new timeline for ancient Egypt
        A new radiocarbon study has clarified the timing of the colossal Thera eruption, placing it before Egypt's New Kingdom. Researchers analyzed artifacts tied to Pharaoh Ahmose, gaining rare access to museum materials. Their results favor a younger chronology for early 18th Dynasty Egypt. The revised timeline reshapes regional historical connections.

      

      
        Scientists say this viral rosemary skincare trend actually works
        Researchers have found scientific support for the viral claim that rosemary can improve wound healing. Carnosic acid, a natural antioxidant in rosemary, promoted scar-free healing in mice by activating a nerve sensor tied to regenerative repair. Rosemary proved more potent and gentler than other herbs or compounds that target the same pathway. The work hints at a low-cost future option for reducing scarring in humans.

      

      
        Cosmic knots may finally explain why the Universe exists
        Knotted structures once imagined by Lord Kelvin may actually have shaped the universe's earliest moments, according to new research showing how two powerful symmetries could have created stable "cosmic knots" after the Big Bang. These exotic objects may have briefly dominated the young cosmos, unraveled through quantum tunneling, and produced heavy right-handed neutrinos whose decays tipped the balance toward matter over antimatter.
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Scientists find a massive hidden CO2 sponge beneath the ocean floor | ScienceDaily
Rock samples that formed about 60 million years ago and were collected from far beneath the ocean surface have helped scientists understand how large amounts of carbon dioxide can remain locked away for extremely long periods. These samples show that CO2 becomes trapped within layers of lava rubble that build up across the seafloor.


						
Researchers examined lava material drilled from deep below the South Atlantic Ocean to measure how much CO2 becomes incorporated into these rocks through interactions between seawater and the cooling volcanic material.

Work led by the University of Southampton demonstrates that these accumulations of broken lava, created as underwater mountains erode, act as natural reservoirs for CO2. This study marks the first time their role as extensive carbon-holding structures has been clearly recognized, offering fresh insight into how Earth manages carbon over millions of years.

Lava Rubble as a Long-Term Geological "Sponge"

Lead author Dr. Rosalind Coggon, Royal Society Research Fellow at the University of Southampton, explained: "We've known for a long time that erosion on the slopes of underwater mountains produces large volumes of volcanic rubble, known as breccia -- much like scree slopes on continental mountains.

"However, our drilling efforts recovered the first cores of this material after it has spent tens of millions of years being rafted across the seafloor as Earth's tectonic plates spread apart.

"Excitingly, the cores revealed that these porous, permeable deposits have the capacity to store large volumes of seawater CO2 as they are gradually cemented by calcium carbonate minerals that form from seawater as it flows through them."

How Carbon Moves Through Earth Over Geological Time




The amount of carbon dioxide in the atmosphere is influenced by the slow exchange of carbon among Earth's interior, the oceans, and the air over many millions of years. Understanding this long-term carbon cycle requires studying where and how carbon is added or removed from different parts of the planet.

Dr. Coggon noted: "The oceans are paved with volcanic rocks that form at mid-ocean ridges, as the tectonic plates move apart creating new ocean crust. This volcanic activity releases CO2 from deep inside the Earth into the ocean and atmosphere.

"However, ocean basins are not just a container for seawater. Seawater flows through the cracks in the cooling lavas for millions of years and reacts with the rocks, transferring elements between the ocean and rock. This process removes CO2 from the water and stores it in minerals like calcium carbonate in the rock."

As part of the project, the team quantified how much CO2 becomes incorporated into ocean crust through these chemical reactions.

Discovering Far Greater CO2 Storage in Breccia

"While drilling deep into the seafloor of the South Atlantic, we discovered lava rubble that contained between two and 40 times more CO2 than previously sampled lavas," said Dr. Coggon.

"This study revealed the importance of such breccia, which forms due to the erosion of seafloor mountains along mid-ocean ridges, as a sponge for carbon in the long-term carbon cycle."

The findings come from Expedition 390/393 of the International Ocean Discovery Program.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251211100631.htm
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Stressed rats keep returning to cannabis and scientists know why | ScienceDaily
It isn't just people -- when given the chance rats may also use cannabis to cope with stress, according to a study by researchers at Washington State University.


						
Published in the journal Neuropsychopharmacology, the study set out to investigate which animals would actively seek out cannabis and why. The researchers discovered that rats with naturally higher stress levels were much more likely to repeatedly self-administer the commonly used recreational drug.

"We ran rats through this extensive battery of behavioral and biological tests, and what we found was that when we look at all of these different factors and all the variables that we measured, stress levels seem to matter the most when it comes to cannabis use," said Ryan McLaughlin, associate professor in WSU's College of Veterinary Medicine.

How the experiments tested cannabis seeking behavior

To better understand which traits might influence cannabis use, McLaughlin and his team of undergraduate and graduate student researchers examined a wide range of characteristics, including social behavior, sex, thinking abilities, reward sensitivity, and arousal. From these measurements they built a behavioral profile for each rat. Over a three-week period, the animals were then observed for one hour a day while they had a choice to self-administer cannabis by poking their nose into a vapor port, which released a three-second burst of cannabis vapor into an air-tight chamber.

During each daily session, the student researchers recorded how many "nose-pokes" each rat performed. They then compared those counts with baseline stress hormone levels and found a clear relationship: rats that poked more often tended to have higher starting levels of stress hormones.

Stress hormones as predictors of cannabis use

The team measured the stress hormone corticosterone in the rats, which is the rodent equivalent of the human stress hormone cortisol. They found that animals with higher natural corticosterone levels were much more inclined to self-administer cannabis.




"If you want to really boil it down, there are baseline levels of stress hormones that can predict rates of cannabis self-administration, and I think that only makes sense given that the most common reason that people habitually use cannabis is to cope with stress," McLaughlin said.

He emphasized that the key factor was the rats' resting, baseline stress levels rather than short-term spikes that occur during exercise or mentally demanding tasks. When the researchers measured stress hormone levels after exposing the rats to a stressor, those values did not show a meaningful connection to cannabis-seeking behavior.

Cognitive flexibility and motivation for cannabis

The study also uncovered strong links between how often rats self-administered cannabis and their performance on tests of "cognitive flexibility," which refers to the ability to adapt when rules or conditions change.

"Animals that were less flexible in shifting between rules, when we tested them in a cognitive task, tended to show stronger rates of cannabis-seeking behavior," he said. "So, animals that rely more heavily on visual cues to guide their decision making, those rats, when we tested their motivation to self-administer cannabis vapor, were also very highly motivated rats."

Endocannabinoids, THC, and biological vulnerability

In addition to baseline stress, the researchers found another pattern involving a combination of high morning corticosterone levels and low endocannabinoid levels, which was also associated with cannabis self-administration, although this link was weaker than the effect of baseline stress.




Endocannabinoids are compounds that the body produces on demand to help maintain internal stability and balance, known as homeostasis.

"There's some thought behind why people might be more prone to use cannabis, and that maybe THC serves as a reasonable substitute for endocannabinoids in individuals that have lower endocannabinoid levels," McLaughlin said. "So, perhaps there's more of a drive to supplement that with cannabis."

Cannabis use, addiction risk, and early warning markers

With more and more states decriminalizing cannabis and legalizing recreational cannabis, McLaughlin said it is increasingly important to understand how the drug affects the brain and behavior, and how patterns of drug abuse can develop.

"Our findings highlight potential early or pre-use markers that could one day support screening and prevention strategies," McLaughlin said. "I could certainly envision a scenario where having an assessment of baseline cortisol might provide some level of insight into whether there's an increased propensity for you to develop problematic drug use patterns later in life."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251211100615.htm
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Even moderate drinking carries a bigger cancer risk than you think | ScienceDaily
As Americans prepare for the holiday season, new research serves as a reminder to think carefully about the long-term health impact of raising a celebratory glass. Alcohol is already recognized as a cause of several cancers, even when consumed at moderate levels. Despite this, drinking remains common, and many uncertainties remain about how both how often people drink and how much they drink influence their cancer risk.


						
In addition, risk is not the same for everyone, and current alcohol policies rarely highlight the connection between drinking and cancer.

Large Review of Alcohol Use and Cancer Risk

To address these gaps, researchers from Florida Atlantic University's Charles E. Schmidt College of Medicine conducted an extensive systematic review to explore how different levels of alcohol use -- excessive, moderate and even mild -- affect cancer risk in U.S. adults.

They evaluated 62 studies, with sample sizes ranging from 80 people to nearly 100 million participants. The team also examined co-existing health conditions, such as obesity and chronic liver disease, which are known to increase risk, and they identified social and demographic groups that appear particularly vulnerable.

The findings, published in the journal Cancer Epidemiology, show that both how often people drink and how much alcohol they consume play a significant role in cancer risk. The association was especially strong for breast, colorectal, liver, oral, laryngeal, esophageal and gastric cancers. Alcohol use also made outcomes worse in conditions such as alcoholic liver disease, which was linked to more advanced liver cancer and lower survival rates.

Who Faces the Greatest Cancer Risk from Alcohol?

Higher levels of alcohol use were associated with greater risk, particularly among African Americans, people with genetic predispositions, and individuals with obesity or diabetes. Factors such as race, age, education and income further shaped exposure and vulnerability. As a result, lower-socioeconomic groups and some racial/ethnic communities experienced a disproportionate burden, even when their overall alcohol consumption was similar to or lower than that of other groups.




In contrast, people who followed American Cancer Society recommendations on alcohol and other healthy lifestyle behaviors had lower cancer risk and reduced mortality. This pattern underscores the value of integrated lifestyle changes rather than focusing on alcohol in isolation.

"Across 50 studies in our review, higher alcohol consumption consistently raised cancer risk, with risk increasing as intake grows," said Lea Sacca, Ph.D., senior author and an assistant professor of population health in the Schmidt College of Medicine. "Factors like type of alcohol, age of first exposure, gender, race, smoking, family history, and genetics all influence risk. Certain groups -- older adults, socioeconomically disadvantaged individuals, and those with comorbidities -- are especially vulnerable. Heavy, daily or binge drinking is strongly linked to multiple cancers, highlighting the importance of moderation and following cancer prevention guidelines."

Beverage Type, Gender Differences, and Other Risk Multipliers

The review also suggested that the kind of alcoholic drink may sometimes matter. In several studies, white wine or beer was associated with higher risk of certain cancers, while liquor often was not. Clear gender differences emerged as well: in men, frequent drinking increased risk, whereas in women, episodic heavy drinking was especially concerning. Smoking further amplified alcohol-related cancer risk, though its impact varied by sex and by level of alcohol use. Other contributing factors included UV exposure (increasing melanoma risk in less-exposed sites) and family history, which can intensify the connection between alcohol and cancer.

Across the studies, additional risk factors included high or low BMI, low levels of physical activity, carcinogenic infections (e.g. hepatitis B and C virus, HPV, HIV or H. pylori, a bacterium that infects the stomach lining), poor diet, hormone use, and specific hair or eye color.

"Biologically, alcohol can damage DNA through acetaldehyde, alter hormone levels, trigger oxidative stress, suppress the immune system, and increase carcinogen absorption," said Lewis S. Nelson, M.D., co-author, dean and chief of health affairs, Schmidt College of Medicine. "These effects are compounded by pre-existing health conditions, lifestyle choices, and genetic predispositions, all of which can accelerate cancer development."

Prevention, Policy, and a Broader View of Cancer Risk




Based on their findings, the researchers recommend targeted strategies to reduce alcohol-related cancer burden. These include tailored public health messages, stronger alcohol-related policies, and focused interventions for groups at highest risk.

"Our findings undersore that alcohol-related cancer risk is not driven by alcohol alone, but by a complex interpaly of biological, behavioral and social factors," said Maria Carmenza Mejia, M.D., co-author and a professor of population health in the Schmidt College of Medicine. "Recognizing how these forces intersect -- shaping exposure, vulnerability and long-term health outcomes -- is essential for building a more accurate understanding of cancer risk. This broader perspective reminds us that effective prevention goes beyond reducing alcohol consumption; it requires addressing the environments, habits and underlying health conditions that magnify its impact."

Study co-authors are FAU medical students Isabella Abraham; Gabriella Dasilva; Kayla Ernst; Alexandra Campson; Alana Starr; Christine Kamm; Morgan Decker; Sahar Kaleem; Nada Eldawy; and Paige Brinzo; and Tiffany Follin, medical liaison and outreach librarian, Schmidt College of Medicine; George Kosseifi, Case Western Reserve University; and Christine Ramdin, Ph.D., instructor, Department of Emergency Medicine, Rutgers New Jersey Medical School.
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Gene-edited CAR-T cells erase aggressive T-cell leukemia | ScienceDaily
A new treatment created by scientists at UCL (University College London) and Great Ormond Street Hospital (GOSH) is offering promising results for children and adults with T-cell acute lymphoblastic leukemia (T-ALL), a fast-moving and uncommon blood cancer. The approach uses genome-edited immune cells to target the disease in patients who often have very limited treatment options.


						
This first-of-its-kind gene therapy, known as BE-CAR7, relies on base-edited immune cells to attack types of T-cell leukemia that historically could not be treated effectively. Base-editing is an advanced form of CRISPR that changes individual DNA letters inside living cells with high precision.

In 2022, researchers at GOSH and UCL used this technology to treat Alyssa, a 13-year-old girl from Leicester, marking the first time a base-edited therapy had been used in a patient anywhere in the world.

Since then, the treatment has been given to eight more children and two adults at GOSH and King's College Hospital (KCH).

Clinical trial results show strong remission rates

Findings from the early clinical trial have been published in the New England Journal of Medicine and shared at the 67th American Society of Hematology Annual Meeting. Key outcomes reported by the research team include:
    	82% of patients reached very deep remission after receiving BE-CAR7, which allowed them to move forward to a stem cell transplant without detectable disease
    	64% remain free of leukemia, and the earliest treated patients have now been disease-free and off therapy for three years
    	Side effects such as low blood counts, cytokine release syndrome and rashes were expected and manageable, although the highest risks were linked to viral infections while the immune system was rebuilding

How CAR T-cell therapy works

CAR-T cell immunotherapy has become an important option for several blood cancers. The process modifies a patient's T-cells so they carry a customized protein called a chimeric antigen receptor (CAR). This receptor helps the modified cell identify unique markers or "flags" on cancer cells and destroy them.




Developing CAR T-cell therapies for leukemias that originate in T-cells has been especially difficult. The challenge is that the treatment must wipe out cancerous T-cells without triggering the engineered cells to attack one another.

Base-editing enables the creation of universal CAR T-cells

BE-CAR7 T-cells are created with a next-generation genome editing method that does not cut DNA, which lowers the chances of chromosomal damage. Using CRISPR-based tools, researchers altered single DNA letters to reprogram the cells. In 2022, these edits allowed the team to produce banked stores of "universal" CAR T-cells that can be delivered to different patients and still recognize and attack T-cell leukemia.

For this study, the universal CAR T-cells came from the white blood cells of healthy donors. The engineering steps took place in a clean room facility at GOSH using custom RNA, mRNA and a lentiviral vector in an automated system the team previously refined. Key steps included:
    	Removing existing receptors so donor cells can be stored and given to any patient without the need for a match, creating "universal" T-cells
    	Removing the CD7 marker that identifies cells as T-cells (CD7 T-cell marker). Without removing CD7, T-cells designed to kill T-cells would destroy one another in "friendly-fire"
    	Removing CD52, a second marker. This alteration prevents a strong antibody medication used to suppress the immune system from eliminating the engineered cells
    	Adding a Chimeric Antigen Receptor (CAR) that detects CD7 on leukemic T-cells. A disabled virus provided extra DNA instructions so the cells can find and attack CD7-positive leukemia

From cancer clearance to immune rebuilding

When patients receive base-edited CAR T-cells, the engineered cells quickly locate and destroy T-cells throughout the body, including the cancerous ones. If leukemia is cleared within the first month, patients then undergo a bone marrow transplant that restores a functioning immune system over the following months.




Professor Waseem Qasim, who led the research and is professor of cell and gene therapy at UCL and honorary consultant immunologist at GOSH, said: "We previously showed promising results using precision genome editing for children with aggressive blood cancer and this larger number of patients confirms the impact of this type of treatment. We've shown that universal or 'off the shelf' base-edited CAR T-cells can seek and destroy very resistant cases of CD7+ leukemia."

He added: "Many teams were involved across the hospital and university and everyone is delighted for patients clearing their disease, but at the same time, deeply mindful that outcomes were not as hoped for some children. These are intense and difficult treatments -- patients and families have been generous in recognizing the importance of learning as much as possible from each experience."

New hope for patients who do not respond to standard therapy

Dr. Rob Chiesa, a study investigator and bone marrow transplant consultant at GOSH, said: "Although most children with T-cell leukemia will respond well to standard treatments, around 20% may not. It's these patients who desperately need better options and this research provides hope for a better prognosis for everyone diagnosed with this rare but aggressive form of blood cancer.

"Seeing Alyssa go from strength-to-strength is incredible and a testament to her tenacity and the dedication of an array of small army of people at GOSH. Team working between bone marrow transplant, hematology, ward staff, teachers, play workers, physiotherapists, lab and research teams, among others, is essential for supporting our patients."

Dr. Deborah Yallop, consultant hematologist at KCH, said: "We've seen impressive responses in clearing leukemia that seemed incurable -- it's a very powerful approach."

Funding expands access to more T-ALL patients

The trial is sponsored by GOSH and supported by the Medical Research Council, Wellcome and the National Institute for Health and Care Research (NIHR). Patients eligible for NHS care who are interested in taking part should speak with their healthcare team.

GOSH Charity has also committed funding to support treatment for an additional 10 T-ALL patients. This more than PS2m investment helps broaden access to the trial and contributes to GOSH Charity's fundraising campaign for a new Children's Cancer Centre designed to advance cutting-edge research.

Alyssa's recovery continues to inspire progress

Alyssa Tapley, now 16, became the first person in the world to receive a base-edited cell therapy. She shared her story in 2022, when her leukemia was undetectable but she remained under careful monitoring. She has since moved to long-term follow-up and is fully engaged in daily life with her friends.

She was diagnosed with T-cell leukemia in May 2021 after months of what appeared to be repeated viral illnesses and fatigue. Standard treatments such as chemotherapy and a first bone marrow transplant did not work, and discussions about palliative care had begun when the research team offered the experimental therapy.

Alyssa said: "I chose to take part in the research as I felt that, even if it didn't work for me, it could help others. Years later, we know it worked and I'm doing really well. I've done all those things that you're supposed to do when you're a teenager.

"I've gone sailing, spent time away from home doing my Duke of Edinburgh Award but even just going to school is something I dreamed of when I was ill. I'm not taking anything for granted. Next on my list is learning to drive, but my ultimate goal is to become a research scientist and be part of the next big discovery that can help people like me."

Research infrastructure and continued support

BE-CAR7 cells were manufactured through a long-term research program at the UCL Great Ormond Street Institute of Child Health, led by Professor Qasim, who also serves as an honorary consultant at GOSH. Support from NIHR, Wellcome, the Medical Research Council and GOSH Charity has helped drive the development of innovative genome editing treatments.

The team now operates from the Zayed Centre for Research into Rare Disease in Children, a partnership between UCL and GOSH made possible through a PS60 million gift in 2014 from Her Highness Sheikha Fatima bint Mubarak in honor of her late husband, Sheikh Zayed bin Sultan Al Nahyan.

The researchers expressed their thanks to Anthony Nolan and to the volunteer blood and stem cell donors, as well as the patients and families who chose to take part in this work.
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New research reveals how everyday cues secretly shape your habits | ScienceDaily
Researchers at Georgetown University Medical Center have identified a way the brain's learning system can shift depending on the activity of a particular protein. Their work shows that the ability to connect cues with rewarding outcomes can be strengthened or weakened when this protein becomes more or less active. This process helps determine whether the brain responds to signals that lead to positive behaviors or ignores cues tied to harmful habits, including those involved in smoking addiction.


						
"Our ability to link certain cues or stimuli with positive or rewarding experiences is a basic brain process, and it is disrupted in many conditions such as addiction, depression, and schizophrenia," says Alexey Ostroumov, PhD, assistant professor in the Department of Pharmacology & Physiology at Georgetown University School of Medicine and senior author of the study. "For example, drug abuse can cause changes in the KCC2 protein that is crucial for normal learning. By interfering with this mechanism, addictive substances can hijack the learning process."

The study, supported by the National Institutes of Health (NIH), was published December 9 in Nature Communications.

How KCC2 Shapes Dopamine Activity and Reward Learning

The team found that changes in learning can occur when levels of the KCC2 protein shift. When KCC2 levels are reduced, dopamine neurons fire more rapidly, which encourages the formation of new reward associations. These dopamine neurons produce and release dopamine, a neurotransmitter essential for motivation, reward processing, and motor control.

To better understand this relationship, researchers studied rodent brain tissue and monitored the behavior of rats during Pavlovian cue-reward tests. In these classic experiments, a brief sound alerts the rats that a sugar cube is on the way. Beyond analyzing how KCC2 affects the pace of neuron firing, the investigators discovered that neurons firing in a coordinated pattern can amplify dopamine activity in a surprising way. Short bursts of dopamine appear to serve as potent learning signals that help the brain assign meaning and value to shared experiences.

Why Everyday Cues Can Trigger Cravings

"Our findings help explain why powerful and unwanted associations form so easily, like when a smoker who always pairs morning coffee with a cigarette later finds that just drinking coffee triggers a strong craving to smoke," notes Ostroumov. "Preventing even relatively benign drug-induced associations with situations or places, or restoring healthy learning mechanisms, can help develop better treatments for addiction and related disorders."




How Diazepam and Other Drugs Influence Neuron Coordination

The researchers also examined whether drugs that act on specific cellular receptors, including benzodiazepines such as diazepam, could alter learning processes. Earlier work showed that shifts in KCC2 production, and therefore in neuron activity, can change how diazepam (valium) produces its calming effects in the brain. The current study adds another layer to this understanding by showing that neurons do more than increase or decrease activity. They can coordinate their firing patterns, and when that coordination occurs, they transmit information more effectively. The team found that diazepam can support this coordinated activity in their experiments.

Methods and the Importance of Using Rats for Behavioral Tests

"To reach our conclusions, we combined many experimental approaches, including electrophysiology, pharmacology, fiber photometry, behavior, computational modeling, and molecular analyses," says the study's first author Joyce Woo, a PhD candidate in Ostroumov's lab.

She explained that rats were chosen for the behavioral portion of the research because they typically perform more consistently than mice on longer and more complex tasks. Their reliability in reward-learning experiments allowed the research team to gather more stable and informative data.

Broader Implications for Brain Disorders and Treatment Strategies

"We believe these discoveries extend beyond basic learning research," says Ostroumov. "They reveal new ways the brain regulates communication between neurons. And because this communication can go wrong in different brain disorders, our hope is that by preempting these disruptions, or by fixing normal communication when it's impaired, we can help develop better treatments for a wide range of brain disorders."




Additional Georgetown contributors include Ajay Uprety, Daniel Reid, Irene Chang, Aelon Ketema Samuel, Helena de Carvalho Schuch and Caroline C Swain.

Ostroumov and his co-authors report having no personal financial interests related to the study.

This work was supported by NIH grants MH125996, DA048134, NS139517, DA061493, as well as grants from the Brain & Behavior Research Foundation, the Whitehall Foundation and the Brain Research Foundation.
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Scientists uncover a hidden protein behind deadly mystery diseases | ScienceDaily
New work from the University of Wisconsin-Madison shows that problems in a protein vital for keeping chromosomes stable may contribute to serious -- and at times fatal -- health conditions.


						
The study, recently reported in Science, offers patients and clinicians new protein mutations to examine when diagnosing certain cancers and bone marrow disorders.

Understanding Telomeres and Chromosome Protection

Our chromosomes (bundles of proteins and DNA that store all our genetic information), rely on telomeres to prevent damage. These protective caps at each chromosome end are made from repetitive DNA sequences and proteins. Telomeres naturally shorten with age, but disruptions in how they form or are maintained can reduce DNA stability, which may accelerate aging or lead to disease.

Researchers working in the laboratory of Ci Ji Lim, a UW-Madison professor of biochemistry, along with collaborators in the university's Department of Chemistry, set out to identify proteins that interact with telomerase, the enzyme responsible for maintaining telomeres. Failures in these partner proteins could help explain diseases that arise from shortened telomeres.

"This line of research goes beyond a biochemical understanding of a molecular process. It deepens clinical understanding of telomere diseases," says Lim, whose work is supported by the National Institutes of Health.

Discovery of RPA's Essential Role in Telomere Maintenance

Graduate student Sourav Agrawal, research scientist Xiuhua Lin, and postdoctoral researcher Vivek Susvirkar led the search for proteins likely to work alongside telomerase. They used AlphaFold, a machine learning tool that predicts the 3D structure of proteins and protein-protein interactions. Their analysis highlighted a molecule called replication protein A (RPA) as a key factor in maintaining telomeres by stimulating telomerase. Although RPA has long been recognized for its involvement in DNA replication and repair, its importance in supporting healthy telomeres in humans had not been confirmed.




Using insights from AlphaFold, the team verified experimentally that, in humans, RPA is necessary to activate telomerase and preserve telomere length.

Implications for Patients With Short Telomere Disorders

Lim notes that these findings have direct relevance for people facing often deadly diseases caused by shortened telomeres, including aplastic anemia, myelodysplastic syndrome and acute myeloid leukemia.

"There are some patients with shortened telomere disorders that couldn't be explained with our previous body of knowledge," explains Lim. "Now we have an answer to the underlying cause of some of these short telomere disease mutations: it is a result of RPA not being able to stimulate telomerase."

Global Interest and New Diagnostic Insights

Since publishing the work, Lim and his team have been contacted by clinicians and scientists from several countries seeking to understand whether their patients' illnesses could stem from genetic mutations that interfere with this newly identified function of RPA.

"There are colleagues reaching out from France, Israel, and Australia. They just want to give a cause for their patient's short telomere disease so that the patients and their families can understand what is happening and why," says Lim. "With biochemical analysis, we can test their patients' mutation to see if it impacts how RPA interacts with telomerase, and give the doctors insights into possible causes of their patients' diseases."

This research received support from the National Institutes of Health (R01GM153806 and DP2GM150023), the UW-Madison Office of the Vice Chancellor for Research, the Wisconsin Alumni Research Foundation and the UW-Madison Department of Biochemistry.
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These Bald Eagles fly the wrong way every year and stun scientists | ScienceDaily
Birds of a feather do not always flock together, despite the adage. A new study in the Journal of Raptor Research describes how Bald Eagles (Haliaeetus leucocephalus) from Arizona are making unusual journeys by flying north instead of south, unlike most migratory birds in temperate regions. The paper, titled "Northward Migrations of Nonbreeding Bald Eagles from Arizona, USA," also reports on a single eagle that left Arizona and ultimately settled in California, a decision that challenges earlier ideas about how often these birds emigrate from their home population. The researchers conclude that southwestern Bald Eagles are highly exploratory, likely so they can locate short-lived food sources. As the climate and landscapes continue to change, research that documents how wildlife adjusts its movements is vital for designing conservation strategies and protecting key travel corridors for vulnerable species.


						
Between 2017 and 2023, the Arizona-based research team used satellite transmitters to follow 24 newly fledged Bald Eagles and two nonbreeding adults and to map how they moved within and beyond the state. Breeding Bald Eagles in Arizona are generally believed to stay close to their nesting territories for much of the year, but there has been much less information about what nonbreeding birds do. Because survival varies across life stages, comparing movement patterns and survival rates of nonbreeding eagles with those of breeders gives scientists a more complete view of how the species is doing across its range and how population level processes are shaped.

The researchers followed individual eagles for as long as the tracking devices continued to function, in some cases for up to four years during the seven-year study period. Many people, including scientists, are used to thinking of North American migratory birds as heading south during the nonbreeding season, which is typically our "winter," to find milder weather and more reliable food. Arizona Bald Eagles, however, start nesting in the winter, so their non-breeding season actually falls in the summer and autumn. Lead author Dr. Caroline D. Cappello was intrigued by this different timing of seasonal movement and notes that "northward migratory behavior raises interesting questions about the recent and historical pressures that shape these movement strategies."

Historic stopover sites and enduring eagle habitats

The authors report that the tracked eagles paused at many of the same lakes and rivers that a study in the 1980s had already identified as important stopover sites for Bald Eagles. This overlap supports the idea that these habitats have remained crucial gathering points for multiple generations of eagles.

Beyond confirming a strong use of the Intermountain Flyway and a dependence on lakes and rivers along their routes, the study showed that eagles of different ages migrated to the northern U.S. and southern Canada. Coauthor Dr. Javan M. Bauder, a USGS researcher, Assistant Unit Leader at the Arizona Cooperative Fish and Wildlife Research Unit and Assistant Professor at the University of Arizona, emphasizes the significance of this finding, stating that "managing and conserving wildlife populations requires that we understand the movement of patterns of individuals of all age classes within those populations." The team also observed that as eagles grew older, their migration pathways became more precise and refined. Most birds that were tracked for at least two years came back to Arizona in the fall of their hatch year after spending the summer roaming farther north. The researchers suggest that these young eagles could be taking advantage of seasonal food bonanzas such as spawning salmon, nesting waterfowl, or carcasses of large mammals. Determining whether this is true will require additional research.

Long journeys and lethal threats to young raptors

Bald Eagles, like many other raptors, must navigate a wide range of hazards in a human-dominated world. One eagle in the study crossed ten U.S. states and four Canadian provinces during her early life before appearing to settle in northern California, where she seemed poised to establish a breeding territory. At four years old, she was killed by electrocution, an all too common cause of death for large birds of prey. Her loss was especially troubling, Cappello explains, because it "underscored the ongoing risks these birds face," and because emigration is a difficult aspect of population dynamics to measure. Her apparent decision to live and breed in California would have provided rare insight into how often Bald Eagles hatched in Arizona disperse to other regions.




Other threats facing young raptors include poisoning from lead and rodenticides, collisions with wind turbines, loss of habitat, and uncertainty related to a changing climate. By studying raptors at every stage of life, including the exploratory journeys of young birds, scientists can make evidence-based recommendations about which stopover sites are most important to protect and which types of infrastructure, including electrical systems, could be modified to improve survival for eagles and other large raptors.

Future research and conservation priorities

The research team recommends future work on route fidelity, since, as Cappello notes, "if consistent patterns exist it could help focus conservation efforts on specific, high-use areas along their migratory route." They also highlight the importance of comparing these Arizona Bald Eagles to other wildlife populations that migrate north from the southern edge of their range, in order to better understand the tradeoffs, costs, and benefits of this northward migration strategy.
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New research uncovers a surprisingly cheap way to farm kelp offshore | ScienceDaily
In Maine, growing kelp for use in foods, cosmetics, fertilizer additives and other products is rapidly expanding, but it remains expensive to do. For many new growers, one of the biggest challenges is the lack of reliable cost analysis tools that can guide spending decisions and help them build sustainable business plans.


						
To address this gap, researchers from Kelson Marine in Portland, Maine and the University of Maine created a tool that gives kelp farmers detailed economic analyses and highlights strategies to lower the cost of farmed seaweed. The model factors in differences in site selection, weather patterns, crop size and many other scenario specific details. It is designed for both nearshore and offshore operations, including large farms in the Gulf of Maine that sit fully exposed to nor-easter driven waves.

Project lead Zach Moscicki, an ocean engineer with Kelson Marine, described how the tool is meant to be used. "By using this tool to investigate the comprehensive implications of any given farm design or operational decision, we can help kelp farmers meaningfully reduce production costs and achieve economic sustainability," said project lead Zach Moscicki, ocean engineer with Kelson Marine. "The tool allows us to carefully navigate the multitude of tradeoffs associated with any such decision and avoid leaning into overly narrow-scoped improvements that may reduce costs in one way, but increase costs or reduce production via some other indirect but connected pathway."

Modeling real world kelp farming conditions

The model pulls together a wide range of information from each farming scenario, such as site specific ocean and weather conditions, crop traits and growth patterns for different kelp species, vessel types and sizes, labor setups, technologies used in daily operations, nearby shore-side infrastructure, maintenance schedules and more.

By showing how all of these elements combine to affect overall profitability, and how different farm layouts and operating choices interact with each other, the tool offers kelp farmers insight into the true impact of cost saving ideas. Possible changes include processing or storing kelp on board vessels, or adding equipment that allows crews to work more quickly.

Testing the model on offshore sugar kelp

To see how the model performs, the team applied it to a hypothetical sugar kelp operation covering 1000 acres, located about 12 miles offshore in water that is 330 feet deep. They ran multiple scenarios, comparing different farm layouts and operational approaches, to understand how each choice would affect farming at this challenging site.




The model showed that running a kelp farm designed simply for low construction costs and high output would result in production costs of $2618 per tonne of fresh kelp. When the researchers systematically tested alternative design and operational choices with the tool, they identified a combination of improvements that cut the projected cost of production by 85% to $383 per tonne of fresh kelp. Among the most effective changes were installing deeper cultivation lines, using mechanized equipment for seeding and harvesting, processing kelp on site into a slurry, adjusting vessel sizes and choosing different types of vessels.

The Kelson Marine and UMaine team worked with scientists from the University of New Hampshire, Woods Hole Oceanographic Institute and Vertical Bay Maine to support the effort.

Publication, outreach and research support

The framework behind the tool and the results from the case study are described in Algal Research. Kelp growers in Maine and elsewhere who are interested in having their operations analyzed with the tool can contact Moscicki at [email protected].

Funding for this work came from Conscience Bay Research, The Builders Initiative and Fiscal Year 2024 Congressionally Directed Spending secured by U.S. Sens. Susan Collins, chair of the Senate Appropriations Committee, and Angus King through the U.S. Small Business Administration. Structural analysis tools developed and tested under the U.S. Department of Energy's Advanced Research Projects Agency-Energy Macroalgae Research Inspiring Novel Energy Resources (ARPA-e MARINER) program were also used in the study.

Advancing Maine's blue economy

The new tool is part of a broader pattern of activity in which UMaine students and faculty are helping to sustain and expand the state's blue economy, the group of industries that draw on ocean resources to support economic growth while protecting the environment.




Through new technologies and workforce development efforts, the university is expanding understanding of ecological and socioeconomic changes that influence coastal communities and businesses in Maine. Faculty members and students are also investigating opportunities for emerging markets and sectors connected to the sea.

"What is exciting about this new model is that it is the most comprehensive and detailed cost analysis of offshore kelp growth in the U.S. to date," said Damian Brady, professor of marine sciences at UMaine. "And this type of analysis helps us find pain points where investments in technology can rapidly change the cost-benefit analysis."
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Paper mill waste could unlock cheaper clean energy | ScienceDaily
Researchers have developed a catalyst sourced from renewable plant waste that shows strong potential for speeding up clean hydrogen production. The material is produced by embedding nickel oxide and iron oxide nanoparticles into carbon fibers made from lignin, creating a structure that improves both efficiency and durability during the oxygen evolution reaction, a crucial part of water electrolysis.


						
The study, published in Biochar X, reports that the catalyst reaches a low overpotential of 250 mV at 10 mA cm2 and remains highly stable for more than 50 hours when operating at elevated current density. These performance levels point to a viable, low cost alternative to the precious metal catalysts typically used in large-scale water splitting.

"Oxygen evolution is one of the biggest barriers to efficient hydrogen production," said corresponding author Yanlin Qin of the Guangdong University of Technology. "Our work shows that a catalyst made from lignin, a low-value byproduct of the paper and biorefinery industries, can deliver high activity and exceptional durability. This provides a greener and more economical route to large-scale hydrogen generation."

Transforming Lignin Into a Functional Carbon Framework

Lignin is one of the most abundant natural polymers, yet it is often burned for minimal energy return. In this work, the team converted lignin into carbon fibers using electrospinning and thermal treatment. These fibers serve as a conductive and supportive framework for the metal oxide particles. The resulting catalyst, known as NiO/Fe3O4@LCFs, contains nitrogen-doped carbon fibers that offer fast charge transport, high surface area, and strong structural stability.

Microscopy revealed that the nickel and iron oxides form a nanoscale heterojunction within the carbon fiber structure. This interface plays a central role in the oxygen evolution reaction by helping intermediate molecules bind and detach at optimal rates. Pairing these metal oxides with a conductive carbon network improves electron movement and prevents the particles from clumping together, which is a frequent issue in conventional base metal catalysts.

Verified Activity Through Advanced Testing

Electrochemical measurements showed that the material performs better than catalysts containing only one metal, especially under the high current conditions needed for real world electrolysis systems. The catalyst also exhibits a Tafel slope of 138 mV per decade, indicating more rapid reaction kinetics. Additional evidence from in situ Raman spectroscopy and density functional theory calculations supports the proposed mechanism, confirming that the engineered interface efficiently drives oxygen evolution.




Scalable Design Using Widely Available Biomass

"Our goal was to develop a catalyst that not only performs well but is scalable and rooted in sustainable materials," said co-corresponding author Xueqing Qiu. "Because lignin is produced in huge quantities worldwide, the approach offers a realistic path toward greener industrial hydrogen production technologies."

The findings underscore the increasing value of biomass-derived materials in energy conversion applications. Combining renewable carbon supports with carefully designed metal oxide interfaces aligns with global efforts to create low cost and environmentally friendly clean energy technologies.

The researchers note that this method could be adapted to different metal combinations and catalytic reactions, opening new opportunities for designing next generation electrocatalysts based on abundant natural resources.
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The deep ocean is fixing carbon in ways no one expected | ScienceDaily
In an effort to better understand how the ocean stores carbon, researchers at UC Santa Barbara and their collaborators have uncovered results that challenge long-held ideas about how carbon dioxide is "fixed" in the dark, deep sea. Led by UCSB microbial oceanographer Alyson Santoro, the team reports in Nature Geoscience that their work helps close a long-standing gap between estimates of nitrogen availability and measurements of dissolved inorganic carbon (DIC) fixation in deep waters.


						
"Something that we've been trying to get a better handle on is how much of the carbon in the ocean is getting fixed," Santoro said. "The numbers work out now, which is great."

This project was supported in part by the National Science Foundation.

The ocean as a planetary carbon sink

Who's doing the fixing? The ocean is the Earth's largest carbon sink, soaking up roughly a third of human carbon dioxide emissions and helping to keep global temperatures in check. Because we rely so heavily on this natural buffering capacity, scientists are keen to untangle the complex processes that control how carbon enters, moves through, and is stored in the sea.

"We want to know how carbon moves around the deep ocean, because in order for the ocean to impact the climate, carbon has to make it from the atmosphere to the deep ocean," Santoro said.

Much of this inorganic carbon fixation is carried out by microscopic life. At the surface, phytoplankton, which are single-celled, photosynthetic organisms, take up inorganic carbon dioxide (including dissolved carbon dioxide gas). As autotrophs, they manufacture their own food in a way similar to land plants, using carbon dioxide and water to build organic matter (sugars) and release oxygen.




Old assumptions about deep-ocean microbes

Scientists have generally believed that most DIC fixation occurs in the sunlit surface layer thanks to photosynthetic phytoplankton, but that a meaningful amount of non-photosynthetic DIC fixation also takes place in the deeper, darker regions of the ocean. In these sunless waters, the process was thought to be dominated by autotrophic archaea that oxidize ammonia (a nitrogen-containing compound) for energy instead of using sunlight.

However, when researchers examined the nitrogen-based energy budget of these carbon-fixing microbes by sampling the water column, they soon realized that the math did not work out.

"There was a discrepancy between what people would measure when they went out on a ship to measure carbon fixation and what was understood to be the energy sources for microbes," Santoro said. "We basically couldn't get the budget to work out for the organisms that are fixing carbon." The microbes require energy to fix carbon, she explained, but there did not appear to be enough nitrogen-derived energy in the deep ocean to support the high carbon fixation rates that were being reported throughout the water column.

A decade-long carbon cycle mystery

This mismatch has occupied the attention of Santoro and the paper's lead author Barbara Bayer for nearly ten years as they have sought to close a key gap in our understanding of the ocean's carbon cycle. Earlier studies tested the idea that perhaps the carbon-fixing archaea were far more efficient than scientists assumed, needing less nitrogen to fix the same amount of carbon. Their work, however, showed that this explanation did not hold up.




For the new study, the researchers shifted their focus and asked a different question: How much do these ammonia oxidizers actually contribute to the overall dissolved inorganic carbon fixation in the dark ocean? To answer that, Bayer designed a targeted experiment.

"She came up with a way to specifically inhibit their activity in the deep ocean," Santoro explained. By limiting the activity of these oxidizers with a specialized chemical, the team expected to see a sharp drop in carbon fixation. The inhibitor, phenylacetylene, was confirmed to have no other measurable effects on other community processes.

Their results indicated that despite inhibiting these ammonia oxidizers -- mostly archaea that are abundant in the dark ocean -- the rate of carbon fixation in the study areas didn't drop as much as expected.

New suspects in deep-sea carbon fixation

If ammonia-oxidizing archaea are not responsible for as much carbon fixation as once believed, other microbes must be stepping in. The pool of likely contributors now includes additional types of microbes in the surrounding community, particularly bacteria and some archaea.

"We think that what this means is that the heterotrophs -- microorganisms that feed on organic carbon from decomposing microbes and other marine life -- are taking up a lot of inorganic carbon in addition to the organic carbon that they usually consume," Santoro said, "meaning that they're also responsible for fixing some carbon dioxide.

"And that's really interesting because even though we know this to be a theoretical possibility, we didn't really have a quantitative number on what fraction of the carbon in the deep ocean was getting fixed by these heterotrophs versus autotrophs. And now we do."

Rethinking the deep-ocean food web

The new findings do more than clarify who is fixing carbon at depth. They also provide fresh insight into how the deep ocean's food web is structured and sustained.

"There are basic aspects of how the food web works in the deep ocean that we don't understand," Santoro said, "and I think of this as figuring out how the very base of the food web in the deep ocean works."

More mysteries of the deep

Further work in this realm for Santoro and her collaborators will dive into the finer aspects of carbon fixation in the ocean, such as how the nitrogen cycle and carbon cycle interact with other elemental cycles in the ocean, including for iron and copper.

"The other thing we're trying to figure out is once these organisms fix the carbon into their cells, how does it become available to the rest of the food web?" she noted. "What kinds of organic compounds might they be leaking out of their cells that could be feeding the rest of the food web with?"

Research in this paper was also conducted by Nicola L. Paul, Justine B. Albers and Craig A. Carlson at UCSB; Katharina Kitzinger and Michael Wagner at the University of Vienna as well as Mak A. Saito at Woods Hole Oceanographic Institution.
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Scientists uncover the hidden survival trick that lets cancer bounce back | ScienceDaily
Cancer drug resistance remains one of the biggest challenges in cancer treatment, and doctors urgently need better ways to prevent it. Yet scientists still do not fully understand the molecular processes that allow tumors to escape and return after therapy, which slows the development of new strategies to stop resistance. Researchers at the University of California San Diego have now identified an unexpected survival strategy that cancer cells use to endure and grow back after targeted therapy: they co-opt an enzyme that is normally active only during cell death.


						
"This flips our understanding of cancer cell death on its head," said senior author Matthew J. Hangauer, Ph.D., assistant professor of dermatology at UC San Diego School of Medicine and Moores Cancer Center member. "Cancer cells which survive initial drug treatment experience sublethal cell death signaling which, instead of killing the cell, actually helps the cancer regrow. If we block this death signaling within these surviving cells, we can potentially stop tumors from relapsing during therapy."

Global cancer burden and early resistance

Cancer is responsible for about one in six deaths worldwide. Many of these deaths occur because tumors initially respond to treatment, then later acquire resistance and come back. Typically, resistance develops over months to years through new mutations, much like bacteria gradually evolving resistance to antibiotics. These mutation-driven changes are hard to manage with the limited number of drug combinations available.

The newly identified mechanism, however, operates at the very beginning of resistance and does not depend on genetic mutations. Because it appears so early and is not tied to permanent changes in DNA, it represents a promising new point of attack for future therapies.

"Most research on resistance focuses on genetic mutations," said first author August F. Williams, Ph.D., a postdoctoral fellow in the Hangauer lab at UC San Diego. "Our work shows that non-genetic regrowth mechanisms can come into play much earlier, and they may be targetable with drugs. This approach could help patients stay in remission longer and reduce the risk of recurrence."

Persister cells, death enzymes and tumor relapse

In the new study, the researchers found:
    	In models of melanoma, lung and breast cancers, a subset of "persister" cells that survive treatment showed ongoing, low-level activation of a protein involved in normal cell death that breaks down DNA, called DNA fragmentation factor B (DFFB).
    	The level of DFFB activation was too low to kill these cells, but high enough to disrupt how they respond to signals that would normally keep their growth in check.
    	When this protein was removed, persister cancer cells stayed dormant and did not regrow during drug treatment.
    	DFFB is not required in normal cells, but is necessary for regrowth of cancer persister cells, which marks it as a promising target for combination therapies designed to prolong responses to targeted treatments.

Study publication and research support

The findings were reported in Nature Cell Biology and were supported in part by grants from the Department of Defense, the National Institutes of Health and the American Cancer Society. Hangauer is a cofounder, consultant and research funding recipient of BridgeBio subsidiary Ferro Therapeutics.
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Blood tests reveal obesity rapidly accelerates Alzheimer's progression | ScienceDaily
Researchers have carried out the first investigation of how obesity affects Alzheimer's disease blood biomarkers (BBMs). In this work, BBM levels rose up to 95% more quickly in people with obesity than in people without obesity, based on findings presented at the annual meeting of the Radiological Society of North America (RSNA).


						
"This is the first time we've shown the relationship between obesity and Alzheimer's disease as measured by blood biomarker tests," said Cyrus Raji, M.D., Ph.D., senior author of the study and a principal investigator in the Neuroimaging Labs Research Center at Mallinckrodt Institute of Radiology (MIR) at Washington University School of Medicine in St. Louis.

Long-Term Brain Imaging and Blood Data

To explore this connection, the team drew on five years of data from 407 volunteers enrolled in the Alzheimer's Disease Neuroimaging Initiative, which provided both amyloid positron emission tomography (PET) scans and blood samples. PET scans are used to show the brain's amyloid burden, meaning the buildup of beta-amyloid protein in the brain as amyloid plaques, a key feature of Alzheimer's disease.

Researchers analyzed plasma samples for several BBMs related to Alzheimer's disease, including pTau217 levels (a biomarker used in the diagnosis and monitoring of Alzheimer's disease), neurofilament light chain (NfL) -- a protein fragment released from damaged or dying neurons -- and plasma GFAP -- a protein expressed primarily in astrocytes (cells that support and protect neurons in the brain and spinal cord) using six leading commercial tests.

Linking Body Weight to Brain Biomarkers

The research team used statistical methods to examine how these BBMs related to body mass index (BMI) and to evaluate a three-way interaction between baseline obesity, time and BBMs. They also compared and confirmed the BBM results against the amyloid PET scan findings.




When they combined the blood and imaging data, they found that at the start of the study, higher BMI was linked to lower BBM levels and a lower overall amyloid burden across the brain.

"We believe the reduced BBMs in obese individuals was due to dilution from the higher blood volume," said study lead author Soheil Mohammadi, M.D., M.P.H., postdoctoral research associate at MIR. "In fact, by relying on the baseline measurements, you could be fooled into thinking that the people with obesity had a lower pathology of Alzheimer's disease. We need the longitudinal data to fully understand the how obesity impacts the development of Alzheimer's pathology."

A longitudinal study involves repeatedly collecting data from the same group over an extended period, tracking changes and trends over a period of time.

Obesity Speeds Up Alzheimer's-Related Changes

As the years passed, both Alzheimer's disease BBMs and brain PET scans showed a greater build-up of Alzheimer's-related pathology in participants with obesity compared with those without obesity. People with obesity experienced a 29% to 95% faster increase in plasma pTau217 ratio levels. Having obesity at baseline was also associated with a 24% faster rise in plasma NfL and a 3.7% faster increase in amyloid accumulation.

Dr. Raji noted that their results showed blood tests offered greater sensitivity than PET scans for detecting the influence of obesity on Alzheimer's-related brain changes.




"The fact that we can track the predictive influence of obesity on rising blood biomarkers more sensitively than PET is what astonished me in this study," he said.

Clinical Implications and Modifiable Risk

According to Dr. Mohammadi, the way obesity shapes the progression of amyloid burden and related shifts in Alzheimer's blood biomarkers has important implications for how clinicians assess and manage risk.

"According to the 2024 report of the Lancet Commission, 14 modifiable risk factors total approximately 45%, or close to half, of the risk for Alzheimer's disease," he said. "If we can reduce any of those risk factors, we can significantly reduce Alzheimer's cases or lengthen the amount of time until the onset of the disease."

Future of Brain Health Monitoring and Treatment

Dr. Raji anticipates that repeated measurements of blood biomarkers, combined with brain imaging, will increasingly be used to track treatment strategies involving anti-amyloid drugs.

"This is such profound science to follow right now because we have drugs that can treat obesity quite powerfully, which means we could track the effect of weight loss drugs on Alzheimer's biomarkers in future studies," he said. "It's marvelous that we have these blood biomarkers to track the molecular pathology of Alzheimer's disease, and MRI scans to track additional evidence of brain degeneration and response to various treatments. This work is foundational for future studies and treatment trials."

Other co-authors are Farzaneh Rahmani, M.D., M.P.H., Mahsa Dolatshahi, M.D., M.P.H., and Suzanne E. Schindler, M.D., Ph.D.
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Researchers catch atoms standing still inside molten metal | ScienceDaily
Researchers have found that, inside a liquid, not every atom is moving. Some atoms stay fixed in place even when the temperature is very high. These motionless atoms have a major effect on how a liquid turns into a solid, including the creation of an unusual state of matter known as a corralled supercooled liquid.


						
The way materials solidify is crucial in many natural processes, such as mineralization, the formation of ice, and the folding of protein fibrils. Solidification is also central to many technologies, from pharmaceuticals to metal-based industries, including aviation, construction, and electronics.

Imaging Molten Metal at the Atomic Scale

To explore how solids form, scientists from the University of Nottingham and the University of Ulm in Germany used transmission electron microscopy to watch molten metal nano-droplets as they solidified. Their findings were published on December 9 in the journal ACS Nano.

Professor Andrei Khlobystov, who led the team, said, "When we consider matter, we typically think of three states: gas, liquid, and solid. While the behavior of atoms in gases and solids is easier to understand and describe, liquids remain more mysterious."

Complex Motion Inside Liquids

In liquids, atoms move in a complicated, crowded way, similar to people jostling through a busy street. They zip past one another at high speed while still interacting. This motion is especially difficult to study during the key moment when a liquid begins to solidify, a stage that sets the material's structure and many of its functional properties.




Graphene "Hob" Experiments and the SALVE Instrument

Dr. Christopher Leist, who performed transmission electron microscopy experiments at Ulm using the unique low-voltage SALVE instrument, said, "We began by melting metal nanoparticles, such as platinum, gold, and palladium, deposited on an atomically thin support -- graphene. We used graphene as a sort of hob for this process to heat the particles, and as they melted, their atoms began to move rapidly, as expected. However, to our surprise, we found that some atoms remained stationary."

Further analysis showed that these stationary atoms are strongly attached to the supporting material at specific locations called point defects, and this strong bonding persists even at very high temperatures. By concentrating the electron beam on selected areas, the team could create more defects and therefore adjust how many atoms stayed pinned in place within the liquid.

Wave-Particle Duality and a New Phase of Matter

Professor Ute Kaiser, who established the SALVE center at Ulm University, said, "Our experiments have surprised us as we directly observe the wave-particle duality of electrons in the electron beam. We visualize the material using electrons as waves. At the same time, electrons behave like particles, delivering discrete bursts of momentum that can either move or, surprisingly, even fix atoms at the edge of a liquid metal. This remarkable observation has allowed us to discover a new phase of matter."

The same research team has previously produced films of chemical reactions involving single molecules, including the first direct recording of a chemical bond breaking and reforming in real time. Their approach makes it possible to watch chemistry unfold at the level of individual atoms.




Atomic Corrals and Disrupted Crystal Growth

In the new study, the scientists discovered that stationary atoms play a powerful role in directing how a liquid turns solid. When only a few atoms are pinned, a crystal can grow from the liquid and continue to expand until the entire nanoparticle becomes solid. In contrast, when many atoms are held in place, they interfere with this process and block the formation of any crystal at all.

Professor Andrei Khlobystov from the University of Nottingham said "The effect is particularly striking when stationary atoms create a ring that surrounds the liquid. Once the liquid is trapped in this atomic corral, it can remain in a liquid state even at temperatures significantly below its freezing point, which for platinum can be as low as 350 degrees Celsius -- that is more than 1,000 degrees below what is typically expected."

Corralled Supercooled Liquid and Unstable Amorphous Metal

If the temperature is lowered enough, the corralled liquid eventually turns solid, but not into a regular crystal. Instead, it becomes an amorphous solid, a form of metal without the ordered structure of a crystal. This amorphous metal is highly unstable and exists only as long as the stationary atoms continue to confine it. Once that confinement breaks down, the built-up tension is released and the metal rearranges into its usual crystalline form.

Hybrid Metal State and Catalysis

Dr. Jesum Alves Fernandes, expert in catalysis at the University of Nottingham, said, "The discovery of a new hybrid state of metal is significant. Since platinum on carbon is one of the most widely used catalysts globally, finding a confined liquid state with non-classical phase behavior could change our understanding of how catalysts work. This advancement may lead to the design of self-cleaning catalysts with improved activity and longevity."

Toward New Forms of Matter and Cleaner Technologies

Up to now, nanoscale corralling has only been achieved for photons and electrons; this study is the first demonstration that atoms themselves can be corralled in a similar way. Professor Andrei Khlobystov said, "Our achievement may herald a new form of matter combining characteristics of solids and liquids in the same material."

The researchers suggest that by carefully arranging the positions of pinned atoms on a surface, they may be able to build larger and more intricate atomic corrals. Such control over rare metals could lead to more efficient use of these materials in clean technologies, including energy conversion and energy storage.

This work is funded by the EPSRC Program Grant 'Metal atoms on surfaces and interfaces (MASI) for sustainable future.'
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This 15 minute hepatitis C test could change everything | ScienceDaily
A new rapid test from Northwestern University can diagnose hepatitis C in just 15 minutes -- far faster than current options.


						    	Chronic hepatitis C infection affects an estimated 50 million people around the world and leads to approximately 242,000 deaths each year, most often from cirrhosis and liver cancer.
    	Same-day test results can speed up the start of treatment, and the infection is fully curable with the right medication.
    	Scientists at Johns Hopkins independently verified that the new test showed 100 percent agreement with commercial diagnostic platforms.

A New 15 Minute Test Speeds Up Hepatitis C Detection

Scientists at Northwestern University have created the fastest method so far for identifying hepatitis C virus (HCV). The new diagnostic delivers accurate results in only 15 minutes -- up to 75 percent faster than other rapid HCV options. This shorter wait time is important because it allows many patients to begin treatment before leaving their appointment, reducing the chance of severe complications and deaths linked to delayed care.

The research describing the test is scheduled for publication on Dec. 10 in The Journal of Infectious Diseases.

Why Faster Diagnosis Matters for Global Hepatitis C Control

HCV can progress to chronic hepatitis C infection, a condition that affects about 50 million people worldwide and leads to roughly 242,000 deaths each year. Most of these deaths result from cirrhosis and liver cancer. Although highly effective medications can cure the infection in 8 to 12 weeks, treatment rates remain low. One major barrier is limited access to affordable, easy to use diagnostic tools that can be deployed at the point of care.

"We were able to develop a diagnostic test that can be performed at the point of care during a patient's clinical visit, which could enable same-day diagnosis and treatment in support of HCV elimination efforts," said Sally McFall, co-director of the Center for Innovation in Global Health Technologies (CIGHT) at Northwestern University McCormick School of Engineering, who developed the test.




According to McFall, the new tool has shown strong analytical and clinical results. She noted that it may help support the World Health Organization's goal of eliminating HCV by 2030.

How the Rapid PCR Test Was Developed

The project brought together faculty in engineering and infectious disease at Northwestern. To build the new rapid polymerase chain reaction (PCR) test, the team relied on the DASH(r) (Diagnostic Analyzer for Specific Hybridization)PCR platform. Originally designed at Northwestern to detect COVID from nasal swabs, the system proved flexible enough to process whole blood samples for HCV detection.

To validate the technology, the researchers sent DASH(r) analyzers and DASH(r) HCV cartridges to colleagues at Johns Hopkins University. The Johns Hopkins team tested 97 clinical specimens and reported a 100 percent match between the DASH results and commercial diagnostic platforms.

"This test could revolutionize HCV care in the U.S. and globally by dramatically improving diagnosis, accelerating treatment uptake and enabling more people to be cured faster," said study co-author Dr. Claudia Hawkins, director of the Robert J. Havey, MD Institute for Global Health's Center for Global Communicable and Emerging Infectious Diseases at Northwestern. "By reducing delays and simplifying testing pathways, it has the potential to save millions of lives from the devastating liver-related complications of untreated HCV."

Why the New Test Outperforms Current Options

Diagnosing hepatitis C typically requires two steps. An antibody test first determines whether a patient has ever been exposed to the virus. If that test is positive, a follow-up PCR test checks for viral RNA to confirm an active infection. In most clinical settings, the PCR sample must be sent to an outside laboratory, leading to delays that can stretch from several days to weeks. Patients then need to return to their provider for results. Although the Food and Drug Administration has cleared one other point-of-care HCV test, it still requires 40 to 60 minutes -- a time frame that often exceeds the length of a standard appointment, McFall said.

The study is titled, "Development of a Rapid Automated Point-of-Care Test for Hepatitis C Viral RNA on the DASH(r) Rapid PCR System."
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Uranus and Neptune are hiding something big beneath the blue | ScienceDaily
The Solar System is commonly grouped by planetary composition: four rocky terrestrial planets (Mercury, Venus, Earth and Mars), two massive gas giants (Jupiter and Saturn), and a pair of ice giants (Uranus and Neptune). However, new research from a scientific team at the University of Zurich (UZH) suggests that Uranus and Neptune may contain far more rock than previously assumed. The study does not argue that these planets must be either water-rich or rock-rich. Instead, it questions the long-standing idea that an ice-heavy interior is the only conclusion supported by available data. This broader interpretation also aligns with the finding that Pluto, a dwarf planet, is dominated by rock.


						
To better understand what lies inside Uranus and Neptune, the researchers created a specialized simulation technique. "The ice giant classification is oversimplified as Uranus and Neptune are still poorly understood," says Luca Morf, PhD student at the University of Zurich and lead author of the work. "Models based on physics were too assumption-heavy, while empirical models are too simplistic. We combined both approaches to get interior models that are both "agnostic" or unbiased and yet, are physically consistent."

The process begins with a randomly generated density profile representing the interior of each planet. The team then determines the gravitational field that would match observational measurements and uses that information to infer the possible composition. The cycle is repeated until the model best fits all available data.

Expanding the Range of Possible Interiors

Using this unbiased and physics-grounded approach, the researchers found that the interior makeup of the Solar System's so-called ice giants is not restricted to ice (commonly interpreted as water). "It is something that we first suggested nearly 15 years ago, and now we have the numerical framework to demonstrate it," says Ravit Helled, Professor at the University of Zurich and initiator of the project. Their results show that either planet could be dominated by water-rich layers or by a far rockier structure.

The findings also offer new insight into the unusual magnetic fields of Uranus and Neptune. Earth's magnetic field features two well-defined poles, but the fields of these distant planets are more irregular and include multiple poles. According to Helled, "Our models have so-called "ionic water" layers which generate magnetic dynamos in locations that explain the observed non-dipolar magnetic fields. We also found that Uranus' magnetic field originates deeper than Neptune's."

Why Future Missions Are Essential

Although the study provides promising new interpretations, uncertainties remain. "One of the main issues is that physicists still barely understand how materials behave under the exotic conditions of pressure and temperature found at the heart of a planet, this could impact our results," explains Morf, who intends to extend the modeling work.

Even with the remaining unknowns, the results open the door to new interior scenarios, challenge long-standing assumptions, and highlight important gaps in material science at planetary conditions. "Both Uranus and Neptune could be rock giants or ice giants depending on the model assumptions. Current data are currently insufficient to distinguish the two, and we therefore need dedicated missions to Uranus and Neptune that can reveal their true nature," concludes Ravit Helled.
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Rising temperatures are slowing early childhood development | ScienceDaily
Climate change, including extreme heat and frequent heat waves, is already known to harm ecosystems, agriculture, and human health. New evidence now suggests that increasing temperatures may also slow key aspects of early childhood development.


						
Published in the Journal of Child Psychology and Psychiatry, the study reports that children who experienced unusually warm conditions, specifically average maximum temperatures above 86 degF (30 degC), were less likely to reach expected literacy and numeracy milestones when compared to children living in cooler environments.

"While heat exposure has been linked to negative physical and mental health outcomes across the life course, this study provides a new insight that excessive heat negatively impacts young children's development across diverse countries," says lead author Jorge Cuartas, assistant professor of applied psychology at NYU Steinhardt. "Because early development lays the foundation for lifelong learning, physical and mental health, and overall well-being, these findings should alert researchers, policymakers, and practitioners to the urgent need to protect children's development in a warming world."

Large International Dataset Reveals Clear Patterns

Cuartas and his colleagues examined information from 19,607 children between the ages of three and four from Gambia, Georgia, Madagascar, Malawi, Palestine, and Sierra Leone. These countries were chosen because they provide detailed data on child development, household living conditions, and climate, allowing researchers to estimate the amount of heat each child experienced.

To evaluate development, the team used the Early Childhood Development Index (ECDI), which tracks milestones in four areas: reading and number-related skills (literacy and numeracy), social-emotional development, approaches to learning, and physical development. The researchers combined ECDI information with 2017-2020 data from the Multiple Indicator Cluster Surveys (MICS), which include demographic and well-being indicators such as education, health, nutrition, and sanitation. By merging these datasets with climate records showing average monthly temperatures, they explored potential connections between heat exposure and early development.

Higher Temperatures Linked to Missed Milestones

The researchers found that children who experienced average maximum temperatures above 86 degF (30 degC) were 5 to 6.7 percent less likely to meet basic literacy and numeracy benchmarks than children exposed to temperatures below 78.8 degF during the same season and in the same region. Children in economically disadvantaged households, homes with limited access to clean water, and densely populated urban areas showed the strongest impacts.

"We urgently need more research to identify the mechanisms that explain these effects and the factors that either protect children or heighten their vulnerability. Such work will help pinpoint concrete targets for policies and interventions that strengthen preparedness, adaptation, and resilience as climate change intensifies," says Cuartas.

This study was co-authored by Lenin H. Balza of the Interamerican Development Bank, Andres Camacho of the University of Chicago, and Nicolas Gomez-Parra of the Interamerican Development Bank.
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Scientists reveal a tiny brain chip that streams thoughts in real time | ScienceDaily
A new brain implant could significantly reshape how people interact with computers while offering new treatment possibilities for conditions such as epilepsy, spinal cord injury, ALS, stroke, and blindness. By creating a minimally invasive, high-throughput communication path to the brain, it has the potential to support seizure control and help restore motor, speech, and visual abilities.


						
The promise of this technology comes from its extremely small size paired with its ability to transmit data at very high speeds. Developed through a collaboration between Columbia University, NewYork-Presbyterian Hospital, Stanford University, and the University of Pennsylvania, the device is a brain-computer interface (BCI) built around a single silicon chip. This chip forms a wireless, high-bandwidth link between the brain and external computers. The system is known as the Biological Interface System to Cortex (BISC).

A study published Dec. 8 in Nature Electronics outlines BISC's architecture, which includes the chip-based implant, a wearable "relay station," and the software needed to run the platform. "Most implantable systems are built around a canister of electronics that occupies enormous volumes of space inside the body," says Ken Shepard, Lau Family Professor of Electrical Engineering, professor of biomedical engineering, and professor of neurological sciences at Columbia University, who served as one of the senior authors and led the engineering work. "Our implant is a single integrated circuit chip that is so thin that it can slide into the space between the brain and the skull, resting on the brain like a piece of wet tissue paper."

Transforming the Cortex Into a High-Bandwidth Interface

Shepard worked closely with senior and co-corresponding author Andreas S. Tolias, PhD, professor at the Byers Eye Institute at Stanford University and co-founding director of the Enigma Project. Tolias's extensive experience training AI systems on large-scale neural recordings, including those collected with BISC, helped the team analyze how well the implant could decode brain activity. "BISC turns the cortical surface into an effective portal, delivering high-bandwidth, minimally invasive read-write communication with AI and external devices," Tolias says. "Its single-chip scalability paves the way for adaptive neuroprosthetics and brain-AI interfaces to treat many neuropsychiatric disorders, such as epilepsy."

Dr. Brett Youngerman, assistant professor of neurological surgery at Columbia University and neurosurgeon at NewYork-Presbyterian/Columbia University Irving Medical Center, served as the project's main clinical collaborator. "This high-resolution, high-data-throughput device has the potential to revolutionize the management of neurological conditions from epilepsy to paralysis," he says. Youngerman, Shepard, and NewYork-Presbyterian/Columbia epilepsy neurologist Dr. Catherine Schevon recently secured a National Institutes of Health grant to use BISC in treating drug-resistant epilepsy. "The key to effective brain-computer interface devices is to maximize the information flow to and from the brain, while making the device as minimally invasive in its surgical implantation as possible. BISC surpasses previous technology on both fronts," Youngerman adds.

"Semiconductor technology has made this possible, allowing the computing power of room-sized computers to now fit in your pocket," Shepard says. "We are now doing the same for medical implantables, allowing complex electronics to exist in the body while taking up almost no space."

Next-Generation BCI Engineering




BCIs function by connecting with the electrical signals used by neurons to communicate. Current medical-grade BCIs typically rely on multiple separate microelectronic components, such as amplifiers, data converters, and radio transmitters. These parts must be stored in a relatively large implanted canister, placed either by removing part of the skull or in another part of the body like the chest, with wires extending to the brain.

BISC is built differently. The entire system resides on a single complementary metal-oxide-semiconductor (CMOS) integrated circuit that has been thinned to 50 mm and occupies less than 1/1000th the volume of a standard implant. With a total size of about 3 mm3, the flexible chip can curve to match the brain's surface. This micro-electrocorticography (mECoG) device contains 65,536 electrodes, 1,024 recording channels, and 16,384 stimulation channels. Because the chip is produced using semiconductor industry manufacturing methods, it is suitable for large-scale production.

The chip integrates a radio transceiver, a wireless power circuit, digital control electronics, power management, data converters, and the analog components necessary for both recording and stimulation. The external relay station provides power and data communication through a custom ultrawideband radio link that reaches 100 Mbps, a throughput at least 100 times higher than any other wireless BCI currently available. Operating as an 802.11 WiFi device, the relay station effectively bridges any computer to the implant.

BISC incorporates its own instruction set along with a comprehensive software environment, forming a specialized computing system for brain interfaces. The high-bandwidth recording demonstrated in this study allows brain signals to be processed by advanced machine-learning and deep-learning algorithms, which can interpret complex intentions, perceptual experiences, and brain states.

"By integrating everything on one piece of silicon, we've shown how brain interfaces can become smaller, safer, and dramatically more powerful," Shepard says.

Advanced Semiconductor Fabrication

The BISC implant was fabricated using TSMC's 0.13-mm Bipolar-CMOS-DMOS (BCD) technology. This fabrication method combines three semiconductor technologies into one chip to produce mixed-signal integrated circuits (ICs). It allows digital logic (from CMOS), high-current and high-voltage analog functions (from bipolar and DMOS transistors), and power devices (from DMOS) to work together efficiently, all of which are essential for BISC's performance.




Moving From the Lab Toward Clinical Use

To transition the system into real-world medical use, Shepard's group partnered with Youngerman at NewYork-Presbyterian/Columbia University Irving Medical Center. They developed surgical procedures to place the thin implant safely in a preclinical model and confirmed that the device produced high-quality, stable recordings. Short-term intraoperative studies in human patients are already underway.

"These initial studies give us invaluable data about how the device performs in a real surgical setting," Youngerman says. "The implants can be inserted through a minimally invasive incision in the skull and slid directly onto the surface of the brain in the subdural space. The paper-thin form factor and lack of brain-penetrating electrodes or wires tethering the implant to the skull minimize tissue reactivity and signal degradation over time."

Extensive preclinical work in the motor and visual cortices was carried out with Dr. Tolias and Bijan Pesaran, professor of neurosurgery at the University of Pennsylvania, both recognized leaders in computational and systems neuroscience.

"The extreme miniaturization by BISC is very exciting as a platform for new generations of implantable technologies that also interface with the brain with other modalities such as light and sound," Pesaran says.

BISC was developed through the Neural Engineering System Design program of the Defense Advanced Research Projects Agency (DARPA) and draws on Columbia's deep expertise in microelectronics, the advanced neuroscience programs at Stanford and Penn, and the surgical capabilities of NewYork-Presbyterian/Columbia University Irving Medical Center.

Commercial Development and Future AI Integration

To move the technology closer to practical use, researchers at Columbia and Stanford created Kampto Neurotech, a startup founded by Columbia electrical engineering alumnus Dr. Nanyu Zeng, one of the project's lead engineers. The company is producing research-ready versions of the chip and working to secure funding to prepare the system for use in human patients.

"This is a fundamentally different way of building BCI devices," Zeng says. "In this way, BISC has technological capabilities that exceed those of competing devices by many orders of magnitude."

As artificial intelligence continues to advance, BCIs are gaining momentum both for restoring lost abilities in people with neurological disorders and for potential future applications that enhance normal function through direct brain-to-computer communication.

"By combining ultra-high resolution neural recording with fully wireless operation, and pairing that with advanced decoding and stimulation algorithms, we are moving toward a future where the brain and AI systems can interact seamlessly -- not just for research, but for human benefit," Shepard says. "This could change how we treat brain disorders, how we interface with machines, and ultimately how humans engage with AI."
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This surprising discovery rewrites the Milky Way's origin story | ScienceDaily
A new investigation is offering fresh insight into how galaxies like the Milky Way take shape, evolve over time, and develop unexpected chemical patterns in their stars.


						
Published in Monthly Notices of the Royal Astronomical Society, the study examines the origin of a long-standing mystery within the Milky Way: two clearly defined groups of stars with different chemical signatures, a feature known as the "chemical bimodality."

When researchers look at stars located near the Sun, they consistently identify two major categories based on the relative amounts of iron (Fe) and magnesium (Mg) they contain. These categories create two separate "sequences" on chemical plots, even though they overlap in metallicity (how rich they are in heavy elements like iron). This unusual split has puzzled astronomers for years.

Simulations Reveal How the Chemical Split May Form

To investigate why this structure appears, researchers from the Institute of Cosmos Sciences of the University of Barcelona (ICCUB) and the Centre national de la recherche scientifique (CNRS) used advanced computer models (called the Auriga simulations) to recreate the formation of Milky Way-like galaxies inside a virtual universe. By examining 30 simulated galaxies, the team searched for processes that might shape these chemical sequences.

Gaining a clearer picture of the Milky Way's chemical development helps scientists understand how our galaxy, along with others, assembled over cosmic time. This includes Andromeda, the Milky Way's nearby companion galaxy, where no similar chemical bimodality has been identified so far. Insights from this work also shed light on early-universe conditions and the roles of gas flows and past mergers.

"This study shows that the Milky Way's chemical structure is not a universal blueprint," said lead author Matthew Orkney, a researcher at ICCUB and the Institut d'Estudis Espacials de Catalunya (IEEC).




"Galaxies can follow different paths to reach similar outcomes, and that diversity is key to understanding galaxy evolution."

Multiple Routes to the Milky Way's Dual Chemical Structure

The results indicate that galaxies resembling the Milky Way can form two distinct chemical sequences through several different pathways. One possibility is a cycle of intense star formation followed by calmer periods. Another involves variations in the gas streaming into a galaxy from its surroundings.

The study also challenges an earlier explanation involving a smaller galaxy known as Gaia-Sausage-Enceladus (GSE). While this past collision influenced the Milky Way, the simulations show it is not required to produce the chemical split. Instead, metal-poor gas from the circumgalactic medium (CGM) appears to play a central role in creating the second branch of stars.

The researchers found that the specific shape of the two chemical sequences is tightly connected to the galaxy's star formation history.

New Observations Will Help Test These Predictions

As observatories such as the James Webb Space Telescope (JWST) and future missions like PLATO and Chronos gather more precise data, scientists will be able to test these simulation predictions and refine models of how galaxies evolve.

"This study predicts that other galaxies should exhibit a diversity of chemical sequences. This will soon be probed in the era of 30m telescopes where such studies in external galaxies will become routine," said Dr. Chervin Laporte, of ICCUB-IEEC, CNRS-Observatoire de Paris and Kavli IPMU.

"Ultimately, these will also help us further refine the physical evolutionary path of our own Milky Way."
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A hidden mechanism changes what we know about cell division | ScienceDaily
Scientists at the Ruder Boskovic Institute (RBI) in Zagreb, Croatia, have uncovered a surprising function for the protein CENP-E. For years, it was thought to act like a motor that pulled wandering chromosomes into position as a cell prepared to divide. The new findings reveal something completely different: CENP-E stabilizes the very first connections between chromosomes and the cell's internal "tracks," helping them line up properly before the cell splits.


						
A companion study showed that centromeres, small structures on chromosomes once believed to work on their own, play a guiding role in directing CENP-E so it can help the division process unfold correctly. Together, these results overturn two decades of accepted teaching and carry major implications, since mistakes in chromosome attachment are linked to many cancers and genetic disorders.

Why Early Chromosome Positioning Matters

Every moment, in countless cells across the body, division takes place with extraordinary precision. A single cell duplicates three billion DNA letters and manages to distribute perfect copies to both daughter cells.

When that delicate process fails, the consequences can be serious. Even one chromosome in the wrong place can disrupt development, contribute to infertility, or trigger cancer. Cell division offers little room for error.

For many years, researchers believed they understood one of the central players: CENP-E, often described as a motor protein that hauled stray chromosomes toward the middle of the dividing cell. The idea was simple, widely taught, and ultimately incorrect.

Researchers Uncover a Different Role for CENP-E

Two studies from RBI, published in Nature Communications and led by Dr. Kruno Vukusic and Professor Iva Tolic, break down the earlier model and present a new explanation. Dr. Vukusic trained as a postdoctoral researcher within a highly selective ERC Synergy team and is now preparing to lead his own group at RBI. Prof. Tolic, a recognized global expert in cell biophysics and head of the Laboratory for Cell Biophysics at RBI, holds two ERC grants and is a member of EMBO and Academia Europaea. Their work shows that CENP-E is not the "muscle" dragging chromosomes into place but a key regulator that activates at the right moment to allow everything else to fall into line.




"CENP-E is not the engine pulling chromosomes to the center," Vukusic says. "It is the factor that ensures they can attach properly in the first place. Without that initial stabilization, the system stalls."

Chromosome Movement as a City of Traffic

Picture a huge city at peak traffic. Millions of vehicles fill countless intersections, and a single mistake can stop the entire flow.

Now imagine this scene scaled down to the inside of a cell. Chromosomes act like trains carrying DNA cargo, and microtubules form the rails guiding them. For division to succeed, each chromosome must connect to the correct set of tracks and move into position at the center.

The long-standing model cast CENP-E as the locomotive pulling lagging chromosomes into place. The Zagreb team found a more precise function. Instead of the engine, CENP-E behaves like a coupling that secures the link between a chromosome and the microtubule. When that coupling is weak or missing, the trains stall at the station's outskirts and cannot advance.

What Controls When Chromosomes Move

Why do some chromosomes pause at the edges of the cell? The answer involves Aurora kinases, a group of proteins that operate like strict traffic lights. They generate strong "red" signals that prevent chromosomes from making incorrect early attachments.




This system protects against mistakes near the poles of the cell, but it can also hold chromosomes back too aggressively. CENP-E helps restore balance by adjusting those signals so that the first proper connections can form. Once that initial stable attachment appears, alignment follows naturally through the geometry of the spindle and the behavior of microtubules.

"It's not about brute force," Tolic explains. "It's about creating the conditions for the system to run smoothly. CENP-E's key role is to stabilize the start, and once that happens, the rest of mitosis unfolds correctly."

Rethinking a Long-Standing Textbook Model

For almost twenty years, textbooks described CENP-E as a motor that pulled chromosomes to the metaphase plate. The new research contradicts that view.

"Congression, the alignment of chromosomes, is intrinsically linked to biorientation," says Tolic. "What we show is that CENP-E doesn't contribute significantly to the movement itself. Its crucial role is stabilizing end-on attachments at the start. That is what allows the system to proceed correctly."

This shift replaces a force-based explanation with one focused on regulation and timing. The implications stretch far beyond classroom learning.

Why This Discovery Matters for Human Health

To someone outside the field, the distinction may appear small. In cell biology, small shifts often reveal major truths. Errors in chromosome segregation are a hallmark of cancer. Tumor cells commonly show duplicated or missing chromosome segments, and these abnormalities often trace back to mistakes in the attachment process.

By demonstrating that CENP-E regulates the earliest attachments and by connecting this regulation to Aurora kinase activity, the Zagreb team linked two processes previously thought to act separately. This connection exposes a potential weak point in dividing cells and may point the way toward therapies that correct or slow dangerous divisions.

"This isn't just about rewriting a model," Vukusic says. "It's about identifying a mechanism that directly links to disease. That opens doors for diagnostics and for thinking about new therapies."

Support From Europe and Croatia

The research was made possible through significant competitive funding, including the European Research Council's Synergy Grant, the Croatian Science Foundation, Swiss Croatian bilateral projects, and EU development programs.

The work also depended on advanced computing resources at the University of Zagreb's SRCE center. "Modern biology isn't just microscopes and test tubes," Tolic says. "It's also computation and collaboration across disciplines and borders."

Finding Structure in Cellular Complexity

At its core, the discovery sheds light on how cells maintain order amid constant motion. Trillions of cell divisions occur daily in the human body, and each event must fight against the natural pull of disorder. The new understanding from Zagreb helps reveal one of the hidden strategies behind that consistency. By reinterpreting the role of CENP-E and connecting it to other cellular regulators, the team has added clarity to a process that operates under immense pressure.

"By uncovering how these microscopic regulators cooperate," Tolic says, "we are not only deepening our understanding of biology but also moving closer to correcting the failures that underlie disease."
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Why ultra-processed foods make teens eat more when they aren't hungry | ScienceDaily
Rates of excess weight are climbing among young people in the United States.


						
An analysis published in The Lancet predicts that by 2050, about one in three Americans between 15 and 24 years old will meet the criteria for obesity, putting them at higher risk for serious health problems.

Many influences contribute to this trend, including genetics and low levels of physical activity, but diet plays a central role.

Ultra-processed foods -- which make up 55 to 65 percent of what young adults eat in the U.S. -- have been associated with metabolic syndrome, poor cardiovascular health, and other conditions in adolescents.

Ultra-processed foods and adolescent vulnerability

Researchers at Virginia Tech set out to examine how eating patterns high in ultra-processed foods affect young adults age 18 to 25. They compared two types of diets, one that was rich in ultra-processed foods and another that contained no ultra-processed foods at all. After two weeks on each diet, they tested whether participants would eat differently when faced with an all-you-can-eat meal.

When the researchers looked at everyone in the study together, they did not see an overall increase in calories or grams of food consumed at a buffet-style breakfast after the different diets. However, a different picture emerged when they focused on age. Participants between 18 and 21 years old ate more calories at the breakfast after the ultra-processed diet, while those age 22 to 25 did not show this increase. The results, scheduled for publication Nov. 19 in Obesity, suggest that adolescents and very young adults may be more susceptible to the effects of ultra-processed foods.




"Although this was short-term trial, if this increase in caloric intake persists over time, this could lead to weight gain in these young people," said Brenda Davy, a senior author on the paper and professor in Virginia Tech's Department of Human Nutrition, Foods, and Exercise.

"The younger age group took in more calories from ultra-processed foods, even when they weren't hungry," said neuroscientist and co-author Alex DiFeliceantonio, an assistant professor with Virginia Tech's Fralin Biomedical Research Institute at VTC who investigates the mechanisms of food choice.

Understanding this age group is important because adolescence and young adulthood represent an important developmental window. As people gain independence, eating habits take shape and obesity risk begins to rise.

What they did: controlled diets in young adults

The team recruited 27 men and women between 18 and 25 years old whose weight had remained stable for at least six months. For two weeks, each participant followed one of two eating plans that included breakfast served in the lab, with the rest of their meals prepared in a metabolic kitchen. One diet provided 81 percent of total calories from ultra-processed foods. The other diet contained no ultra-processed foods at all.

Researchers carefully matched the nutrient content of the two diets. Participants were given only the number of calories needed to maintain their weight, and the team measured how much they ate at a single buffet meal after each tightly controlled diet period.




"We very rigorously designed these diets to be matched on 22 characteristics, including macronutrients, fiber, added sugar, energy density, and also many vitamins and minerals," Davy said. "Previous studies had not matched diets to this extent."

How foods were classified with the NOVA system

Researchers used the NOVA classification system -- "nova" means new in Portuguese -- which groups foods by how heavily they are processed. Nutrition experts at the University of Sao Paulo in Brazil created this system while investigating a rapid rise in obesity in their country.

Unprocessed or minimally processed foods include items such as fresh fruit, legumes, or plain yogurt. Processed culinary ingredients, including cooking oils, butter, and salt, form another category. Processed foods -- cheese, canned vegetables, or freshly baked breads -- combine these ingredients through relatively simple methods. Ultra-processed foods, such as soft drinks, flavored yogurt, and most pre-packed meals and snacks, are produced through industrial processing and contain additives that are rarely used in home kitchens.

Each participant acted as their own comparison in this crossover study. They followed one of the diets for two weeks, returned to their usual eating habits for four weeks, and then switched to the other diet.

Buffet breakfast and eating without hunger

After each two-week diet period, participants were invited to eat freely from a breakfast buffet that included both ultra-processed and non-ultra-processed options. They arrived in a fasting state and were escorted to a private room, where they received a tray with about 1,800 calories of food -- four times the calorie content of a standard American breakfast. They had 30 minutes to eat as much or as little as they wanted.

To study eating in the absence of hunger, participants then received a tray of snacks immediately after breakfast. For 15 minutes, they were asked to take one bite of each snack and rate how pleasant and familiar it was. After tasting and rating all the items, they could choose to keep eating or simply rest for the remainder of the session.

What they found: younger participants ate more

In the full group of participants, the type of diet they had just followed did not change the total calories or total grams of food eaten at the buffet. The proportion of ultra-processed foods selected also remained similar. These results did not differ by sex or by body mass index (BMI), which is a standard measure of body fat.

The age breakdown, however, revealed an important difference. The 18- to 21-year-olds, but not the 22- to 25-year-olds, consumed more calories after the period on the ultra-processed diet. The younger participants were also more likely to continue eating when they were no longer hungry.

"Our adolescent participants had just consumed more in the buffet meal after the ultra-processed diet. Then, given the opportunity to snack when not hungry, they ate more yet again," said DiFeliceantonio, who is also an assistant professor in the Department of Human Nutrition, Foods, and Exercise. "Snacking when not hungry is an important predictor of later weight gain in young people, and it seems ultra-processed food exposure increases this tendency in adolescents."

Isolating the effect of food processing

Earlier clinical trials in adults that offered continuous access to ultra-processed foods found that people ate more each day and gained weight over time. In contrast, the Virginia Tech study kept daily calories and energy density the same between diets and evaluated intake at one buffet-style meal.

"This is important, because it helps isolate the effect of food processing on energy intake," DiFeliceantonio said. "In the previous trial people ate more each day, which meant they gained weight each day, which meant their energy needs also increased. Here, since everyone was weight stable, we can see the effect of processing alone."

The researchers note that the brief length of the study and its focus on a single meal may not fully reflect how people encounter food in everyday life, where eating opportunities are nearly constant.

Future research on ultra-processed foods and youth

Davy suggests that future research could lengthen the intervention period, include younger participants, or provide continuous access to foods to more closely mirror real-world conditions. This study also included a modest number of participants, so repeating it with a larger group could give a clearer picture of how age affects responses to ultra-processed diets.

By adding tools such as brain imaging and biomarkers, scientists may be able to uncover the biological pathways that link exposure to ultra-processed foods with changes in eating behavior across development. This is an active area of study for DiFeliceantonio and Davy.

This research was supported by a grant from the National Institutes of Health.
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Scientists discover a new state of matter at Earth's center | ScienceDaily
Beneath Earth's molten outer core is a dense central region -- the inner core, a compact sphere made of an iron and light-element alloy squeezed by more than 3.3 million atmospheres and heated to temperatures comparable to the Sun's surface. For many years, researchers have struggled to explain its unusual behavior. Even though the inner core is solid, it behaves like a softened metal, slowing seismic shear waves and displaying a Poisson's ratio more similar to butter than to steel. This paradox raised a fundamental question: how can the planet's solid center appear firm yet strangely pliable?


						
A major study published in National Science Review offers a strong explanation. The research team reports that Earth's inner core is not behaving like a conventional solid -- instead, it exists in a superionic state in which light elements move through a stable iron framework as if they were liquid. This finding reshapes our picture of the planet's deepest layer.

The investigation, led by Prof. Youjun Zhang and Dr. Yuqian Huang of Sichuan University, together with Prof. Yu He from the Institute of Geochemistry, Chinese Academy of Sciences, demonstrates that iron-carbon alloys shift into a superionic phase under the inner core's extreme conditions. In this environment, carbon atoms zip through the iron lattice at high speeds, greatly reducing the alloy's stiffness.

"For the first time, we've experimentally shown that iron-carbon alloy under inner core conditions exhibits a remarkedly low shear velocity." said Prof. Zhang. "In this state, carbon atoms become highly mobile, diffusing through the crystalline iron framework like children weaving through a square dance, while the iron itself remains solid and ordered. This so-called "superionic phase" dramatically reduces alloy's rigidity."

Experimental Evidence Confirms Previous Predictions

Although computer simulations in 2022 suggested the inner core might take on this exotic form, confirming it in the laboratory had proven difficult -- until now. Using a dynamic shock compression platform, the researchers propelled iron-carbon samples to 7 kilometers per second, achieving pressures of up to 140 gigapascals and temperatures near 2600 kelvin, closely reproducing the environment found in the inner core.

By pairing in-situ sound velocity measurements with advanced molecular dynamics simulations, the team detected a dramatic loss of shear wave speed and a sharp increase in Poisson's ratio. These results align with the unexpectedly soft seismic characteristics recorded within Earth. On an atomic level, the data showed carbon atoms moving freely through iron's orderly structure, weakening it without causing the lattice to collapse.




A Superionic Core That Shapes Earth's Dynamics

The superionic model not only accounts for long-standing seismic anomalies but also expands our understanding of how the inner core contributes to Earth's internal processes. The motion of light elements may explain seismic anisotropy -- directional variations in seismic wave speeds -- and could also play a role in sustaining Earth's magnetic field.

"Atomic diffusion within the inner core represents a previously overlooked energy source for the geodynamo," said Dr. Huang. "In addition to heat and compositional convection, the fluid-like motion of light elements may help power Earth's magnetic engine."

The study also clarifies debates over the behavior of light elements under extreme pressure. Earlier research focused mainly on compounds or substitutional alloys, but this work highlights the key role of interstitial solid solutions (especially those involving carbon) in controlling the core's physical properties.

A Shift in How Scientists View Earth's Center

According to Prof. Zhang, these findings represent a major change in how scientists interpret the inner core. "We're moving away from a static, rigid model of the inner core toward a dynamic one," he explained.

The implications extend beyond Earth. Identifying a superionic phase in the inner core could also improve our understanding of magnetic and thermal evolution in other rocky planets and exoplanets. As Zhang notes, "Understanding this hidden state of matter brings us one step closer to unlocking the secrets of Earth-like planetary interiors."

This research was supported by the National Natural Science Foundation of China, the Sichuan Science and Technology Program, and the CAS Youth Interdisciplinary Team.
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Simple supplement mix shows remarkable results in brain cancer | ScienceDaily
Most cancer treatments, including chemotherapy, radiotherapy and immunotherapy, are designed to attack and destroy cancer cells. A growing group of researchers is now asking whether this long-standing approach may be missing something important. What if the real path to a cure is not to damage cancer, but to coax it into healing instead?


						
That provocative idea is at the heart of work led by Professor Indraneel Mittra at the Advanced Centre for Treatment, Research and Education in Cancer in Mumbai, India.

The concept is not completely new. In 1986, an article in the New Journal of Medicine by Dr. Harold Dvorak suggested that cancer behaves very much like a wound that never heals. Cancer and chronic wounds share many biological features, and Professor Mittra argues that, rather than always trying to destroy tumors, medicine should explore ways to help them move toward a healed, less aggressive state.

In a recent study involving people with glioblastoma, one of the most feared brain cancers, his team reports that a simple combination of two low-cost nutraceuticals appears to support exactly this kind of healing process.

Testing a Gentle Strategy in Glioblastoma

Glioblastoma is a fast-growing, highly aggressive brain tumor. Even with modern treatments such as surgery, chemotherapy and radiotherapy, used alone or together, patients typically survive a median of only about 15 months.

In the new study, published in BJC Reports, Professor Mittra and colleagues enrolled ten patients with glioblastoma and asked them to take a tablet containing small amounts of two nutraceuticals, resveratrol and copper. They took this tablet four times a day for an average of 11.6 days before their scheduled brain surgery.




Another group of ten patients, whose tumors were similarly aggressive but who did not receive resveratrol and copper, served as the control group.

During surgery, the team collected brain tumor samples from both groups. These samples were then examined in detail using microscopy, immune-staining, immunofluorescence and transcriptome analysis to see how the tumors differed.

The analyses showed that the nutraceutical tablets had a striking effect on tumor biology.

Dramatic Changes Inside the Tumors

Several key cancer markers shifted in a favorable direction in patients who received the resveratrol and copper tablets:
    	Average levels of the protein Ki-67, a widely used indicator of how quickly glioblastoma cells are dividing, were almost one third lower in treated tumors than in untreated ones. This suggests the cancer was growing less aggressively.
    	Biomarkers associated with nine major "hallmarks of cancer" were present in 57% fewer cells in the treated samples.
    	Levels of six immune checkpoints, proteins that normally prevent the immune system from attacking cancer cells, were on average 41% lower in the treated tumors.
    	Three markers linked to stem cells, which may help tumors spread and resist treatment, were 56% lower in the treated group.

Crucially, the patients who took the nutraceutical tablets did not experience any side-effects.




"These results suggest that a simple, inexpensive and non-toxic nutraceutical tablet potentially has the power to heal glioblastoma," said Professor Mittra.

Targeting Cell-Free Chromatin Particles (cfChPs)

So how might this apparent healing happen at the cellular level?

According to Professor Mittra, the key action involves resveratrol and copper acting on cell-free chromatin particles (cfChPs) (cfChPs) that circulate in the body. These are fragments of DNA released from dying cancer cells that can worsen the behavior of surviving cancer cells.

Earlier work from his group showed that when resveratrol and copper are combined, they generate oxygen radicals that deactivate or destroy cfChPs.

In the current study, the researchers found that cfChPs were abundant in tissue taken from untreated tumors, but were almost completely absent from tissue taken from tumors in patients who had received the nutraceutical tablets.

The findings suggest that dead cancer cells in the treated group were removed through apoptosis, a controlled cell death process, before they could release cfChPs into the surrounding environment.

Professor Mittra explains: "The cell-free chromatin particles, fragments of DNA released by dying cancer cells, inflame the surviving cancer cells. This makes the disease more aggressive.

"If you eliminate the cell-free chromatin, which is what the resveratrol-copper tablets do, the cancer is subdued."

He adds that with longer-term use, this approach might possibly lead to complete healing of the cancer, effectively turning a malignant tumor into a benign one.

Immune Checkpoints and a Low Cost Alternative

One of the most notable findings from the study is that the resveratrol-copper tablets reduced the activity of several immune checkpoints. Immune checkpoint inhibition has been hailed as a breakthrough in cancer therapy, because blocking these proteins can unleash the immune system against tumors. However, current immune checkpoint inhibitor drugs are extremely expensive and can cause significant side-effects.

In contrast, the nutraceutical combination used in this study is simple, non-toxic and inexpensive, yet still appears to downregulate multiple immune checkpoints. This raises the possibility of a more accessible way to influence some of the same pathways targeted by costly cancer drugs.

A Potential Shift in Cancer Treatment

A new approach to treating cancer has begun to emerge from these observations.

"We have been trying to kill cancer cells for 2,500 years, since the time of the ancient Greeks, without success," says Professor Mittra.

"Maybe it is time to look at cancer treatment differently and work towards healing tumors, rather than annihilating them.

"Of course, the number of patients in this study was rather small. However, the results were so striking that I'd fully expect them to be replicated in a larger sample of patients.

"I believe that we may be on the brink of transforming the way cancer is treated."

Professor Indraneel Mittra is Dr. Ernest Borges Chair in Translational Research and Professor Emeritus in the Department of Surgical Oncology at the Advanced Centre for Treatment, Research and Education in Cancer (ACTREC), Tata Memorial Centre, Mumbai.

This study was supported by the Department of Atomic Energy, Government of India, through its grant CTCTMC to the Tata Memorial Centre awarded to Indraneel Mittra.
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James Webb catches a giant helium cloud pouring off a puffy planet | ScienceDaily
An international group of researchers, including astronomers from the University of Geneva (UNIGE) and the National Centre of Competence in Research PlanetS, has detected enormous clouds of helium drifting away from the exoplanet WASP-107b. The team gathered these observations with the James Webb Space Telescope and analyzed them using modeling tools created at UNIGE. Their results, reported in Nature Astronomy, offer important insights into atmospheric escape, a process that plays a central role in how planets evolve and develop their observable features.


						
Planetary atmospheres do not always remain intact. Even Earth steadily loses a small amount of material to space, shedding a little more than 3 kg of gas every second (mainly hydrogen). This continual loss, known as "atmospheric escape," is especially relevant for planets that orbit extremely close to their stars. The intense heat they experience can drive dramatic outflows of gas, making the phenomenon a key factor in the long-term transformation of such worlds.

Webb's First Helium Detection on an Exoplanet

Using the James Webb Space Telescope, researchers from UNIGE and universities in McGill, Chicago, and Montreal observed broad streams of helium leaving WASP-107b. The planet lies more than 210 light-years from our solar system. This marks the first time JWST has detected this element on an exoplanet, enabling scientists to examine the escaping gases in much greater detail than before.

A Deeply Inflated Super-Puff World

WASP-107b, discovered in 2017, orbits its star at a distance far tighter than Mercury's orbit around the Sun. Although it is similar in size to Jupiter, it contains only about one-tenth of Jupiter's mass. This extremely low density places it within the "super-puff" category of planets, which are known for their large size and unusually light composition.

The escaping helium originates from the planet's extended upper atmosphere, known as the "exosphere." This cloud is so large that it begins dimming the star's light even before the planet itself passes in front of it. "Our atmospheric escape models confirm the presence of helium flows, both ahead and behind the planet, extending in the direction of its orbital motion to nearly ten times the planet's radius," says Yann Carteret, a doctoral student in the Department of Astronomy at the Faculty of Science of the University of Geneva and co-author of the study.




Chemical Signatures Reveal the Planet's Past

Along with helium, researchers identified water and several chemical compounds (including carbon monoxide, carbon dioxide, and ammonia) in WASP-107b's atmosphere. They also found no detectable methane, even though JWST is capable of identifying it. These results help scientists reconstruct the planet's early history. Evidence suggests that WASP-107b originally formed far from its current location before migrating inward. This inward shift could explain both its swollen atmosphere and the significant gas loss observed today.

The findings serve as a key reference for understanding how distant worlds change over time. "Observing and modeling atmospheric escape is a major research area at the UNIGE Department of Astronomy because it is thought to be responsible for some of the characteristics observed in the exoplanet population," explains Vincent Bourrier, senior lecturer and research fellow in the Department of Astronomy at the UNIGE Faculty of Science and co-author of the study.

"On Earth, atmospheric escape is too weak to drastically influence our planet. But it would be responsible for the absence of water on our close neighbor, Venus. It is therefore essential to fully understand the mechanisms at work in this phenomenon, which could erode the atmosphere of certain rocky exoplanets," he concludes.
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Human brains light up for chimp voices in a way no one expected | ScienceDaily
The human brain is not limited to recognizing our own voices. Research from the University of Geneva (UNIGE) has revealed that specific parts of the auditory cortex react strongly to chimpanzee vocalizations. Chimpanzees are our closest relatives both genetically and in the types of sounds they produce. The study, which appears in the journal eLife, indicates that certain subregions of the brain may be especially tuned to the calls of particular primate species. This insight offers a new way to explore how voice recognition emerged and how it may relate to the development of language.


						
Human voices play a central role in social communication, and a significant portion of the auditory cortex is devoted to interpreting them. Researchers wanted to know whether these abilities have deeper evolutionary origins. To investigate this question, scientists from UNIGE's Faculty of Psychology and Educational Sciences used a comparative approach grounded in species evolution. By examining how the human brain processes the vocalizations of closely related species, such as chimpanzees, bonobos and macaques, they aimed to identify traits shared with other primates. This approach helps shed light on how the neural foundations of vocal communication began to emerge long before language existed.

Studying How the Brain Responds to Primate Calls

In the experiment, 23 human volunteers listened to vocal sounds from four species. Human voices served as the control group. Chimpanzee calls were included because these primates are closely related to us both genetically and acoustically. Bonobo vocalizations were also tested, even though they often sound more like birdsong. Macaque calls were added because these primates are more distantly related to humans both evolutionarily and acoustically. Researchers used functional magnetic resonance imaging (fMRI) to examine activity across the auditory cortex. "Our intention was to verify whether a subregion sensitive specifically to primate vocalizations existed," explains Leonardo Ceravolo, research associate at UNIGE's Faculty of Psychology and Educational Sciences and first author of the study.

A Distinct Neural Response to Chimpanzee Vocalizations

The results confirmed their expectations. A part of the auditory cortex known as the superior temporal gyrus, which plays a key role in processing sounds related to language, music and emotional cues, showed increased activation when participants heard certain primate calls. "When participants heard chimpanzee vocalizations, this response was clearly distinct from that triggered by bonobos or macaques."

This pattern is particularly striking because bonobos are just as genetically close to humans as chimpanzees, yet their vocalizations differ greatly in acoustic structure. The findings suggest that both evolutionary closeness and similarity in sound features influence how the human brain reacts.

What the Findings Suggest About Language Evolution

This discovery offers new directions for understanding how the neural basis of communication evolved. It indicates that some parts of the human brain may have preserved a sensitivity to the calls of our closest primate relatives. "We already knew that certain areas of the animal brain reacted specifically to the voices of their fellow creatures. But here, we show that a region of the adult human brain, the anterior superior temporal gyrus, is also sensitive to non-human vocalizations," notes Leonardo Ceravolo.

These results support the idea that humans and great apes share vocal processing abilities that existed before spoken language emerged. They may also help explain how voice recognition develops in early life. For instance, this line of research could clarify how babies begin recognizing familiar voices while still in utero.
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Simple light trick reveals hidden brain pathways in microscopic detail | ScienceDaily
Every tissue in the human body contains exceptionally small fibers that help coordinate how organs move, function and communicate. Muscle fibers guide physical force, intestinal fibers support the motion of the digestive tract, and brain fibers carry electrical signals that allow different regions to exchange information. Together, these intricate fiber systems help shape the structure of each organ and keep them operating properly.


						
Many diseases disrupt these delicate networks. In the brain, damage to fiber connections appears across nearly all neurological disorders, where it contributes to changes in neural communication.

Although these microscopic structures play essential roles, they have long been challenging to study. Researchers have struggled to determine how fibers are oriented inside tissues, which has made it difficult to fully understand how they change in health and disease.

A Simple Method for Revealing Hidden Microstructure

A research team led by Marios Georgiadis, PhD, instructor of neuroimaging, has now introduced an approach that makes these hard-to-see fiber patterns visible with exceptional clarity and at a relatively low cost.

Their technique, described in Nature Communications, is known as computational scattered light imaging (ComSLI). It can reveal the orientation and organization of tissue fibers at micrometer resolution on virtually any histology slide, regardless of how it was stained or preserved -- even if the slide is many decades old.

Michael Zeineh, MD, PhD, professor of radiology, served as co-senior author with Miriam Menzel, PhD, a former visiting scholar in Zeineh's laboratory.




"The information about tissue structures has always been there, hidden in plain sight," Georgiadis said. "ComSLI simply gives us a way to see that information and map it out."

How ComSLI Maps Fiber Orientation

Traditional imaging strategies come with significant limitations. MRI can highlight large anatomical networks but cannot capture tiny cellular structures. Histology techniques often require specialized stains, high-end equipment and carefully preserved samples, and they still struggle to depict fiber crossings clearly.

ComSLI relies on a basic physical principle: when light encounters microscopic structures, it scatters in different directions based on their orientation. By rotating the light source and recording how the scattering signal changes, researchers can reconstruct the direction of the fibers within each pixel of an image.

The method requires only a rotating LED light and a microscope camera, making the setup accessible compared with other forms of advanced microscopy. After the images are collected, software analyzes delicate patterns in the scattered light to generate color-coded maps of fiber orientation and density, known as microstructure-informed fiber orientation distributions.

ComSLI is not limited by sample preparation. It works with formalin-fixed, paraffin-embedded sections (a standard in hospitals and pathology labs) as well as fresh-frozen, stained or unstained slides.




Scientists can also revisit slides originally created for unrelated projects, even those stored for decades, allowing new structural insights without altering the samples.

"This is a tool that any lab can use," Zeineh said. "You don't need specialized preparation or expensive equipment. What excites me most is that this approach opens the door for anyone, from small research labs to pathology labs, to uncover new insights from slides they already have."

Mapping Neural Microstructure and Disease

A major goal in neuroscience has been to chart the brain's microscopic pathways with high precision. Using ComSLI, Georgiadis and colleagues visualized full formalin-fixed, paraffin-embedded human brain sections and standard-sized slides, revealing detailed fiber structures throughout the tissue.

They also examined how these fibers change in neurological conditions such as multiple sclerosis, leukoencephalopathy and Alzheimer's disease.

One focus was the hippocampus, a deep-brain region central to memory formation and retrieval and often affected early in neurodegeneration. When comparing a hippocampal section from a patient with Alzheimer's disease to a healthy sample, the team observed clear structural deterioration. Fiber crossings that normally help connect regions of the hippocampus were greatly diminished, and a major pathway responsible for bringing memory-related signals into the region (the perforant pathway) was barely visible. The healthy hippocampus, in contrast, showed a dense and interconnected network of fibers across the entire area. With these detailed maps, researchers can see how memory circuits break down as disease progresses.

To test the limits of the method, the researchers analyzed a brain section prepared in 1904. Even in this century-old sample, ComSLI identified intricate fiber patterns, allowing scientists to study historical specimens and explore how structural features evolve across generations of disease.

Applications Beyond the Brain

Although first designed for brain research, ComSLI also works well in other tissues. The team used it to study muscle, bone and vascular samples, each revealing unique fiber arrangements tied to their biological functions.

In tongue muscle, the method highlighted layered fiber orientations linked to movement and flexibility. In bone, it captured collagen fibers that align with mechanical stress. In arteries, it showed alternating collagen and elastin layers that support both strength and elasticity.

This ability to map fiber orientation across species, organs and archival specimens could significantly change how scientists investigate structure and function. It also means that millions of stored slides around the world may contain untapped microstructural information.

"Although we just presented the method, there are already multiple requests for scanning samples and replicating the ComSLI setup -- so many labs and clinics would like to have micron-resolution fiber orientation and micro-connectivity on their histology sections," Georgiadis said. "Another exciting plan is to go back to well-characterized brain archives or brain sections of famous people, and recover this micro-connectivity information, revealing 'secrets' that have been considered long lost. This is the beauty of ComSLI."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251209043040.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Small root mutation could make crops fertilize themselves | ScienceDaily

That is the conclusion reached by Kasper Rojkjaer Andersen and Simona Radutoiu, professors of molecular biology at Aarhus University.

Their new research highlights an important biological clue that could help reduce agriculture's heavy reliance on artificial fertilizer.

Plants require nitrogen to grow, and most crop species can obtain it only through fertilizer. A small group of plants, including peas, clover, and beans, can grow without added nitrogen. They do this by forming a partnership with specific bacteria that turn nitrogen from the air into a form the plant can absorb.

Unlocking the Secrets Behind Natural Nitrogen Fixation

Scientists worldwide are working to understand the genetic and molecular basis of this natural nitrogen-fixing ability. The hope is that this trait could eventually be introduced into major crops such as wheat, barley, and maize.

If achieved, these crops could supply their own nitrogen. This shift would reduce the need for synthetic fertilizer, which currently represents about two percent of global energy consumption and produces significant CO2 emissions.




Researchers at Aarhus University have now identified small receptor changes in plants that cause them to temporarily shut down their immune defenses and enter a cooperative relationship with nitrogen-fixing bacteria.

How Plants Decide Between Defense and Cooperation

Plants rely on cell-surface receptors to sense chemical signals from microorganisms in the soil.

Some bacteria release compounds that warn the plant they are "enemies," prompting defensive action. Others signal that they are "friends" able to supply nutrients.

Legumes such as peas, beans, and clover allow specialized bacteria to enter their roots. Inside these root tissues, the bacteria convert nitrogen from the atmosphere and share it with the plant. This partnership, known as symbiosis, is the reason legumes can grow without artificial fertilizer.

Aarhus University researchers found that this ability is strongly influenced by just two amino acids, which act as small "building blocks" within a root protein.




"This is a remarkable and important finding," says Simona Radutoiu.

The root protein functions as a "receptor" that reads signals from bacteria. It determines whether the plant should activate its immune system (alarm) or accept the bacteria (symbiosis).

The team identified a small region in the receptor protein that they named Symbiosis Determinant 1. This region functions like a switch that controls which internal message the plant receives.

By modifying only two amino acids within this switch, the researchers changed a receptor that normally triggers immunity so that it instead initiated symbiosis with nitrogen-fixing bacteria.

"We have shown that two small changes can cause plants to alter their behavior on a crucial point -- from rejecting bacteria to cooperating with them," Radutoiu explains.

Expanding the Potential to Major Food Crops

In laboratory experiments, the researchers successfully engineered this change in the plant Lotus japonicus. They then tested the concept in barley and found that the mechanism worked there as well.

"It is quite remarkable that we are now able to take a receptor from barley, make small changes in it, and then nitrogen fixation works again," says Kasper Rojkjaer Andersen.

The long-term potential is significant. If these modifications can be applied to other cereals, it may ultimately be possible to breed wheat, maize, or rice capable of fixing nitrogen on their own, similar to legumes.

"But we have to find the other, essential keys first," Radutoiu notes.

"Only very few crops can perform symbiosis today. If we can extend that to widely used crops, it can really make a big difference on how much nitrogen needs to be used."
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New cosmic lens measurements deepen the Hubble tension mystery | ScienceDaily
Cosmologists are grappling with a major unresolved puzzle: they do not all agree on how fast the universe is expanding, and solving this puzzle could point to new physics. To check for hidden errors in traditional measurements that rely on markers such as supernovae, astronomers continually look for fresh ways to track cosmic expansion. In recent work, researchers including scientists at the University of Tokyo measured the universe's growth using new techniques and data from some of the most advanced telescopes available. Their approach takes advantage of the fact that light from extremely distant objects can travel to us along several different paths. Comparing these different routes helps refine models of what is happening on the very largest scales in the universe, including how space itself is stretching.


						
How fast is the universe expanding?

We know that the universe is enormous, and it is steadily growing larger. Its exact size is unknown, but its rate of expansion can be measured. This turns out to be more complicated than it sounds, because the expansion appears faster when we look at more distant regions of space. For every 3.3 million light years (or one megaparsec) of distance from Earth, objects at that distance appear to be moving away from us at about 73 kilometers per second. Put another way, the universe expands at 73 kilometers per second per megaparsec (km/s/Mpc), a value known as the Hubble constant.

Distance ladders and a new way to measure the Hubble constant

Scientists have developed several methods to estimate the Hubble constant, but until now they have all relied on so-called distance ladders. These ladders are built from objects such as supernovae and special stars called Cepheid variable stars. Because these objects are considered well understood, astronomers assume that even when they are observed in other galaxies, they can be used to estimate distances with high precision. Over decades of observations of many such objects, the allowed range for the Hubble constant has become narrower. However, some uncertainty has always remained about how reliable this approach is, so cosmologists are eager to test alternatives.

In their latest study, a team of astronomers that includes Project Assistant Professor Kenneth Wong and postdoctoral researcher Eric Paic from the University of Tokyo's Research Center for the Early Universe has successfully demonstrated a technique called time-delay cosmography. They argue that this method can reduce the field's dependence on distance ladders and could also have valuable applications in other branches of cosmology.

Using gravitational lensing as a cosmic measurement tool

"To measure the Hubble constant using time-delay cosmography, you need a really massive galaxy that can act as a lens," said Wong. "The gravity of this 'lens' deflects light from objects hiding behind it around itself, so we see a distorted version of them. This is called gravitational lensing. If the circumstances are right, we'll actually see multiple distorted images, and each will have taken a slightly different pathway to get to us, taking different amounts of time. By looking for identical changes in these images that are slightly out of step, we can measure the difference in time they took to reach us. Coupling this data with estimates on the distribution of the mass of the galactic lens that's distorting them is what allows us to calculate the acceleration of distant objects more accurately. The Hubble constant we measure is well within the ranges supported by other modes of estimation."




The Hubble tension: conflicting views of the expanding universe

It may seem puzzling that researchers invest so much effort to refine a number that has already been measured many times. The reason is that this value sits at the heart of how scientists reconstruct the history and evolution of the universe, and there is a serious unresolved discrepancy. The value of 73 km/s/Mpc for the Hubble constant agrees with observations of relatively nearby objects. However, there are other ways to infer the cosmic expansion rate that look much farther back in time. One key method uses the radiation that fills the universe and traces back to the big bang, known as the cosmic microwave background (CMB). When scientists analyze the CMB to estimate the Hubble constant, they obtain a lower value of 67 km/s/Mpc.

This mismatch between 73 km/s/Mpc and 67 km/s/Mpc is called the Hubble tension. The work by Wong, Paic and their colleagues helps illuminate what might be causing this tension, at a time when it is still unclear whether the discrepancy is simply due to experimental uncertainties or points to something deeper.

Is the Hubble tension pointing to new physics?

"Our measurement of the Hubble constant is more consistent with other current-day observations and less consistent with early-universe measurements. This is evidence that the Hubble tension may indeed arise from real physics and not just some unknown source of error in the various methods," said Wong. "Our measurement is completely independent of other methods, both early- and late-universe, so if there are any systematic uncertainties in those methods, we should not be affected by them."

"The main focus of this work was to improve our methodology, and now we need to increase the sample size to improve the precision and decisively settle the Hubble tension," said Paic. "Right now, our precision is about 4.5%, and in order to really nail down the Hubble constant to a level that would definitively confirm the Hubble tension, we need to get to a precision of around 1-2%."

More lenses, more quasars, and higher precision




The researchers are optimistic that they can reach this higher level of accuracy. In the current study, they analyzed eight time-delay lens systems. Each system contains a foreground galaxy that acts as a lens and blocks our direct view of a distant quasar (a supermassive black hole that is accreting gas and dust, causing it to shine brightly). They also incorporated new observations from cutting-edge space-based and ground-based observatories, including the James Webb Space Telescope. Looking ahead, the team plans to expand the number of lens systems they study, refine their measurements, and carefully identify or eliminate any remaining systematic sources of error.

Mass distribution uncertainties and a global cosmology effort

"One of the largest sources of uncertainty is the fact that we don't know exactly how the mass in the lens galaxies is distributed. It is usually assumed that the mass follows some simple profile that is consistent with observations, but it is hard to be sure, and this uncertainty can directly influence the values we calculate," said Wong. "The Hubble tension matters, as it may point to a new era in cosmology revealing new physics. Our project is the result of a decades-long collaboration between multiple independent observatories and researchers, highlighting the importance of international collaboration in science."

Funding: This work was supported by NASA (grants 80NSSC22K1294 and HST-AR-16149), the Max Planck Society (Max Planck Fellowship), the Deutsche Forschungsgemeinschaft under Germany's Excellence Strategy (EXC-2094, 390783311), the U.S. National Science Foundation (grants NSF-AST-1906976, NSF-AST-1836016, NSF-AST-2407277), the Moore Foundation (grant 8548), and JSPS KAKENHI (grant numbers JP20K14511, JP24K07089, JP24H00221).
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Astronomers capture sudden black hole blast firing ultra fast winds | ScienceDaily
Leading X-ray observatories XMM-Newton and XRISM have captured a remarkable and previously unrecorded eruption from a supermassive black hole. Over the course of only a few hours, the intense gravity of this object stirred up extremely fast winds that pushed material outward at an astonishing 60,000 km per second.


						
This enormous black hole sits in NGC 3783, a striking spiral galaxy recently photographed by the NASA/ESA Hubble Space Telescope. Astronomers observed a bright X-ray flare burst from the black hole and fade almost immediately. As the flare diminished, high-velocity winds appeared, racing outward at roughly one-fifth the speed of light.

"We've not watched a black hole create winds this speedily before," says lead researcher Liyi Gu at Space Research Organization Netherlands (SRON). "For the first time, we've seen how a rapid burst of X-ray light from a black hole immediately triggers ultra-fast winds, with these winds forming in just a single day."

Inside an Active Galactic Nucleus

To investigate NGC 3783 and its central black hole, Gu and his team used the European Space Agency's XMM-Newton together with the X-Ray Imaging and Spectroscopy Mission (XRISM), a JAXA-led mission with ESA and NASA participation.

The black hole, containing the mass of about 30 million Suns, consumes nearby gas and dust. This activity powers a brilliantly luminous and energetic zone at the galaxy's center called an Active Galactic Nucleus (AGN). AGNs emit light across the electromagnetic spectrum and can drive strong jets and winds into their surroundings.

"AGNs are really fascinating and intense regions, and key targets for both XMM-Newton and XRISM," notes Matteo Guainazzi, ESA XRISM Project Scientist and co-author of the discovery.




"The winds around this black hole seem to have been created as the AGN's tangled magnetic field suddenly 'untwisted' -- similar to the flares that erupt from the Sun, but on a scale almost too big to imagine."

Black Hole Winds That Echo Solar Eruptions

The newly detected winds resemble the Sun's coronal mass ejections, powerful outbursts that launch huge clouds of charged material into space. This comparison suggests that, in some moments, a supermassive black hole can behave in ways similar to our own star, making these distant giants feel slightly more familiar.

A real-world example occurred on November 11, when the Sun produced a coronal mass ejection following an intense flare. The material expelled during that solar event shot out at initial speeds of 1500 km per second.

"Windy AGNs also play a big role in how their host galaxies evolve over time, and how they form new stars," says Camille Diez, a team member and ESA Research Fellow.

"Because they're so influential, knowing more about the magnetism of AGNs, and how they whip up winds such as these, is key to understanding the history of galaxies throughout the Universe."

Two Telescopes Working in Unison




XMM-Newton has spent more than 25 years exploring the hottest and most extreme environments in space, while XRISM has been studying how matter and energy move through the Universe since its launch in September 2023.

Together, these missions uncovered this extraordinary episode and helped scientists understand the flare and the resulting winds. XMM-Newton followed the evolution of the flare with its Optical Monitor and measured the reach of the winds using the European Photon Imaging Camera (EPIC). XRISM detected the flare and winds with its Resolve instrument, which analyzed their velocity, structure, and the processes that launched them.

"Their discovery stems from successful collaboration, something that's a core part of all ESA missions," explains ESA XMM-Newton Project Scientist Erik Kuulkers.

"By zeroing in on an active supermassive black hole, the two telescopes have found something we've not seen before: rapid, ultra-fast, flare-triggered winds reminiscent of those that form at the Sun. Excitingly, this suggests that solar and high-energy physics may work in surprisingly familiar ways throughout the Universe."
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Single enzyme mutation reveals a hidden trigger in dementia | ScienceDaily
Why do neurons die in dementia, and can this process be slowed down? A research group led by Prof. Marcus Conrad, Director of the Institute of Metabolism and Cell Death at Helmholtz Munich and Chair of Translational Redox Biology at the Technical University of Munich (TUM), has reported in Cell how nerve cells shield themselves from ferroptotic cell death.


						
Their findings center on the selenoenzyme glutathione peroxidase 4 (GPX4), which is essential for preventing this type of cell damage. A single genetic change that affects GPX4 disrupts a previously unrecognized feature of the enzyme's function. In children who inherit this mutation, the result is a severe form of early-onset dementia. When GPX4 works properly, it positions a short protein loop -- described as a "fin" -- inside the inner surface of the neuronal membrane. This allows GPX4 to neutralize lipid peroxides, harmful molecules that would otherwise damage the membrane.

How a Tiny Protein "Fin" Protects Neurons

"GPX4 is a bit like a surfboard," says Conrad. "With its fin immersed into the cell membrane, it rides along the inner surface and swiftly detoxifies lipid peroxides as it goes." In children with early-onset dementia, a point mutation reshapes this fin-like loop. The altered enzyme can no longer insert itself into the membrane correctly, leaving lipid peroxides free to accumulate. When this happens, the membrane becomes vulnerable, ferroptosis is triggered, the cell ruptures, and neurons are lost.

The research began with three children in the United States who have an extremely rare form of early childhood dementia. All three share the same alteration in the GPX4 gene, identified as the R152H mutation. Scientists used cells from one affected child and reverted them to a stem-cell-like state to investigate the mutation's effects. These stem cells were then used to grow cortical neurons and three-dimensional brain-like structures known as brain organoids.

Evidence From Mouse Models and Protein Analysis

To explore the mutation at the level of the whole organism, the team introduced the R152H variant into a mouse model. This allowed them to modify the GPX4 enzyme in specific types of nerve cells. The mice gradually developed marked motor problems, experienced significant neuron loss in the cerebral cortex and cerebellum, and showed strong neuroinflammatory responses. These findings closely matched what had been observed in the affected children and resembled patterns seen in neurodegenerative conditions.




The researchers also examined how protein levels changed in the experimental model. They found shifts very similar to those documented in Alzheimer's disease. Many proteins that increase or decrease in Alzheimer's patients showed the same disruptions in mice without functional GPX4. This pattern indicates that ferroptotic stress may be involved not only in this rare childhood condition, but also in more common dementia-related disorders.

Rethinking the Origins of Dementia

"Our data indicate that ferroptosis can be a driving force behind neuronal death -- not just a side effect," says Dr. Svenja Lorenz, one of the first authors. "Until now, dementia research has often focused on protein deposits in the brain, so-called amyloid ss plaques. We are now putting more emphasis on the damage to cell membranes that sets this degeneration in motion in the first place."

Early tests show that blocking ferroptosis can slow the cell death caused by loss of GPX4 in both cell cultures and the mouse model. "This is an important proof of principle, but it is not yet a therapy," explains Dr. Tobias Seibt, nephrologist at LMU University Hospital Munich and co-first author. According to Dr. Adam Wahida, also a first author, "In the long term, we can imagine genetic or molecular strategies to stabilize this protective system. For now, however, our work clearly remains in the realm of basic research."

Long-Term Collaboration Reveals a Crucial Molecular Clue

The project reflects a scientific collaboration that has expanded over many years, involving genetics, structural biology, stem cell research, and neuroscience, with contributions from several dozen researchers at institutions around the world. "It has taken us almost 14 years to link a yet-unrecognized small structural element of a single enzyme to a severe human disease," says Conrad. "Projects like this vividly demonstrate why we need long-term funding for basic research and international multidisciplinary teams if we are to truly understand complex diseases such as dementia and other neurodegenerative disease conditions."
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A cosmic collision reveals how black holes really behave | ScienceDaily
Ten years after the first detection of gravitational waves from two merging black holes, the LIGO-Virgo-KAGRA collaboration, which includes Columbia University astronomer Maximiliano Isi, has captured a remarkably similar event with far greater detail. Advances in detector sensitivity allowed the team to observe this latest collision almost four times more clearly than the original discovery. With this improved view, researchers were able to verify two major predictions: that black holes produced through mergers never become smaller in total size, as proposed by Stephen Hawking, and that disturbed black holes vibrate in a way that resembles the ringing of a bell, a behavior expected from Albert Einstein's general theory of relativity.


						
"This unprecedentedly clear signal of the black hole merger known as GW250114 puts to the test some of our most important conjectures about black holes and gravitational waves," Isi said.

Revisiting Hawking's Prediction

In 1971, Stephen Hawking proposed that a black hole's event horizon, its outer boundary where neither light nor matter can escape, cannot shrink.

In 2021, Isi and colleagues used LIGO data to examine gravitational waves emitted during a black hole merger and produced one of the first observational confirmations of Hawking's idea. At the time, The New York Times noted that if this confirmation had come while Hawking was still alive, it might have contributed to him receiving a Nobel Prize.

Higher Precision Reinforces the Theory

The newly analyzed signal strengthens the earlier findings with far greater accuracy. It shows that the surface area of the final merged black hole is always at least as large as the combined areas of the two original black holes. This level of precision was possible because the study drew on data from both LIGO detectors, located in Washington state and Louisiana.




Researchers also succeeded in separating and examining the gravitational waves produced after the merger. By studying the pitch and duration of these post-collision waves, they uncovered new insights into the size and internal characteristics of the newly formed black hole. (The process works in much the same way that analyzing the pitch of a sound emitted by a hollow instrument can tell you about the size and shape of both the instrument and the object that struck it.)

Strongest Evidence Yet for a Kerr Black Hole

Their findings showed that the final black hole matches the expectations of a "Kerr black hole." In the 1960s, mathematician Roy Kerr solved Einstein's equations to describe the precise structure of a rotating black hole. Physicists generally expect all black holes to behave according to this solution, but obtaining direct proof has been extremely difficult. By analyzing the vibrations of the merged black hole in this especially clear signal, Isi and the LIGO team produced the most compelling evidence to date that real black holes follow Kerr's model.

"Over the next decade, gravitational wave detectors like LIGO will continue to improve, giving us a sharper view of black holes and their mysteries," Isi said, "I can't wait to see what we find out."
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Her food cravings vanished on Mounjaro then roared back | ScienceDaily
A unique opportunity to observe deep brain activity in a person with obesity and loss of control eating provided new insight into how tirzepatide, sold as Mounjaro and Zepbound, interacts with the brain. Recordings showed that the medication reduced activity in the brain's reward center, a region linked to food noise and compulsive cravings, although this reduction did not last.


						
Researchers noted that tirzepatide is a glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) receptor agonist originally created for Type 2 diabetes. Early findings suggest it may also help with conditions related to impulse control, including binge eating disorder. However, the new report from the Perelman School of Medicine at the University of Pennsylvania cautions that current GLP-1 and GIP inhibitors may not be fully optimized for treating these behaviors and warrant more investigation. The case study appears in Nature Medicine.

"This study offers major insights into how these drugs may work inside the brain and will guide us as we explore new indications," said senior author Casey H. Halpern, MD, a professor of Neurosurgery and head of the Division of Stereotactic and Functional Neurosurgery. "Until we better understand their action on the brain, it's far too soon to call GLP-1 and GIP inhibitors miracle drugs for more conditions beyond type 2 diabetes and obesity."

Understanding Loss of Control Eating and Food Noise

Loss of control eating is widespread, affecting many people with obesity as well as multiple eating disorders. Binge eating disorder (BED) is considered the most common eating disorder in the United States, impacting more than 3 million individuals. People with BED often feel unable to stop eating and continue long after they feel full.

Critical brain regions involved in regulating eating behavior include the hypothalamus and the nucleus accumbens (NAc), which serves as a key reward center. The NAc helps govern motivation, pleasure-seeking behaviors, and impulse control. Studies have shown that in people with obesity and BED, signaling within the NAc and related circuits becomes disrupted.

Even without a diagnosis of BED, up to 60 percent of individuals with obesity experience persistent "food noise," a constant stream of thoughts about food that can lead to distress and maladaptive patterns such as bingeing or loss of control eating. Food noise is also common in bulimia nervosa and anorexia nervosa. Research has linked binge eating with an increased risk of suicide among people with obesity and eating disorders, likely tied to impulsive traits and emotional dysregulation.




"Developing new ways to treat these patients is of the utmost importance," said Halpern. "While many individuals taking GLP-1 and GIP inhibitors report a reduction in food noise, these medications are not FDA-approved to treat food preoccupation and its related impulsivity. In fact, their impact on human brain activity has only begun to be studied."

A Patient's Struggle With Severe Obesity and Food Noise

A 60-year-old woman referred to as "Participant 3" in the study was living with severe, treatment-resistant obesity and persistent food noise. She described constant, intrusive thoughts about food that frequently led her to order takeout or snack throughout the day, even when she tried to stop. She often ate until she felt uncomfortably full and was especially drawn to sugary and salty foods such as packaged cupcakes, fast-food roast beef sandwiches, and French fries. She also had Type-2 diabetes and had previously been prescribed dulaglutide, a GLP-1 inhibitor, but it did not reduce her weight or her obsessive focus on food.

After attempting numerous treatments including bariatric surgery, medications, behavioral therapy, and other interventions for disordered eating, she joined Halpern's clinical trial. The study involved brain surgery to implant electrodes designed to eventually detect and interrupt cravings before they escalated into binge episodes.

How Brain Signals Reveal the Onset of Cravings

Halpern's earlier research identified a distinct pattern of electrical activity in the NAc that appears right before a person begins to fixate on food and feels the urge to binge. This activity does not appear when a person is simply hungry before a typical meal. A previous pilot trial led by Halpern showed that delivering high-frequency electrical stimulation to the NAc exactly when these craving signals emerged could stop binge eating behavior.




In the current study of four participants, intracranial electroencephalography (iEEG) electrodes were implanted in individuals with obesity and loss of control eating. Similar to systems used for epilepsy and Parkinson's disease, the device recorded activity in the NAc as participants encountered foods known to trigger their binge episodes.

After establishing each person's baseline responses, the research team programmed the electrodes to deliver high-frequency stimulation when craving-related signals were detected. Over six months, participants reported large reductions in loss of control sensations and fewer binge episodes.

Tirzepatide Offers a Rare Research Window

Before surgery, Participant 3 was prescribed tirzepatide to manage her Type-2 diabetes after the first GLP-1 inhibitor did not help her. Her dose was gradually increased to the maximum before and after electrode implantation, since diabetes increases infection risks following surgery. This created an unusual opportunity for researchers to observe how tirzepatide affects brain signals tied to cravings in real time.

"Brain surgery to implant the electrodes is invasive, and thus it is extremely rare to study human brain activity in this way," said Halpern. "Research fuels more research; This participant was already taking tirzepatide when she enrolled in the trial, but before any stimulation was delivered, giving us a unique opportunity to make foundational observations about how the drug alters brain signals."

Tirzepatide's Effects Fade Over Time

Once Participant 3 reached her full tirzepatide dose and had the electrodes implanted, she reported no food preoccupation, and her NAc activity reflected this silence. After roughly five months, however, the previously quiet NAc activity reappeared, along with intense food noise. This shift suggested that tirzepatide's effect on her loss of control eating was temporary and that the underlying patterns of food preoccupation had resurfaced.

Other participants in the trial who were not taking tirzepatide consistently showed heightened NAc activity and frequent food preoccupation, which aligned with earlier observations from Halpern's group. The dramatic reduction in signaling seen only in Participant 3 strongly indicated that tirzepatide temporarily suppressed this activity.

"GLP-1 and GIP inhibitors are amazing medications at doing what they were developed for -- managing blood sugar in people with type 2 diabetes and weight loss in obesity," said study investigator Kelly Allison, PhD, a professor of Psychiatry and Director of the Center for Weight and Eating Disorders. "This research shows us that they might be useful to manage food preoccupation and binge eating, but not in their current form."

"Although this study only featured the data from one person taking tirzepatide, it provides compelling data about how GLP-1 and GIP inhibitors alter electrical signals in the brain," said co-first author Wonkyung Choi, a PhD candidate in Halpern's lab. "These insights should inspire further research into developing a treatment better tailored to the impulsivity traits of obesity and related eating disorders that is safe and long-lasting."

This research was supported by the National Institutes of Health (7UH3NS103446-03, 1R01MH124760-01A1, R25MH119043 and T32NS091008).
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Stunning blue pigment on a 13,000-year-old artifact surprises scientists | ScienceDaily
At the Final Paleolithic site of Muhlheim-Dietesheim in Germany, researchers from Aarhus University identified faint blue traces on a stone artifact that dates to roughly 13,000 years ago. After applying a variety of advanced scientific techniques, the team determined that the residue came from azurite, a bright blue mineral pigment that has not previously been documented in Paleolithic art in Europe.


						
"This challenges what we thought we knew about Paleolithic pigment use," said Dr. Izzy Wisher, the lead author of the study.

Rethinking Color in Paleolithic Art

For many years, experts assumed that Ice Age artists relied almost entirely on red and black pigments, since nearly all surviving artwork from this time uses those colors. The limited palette was often attributed to a scarcity of blue minerals or to the belief that blue held little appeal. Because blue pigments rarely appear in the known artistic record, the new evidence hints that early people may have used them for personal decoration or for coloring textiles - practices that typically leave only subtle archaeological traces.

"The presence of azurite shows that Paleolithic people had a deep knowledge of mineral pigments and could access a much broader color palette than we previously thought - and they may have been selective in the way they used certain colors," Izzy Wisher says.

A New Interpretation of an Ancient Tool

The stone containing the azurite residue was initially classified as an oil lamp. Current analysis suggests it functioned instead as a surface for preparing pigments, possibly serving as a palette for grinding or mixing blue materials. This interpretation points to artistic or cosmetic traditions that seldom survive in the archaeological record.




Broader Implications for Early Human Culture

The discovery encourages a fresh evaluation of how color shaped Paleolithic expression. It raises new questions about how early humans conveyed identity, status, and cultural beliefs through materials that were likely more diverse and visually striking than previously assumed.

The research involved collaboration with Rasmus Andreasen, James Scott and Christof Pearce from the Department of Geoscience at Aarhus University, along with Thomas Birch, who is affiliated with both the Department of Geoscience, AU, and the National Museum of Denmark. Additional partners from Germany, Sweden and France also contributed to the work.

The full study is published in Antiquity.
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Fossil brain scans show pterosaurs evolved flight in a flash | ScienceDaily
A research group led by an evolutionary biologist at Johns Hopkins Medicine reports that giant reptiles living as far back as 220 million years ago may have developed the ability to fly at the very start of their evolutionary history. This contrasts with the ancestors of modern birds, which are thought to have reached powered flight more slowly and with larger, more complex brains.


						
Details of the investigation, which relied on advanced imaging methods to examine the internal brain cavities of pterosaur fossils and received partial support from the National Science Foundation, appeared Nov. 26 in Current Biology.

According to Matteo Fabbri, Ph.D., assistant professor of functional anatomy and evolution at the Johns Hopkins University School of Medicine, the results strengthen the idea that the enlarged brains seen in birds and likely in their ancestors were not responsible for allowing pterosaurs to take to the air.

"Our study shows that pterosaurs evolved flight early on in their existence and that they did so with a smaller brain similar to true non-flying dinosaurs," Fabbri says.

Giant Fliers With Surprising Brain Structure

Fabbri describes pterosaurs as powerful airborne predators of the dinosaur era, capable of reaching 500 pounds in some species and stretching up to 30 feet across the wings. Pterosaurs are recognized as the earliest of the three major vertebrate lineages (in addition to birds and bats) that eventually achieved powered flight on their own.

To investigate how pterosaurs gained this ability and whether their path differed from that of birds and bats, the team examined the reptile's evolutionary history. They looked closely at shifts in the shape and size of the brain over time and focused on the optic lobe, the region involved in vision that has been linked to flight capabilities.




CT Scans Reveal Clues From Early Relatives

Using CT imaging and specialized software that allowed them to digitally model fossilized nervous system structures, the researchers concentrated on the closest known relative of the pterosaur. This animal, the flightless and tree-climbing lagerpetid, was first identified by scientists in 2016 and lived during the Triassic period between 242 and 212 million years ago. In 2020, another team confirmed the lagerpetid's close evolutionary connection to pterosaurs.

"The lagerpetid's brain already showed features linked to improved vision, including an enlarged optic lobe, an adaptation that may have later helped their pterosaur relatives take to the skies," says corresponding author Mario Bronzati, a researcher at University of Tubingen, Germany.

Fabbri notes that pterosaurs also had enlarged optic lobes. Outside of this trait, however, he explains that their brain shape and size differed considerably from those of the lagerpetid.

"The few similarities suggest that flying pterosaurs, which appeared very soon after the lagerpetid, likely acquired flight in a burst at their origin," Fabbri says. "Essentially, pterosaur brains quickly transformed acquiring all they needed to take flight from the beginning."

Comparing Pterosaur and Bird Flight

In contrast, modern birds are thought to have evolved flight through a more gradual process. They appear to have inherited several key traits, including expansion of the cerebrum, cerebellum and optic lobes, from earlier relatives before further adapting these regions for flight, Fabbri says. Support for this gradual model comes from 2024 research from the laboratory of Amy Balanoff, Ph.D., assistant professor of functional anatomy and evolution at Johns Hopkins Medicine, which highlights the importance of cerebellum expansion in the origins of bird flight. The cerebellum is located at the back of the brain and helps regulate muscle coordination and other functions.




"Any information that can fill in the gaps of what we don't know about dinosaur and bird brains is important in understanding flight and neurosensory evolution within pterosaur and bird lineages," Balanoff says.

Insights From Fossilized Brains Across Species

The team also examined brain cavities from crococdylians (crocodile ancestors) and early, extinct birds, comparing these structures with those of pterosaurs.

Their analysis showed that pterosaurs had moderately enlarged brain hemispheres, a feature comparable to other dinosaur groups. These include two-legged, bird-like troodontids that lived between the Late Jurassic and Late Cretaceous periods from 163 to 66 million years ago, as well as Archaeopteryx lithographica, the oldest-known bird that lived between 150.8 and 125.45 million years ago. These prehistoric species differ strongly from modern birds, which have significantly larger brain cavities.

Looking Ahead to Future Research

Fabbri says that future progress will depend on understanding how the brain's internal structure, not just its size and shape, enabled pterosaurs to achieve flight. He explains that this will be essential for uncovering the broader biological principles that govern the evolution of flight.

Funding support for this research was provided by the Alexander von Humboldt Foundation, Brazilian Federal Government, The Paleontological Society, Agencia Nacional de Promocion Cientifica y Tecnica, Conselho Nacional de Desenvolvimento Cientifico e Tecnologico, the European Union NextGeneration EU/PRTR, the National Science Foundation ( NSF DEB 1754596, NSF IOB-0517257, IOS-1050154, IOS-1456503), and the Swedish Research Council

In addition to Fabbri and Bronzati, other scientists who contributed to this research are Akinobu Watanabe from New York Institute of Technology, Roger Benson from the American Museum of Natural History, Rodrigo Muller from Federal University of Santa Maria, Brazil, Lawrence Witmer from the University of Ohio, Martin Ezcurra and M. Belen von Baczko from Bernardino Rivadavia Museum of Natural Science, Felipe Montefeltro from Sao Paulo State University; Bhart-Anjan Bhullar from Yale University; Julia Desojo from Universidad Nacional de La Plata, Argentina; Fabien Knoll from Museo Nacional de Ciencias Naturales, Spain; Max Langer from Universidade de Sao Paulo, Brazil; Stephan Lautenschlager from University of Birmingham; Michelle Stocker and Sterling Nesbitt from from Virginia Tech; Alan Turner from Stony Brook University; and Ingmar Werneburg from Eberhard Karls University of Tubingen.
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Most of the world isn't getting enough omega-3 | ScienceDaily
More than three-quarters of the global population aren't getting enough Omega-3, according to new research from the University of East Anglia, the University of Southampton and Holland & Barrett.


						
The collaborative review highlights that 76 percent of people worldwide are not meeting recommended intakes of EPA and DHA, revealing a significant global public health gap.

The study is the first global review of national and international omega-3 intake recommendations across all life stages for generally healthy people.

Global omega-3 intake falling far below recommendations

Prof Anne Marie Minihane, from UEA's Norwich Medical School, said: "Our research looks at recommendations for omega-3 fats and how they compare to what people are actually eating.

"We found big gaps between what's advised and what most of us consume. To close that gap, we need easier, sustainable ways to get these important nutrients -- like foods enriched with omega-3s or supplements. These changes could help more people enjoy the health benefits linked to higher intakes.

"We hope this work will help inform nutritional scientists, clinicians, food and supplement industries, policy makers and consumer communities," she added.




Why EPA and DHA matter for health

Dr. Abbie Cawood, Science Director at Holland & Barrett and Visiting Research Fellow at the University of Southampton, said: "The health benefits of long chain polyunsaturated fatty acids, specifically eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are too important to ignore.

"Achieving recommended intakes from diet alone can be challenging, highlighting the need for accessible, sustainable sources of EPA and DHA. Omega-3s play such a vital role in health, ensuring people can meet their needs either through diet or with the support of supplementation is essential at every life stage.

"In fact, our review highlights that supplementation is often required to meet recommended intakes especially in pregnancy and those with low fish intakes. We are hopeful that this publication can act as an enabler to inform omega-3 dietary guidelines and shape future nutrition policy and public health strategies."

How much omega-3 do people actually need?

Prof Philip Calder from University of Southampton added: "The omega-3s EPA and DHA are essential for health throughout the lifecourse. But to benefit from these nutrients, people first need to understand how much they should be consuming.




"In this review, we brought together all the recommendations for EPA and DHA intake in healthy populations from authorities around the world to help answer the important question: 'how much do I need?' What is clear is that most people are not meeting these recommendations."

Lifelong benefits of omega-3 intake

Omega-3 consumption supports a healthy lifestyle throughout all stages of life -- from reducing the chance of pre-term birth and supporting visual and cognitive development in infants, right through to improving cardiovascular health and immune function. It is also associated with reduced risk of depression and cognitive decline, including Alzheimer's disease.

This global review highlights the lack of alignment between current evidence, public health guidance and actual population intakes, and aims to address confusion around omega-3s recommendations, highlighting the health benefits of increased intake across all life stages in healthy populations.

While previous guidance often focused on key stages like pregnancy, birth or age-related disease, this publication covers all life stages, making guidance relevant and accessible for the general population.

Confusing and inconsistent omega-3 guidelines worldwide

It highlights that guidance around omega-3 intake currently varies by country, creating a significant amount of confusion across the globe and reinforces the importance of consistent evidence-based guidance.

The paper aims to support public health on a global scale and offers guidance to countries outside Europe and North America, for example in Latin America and parts of Asia including India to develop public guidelines around safe intake levels and supplementation advice.

Recommended intake targets and real-world barriers

The review found that the most frequently recommended intake for adults is 250 mg per day of combined EPA and DHA, with an additional 100-200 mg of DHA advised for pregnant women. These targets can be achieved by eating more oily fish, such as salmon or mackerel, or through supplementation where needed.

The paper also identified challenges that different populations have in achieving current omega-3 recommendations, such as difficulties in meeting oily fish recommendations due to low seafood consumption, or sustainability concerns, as well as some populations having limited access to supplementation advice.

Supporting future nutrition policy and product development

The retailer hopes this publication will serve as a valuable resource for nutritional science, medical and industry professionals, and will help underpin its future product development.

This review was conducted in partnership with Prof Philip Calder (University of Southampton Faculty of Medicine), Prof Minihane (University of East Anglia and Norwich Medical School), Fionna Page and Claire James expert dietitians from at First Page Nutrition Ltd, and Dr. Cawood, Science Director at Holland & Barrett and Dr. Sophie Putnam, Head of Science at Holland & Barrett.

'An overview of national and international long chain omega-3 polyunsaturated fatty acid intake recommendations for healthy populations' is published in the journal Nutrition Research Reviews.
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This rare bone finally settles the Nanotyrannus mystery | ScienceDaily
For many years, paleontologists have debated whether the single skull used to define the species Nanotyrannus represented a true species or simply a young Tyrannosaurus rex. A new study in Science has now resolved this question. The research shows that Nanotyrannus was nearly fully grown and not a juvenile T. rex, while also offering new clues about how large tyrannosaur species achieved rapid growth.


						
A collaborative team that included Dinosaur Institute Postdoctoral Fellow Dr. Zach Morris studied the disputed Nanotyrannus holotype -- the specimen originally used to identify the species -- with a close focus on its throat bone. By investigating the microscopic details of this bone and comparing them with those of modern birds, crocodilians, and other dinosaurs -- including specimens from the Dino Hall's T. rex growth series -- the group confirmed that Nanotyrannus was a mature and separate predator. Although smaller than an adult T. rex, it was still a full-grown animal that lived in a far more diverse Late Cretaceous ecosystem than previously thought. Measuring under half the size of an adult T. rex, Nanotyrannus likely competed with young T. rex individuals for the same prey.

"The identity of the holotype specimen was the key piece in this debate. Discovering that this small skull was actually fully grown shows definitively that it is different from Tyrannosaurus rex," said Dr. Christopher Griffin, lead author and Assistant Professor of Geosciences at Princeton University.

How Bone Structure Reveals Age and Growth

Just as tree rings can indicate a tree's age, thin slices taken from dinosaur bones can reveal how old an animal was and how quickly it grew. Scientists study microscopic tissue patterns within these bone samples to determine maturity. Long bones such as ribs or femora are typically used, but they are not always preserved. In the case of Nanotyrannus, most of the holotype consists of skull material filled with sinuses and other irregular features that make it unsuitable for this type of study. The hyoid, however -- the throat bone that supports the tongue -- offered a rare opportunity to assess maturity in a skull-dominated specimen.

"When we started this project, it was unclear whether the hyoid preserved a record of a dinosaur's growth. To be honest, we mostly accepted the hypothesis that Nanotyrannus was a juvenile T. rex, so we expected the microscopic bone structure or histology of the holotype would show this animal was still growing quickly," said co-author Dr. Morris. "What we did not expect was to see it was nearing maturity with clear evidence of the cessation of growth!"

Testing the Throat Bone as a New Tool for Dinosaur Aging

Because no one had previously proven that hyoid bones could reliably preserve growth information, the researchers needed to verify the method before applying it to Nanotyrannus. To do so, Dr. Griffin assembled a team to create a broad comparative dataset of hyoid samples from living lizards, crocodiles, birds, and extinct dinosaurs. "To show that hyoid microstructure would work to test maturity status in Nanotyrannus, we first had to compile strong support for this method across many groups of living reptiles and extinct dinosaurs," said Dr. Griffin.




Dr. Morris led the work on the juvenile and sub-adult specimens known as "Thomas" from NHM's rare T. rex growth series. "The growth series in our Dino Hall was critical to demonstrating that the hyoid in Tyrannosaurus showed the same kind of growth record as long bones," Morris explained. "Having a growth series that had already been histologically analyzed meant that we could compare the growth record in the hyoid and the growth record in the long bones and see that they show consistent signals even in these uniquely giant predators." This comparison allowed the researchers to set clear benchmarks for distinguishing growth differences between T. rex and Nanotyrannus.

"Our teenage Tyrannosaurus looks immature in both its limbs and its hyoid, while Thomas looks like a more mature, but still not quite adult animal. Amusingly enough, Thomas is not nearly as mature as the Nanotyrannus holotype, despite being much larger," added Morris.

Balancing Conservation, Discovery, and Scientific Accuracy

The findings emphasize how important it is for paleontologists to understand the maturity of holotype specimens. Without this knowledge, scientists risk mistaking growth-related changes for evolutionary ones. "So many techniques in modern paleontology require some degree of destructive analysis, and as a Curator, I'm always trying to strike a balance between conservation and discovery. We preserved the anatomical data by 3D scanning and molding and casting the hyoid, and there is still more of it for future analyses," said senior author Dr. Caitlin Colleary of the Cleveland Museum of Natural History (and incidentally, a former undergraduate volunteer in the NHM Dinosaur Institute). "In this instance, it was totally worth it because we gained so much more than we lost."

The new evidence also reshapes the view of Late Cretaceous North America. Instead of T. rex ruling alone before the end-Cretaceous mass extinction, the region appears to have hosted multiple tyrannosaur species at the same time. "It is remarkable that our study matches findings from other independent lines of evidence, including an analysis published last month, demonstrating that multiple species of tyrannosaurs lived alongside one another. It shows that we need to re-evaluate what we think these ecosystems looked like," said Dr. Morris.

Expanding Knowledge Through Museum Collections and Collaborative Research

Dr. Morris serves as the first Dinosaur Institute Postdoctoral Fellow, focusing on how developmental processes shape evolutionary changes and how skull anatomy shifts over time in the fossil record. "I am fascinated by the ways in which changes during development give rise to the skeletal features which distinguish dinosaurs, birds, crocodylians, and other vertebrates," said Morris. "This project was an exciting collaboration to study developmental patterns in the fossil record directly."

"Zach's expertise in dinosaur growth and development, coupled with his histological skills, was a huge asset to this project. It's another example of our NHMLAC Post-Docs conducting novel, ground-breaking research," said Dr. Nate Smith, Gretchen Augustyn Director & Curator of the Dinosaur Institute. "This study also highlights the incredible potential of unique museum collections like our T. rex growth series, which not only inform the public but also provide rich ground for new scientific discoveries."
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Low dose melanoma treatment delivers dramatically better results | ScienceDaily
A recent study reports that using reduced amounts of approved immunotherapy for malignant melanoma may lead to better control of tumors while also limiting side effects. The findings come from researchers at Karolinska Institutet and were published in the Journal of the National Cancer Institute.


						
"The results are highly interesting in oncology, as we show that a lower dose of an immunotherapy drug, in addition to causing significantly fewer side effects, actually gives better results against tumors and longer survival," says last author Hildur Helgadottir, a researcher at the Department of Oncology-Pathology at Karolinska Institutet, who led the study.

Why Sweden Uses a Modified Treatment Approach

Standard treatment for malignant melanoma typically relies on the approved doses of nivolumab and ipilimumab. However, because the full-dose combination often leads to considerable side effects, Swedish clinicians have increasingly adopted a regimen that uses a reduced amount of ipilimumab. This component is both the most expensive part of the treatment and the one most strongly linked to side effects.

"In Sweden, we have greater freedom to choose doses for patients, while in many other countries, due to reimbursement policies, they are restricted by the doses approved by the drug authorities," says Hildur Helgadottir.

Improved Responses and Survival With Reduced Ipilimumab

Nearly 400 people with advanced, inoperable malignant melanoma took part in the study, which focused on this severe form of skin cancer. According to the results, patients receiving the lower-ipilimumab regimen showed stronger responses. A total of 49 percent of these patients responded to treatment, compared to 37 percent in the group that received the traditional dose.




Progression-free survival, defined as the time a patient lives without the disease getting worse, reached a median of nine months for the lower-dose group. The traditional-dose group experienced a median of three months. Overall survival also differed significantly, with medians of 42 months and 14 months, respectively.

Reduced Side Effects May Allow Longer Treatment

Serious side effects appeared in 31 percent of people treated with the lower dose, compared to 51 percent among those given the standard regimen.

"The new immunotherapies are very valuable and effective, but at the same time they can cause serious side effects that are sometimes life-threatening or chronic. Our results suggest that this lower dosage may enable more patients to continue the treatment for a longer time, which is likely to contribute to the improved results and longer survival," says Hildur Helgadottir.

Study Limitations and Research Collaboration

Although some differences existed between the treatment groups, the advantage of the lower-dose approach remained even after accounting for several factors, including age and tumor stage. Because this was a retrospective observational study, the research cannot conclusively prove that the lower dose directly caused the improved outcomes.

The work was carried out together with the Sahlgrenska Comprehensive Cancer Center at Sahlgrenska University Hospital and received funding from the Cancer Foundation, Region Stockholm, and the Radiumhemmet Research Fund.
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Gut molecule shows remarkable anti-diabetes power | ScienceDaily
An international group of scientists led by Professor Marc-Emmanuel Dumas at Imperial College London & CNRS, along with Prof. Patrice Cani (Imperial & University of Louvain, UCLouvain), Dr. Dominique Gauguier (Imperial & INSERM, Paris) and Prof. Peter Liu (University of Ottawa Heart Institute), has identified an unexpected natural compound that helps counter insulin resistance and type 2 diabetes. The compound, trimethylamine (TMA), is a metabolite created by gut microbes from dietary choline. According to a study in Nature Metabolism, TMA can interrupt a key immune pathway and contribute to healthier blood sugar levels.


						
The discovery builds on work that began 20 years ago. During his postdoctoral research, Patrice Cani found that high-fat diets allow bacterial components to pass into the body, prompting the immune system to activate and ignite inflammation. This immune response was shown to play a direct role in insulin resistance among people with diabetes. Although this idea faced skepticism in 2005, it is now widely recognized and scientifically accepted.

In 2025, researchers at the University of Louvain and Imperial College London clarified how this harmful chain reaction might be counteracted. They reported that TMA, formed by gut microbes from dietary choline present in several foods, can support improved blood-sugar control.

TMA Blocks a Critical Immune Protein

The key lies in the molecule's interaction with IRAK4, a protein that helps regulate immune activity. Under a high-fat diet, IRAK4 responds by triggering inflammation to signal that the body is experiencing dietary imbalance.

However, when the body is exposed to elevated fat intake for extended periods (as in type 2 diabetes), IRAK4 becomes overstimulated. This constant activation drives chronic inflammation, which contributes directly to insulin resistance.

Using a combination of human cell cultures, animal studies, and molecular screening tools, the research team demonstrated that TMA can attach to IRAK4 and reduce its activity. This interaction lowers inflammation caused by fatty foods and restores the body's ability to respond to insulin. The findings suggest that TMA may help recalibrate harmful metabolic responses triggered by poor dietary habits. The molecule also showed an impressive ability to protect mice from sepsis-related death by weakening overwhelming inflammatory responses.




IRAK4 Targeting Offers New Therapeutic Possibilities

Further experiments confirmed that removing the IRAK4 gene or inhibiting it with drugs produced the same beneficial effects seen with TMA. Because IRAK4 is already a well-established target in drug development, the results point toward promising treatment strategies for diabetes.

"This flips the narrative," said Prof. Dumas. "We've shown that a molecule from our gut microbes can actually protect against the harmful effects of a poor diet through a new mechanism. It's a new way of thinking about how the microbiome influences our health."

"This shows how nutrition and our gut microbes can work together by producing molecules that fight inflammation and improve metabolic health!" said Prof. Patrice Cani, co-senior author, University of Louvain, Belgium and visiting professor at Imperial College London.

Global Impact and Future Directions

With more than 500 million people worldwide living with diabetes, the identification of TMA as a microbial signal that shapes immune responses introduces a potential new avenue for treatment. Approaches that enhance TMA production, whether through diet or medication, could help reduce insulin resistance and improve long-term health outcomes.

"What we eat shapes our microbes and some of their molecules can protect us from diabetes. That's nutrition in action!" said University of Louvain, Prof. Cani.

This work was supported by an extensive network of collaborators across Europe and North America, involving teams in Belgium, Canada, Australia, France, Italy, and Spain. Funding came from numerous European (ERC, FEDER) and national (MRC, Wellcome Trust, ANR, FNRS, EOS, WELRi, ARC) sources, highlighting the large-scale effort behind this breakthrough.
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This tiny implant sends secret messages to the brain | ScienceDaily
In a major step forward for neurobiology and bioelectronics, scientists at Northwestern University have created a wireless device that uses light to transmit information directly into the brain. The technology bypasses traditional sensory routes in the body and instead delivers signals straight to neurons.


						
The device is soft and flexible, fitting beneath the scalp while resting on the skull. From this position, it sends carefully controlled light patterns through the bone to activate specific groups of neurons across the cortex.

Light-Based Brain Signals in Animal Models

During testing, researchers used tiny, precisely timed bursts of light to stimulate targeted populations of neurons deep in the brains of mouse models. (These neurons are genetically modified to respond to light.) The mice quickly learned to interpret certain patterns as meaningful cues. Even without sound, sight or touch, the animals used the incoming information to make decisions and complete behavioral tasks accurately.

This technology could one day support a wide range of medical applications. Potential uses include providing sensory feedback for prosthetic limbs, delivering artificial inputs for future hearing or vision prostheses, controlling robotic limbs, improving rehabilitation after injury or stroke, and modifying pain perception without medications.

The work will appear Monday (Dec. 8) in Nature Neuroscience.

Creating New Brain Signals With Micro-LED Technology

"Our brains are constantly turning electrical activity into experiences, and this technology gives us a way to tap into that process directly," said Northwestern neurobiologist Yevgenia Kozorovitskiy, who led the experimental portion of the study. "This platform lets us create entirely new signals and see how the brain learns to use them. It brings us just a little bit closer to restoring lost senses after injuries or disease while offering a window into the basic principles that allow us to perceive the world."




John A. Rogers, a leading figure in bioelectronics and head of the technology development, said, "Developing this device required rethinking how to deliver patterned stimulation to the brain in a format that is both minimally invasive and fully implantable. By integrating a soft, conformable array of micro-LEDs -- each as small as a single strand of human hair -- with a wirelessly powered control module, we created a system that can be programmed in real time while remaining completely beneath the skin, without any measurable effect on natural behaviors of the animals. It represents a significant step forward in building devices that can interface with the brain without the need for burdensome wires or bulky external hardware. It's valuable both in the immediate term for basic neuroscience research and in the longer term for addressing health challenges in humans."

Kozorovitskiy is the Irving M. Klotz Professor of Neurobiology in Northwestern's Weinberg College of Arts and Sciences and a member of the Chemistry of Life Processes Institute. Rogers holds appointments in materials science and engineering, biomedical engineering and neurological surgery, and directs the Querrey Simpson Institute for Bioelectronics. The study's first author is postdoctoral researcher Mingzheng Wu.

Advancing Earlier Optogenetics Breakthroughs

The research builds on earlier work from the same team. In 2021, they reported the first fully implantable, programmable, wireless and battery-free device that could control neurons with light. That system used a single micro-LED probe to influence social behavior in mice. Unlike traditional optogenetics, which relied on fiberoptic wires that restricted movement, the wireless design allowed mice to behave normally in social environments.

The new device extends this capability by enabling more complex communication with the brain. Instead of stimulating one small region, the updated system uses an array of up to 64 programmable micro-LEDs. Each light can be controlled independently in real time, allowing researchers to deliver sequences that resemble the distributed activity patterns the brain naturally produces during sensory experiences. Because real sensations activate broad networks rather than isolated neurons, this multi-site approach mirrors how the cortex normally functions.

"In the first paper, we used a single micro-LED," Wu said. "Now we're using an array of 64 micro-LEDs to control the pattern of cortical activity. The number of patterns we can generate with various combinations of LEDs -- frequency, intensity and temporal sequence -- is nearly infinite."

A Soft, Less Invasive Design




Despite the added capability, the device remains small. It is about the size of a postage stamp and thinner than a credit card. Instead of inserting a probe into the brain, the new version gently conforms to the skull surface and shines light through the bone.

"Red light penetrates tissues quite well," Kozorovitskiy said. "It reaches deep enough to activate neurons through the skull."

Training the Brain to Recognize Synthetic Patterns

To evaluate the system, the team worked with mice engineered to have light-responsive neurons in the cortex. The animals were trained to associate a particular pattern of stimulation with a reward, usually located at a specific port within a testing chamber.

During a series of experiments, the implant delivered a defined pattern across four cortical regions, which functioned like tapping a coded message directly into the brain. The mice learned to identify this target pattern among many alternatives. When they detected the correct artificial signal, they navigated to the appropriate port to receive a reward.

"By consistently selecting the correct port, the animal showed that it received the message," Wu said. "They can't use language to tell us what they sense, so they communicate through their behavior."

Future Development and Wider Applications

Now that the team has demonstrated that the brain can interpret patterned light stimulation as meaningful information, they plan to test more sophisticated patterns and determine how many distinct signals the brain can reliably learn. Future versions of the device may incorporate more LEDs, smaller spacing between them, larger arrays covering more cortex and wavelengths of light that penetrate deeper into tissue.

The study, "Patterned wireless transcranial optogenetics generates artificial perception," received support from the Querrey Simpson Institute for Bioelectronics, NINDS/BRAIN Initiative, National Institute of Mental Health, One Mind Nick LeDeit Rising Star Research Award, Kavli Exploration Award, Shaw Family Pioneer Award, Simons Foundation, Alfred P. Sloan Foundation and Christina Enroth-Cugell and David Cugell Fellowship.
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Scientists capture most detailed look inside DNA droplets | ScienceDaily
Inside every human cell, an extraordinary feat of molecular organization takes place. Roughly six feet of DNA has to be packed into a nucleus that is only about one-tenth the width of a human hair, yet the DNA must remain accessible enough to carry out essential functions.


						
To make this possible, DNA coils around proteins to form nucleosomes. These nucleosomes connect like beads on a string and fold into chromatin fibers. The fibers are then compacted even more tightly to fit inside the nucleus.

Discovering How DNA Reaches Its Most Compact Form

For many years, researchers did not know how this extra level of chromatin compaction occurred. In 2019, HHMI Investigator Michael Rosen and his team at UT Southwestern Medical Center reported that lab-made nucleosomes naturally cluster together into membrane-less droplets called condensates. They found that this process occurs through phase separation, a phenomenon similar to oil droplets forming in water, and they believe it reflects how chromatin condenses inside living cells.

Chromatin condensates are made of hundreds of thousands of fast-moving molecules. When they come together, they display emergent properties that do not exist in the molecules individually. These group behaviors determine how condensates form and how they maintain their physical characteristics.

To understand these properties in detail, scientists needed to observe chromatin fibers and nucleosomes deep inside the droplets.

Rosen's group, working with HHMI Investigator Elizabeth Villa at the University of California, San Diego; Rosana Collepardo-Guevara at the University of Cambridge; and Zhiheng Yu at HHMI's Janelia Research Campus, has now achieved that goal.




High-Resolution Imaging Reveals Droplet Structure

Using advanced imaging tools at Janelia, the researchers captured the most detailed views to date of how molecules are arranged inside synthetic chromatin condensates. These images provide a direct look at how chromatin fibers and nucleosomes are packaged within the droplet-like structures. The same imaging methods were also applied to examine chromatin inside actual cells.

By combining these images with computer simulations and light microscopy, the team analyzed the molecular structures and interactions within the synthetic condensates. This allowed them to begin uncovering how droplets form and how they behave.

One important discovery was that the length of linker DNA between nucleosomes influences the overall arrangement of the structures. That arrangement determines how chromatin fibers interact and shapes the network inside the condensates.

These features clarified why some chromatin fibers undergo phase separation more easily than others and why condensates built from different chromatin types have distinct material properties. The researchers also found that synthetic condensates closely resemble compacted chromatin found in cells.

"The work has allowed us to tie the structures of individual molecules to macroscopic properties of their condensates, really for the first time," Rosen says. "I'm certain that we're only at the tip of the iceberg -- that we and others will come up with even better ways of developing those structure-function relationships at the meso (intermediate) scale."

A Broader Framework for Understanding Condensation




The findings extend well beyond chromatin. The approach offers a model for studying many kinds of biomolecular condensates, which are membrane-less droplets involved in essential cellular tasks from gene regulation to stress responses.

Understanding how these structures assemble and operate may also shed light on what happens when condensation is disrupted, a problem thought to contribute to various diseases from neurodegenerative disorders to cancer.

"By doing this research, we will better understand how abnormal condensation could lead to different diseases and, potentially, that could help us develop a new generation of therapeutics," says Huabin Zhou, a postdoctoral scientist in the Rosen Lab and the lead author of the new research.
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Scientists uncover a volcanic trigger behind the Black Death | ScienceDaily

The Black Death moved across Europe from 1347 to 1353 CE, with mortality rates reaching as high as 60% in some areas. Although its impact is well documented, the precise reasons for when and how the pandemic began remain unclear.

Climate Records Reveal Signs of a Major Eruption

To explore these questions, Martin Bauch and Ulf Buntgen evaluated earlier research on tree ring growth from eight regions in Europe, measurements of volcanic sulfur preserved in Antarctic and Greenland ice cores, and written reports from the fourteenth century. Together, these records point to a significant volcanic eruption somewhere in the tropics around 1345 CE. The eruption appears to have increased atmospheric sulfur and ash, which contributed to colder and wetter conditions across southern Europe and the Mediterranean.

Historical accounts describe widespread crop failures and famine during this period in Spain, southern France, northern and central Italy, Egypt, and the Levant. These hardships prompted Italian maritime powers -- such as Venice and Genoa -- to negotiate a ceasefire in a conflict with the Mongols of the Golden Horde so they could secure grain shipments from the Black Sea region around 1347 CE.

Grain Imports and the Possible Spread of Plague

Venetian sources state that these imports helped prevent mass starvation. However, the timing of arriving grain ships and the first plague outbreaks in cities that received them raises another possibility. Fleas carrying Yersinia pestis may have traveled with the grain. As the shipments were moved to additional cities, including Padua, these fleas could have helped accelerate the spread of the Black Death throughout Europe.

The authors conclude that this combination of climatic disruption, famine, and grain transport offers a plausible explanation for how the Black Death began and spread across Europe.
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A violent star explosion just revealed a hidden recipe for life | ScienceDaily
"Why are we here?" remains one of the most enduring questions humans have posed. One way scientists approach this idea is by tracing where the elements around us first formed. Many elements are created inside stars and in the explosive debris of supernovae, which scatter this material across space, but the origins of several important elements have been difficult to explain.


						
Chlorine and potassium fall into this category. They are classified as odd-Z elements -- possessing an odd number of protons -- and are crucial for both life and the development of planets. Current models, however, indicate that stars should produce only about one-tenth of the chlorine and potassium that astronomers actually observe in the universe, leading to a long-standing scientific puzzle.

XRISM Offers a New Way to Study Supernova Debris

This gap in understanding led researchers at Kyoto University and Meiji University to investigate whether supernova remnants might hold the missing clues. They used XRISM -- short for X-Ray Imaging and Spectroscopy Mission, an X-ray satellite launched by JAXA in 2023 -- to gather high-resolution X-ray spectroscopic data from the Cassiopeia A supernova remnant in the Milky Way.

To accomplish this, the team relied on the microcalorimeter Resolve instrument on XRISM. The device provides energy resolution roughly ten times sharper than earlier X-ray detectors, which allowed the researchers to pick up faint emission lines associated with rare elements. After collecting the data from Cassiopeia A, they compared the measured amounts of chlorine and potassium with several theoretical models of how supernovae create elements.

Evidence That Supernovae Produce Life-Related Elements

The results showed clear X-ray emission lines of both chlorine and potassium at levels far higher than expected from standard models. This marks the first observational confirmation that a single supernova can generate enough of these elements to match what astronomers see in the cosmos. The researchers believe that strong internal mixing inside massive stars, possibly driven by rapid rotation, binary interactions, or shell-merger events, can greatly increase the production of these elements.




"When we saw the Resolve data for the first time, we detected elements I never expected to see before the launch. Making such a discovery with a satellite we developed is a true joy as a researcher," says corresponding author Toshiki Sato.

Insights Into How Stars Shape the Building Blocks of Life

These findings show that the chemical ingredients essential for life formed under extreme conditions deep within stars, far removed from anything resembling the environments where life later emerged. The work also demonstrates how powerful high-precision X-ray spectroscopy has become in uncovering the processes at work inside stellar interiors.

"I am delighted that we have been able, even if only slightly, to begin to understand what is happening inside exploding stars," says corresponding author Hiroyuki Uchida.

Next Steps for Understanding Stellar Evolution

The team plans to continue studying additional supernova remnants with XRISM to determine whether the elevated levels of chlorine and potassium found in Cassiopeia A are typical of massive stars or unique to this particular remnant. This will help reveal whether the internal mixing processes identified here are a widespread feature of stellar evolution.

"How Earth and life came into existence is an eternal question that everyone has pondered at least once. Our study reveals only a small part of that vast story, but I feel truly honored to have contributed to it," says corresponding author Kai Matsunaga.
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New fat-burning diabetes pill protects muscle and appetite | ScienceDaily
Lowering blood sugar and increasing fat burning without reducing appetite or muscle mass is emerging as a promising possibility in the treatment of type 2 diabetes and obesity. These encouraging results come from a study published in Cell by researchers at Karolinska Institutet and Stockholm University.


						
The treatment, which is taken as a tablet, works in a completely different way from well-known GLP-1-based medications such as Ozempic that are given through injections. GLP-1 drugs influence hunger by altering communication between the gut and the brain, and they can cause side effects that include appetite loss, decreased muscle mass, and gastrointestinal discomfort.

Targeting Muscle Metabolism Rather Than Appetite

Instead of acting on hunger pathways, the new compound boosts metabolic activity directly within skeletal muscle. In animal studies, it improved blood sugar levels and body composition while avoiding the drawbacks commonly linked to today's GLP-1-based treatments.

A phase I clinical trial involving 48 healthy volunteers and 25 individuals with type 2 diabetes indicates that the treatment is also well tolerated in humans.

"Our results point to a future where we can improve metabolic health without losing muscle mass. Muscles are important in both type 2 diabetes and obesity, and muscle mass is also directly correlated with life expectancy," says Tore Bengtsson, professor at the Department of Molecular Bioscience, Wenner-Gren Institute, Stockholm University.

A New Type of b2 Agonist Designed for Safety

The active substance is based on a laboratory-developed molecule, a form of b2 agonist. This molecule activates key signaling pathways in a novel manner that benefits muscle function while avoiding the heart overstimulation typically associated with b2 agonists.




"This drug represents a completely new type of treatment and has the potential to be of great importance for patients with type 2 diabetes and obesity. Our substance appears to promote healthy weight loss and, in addition, patients do not have to take injections," says Shane C. Wright, assistant professor at the Department of Physiology and Pharmacology at Karolinska Institutet.

Potential as a Stand-Alone or Combination Therapy

Because this drug operates through a mechanism distinct from GLP-1 medications, it may be effective on its own or when paired with GLP-1 drugs.

"This makes them valuable both as a stand-alone treatment and in combination with GLP-1 drugs," says Shane C. Wright.

Next Steps and Research Collaboration

The next stage in development is a larger phase II clinical trial planned by Atrogi AB, the company leading the drug's advancement. This study will examine whether the positive effects observed in earlier research also appear in people living with type 2 diabetes or obesity.

The work represents a collaboration involving Professor Volker M. Lauschke and teams from Karolinska Institutet, Stockholm University, Uppsala University, the University of Copenhagen, Monash University, and the University of Queensland. Funding came from the Swedish Research Council, the Swedish Society for Medical Research, the Novo Nordisk Foundation, and additional sources.

Several authors are employed by or hold shares in Atrogi AB, which financed the clinical trial. Tore Bengtsson is the founder and chief scientific officer of Atrogi AB, which is continuing to develop the drug candidate, and he and a co-author have applied for patents related to the substances examined in the study. Additional company affiliations are detailed in the full publication.
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New study finds a silent genetic heart risk hidden in millions | ScienceDaily
A Mayo Clinic study reports that current genetic screening guidelines fall short in identifying the majority of individuals with familial hypercholesterolemia, an inherited condition that can lead to extremely high cholesterol and early heart disease.


						
This disorder often moves quietly through family lines for many years. Although effective treatments exist, people who are not diagnosed remain at increased risk for heart attacks and strokes.

Cardiovascular disease continues to be the top cause of death in the United States, affecting millions annually. It includes coronary artery disease, heart failure and stroke, and high cholesterol is one of its major risk factors.

According to the study, published in Circulation: Genomic and Precision Medicine, expanding routine screening could help detect most people living with this genetic condition and ultimately reduce the likelihood of severe outcomes.

Large Study Shows Most Cases Go Unnoticed

Researchers discovered that nearly 90% of participants with familial hypercholesterolemia would not have been selected for standard genetic testing. Many learned they had the condition only after DNA analysis conducted through a Mayo Clinic population-based research program. Roughly 1 in 5 had already developed coronary artery disease.

"Our findings expose a blind spot in current national guidelines, which rely on cholesterol levels and family history to determine who should receive genetic testing," says Niloy Jewel Samadder, M.D., the study's lead author and a Mayo Clinic gastroenterologist and cancer geneticist at the Mayo Clinic Comprehensive Cancer Center. "If we can find those at risk of cardiovascular disease early, we can treat it early and change its course and likely save lives."

Familial hypercholesterolemia is one of the most common genetic disorders, affecting an estimated 1 in 200 to 250 people around the world. It leads to very high levels of low-density lipoprotein (LDL) cholesterol -- the "bad" cholesterol -- beginning at birth.




Genome Analysis Reveals Hidden Risk

The study used exome sequencing, which examines the protein-coding sections of the genome -- areas where most disease-causing mutations occur. More than 84,000 people at Mayo Clinic locations in Arizona, Florida and Minnesota participated through the Tapestry DNA research study, part of the organization's broader effort to bring genomics into routine medical care.

Out of these participants, the team identified 419 people with genetic variants known to cause familial hypercholesterolemia. Nearly 75% of them would not have met existing clinical guidelines for testing based on their cholesterol levels or reported family history, highlighting a significant gap in prevention.

Bringing Genetic Screening Into Preventive Medicine

Dr. Samadder says moving genetic screening into everyday care is the next essential step, allowing high-risk individuals to be identified earlier and treated sooner.

This effort is central to Mayo Clinic's Precure strategic priority, which focuses on predicting and preventing serious diseases before they advance. Through technology-driven approaches and large, population-based studies, Precure aims to deliver prevention-centered care to patients as early as possible.
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This simple ingredient makes kale way healthier | ScienceDaily
Many people assume a bowl of kale automatically counts as a nutritional powerhouse. However, without the right companion ingredient, that leafy salad may not deliver the benefits you expect.


						
Fortunately, there is an easy fix.

Researchers at the University of Missouri have identified a simple (and tasty) way to help the body absorb more of kale's valuable nutrients: using oil-based dressings or sauces. With the right fat source, you can enjoy kale while actually getting more from it.

Oil Helps Release Kale's Hard-to-Access Nutrients

A study from Mizzou's College of Agriculture, Food and Natural Resources (CAFNR) found that it makes little difference whether kale is eaten raw or cooked. The key factor that improves nutrient absorption is pairing it with olive oil, mayonnaise or another oil-based dressing. The team is now looking into how nanotechnology-inspired dressings could be designed to boost this effect even further.

"Kale is a nutrient-rich vegetable that contains carotenoids, including lutein, a-carotene and b-carotene, which have beneficial effects on overall health," Ruojie (Vanessa) Zhang, assistant professor in the Division of Food, Nutrition and Exercise Sciences at CAFNR, said. "The problem is our bodies have a hard time absorbing these nutrients because they are fat-soluble rather than water-soluble."

Testing Whether Cooking or Special Sauces Improve Absorption

With this challenge in mind, the researchers examined whether cooking kale or using specially formulated dressings/sauces could make carotenoids easier for the body to access. These compounds, along with vitamins C and E and other bioactive plant chemicals in kale, have been associated with stronger immunity, improved vision and lower risk of diseases such as diabetes, heart disease and some cancers.




To test this, the team used a laboratory model that mimics human digestion. They evaluated kale prepared in different ways: raw, cooked, raw or cooked with dressing/sauce, and cooked directly in sauce.

The experiments showed that raw kale on its own resulted in very low carotenoid absorption, and cooking kale slightly reduced absorption even further. The major breakthrough appeared when the researchers added a nanoemulsion-based sauce. In the simulated digestion model, this sauce significantly increased the amount of absorbed carotenoids, whether the kale was raw or cooked. Cooking the kale with the sauce provided the same benefit as adding the sauce after cooking.

A New Strategy for Getting More Nutrition From Vegetables

These results highlight practical, science-backed ways to help the body take in more beneficial nutrients from produce. They also suggest new possibilities for improving everyday meals simply by changing how foods are prepared or seasoned. Zhang hopes future work will lead to innovative dressings and sauces that enhance nutrient absorption not only for kale but for other vegetables as well.

"Our team is committed to advancing food science with the goal of improving human health through the development of innovative foods and technologies," she said. "We believe impactful science can drive meaningful change in global nutrition and well-being, and we're excited to contribute to that mission."

Study Details and Research Team

The study, "Culinary strategies for improving carotenoid bioaccessibility in kale: The role of thermal processing and excipient emulsions," was published in Food Nutrition.

Co-authors include Dr. Zipei Zhang from Mizzou's College of Agriculture, Food and Natural Resources; Hangxin Zhu, a doctoral student at Mizzou; and Dr. David Julian McClements from University of Massachusetts, Amherst.
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Garlic mouthwash shows shockingly strong germ-fighting power | ScienceDaily
Garlic extract has been found to offer antimicrobial effects that are on par with commonly used antiseptics and disinfectants such as chlorhexidine, according to medical researchers at the University of Sharjah.


						
The study, published in the Journal of Herbal Medicine, reports that garlic-based mouthwash may produce more discomfort than chlorhexidine but appears to provide longer-lasting residual activity.

"Chlorhexidine is widely used as a gold standard mouthwash but is associated with side effects and concerns over antimicrobial resistance," the authors explain. "Garlic (Allium sativum), known for natural antimicrobial properties, has emerged as a potential alternative."

Systematic Review Compares Garlic and Chlorhexidine

The researchers based their conclusions on a systematic review examining how garlic extract performs against chlorhexidine in clinical settings and whether it can realistically function as an herbal substitute.

Their analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses 2020 guidelines, which are designed to increase the reliability and transparency of systematic reviews and meta-analyses. The authors also used the PICO framework to structure their clinical research questions.

"A total of 389 articles were identified from six electronic databases in January 2024, and an additional 13 articles were included through manual citation searching. After removing duplicates and applying inclusion and exclusion criteria, only five articles were included," they report.




Review Finds Comparable Antimicrobial Performance

The selected literature consisted of randomized controlled trials and clinical studies with varying designs and low-to-moderate risks of bias. Overall, the authors found that higher concentrations of garlic extract mouthwash showed antimicrobial results similar to those of chlorhexidine.

"The effectiveness varied based on mouthwash concentration and duration of application, contributing to differences in outcomes," the review noted. "Some studies favored chlorhexidine for maintaining higher plaque/salivary pH, while others reported garlic extract to be more effective at certain concentrations. However, garlic mouthwash may cause greater discomfort."

Side Effects and Patient Considerations

Although garlic extract can produce side effects, they are typically milder than those associated with synthetic chemicals. Reported issues include a burning sensation and unpleasant odor, which may influence whether patients are willing to switch from chlorhexidine to garlic-based options.

Even with these drawbacks, the review offers strong support for the clinical antimicrobial activity of garlic extract, reporting "significant reductions in bacterial counts from baseline ... suggesting the possible use of garlic extract mouthwash as a viable alternative to chlorhexidine in certain contexts."

The authors recommend additional clinical trials with larger participant numbers and longer follow-up periods to confirm the "effectiveness and improve clinical applicability" of garlic as an alternative to chlorhexidine, which is still considered the gold standard antimicrobial mouthwash.




Garlic's Long History as a Natural Antimicrobial

Garlic has long been recognized as one of the most potent naturally occurring antibacterial and antifungal crops. Scientific interest has focused particularly on allicin, a compound known for its strong antimicrobial activity. Although classified botanically as a vegetable, garlic is commonly used as both an herb and a spice.

Worldwide garlic usage reached about 30 million metric tons in 2024. China accounted for nearly 80 percent of global consumption and production. That same year, the global garlic extract market was valued at more than 15 billion dollars.

Growing Interest in Herbal Oral Care Alternatives

Garlic extracts are widely available in various health products over-the-counter. By comparison, synthetic agents like chlorhexidine usually require a prescription from a dentist or physician.

"Antimicrobial mouthwashes constitute an essential adjunct element in oral and dental care, acting against oral diseases caused by bacteria, fungi, or viruses attacking oral hard or soft tissues," the review states. "Different antimicrobial mouthwashes, whether available over-the-counter or on prescription, can be used in the management of gingivitis, dental caries, periodontal diseases, halitosis, etc."

Evidence Expands but Clinical Gaps Remain

The review points to numerous studies that demonstrate antimicrobial effects of garlic extracts against a wide range of bacteria, fungi, and viruses. It also notes that garlic extract has been explored in areas such as denture stomatitis, dentinal tubule disinfection, and intracanal medication.

"These studies have contributed to understanding the antimicrobial role of garlic extract in comparison to synthetic agents like chlorhexidine," the authors write. "However, most studies are in vitro, vary in methods, and lack clinical standardization, highlighting the need for further research to confirm garlic's efficacy in dental practice. This uncertainty presents a significant gap in the literature on evidence-based antimicrobial therapies."
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Humans are built for nature not modern life | ScienceDaily
A new analysis by evolutionary anthropologists Colin Shaw (University of Zurich) and Daniel Longman (Loughborough University) argues that the modern world has developed faster than human biology can adapt. Their work proposes that chronic stress and many widespread health concerns stem from a fundamental mismatch between our nature-shaped physiology and the highly industrialized environments most people live in today.


						
For hundreds of thousands of years, humans evolved to meet the physical and psychological demands of hunter-gatherer life, which required frequent movement, short bursts of intense stress and daily exposure to natural settings. Industrialization has altered these conditions within only a few centuries by adding noise, air and light pollution, microplastics, pesticides, continuous sensory input, artificial lighting, processed foods and long periods of sitting.

"In our ancestral environments, we were well adapted to deal with acute stress to evade or confront predators," says Colin Shaw, who leads the Human Evolutionary EcoPhysiology (HEEP) research group with Daniel Longman. "The lion would come around occasionally, and you had to be ready to defend yourself -- or run. The key is that the lion goes away again."

Modern stressors such as traffic, workplace pressure, social media and persistent noise activate the same biological pathways that once helped humans survive predators. Unlike the rapid resolution our ancestors experienced, these stressors rarely subside. "Our body reacts as though all these stressors were lions," Longman explains. "Whether it's a difficult discussion with your boss or traffic noise, your stress response system is still the same as if you were facing lion after lion. As a result, you have a very powerful response from your nervous system, but no recovery."

Industrialization and Its Impact on Health and Reproduction

In their review, Shaw and Longman evaluate research suggesting that the shift toward industrial and urban living is reducing human evolutionary fitness. Evolutionary success depends on both survival and reproduction, and the authors argue that both have been negatively influenced since industrialization began.

They highlight falling fertility rates across much of the world and increasing rates of inflammatory and autoimmune conditions as evidence that modern environments are placing stress on human biology. "There's a paradox where, on the one hand, we've created tremendous wealth, comfort and healthcare for a lot of people on the planet," Shaw says, "but on the other hand, some of these industrial achievements are having detrimental effects on our immune, cognitive, physical and reproductive functions."

One of the most studied examples is the steady decline in sperm count and sperm motility observed since the 1950s. Shaw notes that these trends appear to be linked to environmental exposures. "This is believed to be tied to pesticides and herbicides in food, but also to microplastics," he says.




Searching for Solutions That Support Human Wellbeing

Technological and environmental conditions continue to change far more rapidly than biological evolution can respond to. "Biological adaptation is very slow. Longer-term genetic adaptations are multigenerational -- tens to hundreds of thousands of years," Shaw says.

According to the researchers, this means the mismatch between human physiology and modern living conditions will not correct itself through natural evolutionary processes. Instead, they argue that societies must take active steps to reduce these pressures by strengthening connections to nature and creating healthier, more sustainable environments.

Addressing this mismatch requires both cultural and environmental changes. Shaw suggests treating nature as a crucial component of public health and protecting or restoring landscapes that resemble those in which humans originally evolved. He also advocates for rethinking city design to better align with human physiology and reduce harmful exposures.

"Our research can identify which stimuli most affect blood pressure, heart rate or immune function, for example, and pass that knowledge on to decision-makers," Shaw says. "We need to get our cities right -- and at the same time regenerate, value and spend more time in natural spaces."
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Researchers solve a century-old North Atlantic cold spot mystery | ScienceDaily
For more than 100 years, an unusually cold pool of water south of Greenland has stood out against the overall warming of the Atlantic Ocean. This persistent chill has prompted long-running scientific debate. A new study now points to a long-term weakening of a major ocean circulation system as the underlying cause.


						
Researchers at the University of California, Riverside report that only one mechanism can simultaneously account for observed temperature trends and changing salinity levels: a slowdown in the Atlantic Meridional Overturning Circulation, or AMOC. This large-scale system influences global climate by carrying warm, salty surface waters northward and sending cooler waters back toward the tropics at depth.

"People have been asking why this cold spot exists," said UCR climate scientist Wei Liu, who led the study with doctoral student Kai-Yuan Li. "We found the most likely answer is a weakening AMOC."

Because the AMOC functions like a climate-regulating conveyor belt, any reduction in its flow means that less heat and salt reach the sub-polar North Atlantic. The result is the cooling and freshening that researchers observe south of Greenland.

Century of Data Reveals a Long-Term Trend

A slowing AMOC reduces the transport of warm, salty water, leading to cooler and less saline surface conditions. For this reason, temperature and salinity records are valuable indicators of the circulation's strength.

Liu and Li examined approximately a century of these measurements, since direct AMOC monitoring only began about 20 years ago. Using these long-term records, they reconstructed past changes in the circulation and compared the results to nearly 100 climate model simulations.




Their analysis, published in Communications Earth & Environment, shows that only the models reflecting a weakened AMOC are consistent with the real-world data. Simulations that assumed a stronger current did not reproduce the observed cooling.

"It's a very robust correlation," Li said. "If you look at the observations and compare them with all the simulations, only the weakened-AMOC scenario reproduces the cooling in this one region."

Cooling, Salinity Decline, and Broad Climate Impacts

The study also found that lower salinity in the region aligns with a slowing AMOC, reinforcing the conclusion that reduced transport of warm, salty water is driving the trend.

The implications reach far beyond the immediate area. The South Greenland anomaly is one of the most sensitive regions to shifts in ocean circulation. Its cooling influences weather patterns across Europe by altering rainfall and affecting the jet stream, a high-altitude air current that helps guide storm systems and regulate temperatures throughout North America and Europe.

Marine ecosystems may also be affected, as variations in salinity and temperature shape the environments where species can survive.




Clarifying a Debate in Climate Modeling

The findings help resolve a disagreement among climate modelers about whether the South Greenland cooling is primarily caused by ocean dynamics or by atmospheric influences such as aerosol pollution. Some newer models argued for the latter and predicted a strengthening AMOC as aerosol emissions declined. However, those models did not match the observed cooling pattern.

"Our results show that only the models with a weakening AMOC get it right," Liu said. "That means many of the recent models are too sensitive to aerosol changes, and less accurate for this region."

By addressing that discrepancy, the study improves confidence in climate projections, especially those involving Europe, where AMOC-related shifts have significant influence.

Using Indirect Clues to Reconstruct Ocean History

The research also demonstrates how scientists can draw meaningful conclusions from indirect evidence. Although direct AMOC measurements are limited, temperature and salinity data offer a reliable window into long-term ocean circulation changes and can help refine predictions for future climate conditions.

"We don't have direct observations going back a century, but the temperature and salinity data let us see the past clearly," Li said. "This work shows the AMOC has been weakening for more than a century, and that trend is likely to continue if greenhouse gases keep rising."

Growing Influence of the South Greenland Cold Spot

As the climate continues to shift, the cold spot south of Greenland may become an increasingly important factor in future climate behavior. By identifying its origins, researchers hope to provide better preparation for the changes ahead.

"The technique we used is a powerful way to understand how the system has changed, and where it is likely headed if greenhouse gases keep rising," Li said.
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Scientists reveal a surprising new timeline for ancient Egypt | ScienceDaily
One of the most powerful volcanic events of the past 10,000 years occurred on the Greek island of Thera (Santorini) in the Aegean Sea, yet researchers have long debated whether it took place in the late 17th or 16th century BCE. Ash from the eruption spread across much of the eastern Mediterranean, prompting archaeologists to question how this dramatic event aligned with ancient Egyptian chronology. A research team from Ben-Gurion University of the Negev and the University of Groningen has now provided the first radiocarbon dates related to King Ahmose, the ruler known for reunifying Upper and Lower Egypt and founding the New Kingdom. Their results suggest that the Santorini eruption happened before the New Kingdom, placing it in the Second Intermediate Period. These new measurements strongly support a "low" (i.e. younger) timeline for the start of the 18th Dynasty, a shift that reshapes our understanding of Egypt's interactions with nearby cultures.
Their findings were published in PLOS One.
New Radiocarbon Sampling From Key Egyptian Artifacts
Prof. Hendrik J. Bruins of the Jacob Blaustein Institutes for Desert Research at BGU's Sylan Adams Sde Boker Campus and Prof. Johannes van der Plicht of the University of Groningen received exceptional access to select artifacts from the British Museum and the Petrie Museum in London. Under the supervision of museum teams, they collected samples from several objects for radiocarbon dating. These included a mudbrick from the Ahmose Temple at Abydos (British Museum), a linen burial cloth linked to Satdjehuty (British Museum), and six wooden stick shabtis from Thebes (Petrie Museum).
Revised Timeline for the Santorini Eruption and Early Dynasties
Analysis of the samples showed that the massive eruption did not take place during the Egyptian New Kingdom, as some earlier interpretations suggested. Instead, it occurred earlier in the Second Intermediate Period. The radiocarbon ages for the Santorini event were markedly older than the first radiocarbon dates obtained for artifacts associated with Pharaoh Ahmose and those from the 17th to early 18th Dynasty.
"Our findings indicate that the Second Intermediate Period lasted considerably longer than traditional assessments, and the New Kingdom started later," says Prof. Hendrik J. Bruins.
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Scientists say this viral rosemary skincare trend actually works | ScienceDaily
A popular online skincare trend centered on rosemary and rosemary extract now has scientific evidence behind it. Researchers at the Perelman School of Medicine at the University of Pennsylvania report in JCI Insight that a natural compound in rosemary leaves may help wounds heal more effectively and limit the formation of scars.


						
"Many skin injuries end in scars, and in some people, it can lead to long-term cosmetic and even functional issues," said senior author Thomas Leung, MD, PhD, an associate professor of Dermatology at Penn. "Our findings suggest that rosemary extract, and specifically the antioxidant, carnosic acid, can shift the healing process from scarring to healthy skin regeneration. We don't have proven ways to consistently do that in humans."

A Viral Trend That Sparked a Scientific Question

Penn undergraduate student Jiayi Pang (left) and Penn PhD candidate Emmanuel Rapp Reyes (right) found that rosemary can help skin wounds heal without causing scars.

The idea for the project began on TikTok and Instagram. After noticing that many creators were promoting rosemary serums and rosemary-based products for better skin recovery, Pang and Rapp Reyes approached Leung to understand whether these claims had scientific merit. Their curiosity led them to begin a series of laboratory experiments.

"We hypothesized there was likely something real behind the hype because rosemary contains many antioxidants," said Pang, co-lead author of the study. "But we knew in order to really uncover its potential, we needed to prove its healing properties and uncover how exactly it was facilitating healing."

Testing Rosemary's Key Compound in the Lab

Working with mice, the research team created a cream made with carnosic acid, a naturally occurring antioxidant found primarily in rosemary. The cream sped up wound closure and helped regenerate structures such as hair follicles, oil glands, and cartilage. The scientists also found that the compound activated a skin nerve sensor known as TRPA1, which had previously been linked to the ability to heal without scars. When the cream was used on mice that lacked TRPA1, the treatment no longer produced the same regenerative effects.




"We also identified other herbs, such as thyme and oregano, that may activate TRPA1. But rosemary stood out for its potency and safety," said Rapp Reyes, co-lead author of the study. "Other natural ingredients, such as mustard oil, or the topical medication imiquimod are known to also stimulate the TRPA1 receptor, but unlike rosemary, those can cause irritation and inflammation."

Why Rosemary Works Only Where It Is Applied

The researchers discovered that rosemary's regenerative effect occurs only at the location where the carnosic acid cream is used. Applying the cream to areas of skin far from the injury did not lead to scar-free healing, emphasizing that its benefits are strictly local.

Potential for Future Wound Care Research

The Penn team advises people to speak with their healthcare providers before adding rosemary products to their skincare routine or creating homemade mixtures. Still, because rosemary is widely available and inexpensive, the researchers hope their findings encourage more exploration of its potential benefits in human wound care, especially for individuals prone to significant scarring.

"If rosemary is part of your skincare regimen and you think it's working, it likely is," said Leung. "I'm proud that the young scientists that led this research sought answers to questions in their everyday lives."
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Cosmic knots may finally explain why the Universe exists | ScienceDaily
In 1867, Lord Kelvin pictured atoms as tiny knots in an invisible medium called the ether. That picture turned out to be wrong, since atoms are built from subatomic particles rather than twists in space. Yet his discarded idea of knotted structures may still help explain one of the deepest questions in science: why anything in the universe exists at all.


						
A team of physicists in Japan has now shown that knotted structures can naturally appear in a realistic particle physics model that also addresses several major mysteries, including the origins of neutrino masses, dark matter, and the strong CP problem. Their study, published in Physical Review Letters, suggests that such "cosmic knots" could have formed in the violently changing early universe, briefly taken over as a dominant form of energy, and then collapsed in a way that slightly favored matter over antimatter. As they formed and decayed, these knots would have stirred spacetime itself, producing a distinctive pattern of gravitational waves that future detectors might be able to pick up, which is rare for a problem that is usually very difficult to test directly.

"This study addresses one of the most fundamental mysteries in physics: why our Universe is made of matter and not antimatter," said study corresponding author Muneto Nitta, professor (special appointment) at Hiroshima University's International Institute for Sustainability with Knotted Chiral Meta Matter (WPI-SKCM2) in Japan.

"This question is important because it touches directly on why stars, galaxies, and we ourselves exist at all."

The matter and antimatter imbalance

According to the Big Bang theory, the universe should have started with equal amounts of matter and antimatter. Each particle of matter has an antimatter partner with the same mass but opposite charge, and when they meet, they annihilate into pure energy. If everything had balanced perfectly, all matter and antimatter should have destroyed each other, leaving behind only radiation.

Instead, almost everything we observe today is made of matter, with almost no antimatter visible in the cosmos. Simple calculations show that the entire observable universe, from individual atoms to galaxy clusters, exists because, in the early universe, only one extra matter particle survived for every billion matter-antimatter pairs.




The Standard Model of particle physics, which successfully describes most known particles and forces, cannot explain this tiny but crucial asymmetry. Its predictions for the matter excess fall short by many orders of magnitude. Understanding how that small surplus of matter arose, a process known as baryogenesis, remains one of the central unsolved problems in physics.

Building a new model with cosmic knots

Nitta and Minoru Eto of Hiroshima University's WPI-SKCM2, a research center focused on knotted and chiral phenomena across different systems and scales, together with Yu Hamada of the Deutsches Elektronen-Synchrotron in Germany, argue that a plausible solution might be hiding in a well-motivated extension of known physics.

By combining a gauged Baryon Number Minus Lepton Number (B-L) symmetry with the Peccei-Quinn (PQ) symmetry, the team found that stable knotted configurations could naturally form in the early universe and later produce the observed matter surplus.

Eto is also a professor at Yamagata University, and all three scientists are affiliated with Keio University in Japan.

Ghostlike neutrinos, axions, and hidden symmetries

These two additional symmetries have been studied for decades because they help resolve some of the Standard Model's biggest shortcomings. The PQ symmetry addresses the strong CP problem, which asks why experiments fail to detect the tiny electric dipole moment that theory predicts for the neutron. In solving this puzzle, the PQ symmetry introduces the axion, a hypothetical particle that is a leading candidate for dark matter. At the same time, the B-L symmetry provides a natural explanation for why neutrinos have mass, even though they interact so weakly with matter that they can pass through entire planets without leaving a trace.




In this model, the PQ symmetry is kept as a global symmetry rather than being "gauged," which protects the delicate axion physics needed to solve the strong-CP problem. In physics, "gauging" a symmetry means allowing it to act independently at every point in spacetime. That kind of freedom comes at a price, because the theory then requires a new force-carrying particle to keep the equations consistent. By gauging the B-L symmetry instead, the researchers ensured the existence of heavy right-handed neutrinos, which are needed to cancel anomalies in the theory and play a key role in many baryogenesis scenarios. Gauging B-L also produces behavior similar to a superconductor and establishes the magnetic structure that allows some of the earliest knots in the universe to form.

Cosmic strings in the young universe

As the universe expanded and cooled after the Big Bang, it likely went through a series of phase transitions in which its symmetries broke down in stages. This process, which can be compared to water freezing into ice in an uneven way, may have left behind thin, thread-like defects known as cosmic strings. These objects are often described as cracks in spacetime and remain hypothetical, but many cosmologists consider them a serious possibility. Despite being thinner than a proton, just an inch of such a string could weigh as much as a mountain.

As the universe grew, a network of these strings would have stretched, twisted, and tangled, preserving information about the conditions that existed in the earliest moments.

The breaking of the B-L symmetry produced strings that behave like magnetic flux tubes, while the PQ symmetry created superfluid vortices that carry no magnetic flux. The stark difference between these two types of defects is exactly what allows them to fit together. The B-L flux tube provides a structure for the PQ superfluid vortex's Chern-Simons coupling to attach to. In turn, this coupling allows the PQ superfluid vortex to pump electric charge into the B-L flux tube and oppose the tension that would normally cause the loop to shrink and snap. The outcome is a long-lived, topologically locked state known as a knot soliton.

"Nobody had studied these two symmetries at the same time," Nitta said. "That was kind of lucky for us. Putting them together revealed a stable knot."

A knot-dominated era and quantum tunneling

Radiation in the expanding universe gradually lost energy as its wavelengths stretched with spacetime. The knots, however, behaved more like ordinary matter, so their energy density decreased much more slowly. As a result, they eventually came to dominate over radiation, creating a period in cosmic history in which the energy stored in knots controlled the evolution of the universe.

This phase did not last forever. The knots ultimately unraveled through quantum tunneling, a process in which particles cross energy barriers that would be insurmountable in classical physics, as if they were passing through a wall. When the knots collapsed, they produced heavy right-handed neutrinos as a direct consequence of the B-L symmetry embedded in their structure. These very massive, elusive particles then decayed into lighter, more stable particles with a slight preference for matter over antimatter. That tiny preference eventually led to the matter-filled universe we see today.

"Basically, this collapse produces a lot of particles, including the right-handed neutrinos, the scalar bosons, and the gauge boson, like a shower," study co-author Hamada explains. "Among them, the right-handed neutrinos are special because their decay can naturally generate the imbalance between matter and antimatter. These heavy neutrinos decay into lighter particles, such as electrons and photons, creating a secondary cascade that reheats the universe."

"In this sense," he added, "they are the parents of all matter in the universe today, including our own bodies, while the knots can be thought of as our grandparents."

Linking knot physics to today's universe

To test their idea, the researchers followed the mathematical consequences of their model in detail, including how efficiently the knots produce right-handed neutrinos, how heavy those neutrinos are, and how hot the universe becomes when they decay. From this calculation, the matter-antimatter imbalance observed today emerges naturally.

By rearranging the equations and assuming a realistic mass of 1012 giga-electronvolts (GeV) for the heavy right-handed neutrinos, and that the knots transfer most of their stored energy into creating these particles, the model predicts a reheating temperature of about 100 GeV. This temperature happens to coincide with the last opportunity for the universe to generate matter from a neutrino imbalance. Below that temperature, electroweak processes that convert a neutrino asymmetry into an excess of matter effectively shut off.

Reheating to 100 GeV would also affect the universe's background of gravitational waves, shifting its spectrum toward higher frequencies. Future gravitational-wave observatories, including the Laser Interferometer Space Antenna (LISA) in Europe, Cosmic Explorer in the United States, and the Deci-hertz Interferometer Gravitational-wave Observatory (DECIGO) in Japan, may one day be able to detect this subtle change in the cosmic gravitational-wave signal.

"Cosmic strings are a kind of topological soliton, objects defined by quantities that stay the same no matter how much you twist or stretch them," Eto said. "That property not only ensures their stability, it also means our result isn't tied to the model's specifics. Even though the work is still theoretical, the underlying topology doesn't change, so we see this as an important step toward future developments."

From Kelvin's vision to a realistic knot model

Lord Kelvin originally suggested that knots might be the basic constituents of matter. That early idea turned out to be incorrect, but the new work brings back the spirit of his proposal in a more sophisticated way. The researchers argue that their results "provide, for the first time, a realistic particle physics model in which knots may play a crucial role in the origin of matter."

"The next step is to refine theoretical models and simulations to better predict the formation and decay of these knots, and to connect their signatures with observational signals," Nitta said. "In particular, upcoming gravitational-wave experiments such as LISA, Cosmic Explorer, and DECIGO will be able to test whether the Universe really passed through a knot-dominated era."

Ultimately, the team hopes to determine whether knotlike structures were truly essential in creating the matter in the universe. If so, they could help piece together a more complete and physically testable story of how the cosmos began.
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        Scientists find a massive hidden CO2 sponge beneath the ocean floor
        Researchers found that eroded lava rubble beneath the South Atlantic can trap enormous amounts of CO2 for tens of millions of years. These porous breccia deposits store far more carbon than previously sampled ocean crust. The discovery reshapes how scientists view the long-term balance of carbon between the ocean, rocks, and atmosphere. It also reveals a hidden mechanism that helps stabilize Earth's climate over geological timescales.

      

      
        Stressed rats keep returning to cannabis and scientists know why
        Rats with naturally high stress levels were far more likely to self-administer cannabis when given access. Behavioral testing showed that baseline stress hormones were the strongest predictor of cannabis-seeking behavior. Lower cognitive flexibility and low endocannabinoid levels also contributed to increased use. The results hint at possible early indicators of vulnerability to drug misuse.

      

      
        New research reveals how everyday cues secretly shape your habits
        Researchers uncovered how shifting levels of a brain protein called KCC2 can reshape the way cues become linked with rewards, sometimes making habits form more quickly or more powerfully than expected. When this protein drops, dopamine neurons fire more intensely, strengthening new associations in ways that resemble how addictive behaviors take hold. Rat studies showed that even brief, synchronized bursts of neural activity can amplify reward learning, offering insight into why everyday triggers,...

      

      
        Scientists uncover a hidden protein behind deadly mystery diseases
        Scientists discovered that the protein RPA plays a critical and previously unconfirmed role in stimulating telomerase to maintain long, healthy telomeres. When RPA malfunctions, telomeres can shorten dangerously, leading to serious diseases.

      

      
        These Bald Eagles fly the wrong way every year and stun scientists
        Scientists tracking young Arizona Bald Eagles found that many migrate north during summer and fall, bucking the traditional southbound pattern of most birds. Their routes rely heavily on historic stopover lakes and rivers, and often extend deep into Canada. As the eagles mature, their flights become more precise, but they also encounter significant dangers like electrocution and poisoning. These discoveries point to the need for targeted conservation of critical travel corridors.

      

      
        New research uncovers a surprisingly cheap way to farm kelp offshore
        A new economic modeling tool is helping Maine kelp farmers identify cost-saving strategies with remarkable precision. By analyzing farm design, weather, vessel types, and processing methods, it highlights how decisions ripple through overall profitability. When tested, the tool demonstrated that simple redesigns and mechanization could dramatically reduce production costs. Its findings could reshape the future of offshore kelp farming.

      

      
        Paper mill waste could unlock cheaper clean energy
        Scientists developed a high-performance hydrogen-production catalyst using lignin, a common waste product from paper and biorefinery processes. The nickel-iron oxide nanoparticles embedded in carbon fibers deliver fast kinetics, long-term durability, and low overpotential. Microscopy and modeling show that a tailored nanoscale interface drives the catalyst's strong activity. The discovery points toward more sustainable and industrially scalable clean-energy materials.

      

      
        The deep ocean is fixing carbon in ways no one expected
        Researchers have uncovered surprising evidence that the deep ocean's carbon-fixing engine works very differently than long assumed. While ammonia-oxidizing archaea were thought to dominate carbon fixation in the sunless depths, experiments show that other microbes--especially heterotrophs--are doing far more of the work than expected. This discovery reshapes our understanding of how carbon moves through the deep ocean and stabilizes Earth's climate.

      

      
        Scientists uncover the hidden survival trick that lets cancer bounce back
        Scientists discovered that certain cancer cells use a low-level activation of a DNA-dismantling enzyme--normally seen in cell death--to survive treatment. Instead of dying, these "persister cells" leverage this sublethal signal to regrow. Because the mechanism is non-genetic, it appears much earlier than typical resistance mutations. Targeting this enzyme could help stop tumors from returning.

      

      
        Blood tests reveal obesity rapidly accelerates Alzheimer's progression
        Obesity accelerates the rise of Alzheimer's-related blood biomarkers far more rapidly than previously recognized. Long-term imaging and plasma data show that obese individuals experience much faster increases in proteins linked to neurodegeneration and amyloid buildup. Surprisingly, blood tests detected these changes earlier than PET scans. The results point to obesity as a major, modifiable contributor to Alzheimer's progression.

      

      
        Researchers catch atoms standing still inside molten metal
        Scientists have uncovered that some atoms in liquids don't move at all--even at extreme temperatures--and these anchored atoms dramatically alter the way materials freeze. Using advanced electron microscopy, researchers watched molten metal droplets solidify and found that stationary atoms can trap liquids in tiny "atomic corrals," keeping them fluid far below their normal freezing point and giving rise to a strange hybrid state of matter.

      

      
        This 15 minute hepatitis C test could change everything
        Northwestern scientists have created the fastest-ever hepatitis C diagnostic, delivering accurate results in only 15 minutes. The test uses the DASH rapid PCR system, originally developed for COVID, but adapted for whole blood samples. Independent testing showed 100% agreement with existing commercial platforms. Its speed could transform how quickly patients begin treatment.

      

      
        Uranus and Neptune are hiding something big beneath the blue
        Uranus and Neptune may not be the icy worlds we've long imagined. A new Swiss-led study uses innovative hybrid modeling to reveal that these planets could just as easily be dominated by rock as by water-rich ices. The findings also help explain their bizarre, multi-poled magnetic fields and open the door to a wider range of possible interior structures. But major uncertainties remain, and only future space missions will be able to uncover what truly lies beneath their blue atmospheres.

      

      
        Rising temperatures are slowing early childhood development
        Researchers discovered that unusually high temperatures can hinder early childhood development. Children living in hotter conditions were less likely to reach key learning milestones, especially in reading and basic math skills. Those facing economic hardship or limited resources were hit the hardest. The study underscores how climate change may shape children's learning long before they reach school age.

      

      
        Scientists reveal a tiny brain chip that streams thoughts in real time
        BISC is an ultra-thin neural implant that creates a high-bandwidth wireless link between the brain and computers. Its tiny single-chip design packs tens of thousands of electrodes and supports advanced AI models for decoding movement, perception, and intent. Initial clinical work shows it can be inserted through a small opening in the skull and remain stable while capturing detailed neural activity. The technology could reshape treatments for epilepsy, paralysis, and blindness.

      

      
        This surprising discovery rewrites the Milky Way's origin story
        New simulations of Milky Way-like galaxies reveal that the strange split between two chemically distinct groups of stars may arise from several very different evolutionary events. Bursts of star formation, shifts in flowing gas, and even streams of metal-poor material from a galaxy's outskirts can all create this double pattern. The findings challenge the long-held assumption that a major ancient collision caused the split.

      

      
        A hidden mechanism changes what we know about cell division
        Researchers discovered that a long-misunderstood protein plays a key role in helping chromosomes latch onto the right "tracks" during cell division. Instead of acting like a motor, it works more like a stabilizer that sets everything up correctly from the start. This simple shift in understanding changes how scientists view one of the most important steps in biology. It also highlights a potential weak point that could help explain how some diseases begin.

      

      
        Why ultra-processed foods make teens eat more when they aren't hungry
        A Virginia Tech study shows that ultra-processed foods may influence adolescents differently from slightly older young adults. Participants aged 18 to 21 ate more at a buffet and snacked even when not hungry after two weeks on an ultra-processed diet. Because eating without hunger predicts future weight gain, these findings hint at a heightened vulnerability during late adolescence.

      

      
        Scientists discover a new state of matter at Earth's center
        New research reveals that Earth's solid inner core is actually in a superionic state, where carbon atoms flow freely through a solid iron lattice. This unusual behavior makes the core soft, matching seismic observations that have puzzled scientists for decades. The mobility of these light elements may also contribute energy to Earth's magnetic field. The findings reshape models of Earth's interior and could apply to other rocky planets.

      

      
        Simple supplement mix shows remarkable results in brain cancer
        New research is challenging one of medicine's oldest assumptions: that cancer must be attacked to be cured. By treating glioblastoma patients with a simple combination of resveratrol and copper, the researchers found dramatic reductions in tumor aggressiveness, cancer biomarkers, immune checkpoints, and stem-cell-related markers--all without side effects. Their approach focuses on "healing" tumors by eliminating harmful cell-free chromatin particles released from dying cancer cells, which normally...

      

      
        James Webb catches a giant helium cloud pouring off a puffy planet
        Astronomers using the James Webb Space Telescope have captured dramatic helium streams pouring off the super-puff exoplanet WASP-107b, revealing a world with an enormously inflated, weakly bound atmosphere under intense stellar heat. The detection of helium, water, and various chemical compounds--alongside the surprising absence of methane--paints a picture of a planet that formed far from its star but later migrated inward, where scorching radiation now strips its gases into space.

      

      
        Human brains light up for chimp voices in a way no one expected
        Humans don't just recognize each other's voices--our brains also light up for the calls of chimpanzees, hinting at ancient communication roots shared with our closest primate relatives. Researchers found a specialized region in the auditory cortex that reacts distinctly to chimp vocalizations, but not to those of bonobos or macaques, revealing an unexpected mix of evolutionary and acoustic influences.

      

      
        Simple light trick reveals hidden brain pathways in microscopic detail
        Microscopic fibers secretly shape how every organ in the body works, yet they've been notoriously hard to study--until now. A new imaging technique called ComSLI reveals hidden fiber orientations in stunning detail using only a rotating LED light and simple microscopy equipment. It works on any tissue slide, from fresh samples to those more than a century old, allowing scientists to uncover microstructural changes in disorders like Alzheimer's and even explore the architecture of muscle, bone, and...

      

      
        Small root mutation could make crops fertilize themselves
        Scientists discovered a small protein region that determines whether plants reject or welcome nitrogen-fixing bacteria. By tweaking only two amino acids, they converted a defensive receptor into one that supports symbiosis. Early success in barley hints that cereals may eventually be engineered to fix nitrogen on their own. Such crops could dramatically reduce fertilizer use and emissions.

      

      
        New cosmic lens measurements deepen the Hubble tension mystery
        Scientists are testing a novel way to measure cosmic expansion using time delays in gravitationally lensed quasars. Their results match "local" measurements but clash with early-universe estimates, strengthening the mysterious Hubble tension. This mismatch could point to new physics rather than observational error. Researchers now aim to boost precision to solve the puzzle.

      

      
        Astronomers capture sudden black hole blast firing ultra fast winds
        A sudden X-ray flare from a supermassive black hole in galaxy NGC 3783 triggered ultra-fast winds racing outward at a fifth the speed of light--an event never witnessed before. Using XMM-Newton and XRISM, astronomers caught the blast unfold in real time, revealing how tangled magnetic fields can rapidly "untwist" and hurl matter into space much like an enormous, cosmic-scale version of the Sun's coronal mass ejections.

      

      
        Single enzyme mutation reveals a hidden trigger in dementia
        Researchers discovered that a tiny structural feature of the enzyme GPX4 helps keep neurons safe. A rare mutation removes this protection, allowing harmful molecules to damage cell membranes and trigger early dementia. Mouse and cell studies showed changes resembling Alzheimer's. Early tests to slow this damage give scientists new directions to explore.

      

      
        A cosmic collision reveals how black holes really behave
        A remarkably clean gravitational-wave detection has confirmed long-standing predictions about black holes, including Hawking's area theorem and Einstein's ringdown behavior. The findings also provide the strongest support yet that real black holes follow the Kerr model.

      

      
        Her food cravings vanished on Mounjaro then roared back
        Deep-brain recordings showed that Mounjaro and Zepbound briefly shut down the craving circuits linked to food noise in a patient with severe obesity. Her obsessive thoughts about food disappeared as the medication quieted the nucleus accumbens, the brain's reward hub.

      

      
        Stunning blue pigment on a 13,000-year-old artifact surprises scientists
        Researchers uncovered rare azurite traces on a Final Paleolithic artifact, overturning assumptions that early Europeans used only red and black pigments. The find suggests ancient people possessed deeper knowledge of minerals and colors than believed. It also hints at vanished forms of decoration or artistic practices. The discovery opens new avenues for exploring identity and symbolism in Ice Age cultures.

      

      
        Fossil brain scans show pterosaurs evolved flight in a flash
        Ancient pterosaurs may have taken to the skies far earlier and more explosively than birds, evolving flight at their very origin despite having relatively small brains. Using advanced CT imaging, scientists reconstructed the brain cavities of pterosaur fossils and their close relatives, uncovering surprising clues--such as enlarged optic lobes--that hint at a rapid leap into powered flight. Their findings contrast sharply with the slow, stepwise evolution seen in birds, whose brains expanded over t...

      

      
        Most of the world isn't getting enough omega-3
        Most people worldwide aren't getting enough omega-3, leaving a major gap between scientific recommendations and daily diets. Researchers emphasize the critical role of EPA and DHA across all life stages and point out that food alone often can't meet needs. The review calls for clearer global guidelines and easier access to sustainable omega-3 sources. It also highlights the challenges different populations face in reaching healthy intake levels.

      

      
        This rare bone finally settles the Nanotyrannus mystery
        Scientists have confirmed that Nanotyrannus was a mature species, not a young T. rex. A microscopic look at its hyoid bone provided the key evidence, matching growth signals seen in known T. rex specimens. This discovery suggests a richer, more competitive tyrannosaur ecosystem than previously believed. It also highlights how museum fossils and cutting-edge analysis can rewrite prehistoric history.

      

      
        Gut molecule shows remarkable anti-diabetes power
        Researchers revealed that the microbial metabolite TMA can directly block the immune protein IRAK4, reducing inflammation and improving insulin sensitivity. The molecule counteracts damage caused by high-fat diets and even protects mice from sepsis. Since IRAK4 is a known drug target, this pathway could inspire new diabetes therapies. The study highlights how gut microbes and nutrition can work together to support metabolic health.

      

      
        This tiny implant sends secret messages to the brain
        Researchers have built a fully implantable device that sends light-based messages directly to the brain. Mice learned to interpret these artificial patterns as meaningful signals, even without touch, sight, or sound. The system uses up to 64 micro-LEDs to create complex neural patterns that resemble natural sensory activity. It could pave the way for next-generation prosthetics and new therapies.

      

      
        Scientists capture most detailed look inside DNA droplets
        High-resolution imaging has revealed the internal layout of chromatin condensates, showing how DNA fibers fold and interact within these droplet-like structures. The findings connect molecular architecture to the broader behaviors of these droplets in cells.

      

      
        Scientists uncover a volcanic trigger behind the Black Death
        A newly analyzed set of climate data points to a major volcanic eruption that may have played a key role in the Black Death's arrival. Cooling and crop failures across Europe pushed Italian states to bring in grain from the Black Sea. Those shipments may have carried plague-infected fleas. The study ties together tree rings, ice cores, and historical writings to reframe how the pandemic began.

      

      
        A violent star explosion just revealed a hidden recipe for life
        XRISM's high-precision X-ray data revealed unusually strong signatures of chlorine and potassium inside the Cassiopeia A supernova remnant. These levels are far higher than theoretical models predicted, showing that supernovae can be major sources of these life-critical elements. Researchers believe powerful mixing deep inside massive stars is responsible for the unexpected boost. The findings reshape our understanding of how the building blocks of planets and life were created.

      

      
        New fat-burning diabetes pill protects muscle and appetite
        Researchers have developed a new oral drug that boosts metabolic activity in muscle rather than altering appetite like GLP-1 drugs. Early trials suggest it improves blood sugar control and fat metabolism while preserving muscle mass, with fewer side effects. Because it acts through a different mechanism, it could be paired with GLP-1 treatments for even stronger results.

      

      
        New study finds a silent genetic heart risk hidden in millions
        A large Mayo Clinic study shows that current guidelines fail to detect nearly 90% of people with familial hypercholesterolemia, a common inherited cause of dangerously high cholesterol. Many affected individuals already had early heart disease but never met testing criteria. Routine DNA screening could dramatically expand detection and prevention. The research underscores the need for genomics-driven healthcare.

      

      
        This simple ingredient makes kale way healthier
        Scientists found that kale's prized nutrients are hard for the body to absorb unless they're eaten with oil. Cooking doesn't improve absorption, but adding oil-based dressings--or even more advanced nanoemulsion sauces--does. These combinations dramatically increase access to kale's carotenoids. The research could inspire new, healthier dressings designed to supercharge everyday vegetables.

      

      
        Garlic mouthwash shows shockingly strong germ-fighting power
        Garlic extract is emerging as a surprisingly powerful contender to chlorhexidine, the long-standing "gold standard" in antimicrobial mouthwashes. A systematic review of clinical studies shows that higher-concentration garlic mouthwash can rival chlorhexidine in killing bacteria--sometimes outperforming it--while offering a more natural alternative.

      

      
        Humans are built for nature not modern life
        Human biology evolved for a world of movement, nature, and short bursts of stress--not the constant pressure of modern life. Industrial environments overstimulate our stress systems and erode both health and reproduction. Evidence ranging from global fertility declines to chronic inflammatory diseases shows the toll of this mismatch. Researchers say cultural and environmental redesign, especially nature-focused planning, is essential.

      

      
        Researchers solve a century-old North Atlantic cold spot mystery
        A century-old North Atlantic cold patch is now linked to a long-term slowdown in the AMOC, the climate-regulating conveyor belt of ocean water. Only weakened-AMOC models match observed temperature and salinity patterns, overturning recent model trends. This slowdown affects weather systems, jet streams, and marine life throughout the Northern Hemisphere. The discovery sharpens climate forecasts and highlights a major shift already underway.

      

      
        Scientists reveal a surprising new timeline for ancient Egypt
        A new radiocarbon study has clarified the timing of the colossal Thera eruption, placing it before Egypt's New Kingdom. Researchers analyzed artifacts tied to Pharaoh Ahmose, gaining rare access to museum materials. Their results favor a younger chronology for early 18th Dynasty Egypt. The revised timeline reshapes regional historical connections.

      

      
        Scientists say this viral rosemary skincare trend actually works
        Researchers have found scientific support for the viral claim that rosemary can improve wound healing. Carnosic acid, a natural antioxidant in rosemary, promoted scar-free healing in mice by activating a nerve sensor tied to regenerative repair. Rosemary proved more potent and gentler than other herbs or compounds that target the same pathway. The work hints at a low-cost future option for reducing scarring in humans.

      

      
        Cosmic knots may finally explain why the Universe exists
        Knotted structures once imagined by Lord Kelvin may actually have shaped the universe's earliest moments, according to new research showing how two powerful symmetries could have created stable "cosmic knots" after the Big Bang. These exotic objects may have briefly dominated the young cosmos, unraveled through quantum tunneling, and produced heavy right-handed neutrinos whose decays tipped the balance toward matter over antimatter.

      

      
        Scientists keep a human alive with a genetically engineered pig liver
        Researchers successfully implanted a genetically modified pig liver into a human, proving that such an organ can function for an extended period. The graft supported essential liver processes before complications required its removal. Although the patient ultimately passed away, the experiment demonstrates both the potential and the complexity of xenotransplantation. Experts believe this could reshape the future of organ replacement.

      

      
        Earth's early oceans hid the secret rise of complex life
        Scientists have discovered that complex life began evolving much earlier than traditional models suggested. Using an expanded molecular clock approach, the team showed that crucial cellular features emerged in ancient anoxic oceans long before oxygen became a major part of Earth's atmosphere. Their results indicate that early complexity developed slowly over an unexpectedly long timescale.

      

      
        Scientists find hidden layers in brain's memory center
        Scientists uncovered a surprising four-layer structure hidden inside the hippocampal CA1 region, one of the brain's major centers for memory, navigation, and emotion. Using advanced RNA imaging techniques, the team mapped more than 330,000 genetic signals from tens of thousands of neurons, revealing crisp, shifting bands of cell types that run along the length of the hippocampus. This layered organization may help explain why different parts of CA1 support different behaviors and why certain neur...
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Scientists find a massive hidden CO2 sponge beneath the ocean floor | ScienceDaily
Rock samples that formed about 60 million years ago and were collected from far beneath the ocean surface have helped scientists understand how large amounts of carbon dioxide can remain locked away for extremely long periods. These samples show that CO2 becomes trapped within layers of lava rubble that build up across the seafloor.


						
Researchers examined lava material drilled from deep below the South Atlantic Ocean to measure how much CO2 becomes incorporated into these rocks through interactions between seawater and the cooling volcanic material.

Work led by the University of Southampton demonstrates that these accumulations of broken lava, created as underwater mountains erode, act as natural reservoirs for CO2. This study marks the first time their role as extensive carbon-holding structures has been clearly recognized, offering fresh insight into how Earth manages carbon over millions of years.

Lava Rubble as a Long-Term Geological "Sponge"

Lead author Dr. Rosalind Coggon, Royal Society Research Fellow at the University of Southampton, explained: "We've known for a long time that erosion on the slopes of underwater mountains produces large volumes of volcanic rubble, known as breccia -- much like scree slopes on continental mountains.

"However, our drilling efforts recovered the first cores of this material after it has spent tens of millions of years being rafted across the seafloor as Earth's tectonic plates spread apart.

"Excitingly, the cores revealed that these porous, permeable deposits have the capacity to store large volumes of seawater CO2 as they are gradually cemented by calcium carbonate minerals that form from seawater as it flows through them."

How Carbon Moves Through Earth Over Geological Time




The amount of carbon dioxide in the atmosphere is influenced by the slow exchange of carbon among Earth's interior, the oceans, and the air over many millions of years. Understanding this long-term carbon cycle requires studying where and how carbon is added or removed from different parts of the planet.

Dr. Coggon noted: "The oceans are paved with volcanic rocks that form at mid-ocean ridges, as the tectonic plates move apart creating new ocean crust. This volcanic activity releases CO2 from deep inside the Earth into the ocean and atmosphere.

"However, ocean basins are not just a container for seawater. Seawater flows through the cracks in the cooling lavas for millions of years and reacts with the rocks, transferring elements between the ocean and rock. This process removes CO2 from the water and stores it in minerals like calcium carbonate in the rock."

As part of the project, the team quantified how much CO2 becomes incorporated into ocean crust through these chemical reactions.

Discovering Far Greater CO2 Storage in Breccia

"While drilling deep into the seafloor of the South Atlantic, we discovered lava rubble that contained between two and 40 times more CO2 than previously sampled lavas," said Dr. Coggon.

"This study revealed the importance of such breccia, which forms due to the erosion of seafloor mountains along mid-ocean ridges, as a sponge for carbon in the long-term carbon cycle."

The findings come from Expedition 390/393 of the International Ocean Discovery Program.
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Stressed rats keep returning to cannabis and scientists know why | ScienceDaily
It isn't just people -- when given the chance rats may also use cannabis to cope with stress, according to a study by researchers at Washington State University.


						
Published in the journal Neuropsychopharmacology, the study set out to investigate which animals would actively seek out cannabis and why. The researchers discovered that rats with naturally higher stress levels were much more likely to repeatedly self-administer the commonly used recreational drug.

"We ran rats through this extensive battery of behavioral and biological tests, and what we found was that when we look at all of these different factors and all the variables that we measured, stress levels seem to matter the most when it comes to cannabis use," said Ryan McLaughlin, associate professor in WSU's College of Veterinary Medicine.

How the experiments tested cannabis seeking behavior

To better understand which traits might influence cannabis use, McLaughlin and his team of undergraduate and graduate student researchers examined a wide range of characteristics, including social behavior, sex, thinking abilities, reward sensitivity, and arousal. From these measurements they built a behavioral profile for each rat. Over a three-week period, the animals were then observed for one hour a day while they had a choice to self-administer cannabis by poking their nose into a vapor port, which released a three-second burst of cannabis vapor into an air-tight chamber.

During each daily session, the student researchers recorded how many "nose-pokes" each rat performed. They then compared those counts with baseline stress hormone levels and found a clear relationship: rats that poked more often tended to have higher starting levels of stress hormones.

Stress hormones as predictors of cannabis use

The team measured the stress hormone corticosterone in the rats, which is the rodent equivalent of the human stress hormone cortisol. They found that animals with higher natural corticosterone levels were much more inclined to self-administer cannabis.




"If you want to really boil it down, there are baseline levels of stress hormones that can predict rates of cannabis self-administration, and I think that only makes sense given that the most common reason that people habitually use cannabis is to cope with stress," McLaughlin said.

He emphasized that the key factor was the rats' resting, baseline stress levels rather than short-term spikes that occur during exercise or mentally demanding tasks. When the researchers measured stress hormone levels after exposing the rats to a stressor, those values did not show a meaningful connection to cannabis-seeking behavior.

Cognitive flexibility and motivation for cannabis

The study also uncovered strong links between how often rats self-administered cannabis and their performance on tests of "cognitive flexibility," which refers to the ability to adapt when rules or conditions change.

"Animals that were less flexible in shifting between rules, when we tested them in a cognitive task, tended to show stronger rates of cannabis-seeking behavior," he said. "So, animals that rely more heavily on visual cues to guide their decision making, those rats, when we tested their motivation to self-administer cannabis vapor, were also very highly motivated rats."

Endocannabinoids, THC, and biological vulnerability

In addition to baseline stress, the researchers found another pattern involving a combination of high morning corticosterone levels and low endocannabinoid levels, which was also associated with cannabis self-administration, although this link was weaker than the effect of baseline stress.




Endocannabinoids are compounds that the body produces on demand to help maintain internal stability and balance, known as homeostasis.

"There's some thought behind why people might be more prone to use cannabis, and that maybe THC serves as a reasonable substitute for endocannabinoids in individuals that have lower endocannabinoid levels," McLaughlin said. "So, perhaps there's more of a drive to supplement that with cannabis."

Cannabis use, addiction risk, and early warning markers

With more and more states decriminalizing cannabis and legalizing recreational cannabis, McLaughlin said it is increasingly important to understand how the drug affects the brain and behavior, and how patterns of drug abuse can develop.

"Our findings highlight potential early or pre-use markers that could one day support screening and prevention strategies," McLaughlin said. "I could certainly envision a scenario where having an assessment of baseline cortisol might provide some level of insight into whether there's an increased propensity for you to develop problematic drug use patterns later in life."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251211100615.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New research reveals how everyday cues secretly shape your habits | ScienceDaily
Researchers at Georgetown University Medical Center have identified a way the brain's learning system can shift depending on the activity of a particular protein. Their work shows that the ability to connect cues with rewarding outcomes can be strengthened or weakened when this protein becomes more or less active. This process helps determine whether the brain responds to signals that lead to positive behaviors or ignores cues tied to harmful habits, including those involved in smoking addiction.


						
"Our ability to link certain cues or stimuli with positive or rewarding experiences is a basic brain process, and it is disrupted in many conditions such as addiction, depression, and schizophrenia," says Alexey Ostroumov, PhD, assistant professor in the Department of Pharmacology & Physiology at Georgetown University School of Medicine and senior author of the study. "For example, drug abuse can cause changes in the KCC2 protein that is crucial for normal learning. By interfering with this mechanism, addictive substances can hijack the learning process."

The study, supported by the National Institutes of Health (NIH), was published December 9 in Nature Communications.

How KCC2 Shapes Dopamine Activity and Reward Learning

The team found that changes in learning can occur when levels of the KCC2 protein shift. When KCC2 levels are reduced, dopamine neurons fire more rapidly, which encourages the formation of new reward associations. These dopamine neurons produce and release dopamine, a neurotransmitter essential for motivation, reward processing, and motor control.

To better understand this relationship, researchers studied rodent brain tissue and monitored the behavior of rats during Pavlovian cue-reward tests. In these classic experiments, a brief sound alerts the rats that a sugar cube is on the way. Beyond analyzing how KCC2 affects the pace of neuron firing, the investigators discovered that neurons firing in a coordinated pattern can amplify dopamine activity in a surprising way. Short bursts of dopamine appear to serve as potent learning signals that help the brain assign meaning and value to shared experiences.

Why Everyday Cues Can Trigger Cravings

"Our findings help explain why powerful and unwanted associations form so easily, like when a smoker who always pairs morning coffee with a cigarette later finds that just drinking coffee triggers a strong craving to smoke," notes Ostroumov. "Preventing even relatively benign drug-induced associations with situations or places, or restoring healthy learning mechanisms, can help develop better treatments for addiction and related disorders."




How Diazepam and Other Drugs Influence Neuron Coordination

The researchers also examined whether drugs that act on specific cellular receptors, including benzodiazepines such as diazepam, could alter learning processes. Earlier work showed that shifts in KCC2 production, and therefore in neuron activity, can change how diazepam (valium) produces its calming effects in the brain. The current study adds another layer to this understanding by showing that neurons do more than increase or decrease activity. They can coordinate their firing patterns, and when that coordination occurs, they transmit information more effectively. The team found that diazepam can support this coordinated activity in their experiments.

Methods and the Importance of Using Rats for Behavioral Tests

"To reach our conclusions, we combined many experimental approaches, including electrophysiology, pharmacology, fiber photometry, behavior, computational modeling, and molecular analyses," says the study's first author Joyce Woo, a PhD candidate in Ostroumov's lab.

She explained that rats were chosen for the behavioral portion of the research because they typically perform more consistently than mice on longer and more complex tasks. Their reliability in reward-learning experiments allowed the research team to gather more stable and informative data.

Broader Implications for Brain Disorders and Treatment Strategies

"We believe these discoveries extend beyond basic learning research," says Ostroumov. "They reveal new ways the brain regulates communication between neurons. And because this communication can go wrong in different brain disorders, our hope is that by preempting these disruptions, or by fixing normal communication when it's impaired, we can help develop better treatments for a wide range of brain disorders."




Additional Georgetown contributors include Ajay Uprety, Daniel Reid, Irene Chang, Aelon Ketema Samuel, Helena de Carvalho Schuch and Caroline C Swain.

Ostroumov and his co-authors report having no personal financial interests related to the study.

This work was supported by NIH grants MH125996, DA048134, NS139517, DA061493, as well as grants from the Brain & Behavior Research Foundation, the Whitehall Foundation and the Brain Research Foundation.
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Scientists uncover a hidden protein behind deadly mystery diseases | ScienceDaily
New work from the University of Wisconsin-Madison shows that problems in a protein vital for keeping chromosomes stable may contribute to serious -- and at times fatal -- health conditions.


						
The study, recently reported in Science, offers patients and clinicians new protein mutations to examine when diagnosing certain cancers and bone marrow disorders.

Understanding Telomeres and Chromosome Protection

Our chromosomes (bundles of proteins and DNA that store all our genetic information), rely on telomeres to prevent damage. These protective caps at each chromosome end are made from repetitive DNA sequences and proteins. Telomeres naturally shorten with age, but disruptions in how they form or are maintained can reduce DNA stability, which may accelerate aging or lead to disease.

Researchers working in the laboratory of Ci Ji Lim, a UW-Madison professor of biochemistry, along with collaborators in the university's Department of Chemistry, set out to identify proteins that interact with telomerase, the enzyme responsible for maintaining telomeres. Failures in these partner proteins could help explain diseases that arise from shortened telomeres.

"This line of research goes beyond a biochemical understanding of a molecular process. It deepens clinical understanding of telomere diseases," says Lim, whose work is supported by the National Institutes of Health.

Discovery of RPA's Essential Role in Telomere Maintenance

Graduate student Sourav Agrawal, research scientist Xiuhua Lin, and postdoctoral researcher Vivek Susvirkar led the search for proteins likely to work alongside telomerase. They used AlphaFold, a machine learning tool that predicts the 3D structure of proteins and protein-protein interactions. Their analysis highlighted a molecule called replication protein A (RPA) as a key factor in maintaining telomeres by stimulating telomerase. Although RPA has long been recognized for its involvement in DNA replication and repair, its importance in supporting healthy telomeres in humans had not been confirmed.




Using insights from AlphaFold, the team verified experimentally that, in humans, RPA is necessary to activate telomerase and preserve telomere length.

Implications for Patients With Short Telomere Disorders

Lim notes that these findings have direct relevance for people facing often deadly diseases caused by shortened telomeres, including aplastic anemia, myelodysplastic syndrome and acute myeloid leukemia.

"There are some patients with shortened telomere disorders that couldn't be explained with our previous body of knowledge," explains Lim. "Now we have an answer to the underlying cause of some of these short telomere disease mutations: it is a result of RPA not being able to stimulate telomerase."

Global Interest and New Diagnostic Insights

Since publishing the work, Lim and his team have been contacted by clinicians and scientists from several countries seeking to understand whether their patients' illnesses could stem from genetic mutations that interfere with this newly identified function of RPA.

"There are colleagues reaching out from France, Israel, and Australia. They just want to give a cause for their patient's short telomere disease so that the patients and their families can understand what is happening and why," says Lim. "With biochemical analysis, we can test their patients' mutation to see if it impacts how RPA interacts with telomerase, and give the doctors insights into possible causes of their patients' diseases."

This research received support from the National Institutes of Health (R01GM153806 and DP2GM150023), the UW-Madison Office of the Vice Chancellor for Research, the Wisconsin Alumni Research Foundation and the UW-Madison Department of Biochemistry.
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These Bald Eagles fly the wrong way every year and stun scientists | ScienceDaily
Birds of a feather do not always flock together, despite the adage. A new study in the Journal of Raptor Research describes how Bald Eagles (Haliaeetus leucocephalus) from Arizona are making unusual journeys by flying north instead of south, unlike most migratory birds in temperate regions. The paper, titled "Northward Migrations of Nonbreeding Bald Eagles from Arizona, USA," also reports on a single eagle that left Arizona and ultimately settled in California, a decision that challenges earlier ideas about how often these birds emigrate from their home population. The researchers conclude that southwestern Bald Eagles are highly exploratory, likely so they can locate short-lived food sources. As the climate and landscapes continue to change, research that documents how wildlife adjusts its movements is vital for designing conservation strategies and protecting key travel corridors for vulnerable species.


						
Between 2017 and 2023, the Arizona-based research team used satellite transmitters to follow 24 newly fledged Bald Eagles and two nonbreeding adults and to map how they moved within and beyond the state. Breeding Bald Eagles in Arizona are generally believed to stay close to their nesting territories for much of the year, but there has been much less information about what nonbreeding birds do. Because survival varies across life stages, comparing movement patterns and survival rates of nonbreeding eagles with those of breeders gives scientists a more complete view of how the species is doing across its range and how population level processes are shaped.

The researchers followed individual eagles for as long as the tracking devices continued to function, in some cases for up to four years during the seven-year study period. Many people, including scientists, are used to thinking of North American migratory birds as heading south during the nonbreeding season, which is typically our "winter," to find milder weather and more reliable food. Arizona Bald Eagles, however, start nesting in the winter, so their non-breeding season actually falls in the summer and autumn. Lead author Dr. Caroline D. Cappello was intrigued by this different timing of seasonal movement and notes that "northward migratory behavior raises interesting questions about the recent and historical pressures that shape these movement strategies."

Historic stopover sites and enduring eagle habitats

The authors report that the tracked eagles paused at many of the same lakes and rivers that a study in the 1980s had already identified as important stopover sites for Bald Eagles. This overlap supports the idea that these habitats have remained crucial gathering points for multiple generations of eagles.

Beyond confirming a strong use of the Intermountain Flyway and a dependence on lakes and rivers along their routes, the study showed that eagles of different ages migrated to the northern U.S. and southern Canada. Coauthor Dr. Javan M. Bauder, a USGS researcher, Assistant Unit Leader at the Arizona Cooperative Fish and Wildlife Research Unit and Assistant Professor at the University of Arizona, emphasizes the significance of this finding, stating that "managing and conserving wildlife populations requires that we understand the movement of patterns of individuals of all age classes within those populations." The team also observed that as eagles grew older, their migration pathways became more precise and refined. Most birds that were tracked for at least two years came back to Arizona in the fall of their hatch year after spending the summer roaming farther north. The researchers suggest that these young eagles could be taking advantage of seasonal food bonanzas such as spawning salmon, nesting waterfowl, or carcasses of large mammals. Determining whether this is true will require additional research.

Long journeys and lethal threats to young raptors

Bald Eagles, like many other raptors, must navigate a wide range of hazards in a human-dominated world. One eagle in the study crossed ten U.S. states and four Canadian provinces during her early life before appearing to settle in northern California, where she seemed poised to establish a breeding territory. At four years old, she was killed by electrocution, an all too common cause of death for large birds of prey. Her loss was especially troubling, Cappello explains, because it "underscored the ongoing risks these birds face," and because emigration is a difficult aspect of population dynamics to measure. Her apparent decision to live and breed in California would have provided rare insight into how often Bald Eagles hatched in Arizona disperse to other regions.




Other threats facing young raptors include poisoning from lead and rodenticides, collisions with wind turbines, loss of habitat, and uncertainty related to a changing climate. By studying raptors at every stage of life, including the exploratory journeys of young birds, scientists can make evidence-based recommendations about which stopover sites are most important to protect and which types of infrastructure, including electrical systems, could be modified to improve survival for eagles and other large raptors.

Future research and conservation priorities

The research team recommends future work on route fidelity, since, as Cappello notes, "if consistent patterns exist it could help focus conservation efforts on specific, high-use areas along their migratory route." They also highlight the importance of comparing these Arizona Bald Eagles to other wildlife populations that migrate north from the southern edge of their range, in order to better understand the tradeoffs, costs, and benefits of this northward migration strategy.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251210092029.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



New research uncovers a surprisingly cheap way to farm kelp offshore | ScienceDaily
In Maine, growing kelp for use in foods, cosmetics, fertilizer additives and other products is rapidly expanding, but it remains expensive to do. For many new growers, one of the biggest challenges is the lack of reliable cost analysis tools that can guide spending decisions and help them build sustainable business plans.


						
To address this gap, researchers from Kelson Marine in Portland, Maine and the University of Maine created a tool that gives kelp farmers detailed economic analyses and highlights strategies to lower the cost of farmed seaweed. The model factors in differences in site selection, weather patterns, crop size and many other scenario specific details. It is designed for both nearshore and offshore operations, including large farms in the Gulf of Maine that sit fully exposed to nor-easter driven waves.

Project lead Zach Moscicki, an ocean engineer with Kelson Marine, described how the tool is meant to be used. "By using this tool to investigate the comprehensive implications of any given farm design or operational decision, we can help kelp farmers meaningfully reduce production costs and achieve economic sustainability," said project lead Zach Moscicki, ocean engineer with Kelson Marine. "The tool allows us to carefully navigate the multitude of tradeoffs associated with any such decision and avoid leaning into overly narrow-scoped improvements that may reduce costs in one way, but increase costs or reduce production via some other indirect but connected pathway."

Modeling real world kelp farming conditions

The model pulls together a wide range of information from each farming scenario, such as site specific ocean and weather conditions, crop traits and growth patterns for different kelp species, vessel types and sizes, labor setups, technologies used in daily operations, nearby shore-side infrastructure, maintenance schedules and more.

By showing how all of these elements combine to affect overall profitability, and how different farm layouts and operating choices interact with each other, the tool offers kelp farmers insight into the true impact of cost saving ideas. Possible changes include processing or storing kelp on board vessels, or adding equipment that allows crews to work more quickly.

Testing the model on offshore sugar kelp

To see how the model performs, the team applied it to a hypothetical sugar kelp operation covering 1000 acres, located about 12 miles offshore in water that is 330 feet deep. They ran multiple scenarios, comparing different farm layouts and operational approaches, to understand how each choice would affect farming at this challenging site.




The model showed that running a kelp farm designed simply for low construction costs and high output would result in production costs of $2618 per tonne of fresh kelp. When the researchers systematically tested alternative design and operational choices with the tool, they identified a combination of improvements that cut the projected cost of production by 85% to $383 per tonne of fresh kelp. Among the most effective changes were installing deeper cultivation lines, using mechanized equipment for seeding and harvesting, processing kelp on site into a slurry, adjusting vessel sizes and choosing different types of vessels.

The Kelson Marine and UMaine team worked with scientists from the University of New Hampshire, Woods Hole Oceanographic Institute and Vertical Bay Maine to support the effort.

Publication, outreach and research support

The framework behind the tool and the results from the case study are described in Algal Research. Kelp growers in Maine and elsewhere who are interested in having their operations analyzed with the tool can contact Moscicki at [email protected].

Funding for this work came from Conscience Bay Research, The Builders Initiative and Fiscal Year 2024 Congressionally Directed Spending secured by U.S. Sens. Susan Collins, chair of the Senate Appropriations Committee, and Angus King through the U.S. Small Business Administration. Structural analysis tools developed and tested under the U.S. Department of Energy's Advanced Research Projects Agency-Energy Macroalgae Research Inspiring Novel Energy Resources (ARPA-e MARINER) program were also used in the study.

Advancing Maine's blue economy

The new tool is part of a broader pattern of activity in which UMaine students and faculty are helping to sustain and expand the state's blue economy, the group of industries that draw on ocean resources to support economic growth while protecting the environment.




Through new technologies and workforce development efforts, the university is expanding understanding of ecological and socioeconomic changes that influence coastal communities and businesses in Maine. Faculty members and students are also investigating opportunities for emerging markets and sectors connected to the sea.

"What is exciting about this new model is that it is the most comprehensive and detailed cost analysis of offshore kelp growth in the U.S. to date," said Damian Brady, professor of marine sciences at UMaine. "And this type of analysis helps us find pain points where investments in technology can rapidly change the cost-benefit analysis."
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Paper mill waste could unlock cheaper clean energy | ScienceDaily
Researchers have developed a catalyst sourced from renewable plant waste that shows strong potential for speeding up clean hydrogen production. The material is produced by embedding nickel oxide and iron oxide nanoparticles into carbon fibers made from lignin, creating a structure that improves both efficiency and durability during the oxygen evolution reaction, a crucial part of water electrolysis.


						
The study, published in Biochar X, reports that the catalyst reaches a low overpotential of 250 mV at 10 mA cm2 and remains highly stable for more than 50 hours when operating at elevated current density. These performance levels point to a viable, low cost alternative to the precious metal catalysts typically used in large-scale water splitting.

"Oxygen evolution is one of the biggest barriers to efficient hydrogen production," said corresponding author Yanlin Qin of the Guangdong University of Technology. "Our work shows that a catalyst made from lignin, a low-value byproduct of the paper and biorefinery industries, can deliver high activity and exceptional durability. This provides a greener and more economical route to large-scale hydrogen generation."

Transforming Lignin Into a Functional Carbon Framework

Lignin is one of the most abundant natural polymers, yet it is often burned for minimal energy return. In this work, the team converted lignin into carbon fibers using electrospinning and thermal treatment. These fibers serve as a conductive and supportive framework for the metal oxide particles. The resulting catalyst, known as NiO/Fe3O4@LCFs, contains nitrogen-doped carbon fibers that offer fast charge transport, high surface area, and strong structural stability.

Microscopy revealed that the nickel and iron oxides form a nanoscale heterojunction within the carbon fiber structure. This interface plays a central role in the oxygen evolution reaction by helping intermediate molecules bind and detach at optimal rates. Pairing these metal oxides with a conductive carbon network improves electron movement and prevents the particles from clumping together, which is a frequent issue in conventional base metal catalysts.

Verified Activity Through Advanced Testing

Electrochemical measurements showed that the material performs better than catalysts containing only one metal, especially under the high current conditions needed for real world electrolysis systems. The catalyst also exhibits a Tafel slope of 138 mV per decade, indicating more rapid reaction kinetics. Additional evidence from in situ Raman spectroscopy and density functional theory calculations supports the proposed mechanism, confirming that the engineered interface efficiently drives oxygen evolution.




Scalable Design Using Widely Available Biomass

"Our goal was to develop a catalyst that not only performs well but is scalable and rooted in sustainable materials," said co-corresponding author Xueqing Qiu. "Because lignin is produced in huge quantities worldwide, the approach offers a realistic path toward greener industrial hydrogen production technologies."

The findings underscore the increasing value of biomass-derived materials in energy conversion applications. Combining renewable carbon supports with carefully designed metal oxide interfaces aligns with global efforts to create low cost and environmentally friendly clean energy technologies.

The researchers note that this method could be adapted to different metal combinations and catalytic reactions, opening new opportunities for designing next generation electrocatalysts based on abundant natural resources.
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The deep ocean is fixing carbon in ways no one expected | ScienceDaily
In an effort to better understand how the ocean stores carbon, researchers at UC Santa Barbara and their collaborators have uncovered results that challenge long-held ideas about how carbon dioxide is "fixed" in the dark, deep sea. Led by UCSB microbial oceanographer Alyson Santoro, the team reports in Nature Geoscience that their work helps close a long-standing gap between estimates of nitrogen availability and measurements of dissolved inorganic carbon (DIC) fixation in deep waters.


						
"Something that we've been trying to get a better handle on is how much of the carbon in the ocean is getting fixed," Santoro said. "The numbers work out now, which is great."

This project was supported in part by the National Science Foundation.

The ocean as a planetary carbon sink

Who's doing the fixing? The ocean is the Earth's largest carbon sink, soaking up roughly a third of human carbon dioxide emissions and helping to keep global temperatures in check. Because we rely so heavily on this natural buffering capacity, scientists are keen to untangle the complex processes that control how carbon enters, moves through, and is stored in the sea.

"We want to know how carbon moves around the deep ocean, because in order for the ocean to impact the climate, carbon has to make it from the atmosphere to the deep ocean," Santoro said.

Much of this inorganic carbon fixation is carried out by microscopic life. At the surface, phytoplankton, which are single-celled, photosynthetic organisms, take up inorganic carbon dioxide (including dissolved carbon dioxide gas). As autotrophs, they manufacture their own food in a way similar to land plants, using carbon dioxide and water to build organic matter (sugars) and release oxygen.




Old assumptions about deep-ocean microbes

Scientists have generally believed that most DIC fixation occurs in the sunlit surface layer thanks to photosynthetic phytoplankton, but that a meaningful amount of non-photosynthetic DIC fixation also takes place in the deeper, darker regions of the ocean. In these sunless waters, the process was thought to be dominated by autotrophic archaea that oxidize ammonia (a nitrogen-containing compound) for energy instead of using sunlight.

However, when researchers examined the nitrogen-based energy budget of these carbon-fixing microbes by sampling the water column, they soon realized that the math did not work out.

"There was a discrepancy between what people would measure when they went out on a ship to measure carbon fixation and what was understood to be the energy sources for microbes," Santoro said. "We basically couldn't get the budget to work out for the organisms that are fixing carbon." The microbes require energy to fix carbon, she explained, but there did not appear to be enough nitrogen-derived energy in the deep ocean to support the high carbon fixation rates that were being reported throughout the water column.

A decade-long carbon cycle mystery

This mismatch has occupied the attention of Santoro and the paper's lead author Barbara Bayer for nearly ten years as they have sought to close a key gap in our understanding of the ocean's carbon cycle. Earlier studies tested the idea that perhaps the carbon-fixing archaea were far more efficient than scientists assumed, needing less nitrogen to fix the same amount of carbon. Their work, however, showed that this explanation did not hold up.




For the new study, the researchers shifted their focus and asked a different question: How much do these ammonia oxidizers actually contribute to the overall dissolved inorganic carbon fixation in the dark ocean? To answer that, Bayer designed a targeted experiment.

"She came up with a way to specifically inhibit their activity in the deep ocean," Santoro explained. By limiting the activity of these oxidizers with a specialized chemical, the team expected to see a sharp drop in carbon fixation. The inhibitor, phenylacetylene, was confirmed to have no other measurable effects on other community processes.

Their results indicated that despite inhibiting these ammonia oxidizers -- mostly archaea that are abundant in the dark ocean -- the rate of carbon fixation in the study areas didn't drop as much as expected.

New suspects in deep-sea carbon fixation

If ammonia-oxidizing archaea are not responsible for as much carbon fixation as once believed, other microbes must be stepping in. The pool of likely contributors now includes additional types of microbes in the surrounding community, particularly bacteria and some archaea.

"We think that what this means is that the heterotrophs -- microorganisms that feed on organic carbon from decomposing microbes and other marine life -- are taking up a lot of inorganic carbon in addition to the organic carbon that they usually consume," Santoro said, "meaning that they're also responsible for fixing some carbon dioxide.

"And that's really interesting because even though we know this to be a theoretical possibility, we didn't really have a quantitative number on what fraction of the carbon in the deep ocean was getting fixed by these heterotrophs versus autotrophs. And now we do."

Rethinking the deep-ocean food web

The new findings do more than clarify who is fixing carbon at depth. They also provide fresh insight into how the deep ocean's food web is structured and sustained.

"There are basic aspects of how the food web works in the deep ocean that we don't understand," Santoro said, "and I think of this as figuring out how the very base of the food web in the deep ocean works."

More mysteries of the deep

Further work in this realm for Santoro and her collaborators will dive into the finer aspects of carbon fixation in the ocean, such as how the nitrogen cycle and carbon cycle interact with other elemental cycles in the ocean, including for iron and copper.

"The other thing we're trying to figure out is once these organisms fix the carbon into their cells, how does it become available to the rest of the food web?" she noted. "What kinds of organic compounds might they be leaking out of their cells that could be feeding the rest of the food web with?"

Research in this paper was also conducted by Nicola L. Paul, Justine B. Albers and Craig A. Carlson at UCSB; Katharina Kitzinger and Michael Wagner at the University of Vienna as well as Mak A. Saito at Woods Hole Oceanographic Institution.
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Scientists uncover the hidden survival trick that lets cancer bounce back | ScienceDaily
Cancer drug resistance remains one of the biggest challenges in cancer treatment, and doctors urgently need better ways to prevent it. Yet scientists still do not fully understand the molecular processes that allow tumors to escape and return after therapy, which slows the development of new strategies to stop resistance. Researchers at the University of California San Diego have now identified an unexpected survival strategy that cancer cells use to endure and grow back after targeted therapy: they co-opt an enzyme that is normally active only during cell death.


						
"This flips our understanding of cancer cell death on its head," said senior author Matthew J. Hangauer, Ph.D., assistant professor of dermatology at UC San Diego School of Medicine and Moores Cancer Center member. "Cancer cells which survive initial drug treatment experience sublethal cell death signaling which, instead of killing the cell, actually helps the cancer regrow. If we block this death signaling within these surviving cells, we can potentially stop tumors from relapsing during therapy."

Global cancer burden and early resistance

Cancer is responsible for about one in six deaths worldwide. Many of these deaths occur because tumors initially respond to treatment, then later acquire resistance and come back. Typically, resistance develops over months to years through new mutations, much like bacteria gradually evolving resistance to antibiotics. These mutation-driven changes are hard to manage with the limited number of drug combinations available.

The newly identified mechanism, however, operates at the very beginning of resistance and does not depend on genetic mutations. Because it appears so early and is not tied to permanent changes in DNA, it represents a promising new point of attack for future therapies.

"Most research on resistance focuses on genetic mutations," said first author August F. Williams, Ph.D., a postdoctoral fellow in the Hangauer lab at UC San Diego. "Our work shows that non-genetic regrowth mechanisms can come into play much earlier, and they may be targetable with drugs. This approach could help patients stay in remission longer and reduce the risk of recurrence."

Persister cells, death enzymes and tumor relapse

In the new study, the researchers found:
    	In models of melanoma, lung and breast cancers, a subset of "persister" cells that survive treatment showed ongoing, low-level activation of a protein involved in normal cell death that breaks down DNA, called DNA fragmentation factor B (DFFB).
    	The level of DFFB activation was too low to kill these cells, but high enough to disrupt how they respond to signals that would normally keep their growth in check.
    	When this protein was removed, persister cancer cells stayed dormant and did not regrow during drug treatment.
    	DFFB is not required in normal cells, but is necessary for regrowth of cancer persister cells, which marks it as a promising target for combination therapies designed to prolong responses to targeted treatments.

Study publication and research support

The findings were reported in Nature Cell Biology and were supported in part by grants from the Department of Defense, the National Institutes of Health and the American Cancer Society. Hangauer is a cofounder, consultant and research funding recipient of BridgeBio subsidiary Ferro Therapeutics.
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Blood tests reveal obesity rapidly accelerates Alzheimer's progression | ScienceDaily
Researchers have carried out the first investigation of how obesity affects Alzheimer's disease blood biomarkers (BBMs). In this work, BBM levels rose up to 95% more quickly in people with obesity than in people without obesity, based on findings presented at the annual meeting of the Radiological Society of North America (RSNA).


						
"This is the first time we've shown the relationship between obesity and Alzheimer's disease as measured by blood biomarker tests," said Cyrus Raji, M.D., Ph.D., senior author of the study and a principal investigator in the Neuroimaging Labs Research Center at Mallinckrodt Institute of Radiology (MIR) at Washington University School of Medicine in St. Louis.

Long-Term Brain Imaging and Blood Data

To explore this connection, the team drew on five years of data from 407 volunteers enrolled in the Alzheimer's Disease Neuroimaging Initiative, which provided both amyloid positron emission tomography (PET) scans and blood samples. PET scans are used to show the brain's amyloid burden, meaning the buildup of beta-amyloid protein in the brain as amyloid plaques, a key feature of Alzheimer's disease.

Researchers analyzed plasma samples for several BBMs related to Alzheimer's disease, including pTau217 levels (a biomarker used in the diagnosis and monitoring of Alzheimer's disease), neurofilament light chain (NfL) -- a protein fragment released from damaged or dying neurons -- and plasma GFAP -- a protein expressed primarily in astrocytes (cells that support and protect neurons in the brain and spinal cord) using six leading commercial tests.

Linking Body Weight to Brain Biomarkers

The research team used statistical methods to examine how these BBMs related to body mass index (BMI) and to evaluate a three-way interaction between baseline obesity, time and BBMs. They also compared and confirmed the BBM results against the amyloid PET scan findings.




When they combined the blood and imaging data, they found that at the start of the study, higher BMI was linked to lower BBM levels and a lower overall amyloid burden across the brain.

"We believe the reduced BBMs in obese individuals was due to dilution from the higher blood volume," said study lead author Soheil Mohammadi, M.D., M.P.H., postdoctoral research associate at MIR. "In fact, by relying on the baseline measurements, you could be fooled into thinking that the people with obesity had a lower pathology of Alzheimer's disease. We need the longitudinal data to fully understand the how obesity impacts the development of Alzheimer's pathology."

A longitudinal study involves repeatedly collecting data from the same group over an extended period, tracking changes and trends over a period of time.

Obesity Speeds Up Alzheimer's-Related Changes

As the years passed, both Alzheimer's disease BBMs and brain PET scans showed a greater build-up of Alzheimer's-related pathology in participants with obesity compared with those without obesity. People with obesity experienced a 29% to 95% faster increase in plasma pTau217 ratio levels. Having obesity at baseline was also associated with a 24% faster rise in plasma NfL and a 3.7% faster increase in amyloid accumulation.

Dr. Raji noted that their results showed blood tests offered greater sensitivity than PET scans for detecting the influence of obesity on Alzheimer's-related brain changes.




"The fact that we can track the predictive influence of obesity on rising blood biomarkers more sensitively than PET is what astonished me in this study," he said.

Clinical Implications and Modifiable Risk

According to Dr. Mohammadi, the way obesity shapes the progression of amyloid burden and related shifts in Alzheimer's blood biomarkers has important implications for how clinicians assess and manage risk.

"According to the 2024 report of the Lancet Commission, 14 modifiable risk factors total approximately 45%, or close to half, of the risk for Alzheimer's disease," he said. "If we can reduce any of those risk factors, we can significantly reduce Alzheimer's cases or lengthen the amount of time until the onset of the disease."

Future of Brain Health Monitoring and Treatment

Dr. Raji anticipates that repeated measurements of blood biomarkers, combined with brain imaging, will increasingly be used to track treatment strategies involving anti-amyloid drugs.

"This is such profound science to follow right now because we have drugs that can treat obesity quite powerfully, which means we could track the effect of weight loss drugs on Alzheimer's biomarkers in future studies," he said. "It's marvelous that we have these blood biomarkers to track the molecular pathology of Alzheimer's disease, and MRI scans to track additional evidence of brain degeneration and response to various treatments. This work is foundational for future studies and treatment trials."

Other co-authors are Farzaneh Rahmani, M.D., M.P.H., Mahsa Dolatshahi, M.D., M.P.H., and Suzanne E. Schindler, M.D., Ph.D.
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Researchers catch atoms standing still inside molten metal | ScienceDaily
Researchers have found that, inside a liquid, not every atom is moving. Some atoms stay fixed in place even when the temperature is very high. These motionless atoms have a major effect on how a liquid turns into a solid, including the creation of an unusual state of matter known as a corralled supercooled liquid.


						
The way materials solidify is crucial in many natural processes, such as mineralization, the formation of ice, and the folding of protein fibrils. Solidification is also central to many technologies, from pharmaceuticals to metal-based industries, including aviation, construction, and electronics.

Imaging Molten Metal at the Atomic Scale

To explore how solids form, scientists from the University of Nottingham and the University of Ulm in Germany used transmission electron microscopy to watch molten metal nano-droplets as they solidified. Their findings were published on December 9 in the journal ACS Nano.

Professor Andrei Khlobystov, who led the team, said, "When we consider matter, we typically think of three states: gas, liquid, and solid. While the behavior of atoms in gases and solids is easier to understand and describe, liquids remain more mysterious."

Complex Motion Inside Liquids

In liquids, atoms move in a complicated, crowded way, similar to people jostling through a busy street. They zip past one another at high speed while still interacting. This motion is especially difficult to study during the key moment when a liquid begins to solidify, a stage that sets the material's structure and many of its functional properties.




Graphene "Hob" Experiments and the SALVE Instrument

Dr. Christopher Leist, who performed transmission electron microscopy experiments at Ulm using the unique low-voltage SALVE instrument, said, "We began by melting metal nanoparticles, such as platinum, gold, and palladium, deposited on an atomically thin support -- graphene. We used graphene as a sort of hob for this process to heat the particles, and as they melted, their atoms began to move rapidly, as expected. However, to our surprise, we found that some atoms remained stationary."

Further analysis showed that these stationary atoms are strongly attached to the supporting material at specific locations called point defects, and this strong bonding persists even at very high temperatures. By concentrating the electron beam on selected areas, the team could create more defects and therefore adjust how many atoms stayed pinned in place within the liquid.

Wave-Particle Duality and a New Phase of Matter

Professor Ute Kaiser, who established the SALVE center at Ulm University, said, "Our experiments have surprised us as we directly observe the wave-particle duality of electrons in the electron beam. We visualize the material using electrons as waves. At the same time, electrons behave like particles, delivering discrete bursts of momentum that can either move or, surprisingly, even fix atoms at the edge of a liquid metal. This remarkable observation has allowed us to discover a new phase of matter."

The same research team has previously produced films of chemical reactions involving single molecules, including the first direct recording of a chemical bond breaking and reforming in real time. Their approach makes it possible to watch chemistry unfold at the level of individual atoms.




Atomic Corrals and Disrupted Crystal Growth

In the new study, the scientists discovered that stationary atoms play a powerful role in directing how a liquid turns solid. When only a few atoms are pinned, a crystal can grow from the liquid and continue to expand until the entire nanoparticle becomes solid. In contrast, when many atoms are held in place, they interfere with this process and block the formation of any crystal at all.

Professor Andrei Khlobystov from the University of Nottingham said "The effect is particularly striking when stationary atoms create a ring that surrounds the liquid. Once the liquid is trapped in this atomic corral, it can remain in a liquid state even at temperatures significantly below its freezing point, which for platinum can be as low as 350 degrees Celsius -- that is more than 1,000 degrees below what is typically expected."

Corralled Supercooled Liquid and Unstable Amorphous Metal

If the temperature is lowered enough, the corralled liquid eventually turns solid, but not into a regular crystal. Instead, it becomes an amorphous solid, a form of metal without the ordered structure of a crystal. This amorphous metal is highly unstable and exists only as long as the stationary atoms continue to confine it. Once that confinement breaks down, the built-up tension is released and the metal rearranges into its usual crystalline form.

Hybrid Metal State and Catalysis

Dr. Jesum Alves Fernandes, expert in catalysis at the University of Nottingham, said, "The discovery of a new hybrid state of metal is significant. Since platinum on carbon is one of the most widely used catalysts globally, finding a confined liquid state with non-classical phase behavior could change our understanding of how catalysts work. This advancement may lead to the design of self-cleaning catalysts with improved activity and longevity."

Toward New Forms of Matter and Cleaner Technologies

Up to now, nanoscale corralling has only been achieved for photons and electrons; this study is the first demonstration that atoms themselves can be corralled in a similar way. Professor Andrei Khlobystov said, "Our achievement may herald a new form of matter combining characteristics of solids and liquids in the same material."

The researchers suggest that by carefully arranging the positions of pinned atoms on a surface, they may be able to build larger and more intricate atomic corrals. Such control over rare metals could lead to more efficient use of these materials in clean technologies, including energy conversion and energy storage.

This work is funded by the EPSRC Program Grant 'Metal atoms on surfaces and interfaces (MASI) for sustainable future.'
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This 15 minute hepatitis C test could change everything | ScienceDaily
A new rapid test from Northwestern University can diagnose hepatitis C in just 15 minutes -- far faster than current options.


						    	Chronic hepatitis C infection affects an estimated 50 million people around the world and leads to approximately 242,000 deaths each year, most often from cirrhosis and liver cancer.
    	Same-day test results can speed up the start of treatment, and the infection is fully curable with the right medication.
    	Scientists at Johns Hopkins independently verified that the new test showed 100 percent agreement with commercial diagnostic platforms.

A New 15 Minute Test Speeds Up Hepatitis C Detection

Scientists at Northwestern University have created the fastest method so far for identifying hepatitis C virus (HCV). The new diagnostic delivers accurate results in only 15 minutes -- up to 75 percent faster than other rapid HCV options. This shorter wait time is important because it allows many patients to begin treatment before leaving their appointment, reducing the chance of severe complications and deaths linked to delayed care.

The research describing the test is scheduled for publication on Dec. 10 in The Journal of Infectious Diseases.

Why Faster Diagnosis Matters for Global Hepatitis C Control

HCV can progress to chronic hepatitis C infection, a condition that affects about 50 million people worldwide and leads to roughly 242,000 deaths each year. Most of these deaths result from cirrhosis and liver cancer. Although highly effective medications can cure the infection in 8 to 12 weeks, treatment rates remain low. One major barrier is limited access to affordable, easy to use diagnostic tools that can be deployed at the point of care.

"We were able to develop a diagnostic test that can be performed at the point of care during a patient's clinical visit, which could enable same-day diagnosis and treatment in support of HCV elimination efforts," said Sally McFall, co-director of the Center for Innovation in Global Health Technologies (CIGHT) at Northwestern University McCormick School of Engineering, who developed the test.




According to McFall, the new tool has shown strong analytical and clinical results. She noted that it may help support the World Health Organization's goal of eliminating HCV by 2030.

How the Rapid PCR Test Was Developed

The project brought together faculty in engineering and infectious disease at Northwestern. To build the new rapid polymerase chain reaction (PCR) test, the team relied on the DASH(r) (Diagnostic Analyzer for Specific Hybridization)PCR platform. Originally designed at Northwestern to detect COVID from nasal swabs, the system proved flexible enough to process whole blood samples for HCV detection.

To validate the technology, the researchers sent DASH(r) analyzers and DASH(r) HCV cartridges to colleagues at Johns Hopkins University. The Johns Hopkins team tested 97 clinical specimens and reported a 100 percent match between the DASH results and commercial diagnostic platforms.

"This test could revolutionize HCV care in the U.S. and globally by dramatically improving diagnosis, accelerating treatment uptake and enabling more people to be cured faster," said study co-author Dr. Claudia Hawkins, director of the Robert J. Havey, MD Institute for Global Health's Center for Global Communicable and Emerging Infectious Diseases at Northwestern. "By reducing delays and simplifying testing pathways, it has the potential to save millions of lives from the devastating liver-related complications of untreated HCV."

Why the New Test Outperforms Current Options

Diagnosing hepatitis C typically requires two steps. An antibody test first determines whether a patient has ever been exposed to the virus. If that test is positive, a follow-up PCR test checks for viral RNA to confirm an active infection. In most clinical settings, the PCR sample must be sent to an outside laboratory, leading to delays that can stretch from several days to weeks. Patients then need to return to their provider for results. Although the Food and Drug Administration has cleared one other point-of-care HCV test, it still requires 40 to 60 minutes -- a time frame that often exceeds the length of a standard appointment, McFall said.

The study is titled, "Development of a Rapid Automated Point-of-Care Test for Hepatitis C Viral RNA on the DASH(r) Rapid PCR System."
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Uranus and Neptune are hiding something big beneath the blue | ScienceDaily
The Solar System is commonly grouped by planetary composition: four rocky terrestrial planets (Mercury, Venus, Earth and Mars), two massive gas giants (Jupiter and Saturn), and a pair of ice giants (Uranus and Neptune). However, new research from a scientific team at the University of Zurich (UZH) suggests that Uranus and Neptune may contain far more rock than previously assumed. The study does not argue that these planets must be either water-rich or rock-rich. Instead, it questions the long-standing idea that an ice-heavy interior is the only conclusion supported by available data. This broader interpretation also aligns with the finding that Pluto, a dwarf planet, is dominated by rock.


						
To better understand what lies inside Uranus and Neptune, the researchers created a specialized simulation technique. "The ice giant classification is oversimplified as Uranus and Neptune are still poorly understood," says Luca Morf, PhD student at the University of Zurich and lead author of the work. "Models based on physics were too assumption-heavy, while empirical models are too simplistic. We combined both approaches to get interior models that are both "agnostic" or unbiased and yet, are physically consistent."

The process begins with a randomly generated density profile representing the interior of each planet. The team then determines the gravitational field that would match observational measurements and uses that information to infer the possible composition. The cycle is repeated until the model best fits all available data.

Expanding the Range of Possible Interiors

Using this unbiased and physics-grounded approach, the researchers found that the interior makeup of the Solar System's so-called ice giants is not restricted to ice (commonly interpreted as water). "It is something that we first suggested nearly 15 years ago, and now we have the numerical framework to demonstrate it," says Ravit Helled, Professor at the University of Zurich and initiator of the project. Their results show that either planet could be dominated by water-rich layers or by a far rockier structure.

The findings also offer new insight into the unusual magnetic fields of Uranus and Neptune. Earth's magnetic field features two well-defined poles, but the fields of these distant planets are more irregular and include multiple poles. According to Helled, "Our models have so-called "ionic water" layers which generate magnetic dynamos in locations that explain the observed non-dipolar magnetic fields. We also found that Uranus' magnetic field originates deeper than Neptune's."

Why Future Missions Are Essential

Although the study provides promising new interpretations, uncertainties remain. "One of the main issues is that physicists still barely understand how materials behave under the exotic conditions of pressure and temperature found at the heart of a planet, this could impact our results," explains Morf, who intends to extend the modeling work.

Even with the remaining unknowns, the results open the door to new interior scenarios, challenge long-standing assumptions, and highlight important gaps in material science at planetary conditions. "Both Uranus and Neptune could be rock giants or ice giants depending on the model assumptions. Current data are currently insufficient to distinguish the two, and we therefore need dedicated missions to Uranus and Neptune that can reveal their true nature," concludes Ravit Helled.
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Rising temperatures are slowing early childhood development | ScienceDaily
Climate change, including extreme heat and frequent heat waves, is already known to harm ecosystems, agriculture, and human health. New evidence now suggests that increasing temperatures may also slow key aspects of early childhood development.


						
Published in the Journal of Child Psychology and Psychiatry, the study reports that children who experienced unusually warm conditions, specifically average maximum temperatures above 86 degF (30 degC), were less likely to reach expected literacy and numeracy milestones when compared to children living in cooler environments.

"While heat exposure has been linked to negative physical and mental health outcomes across the life course, this study provides a new insight that excessive heat negatively impacts young children's development across diverse countries," says lead author Jorge Cuartas, assistant professor of applied psychology at NYU Steinhardt. "Because early development lays the foundation for lifelong learning, physical and mental health, and overall well-being, these findings should alert researchers, policymakers, and practitioners to the urgent need to protect children's development in a warming world."

Large International Dataset Reveals Clear Patterns

Cuartas and his colleagues examined information from 19,607 children between the ages of three and four from Gambia, Georgia, Madagascar, Malawi, Palestine, and Sierra Leone. These countries were chosen because they provide detailed data on child development, household living conditions, and climate, allowing researchers to estimate the amount of heat each child experienced.

To evaluate development, the team used the Early Childhood Development Index (ECDI), which tracks milestones in four areas: reading and number-related skills (literacy and numeracy), social-emotional development, approaches to learning, and physical development. The researchers combined ECDI information with 2017-2020 data from the Multiple Indicator Cluster Surveys (MICS), which include demographic and well-being indicators such as education, health, nutrition, and sanitation. By merging these datasets with climate records showing average monthly temperatures, they explored potential connections between heat exposure and early development.

Higher Temperatures Linked to Missed Milestones

The researchers found that children who experienced average maximum temperatures above 86 degF (30 degC) were 5 to 6.7 percent less likely to meet basic literacy and numeracy benchmarks than children exposed to temperatures below 78.8 degF during the same season and in the same region. Children in economically disadvantaged households, homes with limited access to clean water, and densely populated urban areas showed the strongest impacts.

"We urgently need more research to identify the mechanisms that explain these effects and the factors that either protect children or heighten their vulnerability. Such work will help pinpoint concrete targets for policies and interventions that strengthen preparedness, adaptation, and resilience as climate change intensifies," says Cuartas.

This study was co-authored by Lenin H. Balza of the Interamerican Development Bank, Andres Camacho of the University of Chicago, and Nicolas Gomez-Parra of the Interamerican Development Bank.
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Scientists reveal a tiny brain chip that streams thoughts in real time | ScienceDaily
A new brain implant could significantly reshape how people interact with computers while offering new treatment possibilities for conditions such as epilepsy, spinal cord injury, ALS, stroke, and blindness. By creating a minimally invasive, high-throughput communication path to the brain, it has the potential to support seizure control and help restore motor, speech, and visual abilities.


						
The promise of this technology comes from its extremely small size paired with its ability to transmit data at very high speeds. Developed through a collaboration between Columbia University, NewYork-Presbyterian Hospital, Stanford University, and the University of Pennsylvania, the device is a brain-computer interface (BCI) built around a single silicon chip. This chip forms a wireless, high-bandwidth link between the brain and external computers. The system is known as the Biological Interface System to Cortex (BISC).

A study published Dec. 8 in Nature Electronics outlines BISC's architecture, which includes the chip-based implant, a wearable "relay station," and the software needed to run the platform. "Most implantable systems are built around a canister of electronics that occupies enormous volumes of space inside the body," says Ken Shepard, Lau Family Professor of Electrical Engineering, professor of biomedical engineering, and professor of neurological sciences at Columbia University, who served as one of the senior authors and led the engineering work. "Our implant is a single integrated circuit chip that is so thin that it can slide into the space between the brain and the skull, resting on the brain like a piece of wet tissue paper."

Transforming the Cortex Into a High-Bandwidth Interface

Shepard worked closely with senior and co-corresponding author Andreas S. Tolias, PhD, professor at the Byers Eye Institute at Stanford University and co-founding director of the Enigma Project. Tolias's extensive experience training AI systems on large-scale neural recordings, including those collected with BISC, helped the team analyze how well the implant could decode brain activity. "BISC turns the cortical surface into an effective portal, delivering high-bandwidth, minimally invasive read-write communication with AI and external devices," Tolias says. "Its single-chip scalability paves the way for adaptive neuroprosthetics and brain-AI interfaces to treat many neuropsychiatric disorders, such as epilepsy."

Dr. Brett Youngerman, assistant professor of neurological surgery at Columbia University and neurosurgeon at NewYork-Presbyterian/Columbia University Irving Medical Center, served as the project's main clinical collaborator. "This high-resolution, high-data-throughput device has the potential to revolutionize the management of neurological conditions from epilepsy to paralysis," he says. Youngerman, Shepard, and NewYork-Presbyterian/Columbia epilepsy neurologist Dr. Catherine Schevon recently secured a National Institutes of Health grant to use BISC in treating drug-resistant epilepsy. "The key to effective brain-computer interface devices is to maximize the information flow to and from the brain, while making the device as minimally invasive in its surgical implantation as possible. BISC surpasses previous technology on both fronts," Youngerman adds.

"Semiconductor technology has made this possible, allowing the computing power of room-sized computers to now fit in your pocket," Shepard says. "We are now doing the same for medical implantables, allowing complex electronics to exist in the body while taking up almost no space."

Next-Generation BCI Engineering




BCIs function by connecting with the electrical signals used by neurons to communicate. Current medical-grade BCIs typically rely on multiple separate microelectronic components, such as amplifiers, data converters, and radio transmitters. These parts must be stored in a relatively large implanted canister, placed either by removing part of the skull or in another part of the body like the chest, with wires extending to the brain.

BISC is built differently. The entire system resides on a single complementary metal-oxide-semiconductor (CMOS) integrated circuit that has been thinned to 50 mm and occupies less than 1/1000th the volume of a standard implant. With a total size of about 3 mm3, the flexible chip can curve to match the brain's surface. This micro-electrocorticography (mECoG) device contains 65,536 electrodes, 1,024 recording channels, and 16,384 stimulation channels. Because the chip is produced using semiconductor industry manufacturing methods, it is suitable for large-scale production.

The chip integrates a radio transceiver, a wireless power circuit, digital control electronics, power management, data converters, and the analog components necessary for both recording and stimulation. The external relay station provides power and data communication through a custom ultrawideband radio link that reaches 100 Mbps, a throughput at least 100 times higher than any other wireless BCI currently available. Operating as an 802.11 WiFi device, the relay station effectively bridges any computer to the implant.

BISC incorporates its own instruction set along with a comprehensive software environment, forming a specialized computing system for brain interfaces. The high-bandwidth recording demonstrated in this study allows brain signals to be processed by advanced machine-learning and deep-learning algorithms, which can interpret complex intentions, perceptual experiences, and brain states.

"By integrating everything on one piece of silicon, we've shown how brain interfaces can become smaller, safer, and dramatically more powerful," Shepard says.

Advanced Semiconductor Fabrication

The BISC implant was fabricated using TSMC's 0.13-mm Bipolar-CMOS-DMOS (BCD) technology. This fabrication method combines three semiconductor technologies into one chip to produce mixed-signal integrated circuits (ICs). It allows digital logic (from CMOS), high-current and high-voltage analog functions (from bipolar and DMOS transistors), and power devices (from DMOS) to work together efficiently, all of which are essential for BISC's performance.




Moving From the Lab Toward Clinical Use

To transition the system into real-world medical use, Shepard's group partnered with Youngerman at NewYork-Presbyterian/Columbia University Irving Medical Center. They developed surgical procedures to place the thin implant safely in a preclinical model and confirmed that the device produced high-quality, stable recordings. Short-term intraoperative studies in human patients are already underway.

"These initial studies give us invaluable data about how the device performs in a real surgical setting," Youngerman says. "The implants can be inserted through a minimally invasive incision in the skull and slid directly onto the surface of the brain in the subdural space. The paper-thin form factor and lack of brain-penetrating electrodes or wires tethering the implant to the skull minimize tissue reactivity and signal degradation over time."

Extensive preclinical work in the motor and visual cortices was carried out with Dr. Tolias and Bijan Pesaran, professor of neurosurgery at the University of Pennsylvania, both recognized leaders in computational and systems neuroscience.

"The extreme miniaturization by BISC is very exciting as a platform for new generations of implantable technologies that also interface with the brain with other modalities such as light and sound," Pesaran says.

BISC was developed through the Neural Engineering System Design program of the Defense Advanced Research Projects Agency (DARPA) and draws on Columbia's deep expertise in microelectronics, the advanced neuroscience programs at Stanford and Penn, and the surgical capabilities of NewYork-Presbyterian/Columbia University Irving Medical Center.

Commercial Development and Future AI Integration

To move the technology closer to practical use, researchers at Columbia and Stanford created Kampto Neurotech, a startup founded by Columbia electrical engineering alumnus Dr. Nanyu Zeng, one of the project's lead engineers. The company is producing research-ready versions of the chip and working to secure funding to prepare the system for use in human patients.

"This is a fundamentally different way of building BCI devices," Zeng says. "In this way, BISC has technological capabilities that exceed those of competing devices by many orders of magnitude."

As artificial intelligence continues to advance, BCIs are gaining momentum both for restoring lost abilities in people with neurological disorders and for potential future applications that enhance normal function through direct brain-to-computer communication.

"By combining ultra-high resolution neural recording with fully wireless operation, and pairing that with advanced decoding and stimulation algorithms, we are moving toward a future where the brain and AI systems can interact seamlessly -- not just for research, but for human benefit," Shepard says. "This could change how we treat brain disorders, how we interface with machines, and ultimately how humans engage with AI."
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This surprising discovery rewrites the Milky Way's origin story | ScienceDaily
A new investigation is offering fresh insight into how galaxies like the Milky Way take shape, evolve over time, and develop unexpected chemical patterns in their stars.


						
Published in Monthly Notices of the Royal Astronomical Society, the study examines the origin of a long-standing mystery within the Milky Way: two clearly defined groups of stars with different chemical signatures, a feature known as the "chemical bimodality."

When researchers look at stars located near the Sun, they consistently identify two major categories based on the relative amounts of iron (Fe) and magnesium (Mg) they contain. These categories create two separate "sequences" on chemical plots, even though they overlap in metallicity (how rich they are in heavy elements like iron). This unusual split has puzzled astronomers for years.

Simulations Reveal How the Chemical Split May Form

To investigate why this structure appears, researchers from the Institute of Cosmos Sciences of the University of Barcelona (ICCUB) and the Centre national de la recherche scientifique (CNRS) used advanced computer models (called the Auriga simulations) to recreate the formation of Milky Way-like galaxies inside a virtual universe. By examining 30 simulated galaxies, the team searched for processes that might shape these chemical sequences.

Gaining a clearer picture of the Milky Way's chemical development helps scientists understand how our galaxy, along with others, assembled over cosmic time. This includes Andromeda, the Milky Way's nearby companion galaxy, where no similar chemical bimodality has been identified so far. Insights from this work also shed light on early-universe conditions and the roles of gas flows and past mergers.

"This study shows that the Milky Way's chemical structure is not a universal blueprint," said lead author Matthew Orkney, a researcher at ICCUB and the Institut d'Estudis Espacials de Catalunya (IEEC).




"Galaxies can follow different paths to reach similar outcomes, and that diversity is key to understanding galaxy evolution."

Multiple Routes to the Milky Way's Dual Chemical Structure

The results indicate that galaxies resembling the Milky Way can form two distinct chemical sequences through several different pathways. One possibility is a cycle of intense star formation followed by calmer periods. Another involves variations in the gas streaming into a galaxy from its surroundings.

The study also challenges an earlier explanation involving a smaller galaxy known as Gaia-Sausage-Enceladus (GSE). While this past collision influenced the Milky Way, the simulations show it is not required to produce the chemical split. Instead, metal-poor gas from the circumgalactic medium (CGM) appears to play a central role in creating the second branch of stars.

The researchers found that the specific shape of the two chemical sequences is tightly connected to the galaxy's star formation history.

New Observations Will Help Test These Predictions

As observatories such as the James Webb Space Telescope (JWST) and future missions like PLATO and Chronos gather more precise data, scientists will be able to test these simulation predictions and refine models of how galaxies evolve.

"This study predicts that other galaxies should exhibit a diversity of chemical sequences. This will soon be probed in the era of 30m telescopes where such studies in external galaxies will become routine," said Dr. Chervin Laporte, of ICCUB-IEEC, CNRS-Observatoire de Paris and Kavli IPMU.

"Ultimately, these will also help us further refine the physical evolutionary path of our own Milky Way."
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A hidden mechanism changes what we know about cell division | ScienceDaily
Scientists at the Ruder Boskovic Institute (RBI) in Zagreb, Croatia, have uncovered a surprising function for the protein CENP-E. For years, it was thought to act like a motor that pulled wandering chromosomes into position as a cell prepared to divide. The new findings reveal something completely different: CENP-E stabilizes the very first connections between chromosomes and the cell's internal "tracks," helping them line up properly before the cell splits.


						
A companion study showed that centromeres, small structures on chromosomes once believed to work on their own, play a guiding role in directing CENP-E so it can help the division process unfold correctly. Together, these results overturn two decades of accepted teaching and carry major implications, since mistakes in chromosome attachment are linked to many cancers and genetic disorders.

Why Early Chromosome Positioning Matters

Every moment, in countless cells across the body, division takes place with extraordinary precision. A single cell duplicates three billion DNA letters and manages to distribute perfect copies to both daughter cells.

When that delicate process fails, the consequences can be serious. Even one chromosome in the wrong place can disrupt development, contribute to infertility, or trigger cancer. Cell division offers little room for error.

For many years, researchers believed they understood one of the central players: CENP-E, often described as a motor protein that hauled stray chromosomes toward the middle of the dividing cell. The idea was simple, widely taught, and ultimately incorrect.

Researchers Uncover a Different Role for CENP-E

Two studies from RBI, published in Nature Communications and led by Dr. Kruno Vukusic and Professor Iva Tolic, break down the earlier model and present a new explanation. Dr. Vukusic trained as a postdoctoral researcher within a highly selective ERC Synergy team and is now preparing to lead his own group at RBI. Prof. Tolic, a recognized global expert in cell biophysics and head of the Laboratory for Cell Biophysics at RBI, holds two ERC grants and is a member of EMBO and Academia Europaea. Their work shows that CENP-E is not the "muscle" dragging chromosomes into place but a key regulator that activates at the right moment to allow everything else to fall into line.




"CENP-E is not the engine pulling chromosomes to the center," Vukusic says. "It is the factor that ensures they can attach properly in the first place. Without that initial stabilization, the system stalls."

Chromosome Movement as a City of Traffic

Picture a huge city at peak traffic. Millions of vehicles fill countless intersections, and a single mistake can stop the entire flow.

Now imagine this scene scaled down to the inside of a cell. Chromosomes act like trains carrying DNA cargo, and microtubules form the rails guiding them. For division to succeed, each chromosome must connect to the correct set of tracks and move into position at the center.

The long-standing model cast CENP-E as the locomotive pulling lagging chromosomes into place. The Zagreb team found a more precise function. Instead of the engine, CENP-E behaves like a coupling that secures the link between a chromosome and the microtubule. When that coupling is weak or missing, the trains stall at the station's outskirts and cannot advance.

What Controls When Chromosomes Move

Why do some chromosomes pause at the edges of the cell? The answer involves Aurora kinases, a group of proteins that operate like strict traffic lights. They generate strong "red" signals that prevent chromosomes from making incorrect early attachments.




This system protects against mistakes near the poles of the cell, but it can also hold chromosomes back too aggressively. CENP-E helps restore balance by adjusting those signals so that the first proper connections can form. Once that initial stable attachment appears, alignment follows naturally through the geometry of the spindle and the behavior of microtubules.

"It's not about brute force," Tolic explains. "It's about creating the conditions for the system to run smoothly. CENP-E's key role is to stabilize the start, and once that happens, the rest of mitosis unfolds correctly."

Rethinking a Long-Standing Textbook Model

For almost twenty years, textbooks described CENP-E as a motor that pulled chromosomes to the metaphase plate. The new research contradicts that view.

"Congression, the alignment of chromosomes, is intrinsically linked to biorientation," says Tolic. "What we show is that CENP-E doesn't contribute significantly to the movement itself. Its crucial role is stabilizing end-on attachments at the start. That is what allows the system to proceed correctly."

This shift replaces a force-based explanation with one focused on regulation and timing. The implications stretch far beyond classroom learning.

Why This Discovery Matters for Human Health

To someone outside the field, the distinction may appear small. In cell biology, small shifts often reveal major truths. Errors in chromosome segregation are a hallmark of cancer. Tumor cells commonly show duplicated or missing chromosome segments, and these abnormalities often trace back to mistakes in the attachment process.

By demonstrating that CENP-E regulates the earliest attachments and by connecting this regulation to Aurora kinase activity, the Zagreb team linked two processes previously thought to act separately. This connection exposes a potential weak point in dividing cells and may point the way toward therapies that correct or slow dangerous divisions.

"This isn't just about rewriting a model," Vukusic says. "It's about identifying a mechanism that directly links to disease. That opens doors for diagnostics and for thinking about new therapies."

Support From Europe and Croatia

The research was made possible through significant competitive funding, including the European Research Council's Synergy Grant, the Croatian Science Foundation, Swiss Croatian bilateral projects, and EU development programs.

The work also depended on advanced computing resources at the University of Zagreb's SRCE center. "Modern biology isn't just microscopes and test tubes," Tolic says. "It's also computation and collaboration across disciplines and borders."

Finding Structure in Cellular Complexity

At its core, the discovery sheds light on how cells maintain order amid constant motion. Trillions of cell divisions occur daily in the human body, and each event must fight against the natural pull of disorder. The new understanding from Zagreb helps reveal one of the hidden strategies behind that consistency. By reinterpreting the role of CENP-E and connecting it to other cellular regulators, the team has added clarity to a process that operates under immense pressure.

"By uncovering how these microscopic regulators cooperate," Tolic says, "we are not only deepening our understanding of biology but also moving closer to correcting the failures that underlie disease."
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Why ultra-processed foods make teens eat more when they aren't hungry | ScienceDaily
Rates of excess weight are climbing among young people in the United States.


						
An analysis published in The Lancet predicts that by 2050, about one in three Americans between 15 and 24 years old will meet the criteria for obesity, putting them at higher risk for serious health problems.

Many influences contribute to this trend, including genetics and low levels of physical activity, but diet plays a central role.

Ultra-processed foods -- which make up 55 to 65 percent of what young adults eat in the U.S. -- have been associated with metabolic syndrome, poor cardiovascular health, and other conditions in adolescents.

Ultra-processed foods and adolescent vulnerability

Researchers at Virginia Tech set out to examine how eating patterns high in ultra-processed foods affect young adults age 18 to 25. They compared two types of diets, one that was rich in ultra-processed foods and another that contained no ultra-processed foods at all. After two weeks on each diet, they tested whether participants would eat differently when faced with an all-you-can-eat meal.

When the researchers looked at everyone in the study together, they did not see an overall increase in calories or grams of food consumed at a buffet-style breakfast after the different diets. However, a different picture emerged when they focused on age. Participants between 18 and 21 years old ate more calories at the breakfast after the ultra-processed diet, while those age 22 to 25 did not show this increase. The results, scheduled for publication Nov. 19 in Obesity, suggest that adolescents and very young adults may be more susceptible to the effects of ultra-processed foods.




"Although this was short-term trial, if this increase in caloric intake persists over time, this could lead to weight gain in these young people," said Brenda Davy, a senior author on the paper and professor in Virginia Tech's Department of Human Nutrition, Foods, and Exercise.

"The younger age group took in more calories from ultra-processed foods, even when they weren't hungry," said neuroscientist and co-author Alex DiFeliceantonio, an assistant professor with Virginia Tech's Fralin Biomedical Research Institute at VTC who investigates the mechanisms of food choice.

Understanding this age group is important because adolescence and young adulthood represent an important developmental window. As people gain independence, eating habits take shape and obesity risk begins to rise.

What they did: controlled diets in young adults

The team recruited 27 men and women between 18 and 25 years old whose weight had remained stable for at least six months. For two weeks, each participant followed one of two eating plans that included breakfast served in the lab, with the rest of their meals prepared in a metabolic kitchen. One diet provided 81 percent of total calories from ultra-processed foods. The other diet contained no ultra-processed foods at all.

Researchers carefully matched the nutrient content of the two diets. Participants were given only the number of calories needed to maintain their weight, and the team measured how much they ate at a single buffet meal after each tightly controlled diet period.




"We very rigorously designed these diets to be matched on 22 characteristics, including macronutrients, fiber, added sugar, energy density, and also many vitamins and minerals," Davy said. "Previous studies had not matched diets to this extent."

How foods were classified with the NOVA system

Researchers used the NOVA classification system -- "nova" means new in Portuguese -- which groups foods by how heavily they are processed. Nutrition experts at the University of Sao Paulo in Brazil created this system while investigating a rapid rise in obesity in their country.

Unprocessed or minimally processed foods include items such as fresh fruit, legumes, or plain yogurt. Processed culinary ingredients, including cooking oils, butter, and salt, form another category. Processed foods -- cheese, canned vegetables, or freshly baked breads -- combine these ingredients through relatively simple methods. Ultra-processed foods, such as soft drinks, flavored yogurt, and most pre-packed meals and snacks, are produced through industrial processing and contain additives that are rarely used in home kitchens.

Each participant acted as their own comparison in this crossover study. They followed one of the diets for two weeks, returned to their usual eating habits for four weeks, and then switched to the other diet.

Buffet breakfast and eating without hunger

After each two-week diet period, participants were invited to eat freely from a breakfast buffet that included both ultra-processed and non-ultra-processed options. They arrived in a fasting state and were escorted to a private room, where they received a tray with about 1,800 calories of food -- four times the calorie content of a standard American breakfast. They had 30 minutes to eat as much or as little as they wanted.

To study eating in the absence of hunger, participants then received a tray of snacks immediately after breakfast. For 15 minutes, they were asked to take one bite of each snack and rate how pleasant and familiar it was. After tasting and rating all the items, they could choose to keep eating or simply rest for the remainder of the session.

What they found: younger participants ate more

In the full group of participants, the type of diet they had just followed did not change the total calories or total grams of food eaten at the buffet. The proportion of ultra-processed foods selected also remained similar. These results did not differ by sex or by body mass index (BMI), which is a standard measure of body fat.

The age breakdown, however, revealed an important difference. The 18- to 21-year-olds, but not the 22- to 25-year-olds, consumed more calories after the period on the ultra-processed diet. The younger participants were also more likely to continue eating when they were no longer hungry.

"Our adolescent participants had just consumed more in the buffet meal after the ultra-processed diet. Then, given the opportunity to snack when not hungry, they ate more yet again," said DiFeliceantonio, who is also an assistant professor in the Department of Human Nutrition, Foods, and Exercise. "Snacking when not hungry is an important predictor of later weight gain in young people, and it seems ultra-processed food exposure increases this tendency in adolescents."

Isolating the effect of food processing

Earlier clinical trials in adults that offered continuous access to ultra-processed foods found that people ate more each day and gained weight over time. In contrast, the Virginia Tech study kept daily calories and energy density the same between diets and evaluated intake at one buffet-style meal.

"This is important, because it helps isolate the effect of food processing on energy intake," DiFeliceantonio said. "In the previous trial people ate more each day, which meant they gained weight each day, which meant their energy needs also increased. Here, since everyone was weight stable, we can see the effect of processing alone."

The researchers note that the brief length of the study and its focus on a single meal may not fully reflect how people encounter food in everyday life, where eating opportunities are nearly constant.

Future research on ultra-processed foods and youth

Davy suggests that future research could lengthen the intervention period, include younger participants, or provide continuous access to foods to more closely mirror real-world conditions. This study also included a modest number of participants, so repeating it with a larger group could give a clearer picture of how age affects responses to ultra-processed diets.

By adding tools such as brain imaging and biomarkers, scientists may be able to uncover the biological pathways that link exposure to ultra-processed foods with changes in eating behavior across development. This is an active area of study for DiFeliceantonio and Davy.

This research was supported by a grant from the National Institutes of Health.
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Scientists discover a new state of matter at Earth's center | ScienceDaily
Beneath Earth's molten outer core is a dense central region -- the inner core, a compact sphere made of an iron and light-element alloy squeezed by more than 3.3 million atmospheres and heated to temperatures comparable to the Sun's surface. For many years, researchers have struggled to explain its unusual behavior. Even though the inner core is solid, it behaves like a softened metal, slowing seismic shear waves and displaying a Poisson's ratio more similar to butter than to steel. This paradox raised a fundamental question: how can the planet's solid center appear firm yet strangely pliable?


						
A major study published in National Science Review offers a strong explanation. The research team reports that Earth's inner core is not behaving like a conventional solid -- instead, it exists in a superionic state in which light elements move through a stable iron framework as if they were liquid. This finding reshapes our picture of the planet's deepest layer.

The investigation, led by Prof. Youjun Zhang and Dr. Yuqian Huang of Sichuan University, together with Prof. Yu He from the Institute of Geochemistry, Chinese Academy of Sciences, demonstrates that iron-carbon alloys shift into a superionic phase under the inner core's extreme conditions. In this environment, carbon atoms zip through the iron lattice at high speeds, greatly reducing the alloy's stiffness.

"For the first time, we've experimentally shown that iron-carbon alloy under inner core conditions exhibits a remarkedly low shear velocity." said Prof. Zhang. "In this state, carbon atoms become highly mobile, diffusing through the crystalline iron framework like children weaving through a square dance, while the iron itself remains solid and ordered. This so-called "superionic phase" dramatically reduces alloy's rigidity."

Experimental Evidence Confirms Previous Predictions

Although computer simulations in 2022 suggested the inner core might take on this exotic form, confirming it in the laboratory had proven difficult -- until now. Using a dynamic shock compression platform, the researchers propelled iron-carbon samples to 7 kilometers per second, achieving pressures of up to 140 gigapascals and temperatures near 2600 kelvin, closely reproducing the environment found in the inner core.

By pairing in-situ sound velocity measurements with advanced molecular dynamics simulations, the team detected a dramatic loss of shear wave speed and a sharp increase in Poisson's ratio. These results align with the unexpectedly soft seismic characteristics recorded within Earth. On an atomic level, the data showed carbon atoms moving freely through iron's orderly structure, weakening it without causing the lattice to collapse.




A Superionic Core That Shapes Earth's Dynamics

The superionic model not only accounts for long-standing seismic anomalies but also expands our understanding of how the inner core contributes to Earth's internal processes. The motion of light elements may explain seismic anisotropy -- directional variations in seismic wave speeds -- and could also play a role in sustaining Earth's magnetic field.

"Atomic diffusion within the inner core represents a previously overlooked energy source for the geodynamo," said Dr. Huang. "In addition to heat and compositional convection, the fluid-like motion of light elements may help power Earth's magnetic engine."

The study also clarifies debates over the behavior of light elements under extreme pressure. Earlier research focused mainly on compounds or substitutional alloys, but this work highlights the key role of interstitial solid solutions (especially those involving carbon) in controlling the core's physical properties.

A Shift in How Scientists View Earth's Center

According to Prof. Zhang, these findings represent a major change in how scientists interpret the inner core. "We're moving away from a static, rigid model of the inner core toward a dynamic one," he explained.

The implications extend beyond Earth. Identifying a superionic phase in the inner core could also improve our understanding of magnetic and thermal evolution in other rocky planets and exoplanets. As Zhang notes, "Understanding this hidden state of matter brings us one step closer to unlocking the secrets of Earth-like planetary interiors."

This research was supported by the National Natural Science Foundation of China, the Sichuan Science and Technology Program, and the CAS Youth Interdisciplinary Team.
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Simple supplement mix shows remarkable results in brain cancer | ScienceDaily
Most cancer treatments, including chemotherapy, radiotherapy and immunotherapy, are designed to attack and destroy cancer cells. A growing group of researchers is now asking whether this long-standing approach may be missing something important. What if the real path to a cure is not to damage cancer, but to coax it into healing instead?


						
That provocative idea is at the heart of work led by Professor Indraneel Mittra at the Advanced Centre for Treatment, Research and Education in Cancer in Mumbai, India.

The concept is not completely new. In 1986, an article in the New Journal of Medicine by Dr. Harold Dvorak suggested that cancer behaves very much like a wound that never heals. Cancer and chronic wounds share many biological features, and Professor Mittra argues that, rather than always trying to destroy tumors, medicine should explore ways to help them move toward a healed, less aggressive state.

In a recent study involving people with glioblastoma, one of the most feared brain cancers, his team reports that a simple combination of two low-cost nutraceuticals appears to support exactly this kind of healing process.

Testing a Gentle Strategy in Glioblastoma

Glioblastoma is a fast-growing, highly aggressive brain tumor. Even with modern treatments such as surgery, chemotherapy and radiotherapy, used alone or together, patients typically survive a median of only about 15 months.

In the new study, published in BJC Reports, Professor Mittra and colleagues enrolled ten patients with glioblastoma and asked them to take a tablet containing small amounts of two nutraceuticals, resveratrol and copper. They took this tablet four times a day for an average of 11.6 days before their scheduled brain surgery.




Another group of ten patients, whose tumors were similarly aggressive but who did not receive resveratrol and copper, served as the control group.

During surgery, the team collected brain tumor samples from both groups. These samples were then examined in detail using microscopy, immune-staining, immunofluorescence and transcriptome analysis to see how the tumors differed.

The analyses showed that the nutraceutical tablets had a striking effect on tumor biology.

Dramatic Changes Inside the Tumors

Several key cancer markers shifted in a favorable direction in patients who received the resveratrol and copper tablets:
    	Average levels of the protein Ki-67, a widely used indicator of how quickly glioblastoma cells are dividing, were almost one third lower in treated tumors than in untreated ones. This suggests the cancer was growing less aggressively.
    	Biomarkers associated with nine major "hallmarks of cancer" were present in 57% fewer cells in the treated samples.
    	Levels of six immune checkpoints, proteins that normally prevent the immune system from attacking cancer cells, were on average 41% lower in the treated tumors.
    	Three markers linked to stem cells, which may help tumors spread and resist treatment, were 56% lower in the treated group.

Crucially, the patients who took the nutraceutical tablets did not experience any side-effects.




"These results suggest that a simple, inexpensive and non-toxic nutraceutical tablet potentially has the power to heal glioblastoma," said Professor Mittra.

Targeting Cell-Free Chromatin Particles (cfChPs)

So how might this apparent healing happen at the cellular level?

According to Professor Mittra, the key action involves resveratrol and copper acting on cell-free chromatin particles (cfChPs) (cfChPs) that circulate in the body. These are fragments of DNA released from dying cancer cells that can worsen the behavior of surviving cancer cells.

Earlier work from his group showed that when resveratrol and copper are combined, they generate oxygen radicals that deactivate or destroy cfChPs.

In the current study, the researchers found that cfChPs were abundant in tissue taken from untreated tumors, but were almost completely absent from tissue taken from tumors in patients who had received the nutraceutical tablets.

The findings suggest that dead cancer cells in the treated group were removed through apoptosis, a controlled cell death process, before they could release cfChPs into the surrounding environment.

Professor Mittra explains: "The cell-free chromatin particles, fragments of DNA released by dying cancer cells, inflame the surviving cancer cells. This makes the disease more aggressive.

"If you eliminate the cell-free chromatin, which is what the resveratrol-copper tablets do, the cancer is subdued."

He adds that with longer-term use, this approach might possibly lead to complete healing of the cancer, effectively turning a malignant tumor into a benign one.

Immune Checkpoints and a Low Cost Alternative

One of the most notable findings from the study is that the resveratrol-copper tablets reduced the activity of several immune checkpoints. Immune checkpoint inhibition has been hailed as a breakthrough in cancer therapy, because blocking these proteins can unleash the immune system against tumors. However, current immune checkpoint inhibitor drugs are extremely expensive and can cause significant side-effects.

In contrast, the nutraceutical combination used in this study is simple, non-toxic and inexpensive, yet still appears to downregulate multiple immune checkpoints. This raises the possibility of a more accessible way to influence some of the same pathways targeted by costly cancer drugs.

A Potential Shift in Cancer Treatment

A new approach to treating cancer has begun to emerge from these observations.

"We have been trying to kill cancer cells for 2,500 years, since the time of the ancient Greeks, without success," says Professor Mittra.

"Maybe it is time to look at cancer treatment differently and work towards healing tumors, rather than annihilating them.

"Of course, the number of patients in this study was rather small. However, the results were so striking that I'd fully expect them to be replicated in a larger sample of patients.

"I believe that we may be on the brink of transforming the way cancer is treated."

Professor Indraneel Mittra is Dr. Ernest Borges Chair in Translational Research and Professor Emeritus in the Department of Surgical Oncology at the Advanced Centre for Treatment, Research and Education in Cancer (ACTREC), Tata Memorial Centre, Mumbai.

This study was supported by the Department of Atomic Energy, Government of India, through its grant CTCTMC to the Tata Memorial Centre awarded to Indraneel Mittra.
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James Webb catches a giant helium cloud pouring off a puffy planet | ScienceDaily
An international group of researchers, including astronomers from the University of Geneva (UNIGE) and the National Centre of Competence in Research PlanetS, has detected enormous clouds of helium drifting away from the exoplanet WASP-107b. The team gathered these observations with the James Webb Space Telescope and analyzed them using modeling tools created at UNIGE. Their results, reported in Nature Astronomy, offer important insights into atmospheric escape, a process that plays a central role in how planets evolve and develop their observable features.


						
Planetary atmospheres do not always remain intact. Even Earth steadily loses a small amount of material to space, shedding a little more than 3 kg of gas every second (mainly hydrogen). This continual loss, known as "atmospheric escape," is especially relevant for planets that orbit extremely close to their stars. The intense heat they experience can drive dramatic outflows of gas, making the phenomenon a key factor in the long-term transformation of such worlds.

Webb's First Helium Detection on an Exoplanet

Using the James Webb Space Telescope, researchers from UNIGE and universities in McGill, Chicago, and Montreal observed broad streams of helium leaving WASP-107b. The planet lies more than 210 light-years from our solar system. This marks the first time JWST has detected this element on an exoplanet, enabling scientists to examine the escaping gases in much greater detail than before.

A Deeply Inflated Super-Puff World

WASP-107b, discovered in 2017, orbits its star at a distance far tighter than Mercury's orbit around the Sun. Although it is similar in size to Jupiter, it contains only about one-tenth of Jupiter's mass. This extremely low density places it within the "super-puff" category of planets, which are known for their large size and unusually light composition.

The escaping helium originates from the planet's extended upper atmosphere, known as the "exosphere." This cloud is so large that it begins dimming the star's light even before the planet itself passes in front of it. "Our atmospheric escape models confirm the presence of helium flows, both ahead and behind the planet, extending in the direction of its orbital motion to nearly ten times the planet's radius," says Yann Carteret, a doctoral student in the Department of Astronomy at the Faculty of Science of the University of Geneva and co-author of the study.




Chemical Signatures Reveal the Planet's Past

Along with helium, researchers identified water and several chemical compounds (including carbon monoxide, carbon dioxide, and ammonia) in WASP-107b's atmosphere. They also found no detectable methane, even though JWST is capable of identifying it. These results help scientists reconstruct the planet's early history. Evidence suggests that WASP-107b originally formed far from its current location before migrating inward. This inward shift could explain both its swollen atmosphere and the significant gas loss observed today.

The findings serve as a key reference for understanding how distant worlds change over time. "Observing and modeling atmospheric escape is a major research area at the UNIGE Department of Astronomy because it is thought to be responsible for some of the characteristics observed in the exoplanet population," explains Vincent Bourrier, senior lecturer and research fellow in the Department of Astronomy at the UNIGE Faculty of Science and co-author of the study.

"On Earth, atmospheric escape is too weak to drastically influence our planet. But it would be responsible for the absence of water on our close neighbor, Venus. It is therefore essential to fully understand the mechanisms at work in this phenomenon, which could erode the atmosphere of certain rocky exoplanets," he concludes.
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Human brains light up for chimp voices in a way no one expected | ScienceDaily
The human brain is not limited to recognizing our own voices. Research from the University of Geneva (UNIGE) has revealed that specific parts of the auditory cortex react strongly to chimpanzee vocalizations. Chimpanzees are our closest relatives both genetically and in the types of sounds they produce. The study, which appears in the journal eLife, indicates that certain subregions of the brain may be especially tuned to the calls of particular primate species. This insight offers a new way to explore how voice recognition emerged and how it may relate to the development of language.


						
Human voices play a central role in social communication, and a significant portion of the auditory cortex is devoted to interpreting them. Researchers wanted to know whether these abilities have deeper evolutionary origins. To investigate this question, scientists from UNIGE's Faculty of Psychology and Educational Sciences used a comparative approach grounded in species evolution. By examining how the human brain processes the vocalizations of closely related species, such as chimpanzees, bonobos and macaques, they aimed to identify traits shared with other primates. This approach helps shed light on how the neural foundations of vocal communication began to emerge long before language existed.

Studying How the Brain Responds to Primate Calls

In the experiment, 23 human volunteers listened to vocal sounds from four species. Human voices served as the control group. Chimpanzee calls were included because these primates are closely related to us both genetically and acoustically. Bonobo vocalizations were also tested, even though they often sound more like birdsong. Macaque calls were added because these primates are more distantly related to humans both evolutionarily and acoustically. Researchers used functional magnetic resonance imaging (fMRI) to examine activity across the auditory cortex. "Our intention was to verify whether a subregion sensitive specifically to primate vocalizations existed," explains Leonardo Ceravolo, research associate at UNIGE's Faculty of Psychology and Educational Sciences and first author of the study.

A Distinct Neural Response to Chimpanzee Vocalizations

The results confirmed their expectations. A part of the auditory cortex known as the superior temporal gyrus, which plays a key role in processing sounds related to language, music and emotional cues, showed increased activation when participants heard certain primate calls. "When participants heard chimpanzee vocalizations, this response was clearly distinct from that triggered by bonobos or macaques."

This pattern is particularly striking because bonobos are just as genetically close to humans as chimpanzees, yet their vocalizations differ greatly in acoustic structure. The findings suggest that both evolutionary closeness and similarity in sound features influence how the human brain reacts.

What the Findings Suggest About Language Evolution

This discovery offers new directions for understanding how the neural basis of communication evolved. It indicates that some parts of the human brain may have preserved a sensitivity to the calls of our closest primate relatives. "We already knew that certain areas of the animal brain reacted specifically to the voices of their fellow creatures. But here, we show that a region of the adult human brain, the anterior superior temporal gyrus, is also sensitive to non-human vocalizations," notes Leonardo Ceravolo.

These results support the idea that humans and great apes share vocal processing abilities that existed before spoken language emerged. They may also help explain how voice recognition develops in early life. For instance, this line of research could clarify how babies begin recognizing familiar voices while still in utero.
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Simple light trick reveals hidden brain pathways in microscopic detail | ScienceDaily
Every tissue in the human body contains exceptionally small fibers that help coordinate how organs move, function and communicate. Muscle fibers guide physical force, intestinal fibers support the motion of the digestive tract, and brain fibers carry electrical signals that allow different regions to exchange information. Together, these intricate fiber systems help shape the structure of each organ and keep them operating properly.


						
Many diseases disrupt these delicate networks. In the brain, damage to fiber connections appears across nearly all neurological disorders, where it contributes to changes in neural communication.

Although these microscopic structures play essential roles, they have long been challenging to study. Researchers have struggled to determine how fibers are oriented inside tissues, which has made it difficult to fully understand how they change in health and disease.

A Simple Method for Revealing Hidden Microstructure

A research team led by Marios Georgiadis, PhD, instructor of neuroimaging, has now introduced an approach that makes these hard-to-see fiber patterns visible with exceptional clarity and at a relatively low cost.

Their technique, described in Nature Communications, is known as computational scattered light imaging (ComSLI). It can reveal the orientation and organization of tissue fibers at micrometer resolution on virtually any histology slide, regardless of how it was stained or preserved -- even if the slide is many decades old.

Michael Zeineh, MD, PhD, professor of radiology, served as co-senior author with Miriam Menzel, PhD, a former visiting scholar in Zeineh's laboratory.




"The information about tissue structures has always been there, hidden in plain sight," Georgiadis said. "ComSLI simply gives us a way to see that information and map it out."

How ComSLI Maps Fiber Orientation

Traditional imaging strategies come with significant limitations. MRI can highlight large anatomical networks but cannot capture tiny cellular structures. Histology techniques often require specialized stains, high-end equipment and carefully preserved samples, and they still struggle to depict fiber crossings clearly.

ComSLI relies on a basic physical principle: when light encounters microscopic structures, it scatters in different directions based on their orientation. By rotating the light source and recording how the scattering signal changes, researchers can reconstruct the direction of the fibers within each pixel of an image.

The method requires only a rotating LED light and a microscope camera, making the setup accessible compared with other forms of advanced microscopy. After the images are collected, software analyzes delicate patterns in the scattered light to generate color-coded maps of fiber orientation and density, known as microstructure-informed fiber orientation distributions.

ComSLI is not limited by sample preparation. It works with formalin-fixed, paraffin-embedded sections (a standard in hospitals and pathology labs) as well as fresh-frozen, stained or unstained slides.




Scientists can also revisit slides originally created for unrelated projects, even those stored for decades, allowing new structural insights without altering the samples.

"This is a tool that any lab can use," Zeineh said. "You don't need specialized preparation or expensive equipment. What excites me most is that this approach opens the door for anyone, from small research labs to pathology labs, to uncover new insights from slides they already have."

Mapping Neural Microstructure and Disease

A major goal in neuroscience has been to chart the brain's microscopic pathways with high precision. Using ComSLI, Georgiadis and colleagues visualized full formalin-fixed, paraffin-embedded human brain sections and standard-sized slides, revealing detailed fiber structures throughout the tissue.

They also examined how these fibers change in neurological conditions such as multiple sclerosis, leukoencephalopathy and Alzheimer's disease.

One focus was the hippocampus, a deep-brain region central to memory formation and retrieval and often affected early in neurodegeneration. When comparing a hippocampal section from a patient with Alzheimer's disease to a healthy sample, the team observed clear structural deterioration. Fiber crossings that normally help connect regions of the hippocampus were greatly diminished, and a major pathway responsible for bringing memory-related signals into the region (the perforant pathway) was barely visible. The healthy hippocampus, in contrast, showed a dense and interconnected network of fibers across the entire area. With these detailed maps, researchers can see how memory circuits break down as disease progresses.

To test the limits of the method, the researchers analyzed a brain section prepared in 1904. Even in this century-old sample, ComSLI identified intricate fiber patterns, allowing scientists to study historical specimens and explore how structural features evolve across generations of disease.

Applications Beyond the Brain

Although first designed for brain research, ComSLI also works well in other tissues. The team used it to study muscle, bone and vascular samples, each revealing unique fiber arrangements tied to their biological functions.

In tongue muscle, the method highlighted layered fiber orientations linked to movement and flexibility. In bone, it captured collagen fibers that align with mechanical stress. In arteries, it showed alternating collagen and elastin layers that support both strength and elasticity.

This ability to map fiber orientation across species, organs and archival specimens could significantly change how scientists investigate structure and function. It also means that millions of stored slides around the world may contain untapped microstructural information.

"Although we just presented the method, there are already multiple requests for scanning samples and replicating the ComSLI setup -- so many labs and clinics would like to have micron-resolution fiber orientation and micro-connectivity on their histology sections," Georgiadis said. "Another exciting plan is to go back to well-characterized brain archives or brain sections of famous people, and recover this micro-connectivity information, revealing 'secrets' that have been considered long lost. This is the beauty of ComSLI."
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Small root mutation could make crops fertilize themselves | ScienceDaily

That is the conclusion reached by Kasper Rojkjaer Andersen and Simona Radutoiu, professors of molecular biology at Aarhus University.

Their new research highlights an important biological clue that could help reduce agriculture's heavy reliance on artificial fertilizer.

Plants require nitrogen to grow, and most crop species can obtain it only through fertilizer. A small group of plants, including peas, clover, and beans, can grow without added nitrogen. They do this by forming a partnership with specific bacteria that turn nitrogen from the air into a form the plant can absorb.

Unlocking the Secrets Behind Natural Nitrogen Fixation

Scientists worldwide are working to understand the genetic and molecular basis of this natural nitrogen-fixing ability. The hope is that this trait could eventually be introduced into major crops such as wheat, barley, and maize.

If achieved, these crops could supply their own nitrogen. This shift would reduce the need for synthetic fertilizer, which currently represents about two percent of global energy consumption and produces significant CO2 emissions.




Researchers at Aarhus University have now identified small receptor changes in plants that cause them to temporarily shut down their immune defenses and enter a cooperative relationship with nitrogen-fixing bacteria.

How Plants Decide Between Defense and Cooperation

Plants rely on cell-surface receptors to sense chemical signals from microorganisms in the soil.

Some bacteria release compounds that warn the plant they are "enemies," prompting defensive action. Others signal that they are "friends" able to supply nutrients.

Legumes such as peas, beans, and clover allow specialized bacteria to enter their roots. Inside these root tissues, the bacteria convert nitrogen from the atmosphere and share it with the plant. This partnership, known as symbiosis, is the reason legumes can grow without artificial fertilizer.

Aarhus University researchers found that this ability is strongly influenced by just two amino acids, which act as small "building blocks" within a root protein.




"This is a remarkable and important finding," says Simona Radutoiu.

The root protein functions as a "receptor" that reads signals from bacteria. It determines whether the plant should activate its immune system (alarm) or accept the bacteria (symbiosis).

The team identified a small region in the receptor protein that they named Symbiosis Determinant 1. This region functions like a switch that controls which internal message the plant receives.

By modifying only two amino acids within this switch, the researchers changed a receptor that normally triggers immunity so that it instead initiated symbiosis with nitrogen-fixing bacteria.

"We have shown that two small changes can cause plants to alter their behavior on a crucial point -- from rejecting bacteria to cooperating with them," Radutoiu explains.

Expanding the Potential to Major Food Crops

In laboratory experiments, the researchers successfully engineered this change in the plant Lotus japonicus. They then tested the concept in barley and found that the mechanism worked there as well.

"It is quite remarkable that we are now able to take a receptor from barley, make small changes in it, and then nitrogen fixation works again," says Kasper Rojkjaer Andersen.

The long-term potential is significant. If these modifications can be applied to other cereals, it may ultimately be possible to breed wheat, maize, or rice capable of fixing nitrogen on their own, similar to legumes.

"But we have to find the other, essential keys first," Radutoiu notes.

"Only very few crops can perform symbiosis today. If we can extend that to widely used crops, it can really make a big difference on how much nitrogen needs to be used."
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New cosmic lens measurements deepen the Hubble tension mystery | ScienceDaily
Cosmologists are grappling with a major unresolved puzzle: they do not all agree on how fast the universe is expanding, and solving this puzzle could point to new physics. To check for hidden errors in traditional measurements that rely on markers such as supernovae, astronomers continually look for fresh ways to track cosmic expansion. In recent work, researchers including scientists at the University of Tokyo measured the universe's growth using new techniques and data from some of the most advanced telescopes available. Their approach takes advantage of the fact that light from extremely distant objects can travel to us along several different paths. Comparing these different routes helps refine models of what is happening on the very largest scales in the universe, including how space itself is stretching.


						
How fast is the universe expanding?

We know that the universe is enormous, and it is steadily growing larger. Its exact size is unknown, but its rate of expansion can be measured. This turns out to be more complicated than it sounds, because the expansion appears faster when we look at more distant regions of space. For every 3.3 million light years (or one megaparsec) of distance from Earth, objects at that distance appear to be moving away from us at about 73 kilometers per second. Put another way, the universe expands at 73 kilometers per second per megaparsec (km/s/Mpc), a value known as the Hubble constant.

Distance ladders and a new way to measure the Hubble constant

Scientists have developed several methods to estimate the Hubble constant, but until now they have all relied on so-called distance ladders. These ladders are built from objects such as supernovae and special stars called Cepheid variable stars. Because these objects are considered well understood, astronomers assume that even when they are observed in other galaxies, they can be used to estimate distances with high precision. Over decades of observations of many such objects, the allowed range for the Hubble constant has become narrower. However, some uncertainty has always remained about how reliable this approach is, so cosmologists are eager to test alternatives.

In their latest study, a team of astronomers that includes Project Assistant Professor Kenneth Wong and postdoctoral researcher Eric Paic from the University of Tokyo's Research Center for the Early Universe has successfully demonstrated a technique called time-delay cosmography. They argue that this method can reduce the field's dependence on distance ladders and could also have valuable applications in other branches of cosmology.

Using gravitational lensing as a cosmic measurement tool

"To measure the Hubble constant using time-delay cosmography, you need a really massive galaxy that can act as a lens," said Wong. "The gravity of this 'lens' deflects light from objects hiding behind it around itself, so we see a distorted version of them. This is called gravitational lensing. If the circumstances are right, we'll actually see multiple distorted images, and each will have taken a slightly different pathway to get to us, taking different amounts of time. By looking for identical changes in these images that are slightly out of step, we can measure the difference in time they took to reach us. Coupling this data with estimates on the distribution of the mass of the galactic lens that's distorting them is what allows us to calculate the acceleration of distant objects more accurately. The Hubble constant we measure is well within the ranges supported by other modes of estimation."




The Hubble tension: conflicting views of the expanding universe

It may seem puzzling that researchers invest so much effort to refine a number that has already been measured many times. The reason is that this value sits at the heart of how scientists reconstruct the history and evolution of the universe, and there is a serious unresolved discrepancy. The value of 73 km/s/Mpc for the Hubble constant agrees with observations of relatively nearby objects. However, there are other ways to infer the cosmic expansion rate that look much farther back in time. One key method uses the radiation that fills the universe and traces back to the big bang, known as the cosmic microwave background (CMB). When scientists analyze the CMB to estimate the Hubble constant, they obtain a lower value of 67 km/s/Mpc.

This mismatch between 73 km/s/Mpc and 67 km/s/Mpc is called the Hubble tension. The work by Wong, Paic and their colleagues helps illuminate what might be causing this tension, at a time when it is still unclear whether the discrepancy is simply due to experimental uncertainties or points to something deeper.

Is the Hubble tension pointing to new physics?

"Our measurement of the Hubble constant is more consistent with other current-day observations and less consistent with early-universe measurements. This is evidence that the Hubble tension may indeed arise from real physics and not just some unknown source of error in the various methods," said Wong. "Our measurement is completely independent of other methods, both early- and late-universe, so if there are any systematic uncertainties in those methods, we should not be affected by them."

"The main focus of this work was to improve our methodology, and now we need to increase the sample size to improve the precision and decisively settle the Hubble tension," said Paic. "Right now, our precision is about 4.5%, and in order to really nail down the Hubble constant to a level that would definitively confirm the Hubble tension, we need to get to a precision of around 1-2%."

More lenses, more quasars, and higher precision




The researchers are optimistic that they can reach this higher level of accuracy. In the current study, they analyzed eight time-delay lens systems. Each system contains a foreground galaxy that acts as a lens and blocks our direct view of a distant quasar (a supermassive black hole that is accreting gas and dust, causing it to shine brightly). They also incorporated new observations from cutting-edge space-based and ground-based observatories, including the James Webb Space Telescope. Looking ahead, the team plans to expand the number of lens systems they study, refine their measurements, and carefully identify or eliminate any remaining systematic sources of error.

Mass distribution uncertainties and a global cosmology effort

"One of the largest sources of uncertainty is the fact that we don't know exactly how the mass in the lens galaxies is distributed. It is usually assumed that the mass follows some simple profile that is consistent with observations, but it is hard to be sure, and this uncertainty can directly influence the values we calculate," said Wong. "The Hubble tension matters, as it may point to a new era in cosmology revealing new physics. Our project is the result of a decades-long collaboration between multiple independent observatories and researchers, highlighting the importance of international collaboration in science."

Funding: This work was supported by NASA (grants 80NSSC22K1294 and HST-AR-16149), the Max Planck Society (Max Planck Fellowship), the Deutsche Forschungsgemeinschaft under Germany's Excellence Strategy (EXC-2094, 390783311), the U.S. National Science Foundation (grants NSF-AST-1906976, NSF-AST-1836016, NSF-AST-2407277), the Moore Foundation (grant 8548), and JSPS KAKENHI (grant numbers JP20K14511, JP24K07089, JP24H00221).
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Astronomers capture sudden black hole blast firing ultra fast winds | ScienceDaily
Leading X-ray observatories XMM-Newton and XRISM have captured a remarkable and previously unrecorded eruption from a supermassive black hole. Over the course of only a few hours, the intense gravity of this object stirred up extremely fast winds that pushed material outward at an astonishing 60,000 km per second.


						
This enormous black hole sits in NGC 3783, a striking spiral galaxy recently photographed by the NASA/ESA Hubble Space Telescope. Astronomers observed a bright X-ray flare burst from the black hole and fade almost immediately. As the flare diminished, high-velocity winds appeared, racing outward at roughly one-fifth the speed of light.

"We've not watched a black hole create winds this speedily before," says lead researcher Liyi Gu at Space Research Organization Netherlands (SRON). "For the first time, we've seen how a rapid burst of X-ray light from a black hole immediately triggers ultra-fast winds, with these winds forming in just a single day."

Inside an Active Galactic Nucleus

To investigate NGC 3783 and its central black hole, Gu and his team used the European Space Agency's XMM-Newton together with the X-Ray Imaging and Spectroscopy Mission (XRISM), a JAXA-led mission with ESA and NASA participation.

The black hole, containing the mass of about 30 million Suns, consumes nearby gas and dust. This activity powers a brilliantly luminous and energetic zone at the galaxy's center called an Active Galactic Nucleus (AGN). AGNs emit light across the electromagnetic spectrum and can drive strong jets and winds into their surroundings.

"AGNs are really fascinating and intense regions, and key targets for both XMM-Newton and XRISM," notes Matteo Guainazzi, ESA XRISM Project Scientist and co-author of the discovery.




"The winds around this black hole seem to have been created as the AGN's tangled magnetic field suddenly 'untwisted' -- similar to the flares that erupt from the Sun, but on a scale almost too big to imagine."

Black Hole Winds That Echo Solar Eruptions

The newly detected winds resemble the Sun's coronal mass ejections, powerful outbursts that launch huge clouds of charged material into space. This comparison suggests that, in some moments, a supermassive black hole can behave in ways similar to our own star, making these distant giants feel slightly more familiar.

A real-world example occurred on November 11, when the Sun produced a coronal mass ejection following an intense flare. The material expelled during that solar event shot out at initial speeds of 1500 km per second.

"Windy AGNs also play a big role in how their host galaxies evolve over time, and how they form new stars," says Camille Diez, a team member and ESA Research Fellow.

"Because they're so influential, knowing more about the magnetism of AGNs, and how they whip up winds such as these, is key to understanding the history of galaxies throughout the Universe."

Two Telescopes Working in Unison




XMM-Newton has spent more than 25 years exploring the hottest and most extreme environments in space, while XRISM has been studying how matter and energy move through the Universe since its launch in September 2023.

Together, these missions uncovered this extraordinary episode and helped scientists understand the flare and the resulting winds. XMM-Newton followed the evolution of the flare with its Optical Monitor and measured the reach of the winds using the European Photon Imaging Camera (EPIC). XRISM detected the flare and winds with its Resolve instrument, which analyzed their velocity, structure, and the processes that launched them.

"Their discovery stems from successful collaboration, something that's a core part of all ESA missions," explains ESA XMM-Newton Project Scientist Erik Kuulkers.

"By zeroing in on an active supermassive black hole, the two telescopes have found something we've not seen before: rapid, ultra-fast, flare-triggered winds reminiscent of those that form at the Sun. Excitingly, this suggests that solar and high-energy physics may work in surprisingly familiar ways throughout the Universe."
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Single enzyme mutation reveals a hidden trigger in dementia | ScienceDaily
Why do neurons die in dementia, and can this process be slowed down? A research group led by Prof. Marcus Conrad, Director of the Institute of Metabolism and Cell Death at Helmholtz Munich and Chair of Translational Redox Biology at the Technical University of Munich (TUM), has reported in Cell how nerve cells shield themselves from ferroptotic cell death.


						
Their findings center on the selenoenzyme glutathione peroxidase 4 (GPX4), which is essential for preventing this type of cell damage. A single genetic change that affects GPX4 disrupts a previously unrecognized feature of the enzyme's function. In children who inherit this mutation, the result is a severe form of early-onset dementia. When GPX4 works properly, it positions a short protein loop -- described as a "fin" -- inside the inner surface of the neuronal membrane. This allows GPX4 to neutralize lipid peroxides, harmful molecules that would otherwise damage the membrane.

How a Tiny Protein "Fin" Protects Neurons

"GPX4 is a bit like a surfboard," says Conrad. "With its fin immersed into the cell membrane, it rides along the inner surface and swiftly detoxifies lipid peroxides as it goes." In children with early-onset dementia, a point mutation reshapes this fin-like loop. The altered enzyme can no longer insert itself into the membrane correctly, leaving lipid peroxides free to accumulate. When this happens, the membrane becomes vulnerable, ferroptosis is triggered, the cell ruptures, and neurons are lost.

The research began with three children in the United States who have an extremely rare form of early childhood dementia. All three share the same alteration in the GPX4 gene, identified as the R152H mutation. Scientists used cells from one affected child and reverted them to a stem-cell-like state to investigate the mutation's effects. These stem cells were then used to grow cortical neurons and three-dimensional brain-like structures known as brain organoids.

Evidence From Mouse Models and Protein Analysis

To explore the mutation at the level of the whole organism, the team introduced the R152H variant into a mouse model. This allowed them to modify the GPX4 enzyme in specific types of nerve cells. The mice gradually developed marked motor problems, experienced significant neuron loss in the cerebral cortex and cerebellum, and showed strong neuroinflammatory responses. These findings closely matched what had been observed in the affected children and resembled patterns seen in neurodegenerative conditions.




The researchers also examined how protein levels changed in the experimental model. They found shifts very similar to those documented in Alzheimer's disease. Many proteins that increase or decrease in Alzheimer's patients showed the same disruptions in mice without functional GPX4. This pattern indicates that ferroptotic stress may be involved not only in this rare childhood condition, but also in more common dementia-related disorders.

Rethinking the Origins of Dementia

"Our data indicate that ferroptosis can be a driving force behind neuronal death -- not just a side effect," says Dr. Svenja Lorenz, one of the first authors. "Until now, dementia research has often focused on protein deposits in the brain, so-called amyloid ss plaques. We are now putting more emphasis on the damage to cell membranes that sets this degeneration in motion in the first place."

Early tests show that blocking ferroptosis can slow the cell death caused by loss of GPX4 in both cell cultures and the mouse model. "This is an important proof of principle, but it is not yet a therapy," explains Dr. Tobias Seibt, nephrologist at LMU University Hospital Munich and co-first author. According to Dr. Adam Wahida, also a first author, "In the long term, we can imagine genetic or molecular strategies to stabilize this protective system. For now, however, our work clearly remains in the realm of basic research."

Long-Term Collaboration Reveals a Crucial Molecular Clue

The project reflects a scientific collaboration that has expanded over many years, involving genetics, structural biology, stem cell research, and neuroscience, with contributions from several dozen researchers at institutions around the world. "It has taken us almost 14 years to link a yet-unrecognized small structural element of a single enzyme to a severe human disease," says Conrad. "Projects like this vividly demonstrate why we need long-term funding for basic research and international multidisciplinary teams if we are to truly understand complex diseases such as dementia and other neurodegenerative disease conditions."
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A cosmic collision reveals how black holes really behave | ScienceDaily
Ten years after the first detection of gravitational waves from two merging black holes, the LIGO-Virgo-KAGRA collaboration, which includes Columbia University astronomer Maximiliano Isi, has captured a remarkably similar event with far greater detail. Advances in detector sensitivity allowed the team to observe this latest collision almost four times more clearly than the original discovery. With this improved view, researchers were able to verify two major predictions: that black holes produced through mergers never become smaller in total size, as proposed by Stephen Hawking, and that disturbed black holes vibrate in a way that resembles the ringing of a bell, a behavior expected from Albert Einstein's general theory of relativity.


						
"This unprecedentedly clear signal of the black hole merger known as GW250114 puts to the test some of our most important conjectures about black holes and gravitational waves," Isi said.

Revisiting Hawking's Prediction

In 1971, Stephen Hawking proposed that a black hole's event horizon, its outer boundary where neither light nor matter can escape, cannot shrink.

In 2021, Isi and colleagues used LIGO data to examine gravitational waves emitted during a black hole merger and produced one of the first observational confirmations of Hawking's idea. At the time, The New York Times noted that if this confirmation had come while Hawking was still alive, it might have contributed to him receiving a Nobel Prize.

Higher Precision Reinforces the Theory

The newly analyzed signal strengthens the earlier findings with far greater accuracy. It shows that the surface area of the final merged black hole is always at least as large as the combined areas of the two original black holes. This level of precision was possible because the study drew on data from both LIGO detectors, located in Washington state and Louisiana.




Researchers also succeeded in separating and examining the gravitational waves produced after the merger. By studying the pitch and duration of these post-collision waves, they uncovered new insights into the size and internal characteristics of the newly formed black hole. (The process works in much the same way that analyzing the pitch of a sound emitted by a hollow instrument can tell you about the size and shape of both the instrument and the object that struck it.)

Strongest Evidence Yet for a Kerr Black Hole

Their findings showed that the final black hole matches the expectations of a "Kerr black hole." In the 1960s, mathematician Roy Kerr solved Einstein's equations to describe the precise structure of a rotating black hole. Physicists generally expect all black holes to behave according to this solution, but obtaining direct proof has been extremely difficult. By analyzing the vibrations of the merged black hole in this especially clear signal, Isi and the LIGO team produced the most compelling evidence to date that real black holes follow Kerr's model.

"Over the next decade, gravitational wave detectors like LIGO will continue to improve, giving us a sharper view of black holes and their mysteries," Isi said, "I can't wait to see what we find out."
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Her food cravings vanished on Mounjaro then roared back | ScienceDaily
A unique opportunity to observe deep brain activity in a person with obesity and loss of control eating provided new insight into how tirzepatide, sold as Mounjaro and Zepbound, interacts with the brain. Recordings showed that the medication reduced activity in the brain's reward center, a region linked to food noise and compulsive cravings, although this reduction did not last.


						
Researchers noted that tirzepatide is a glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) receptor agonist originally created for Type 2 diabetes. Early findings suggest it may also help with conditions related to impulse control, including binge eating disorder. However, the new report from the Perelman School of Medicine at the University of Pennsylvania cautions that current GLP-1 and GIP inhibitors may not be fully optimized for treating these behaviors and warrant more investigation. The case study appears in Nature Medicine.

"This study offers major insights into how these drugs may work inside the brain and will guide us as we explore new indications," said senior author Casey H. Halpern, MD, a professor of Neurosurgery and head of the Division of Stereotactic and Functional Neurosurgery. "Until we better understand their action on the brain, it's far too soon to call GLP-1 and GIP inhibitors miracle drugs for more conditions beyond type 2 diabetes and obesity."

Understanding Loss of Control Eating and Food Noise

Loss of control eating is widespread, affecting many people with obesity as well as multiple eating disorders. Binge eating disorder (BED) is considered the most common eating disorder in the United States, impacting more than 3 million individuals. People with BED often feel unable to stop eating and continue long after they feel full.

Critical brain regions involved in regulating eating behavior include the hypothalamus and the nucleus accumbens (NAc), which serves as a key reward center. The NAc helps govern motivation, pleasure-seeking behaviors, and impulse control. Studies have shown that in people with obesity and BED, signaling within the NAc and related circuits becomes disrupted.

Even without a diagnosis of BED, up to 60 percent of individuals with obesity experience persistent "food noise," a constant stream of thoughts about food that can lead to distress and maladaptive patterns such as bingeing or loss of control eating. Food noise is also common in bulimia nervosa and anorexia nervosa. Research has linked binge eating with an increased risk of suicide among people with obesity and eating disorders, likely tied to impulsive traits and emotional dysregulation.




"Developing new ways to treat these patients is of the utmost importance," said Halpern. "While many individuals taking GLP-1 and GIP inhibitors report a reduction in food noise, these medications are not FDA-approved to treat food preoccupation and its related impulsivity. In fact, their impact on human brain activity has only begun to be studied."

A Patient's Struggle With Severe Obesity and Food Noise

A 60-year-old woman referred to as "Participant 3" in the study was living with severe, treatment-resistant obesity and persistent food noise. She described constant, intrusive thoughts about food that frequently led her to order takeout or snack throughout the day, even when she tried to stop. She often ate until she felt uncomfortably full and was especially drawn to sugary and salty foods such as packaged cupcakes, fast-food roast beef sandwiches, and French fries. She also had Type-2 diabetes and had previously been prescribed dulaglutide, a GLP-1 inhibitor, but it did not reduce her weight or her obsessive focus on food.

After attempting numerous treatments including bariatric surgery, medications, behavioral therapy, and other interventions for disordered eating, she joined Halpern's clinical trial. The study involved brain surgery to implant electrodes designed to eventually detect and interrupt cravings before they escalated into binge episodes.

How Brain Signals Reveal the Onset of Cravings

Halpern's earlier research identified a distinct pattern of electrical activity in the NAc that appears right before a person begins to fixate on food and feels the urge to binge. This activity does not appear when a person is simply hungry before a typical meal. A previous pilot trial led by Halpern showed that delivering high-frequency electrical stimulation to the NAc exactly when these craving signals emerged could stop binge eating behavior.




In the current study of four participants, intracranial electroencephalography (iEEG) electrodes were implanted in individuals with obesity and loss of control eating. Similar to systems used for epilepsy and Parkinson's disease, the device recorded activity in the NAc as participants encountered foods known to trigger their binge episodes.

After establishing each person's baseline responses, the research team programmed the electrodes to deliver high-frequency stimulation when craving-related signals were detected. Over six months, participants reported large reductions in loss of control sensations and fewer binge episodes.

Tirzepatide Offers a Rare Research Window

Before surgery, Participant 3 was prescribed tirzepatide to manage her Type-2 diabetes after the first GLP-1 inhibitor did not help her. Her dose was gradually increased to the maximum before and after electrode implantation, since diabetes increases infection risks following surgery. This created an unusual opportunity for researchers to observe how tirzepatide affects brain signals tied to cravings in real time.

"Brain surgery to implant the electrodes is invasive, and thus it is extremely rare to study human brain activity in this way," said Halpern. "Research fuels more research; This participant was already taking tirzepatide when she enrolled in the trial, but before any stimulation was delivered, giving us a unique opportunity to make foundational observations about how the drug alters brain signals."

Tirzepatide's Effects Fade Over Time

Once Participant 3 reached her full tirzepatide dose and had the electrodes implanted, she reported no food preoccupation, and her NAc activity reflected this silence. After roughly five months, however, the previously quiet NAc activity reappeared, along with intense food noise. This shift suggested that tirzepatide's effect on her loss of control eating was temporary and that the underlying patterns of food preoccupation had resurfaced.

Other participants in the trial who were not taking tirzepatide consistently showed heightened NAc activity and frequent food preoccupation, which aligned with earlier observations from Halpern's group. The dramatic reduction in signaling seen only in Participant 3 strongly indicated that tirzepatide temporarily suppressed this activity.

"GLP-1 and GIP inhibitors are amazing medications at doing what they were developed for -- managing blood sugar in people with type 2 diabetes and weight loss in obesity," said study investigator Kelly Allison, PhD, a professor of Psychiatry and Director of the Center for Weight and Eating Disorders. "This research shows us that they might be useful to manage food preoccupation and binge eating, but not in their current form."

"Although this study only featured the data from one person taking tirzepatide, it provides compelling data about how GLP-1 and GIP inhibitors alter electrical signals in the brain," said co-first author Wonkyung Choi, a PhD candidate in Halpern's lab. "These insights should inspire further research into developing a treatment better tailored to the impulsivity traits of obesity and related eating disorders that is safe and long-lasting."

This research was supported by the National Institutes of Health (7UH3NS103446-03, 1R01MH124760-01A1, R25MH119043 and T32NS091008).
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Stunning blue pigment on a 13,000-year-old artifact surprises scientists | ScienceDaily
At the Final Paleolithic site of Muhlheim-Dietesheim in Germany, researchers from Aarhus University identified faint blue traces on a stone artifact that dates to roughly 13,000 years ago. After applying a variety of advanced scientific techniques, the team determined that the residue came from azurite, a bright blue mineral pigment that has not previously been documented in Paleolithic art in Europe.


						
"This challenges what we thought we knew about Paleolithic pigment use," said Dr. Izzy Wisher, the lead author of the study.

Rethinking Color in Paleolithic Art

For many years, experts assumed that Ice Age artists relied almost entirely on red and black pigments, since nearly all surviving artwork from this time uses those colors. The limited palette was often attributed to a scarcity of blue minerals or to the belief that blue held little appeal. Because blue pigments rarely appear in the known artistic record, the new evidence hints that early people may have used them for personal decoration or for coloring textiles - practices that typically leave only subtle archaeological traces.

"The presence of azurite shows that Paleolithic people had a deep knowledge of mineral pigments and could access a much broader color palette than we previously thought - and they may have been selective in the way they used certain colors," Izzy Wisher says.

A New Interpretation of an Ancient Tool

The stone containing the azurite residue was initially classified as an oil lamp. Current analysis suggests it functioned instead as a surface for preparing pigments, possibly serving as a palette for grinding or mixing blue materials. This interpretation points to artistic or cosmetic traditions that seldom survive in the archaeological record.




Broader Implications for Early Human Culture

The discovery encourages a fresh evaluation of how color shaped Paleolithic expression. It raises new questions about how early humans conveyed identity, status, and cultural beliefs through materials that were likely more diverse and visually striking than previously assumed.

The research involved collaboration with Rasmus Andreasen, James Scott and Christof Pearce from the Department of Geoscience at Aarhus University, along with Thomas Birch, who is affiliated with both the Department of Geoscience, AU, and the National Museum of Denmark. Additional partners from Germany, Sweden and France also contributed to the work.

The full study is published in Antiquity.
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Fossil brain scans show pterosaurs evolved flight in a flash | ScienceDaily
A research group led by an evolutionary biologist at Johns Hopkins Medicine reports that giant reptiles living as far back as 220 million years ago may have developed the ability to fly at the very start of their evolutionary history. This contrasts with the ancestors of modern birds, which are thought to have reached powered flight more slowly and with larger, more complex brains.


						
Details of the investigation, which relied on advanced imaging methods to examine the internal brain cavities of pterosaur fossils and received partial support from the National Science Foundation, appeared Nov. 26 in Current Biology.

According to Matteo Fabbri, Ph.D., assistant professor of functional anatomy and evolution at the Johns Hopkins University School of Medicine, the results strengthen the idea that the enlarged brains seen in birds and likely in their ancestors were not responsible for allowing pterosaurs to take to the air.

"Our study shows that pterosaurs evolved flight early on in their existence and that they did so with a smaller brain similar to true non-flying dinosaurs," Fabbri says.

Giant Fliers With Surprising Brain Structure

Fabbri describes pterosaurs as powerful airborne predators of the dinosaur era, capable of reaching 500 pounds in some species and stretching up to 30 feet across the wings. Pterosaurs are recognized as the earliest of the three major vertebrate lineages (in addition to birds and bats) that eventually achieved powered flight on their own.

To investigate how pterosaurs gained this ability and whether their path differed from that of birds and bats, the team examined the reptile's evolutionary history. They looked closely at shifts in the shape and size of the brain over time and focused on the optic lobe, the region involved in vision that has been linked to flight capabilities.




CT Scans Reveal Clues From Early Relatives

Using CT imaging and specialized software that allowed them to digitally model fossilized nervous system structures, the researchers concentrated on the closest known relative of the pterosaur. This animal, the flightless and tree-climbing lagerpetid, was first identified by scientists in 2016 and lived during the Triassic period between 242 and 212 million years ago. In 2020, another team confirmed the lagerpetid's close evolutionary connection to pterosaurs.

"The lagerpetid's brain already showed features linked to improved vision, including an enlarged optic lobe, an adaptation that may have later helped their pterosaur relatives take to the skies," says corresponding author Mario Bronzati, a researcher at University of Tubingen, Germany.

Fabbri notes that pterosaurs also had enlarged optic lobes. Outside of this trait, however, he explains that their brain shape and size differed considerably from those of the lagerpetid.

"The few similarities suggest that flying pterosaurs, which appeared very soon after the lagerpetid, likely acquired flight in a burst at their origin," Fabbri says. "Essentially, pterosaur brains quickly transformed acquiring all they needed to take flight from the beginning."

Comparing Pterosaur and Bird Flight

In contrast, modern birds are thought to have evolved flight through a more gradual process. They appear to have inherited several key traits, including expansion of the cerebrum, cerebellum and optic lobes, from earlier relatives before further adapting these regions for flight, Fabbri says. Support for this gradual model comes from 2024 research from the laboratory of Amy Balanoff, Ph.D., assistant professor of functional anatomy and evolution at Johns Hopkins Medicine, which highlights the importance of cerebellum expansion in the origins of bird flight. The cerebellum is located at the back of the brain and helps regulate muscle coordination and other functions.




"Any information that can fill in the gaps of what we don't know about dinosaur and bird brains is important in understanding flight and neurosensory evolution within pterosaur and bird lineages," Balanoff says.

Insights From Fossilized Brains Across Species

The team also examined brain cavities from crococdylians (crocodile ancestors) and early, extinct birds, comparing these structures with those of pterosaurs.

Their analysis showed that pterosaurs had moderately enlarged brain hemispheres, a feature comparable to other dinosaur groups. These include two-legged, bird-like troodontids that lived between the Late Jurassic and Late Cretaceous periods from 163 to 66 million years ago, as well as Archaeopteryx lithographica, the oldest-known bird that lived between 150.8 and 125.45 million years ago. These prehistoric species differ strongly from modern birds, which have significantly larger brain cavities.

Looking Ahead to Future Research

Fabbri says that future progress will depend on understanding how the brain's internal structure, not just its size and shape, enabled pterosaurs to achieve flight. He explains that this will be essential for uncovering the broader biological principles that govern the evolution of flight.

Funding support for this research was provided by the Alexander von Humboldt Foundation, Brazilian Federal Government, The Paleontological Society, Agencia Nacional de Promocion Cientifica y Tecnica, Conselho Nacional de Desenvolvimento Cientifico e Tecnologico, the European Union NextGeneration EU/PRTR, the National Science Foundation ( NSF DEB 1754596, NSF IOB-0517257, IOS-1050154, IOS-1456503), and the Swedish Research Council

In addition to Fabbri and Bronzati, other scientists who contributed to this research are Akinobu Watanabe from New York Institute of Technology, Roger Benson from the American Museum of Natural History, Rodrigo Muller from Federal University of Santa Maria, Brazil, Lawrence Witmer from the University of Ohio, Martin Ezcurra and M. Belen von Baczko from Bernardino Rivadavia Museum of Natural Science, Felipe Montefeltro from Sao Paulo State University; Bhart-Anjan Bhullar from Yale University; Julia Desojo from Universidad Nacional de La Plata, Argentina; Fabien Knoll from Museo Nacional de Ciencias Naturales, Spain; Max Langer from Universidade de Sao Paulo, Brazil; Stephan Lautenschlager from University of Birmingham; Michelle Stocker and Sterling Nesbitt from from Virginia Tech; Alan Turner from Stony Brook University; and Ingmar Werneburg from Eberhard Karls University of Tubingen.
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Most of the world isn't getting enough omega-3 | ScienceDaily
More than three-quarters of the global population aren't getting enough Omega-3, according to new research from the University of East Anglia, the University of Southampton and Holland & Barrett.


						
The collaborative review highlights that 76 percent of people worldwide are not meeting recommended intakes of EPA and DHA, revealing a significant global public health gap.

The study is the first global review of national and international omega-3 intake recommendations across all life stages for generally healthy people.

Global omega-3 intake falling far below recommendations

Prof Anne Marie Minihane, from UEA's Norwich Medical School, said: "Our research looks at recommendations for omega-3 fats and how they compare to what people are actually eating.

"We found big gaps between what's advised and what most of us consume. To close that gap, we need easier, sustainable ways to get these important nutrients -- like foods enriched with omega-3s or supplements. These changes could help more people enjoy the health benefits linked to higher intakes.

"We hope this work will help inform nutritional scientists, clinicians, food and supplement industries, policy makers and consumer communities," she added.




Why EPA and DHA matter for health

Dr. Abbie Cawood, Science Director at Holland & Barrett and Visiting Research Fellow at the University of Southampton, said: "The health benefits of long chain polyunsaturated fatty acids, specifically eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are too important to ignore.

"Achieving recommended intakes from diet alone can be challenging, highlighting the need for accessible, sustainable sources of EPA and DHA. Omega-3s play such a vital role in health, ensuring people can meet their needs either through diet or with the support of supplementation is essential at every life stage.

"In fact, our review highlights that supplementation is often required to meet recommended intakes especially in pregnancy and those with low fish intakes. We are hopeful that this publication can act as an enabler to inform omega-3 dietary guidelines and shape future nutrition policy and public health strategies."

How much omega-3 do people actually need?

Prof Philip Calder from University of Southampton added: "The omega-3s EPA and DHA are essential for health throughout the lifecourse. But to benefit from these nutrients, people first need to understand how much they should be consuming.




"In this review, we brought together all the recommendations for EPA and DHA intake in healthy populations from authorities around the world to help answer the important question: 'how much do I need?' What is clear is that most people are not meeting these recommendations."

Lifelong benefits of omega-3 intake

Omega-3 consumption supports a healthy lifestyle throughout all stages of life -- from reducing the chance of pre-term birth and supporting visual and cognitive development in infants, right through to improving cardiovascular health and immune function. It is also associated with reduced risk of depression and cognitive decline, including Alzheimer's disease.

This global review highlights the lack of alignment between current evidence, public health guidance and actual population intakes, and aims to address confusion around omega-3s recommendations, highlighting the health benefits of increased intake across all life stages in healthy populations.

While previous guidance often focused on key stages like pregnancy, birth or age-related disease, this publication covers all life stages, making guidance relevant and accessible for the general population.

Confusing and inconsistent omega-3 guidelines worldwide

It highlights that guidance around omega-3 intake currently varies by country, creating a significant amount of confusion across the globe and reinforces the importance of consistent evidence-based guidance.

The paper aims to support public health on a global scale and offers guidance to countries outside Europe and North America, for example in Latin America and parts of Asia including India to develop public guidelines around safe intake levels and supplementation advice.

Recommended intake targets and real-world barriers

The review found that the most frequently recommended intake for adults is 250 mg per day of combined EPA and DHA, with an additional 100-200 mg of DHA advised for pregnant women. These targets can be achieved by eating more oily fish, such as salmon or mackerel, or through supplementation where needed.

The paper also identified challenges that different populations have in achieving current omega-3 recommendations, such as difficulties in meeting oily fish recommendations due to low seafood consumption, or sustainability concerns, as well as some populations having limited access to supplementation advice.

Supporting future nutrition policy and product development

The retailer hopes this publication will serve as a valuable resource for nutritional science, medical and industry professionals, and will help underpin its future product development.

This review was conducted in partnership with Prof Philip Calder (University of Southampton Faculty of Medicine), Prof Minihane (University of East Anglia and Norwich Medical School), Fionna Page and Claire James expert dietitians from at First Page Nutrition Ltd, and Dr. Cawood, Science Director at Holland & Barrett and Dr. Sophie Putnam, Head of Science at Holland & Barrett.

'An overview of national and international long chain omega-3 polyunsaturated fatty acid intake recommendations for healthy populations' is published in the journal Nutrition Research Reviews.
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This rare bone finally settles the Nanotyrannus mystery | ScienceDaily
For many years, paleontologists have debated whether the single skull used to define the species Nanotyrannus represented a true species or simply a young Tyrannosaurus rex. A new study in Science has now resolved this question. The research shows that Nanotyrannus was nearly fully grown and not a juvenile T. rex, while also offering new clues about how large tyrannosaur species achieved rapid growth.


						
A collaborative team that included Dinosaur Institute Postdoctoral Fellow Dr. Zach Morris studied the disputed Nanotyrannus holotype -- the specimen originally used to identify the species -- with a close focus on its throat bone. By investigating the microscopic details of this bone and comparing them with those of modern birds, crocodilians, and other dinosaurs -- including specimens from the Dino Hall's T. rex growth series -- the group confirmed that Nanotyrannus was a mature and separate predator. Although smaller than an adult T. rex, it was still a full-grown animal that lived in a far more diverse Late Cretaceous ecosystem than previously thought. Measuring under half the size of an adult T. rex, Nanotyrannus likely competed with young T. rex individuals for the same prey.

"The identity of the holotype specimen was the key piece in this debate. Discovering that this small skull was actually fully grown shows definitively that it is different from Tyrannosaurus rex," said Dr. Christopher Griffin, lead author and Assistant Professor of Geosciences at Princeton University.

How Bone Structure Reveals Age and Growth

Just as tree rings can indicate a tree's age, thin slices taken from dinosaur bones can reveal how old an animal was and how quickly it grew. Scientists study microscopic tissue patterns within these bone samples to determine maturity. Long bones such as ribs or femora are typically used, but they are not always preserved. In the case of Nanotyrannus, most of the holotype consists of skull material filled with sinuses and other irregular features that make it unsuitable for this type of study. The hyoid, however -- the throat bone that supports the tongue -- offered a rare opportunity to assess maturity in a skull-dominated specimen.

"When we started this project, it was unclear whether the hyoid preserved a record of a dinosaur's growth. To be honest, we mostly accepted the hypothesis that Nanotyrannus was a juvenile T. rex, so we expected the microscopic bone structure or histology of the holotype would show this animal was still growing quickly," said co-author Dr. Morris. "What we did not expect was to see it was nearing maturity with clear evidence of the cessation of growth!"

Testing the Throat Bone as a New Tool for Dinosaur Aging

Because no one had previously proven that hyoid bones could reliably preserve growth information, the researchers needed to verify the method before applying it to Nanotyrannus. To do so, Dr. Griffin assembled a team to create a broad comparative dataset of hyoid samples from living lizards, crocodiles, birds, and extinct dinosaurs. "To show that hyoid microstructure would work to test maturity status in Nanotyrannus, we first had to compile strong support for this method across many groups of living reptiles and extinct dinosaurs," said Dr. Griffin.




Dr. Morris led the work on the juvenile and sub-adult specimens known as "Thomas" from NHM's rare T. rex growth series. "The growth series in our Dino Hall was critical to demonstrating that the hyoid in Tyrannosaurus showed the same kind of growth record as long bones," Morris explained. "Having a growth series that had already been histologically analyzed meant that we could compare the growth record in the hyoid and the growth record in the long bones and see that they show consistent signals even in these uniquely giant predators." This comparison allowed the researchers to set clear benchmarks for distinguishing growth differences between T. rex and Nanotyrannus.

"Our teenage Tyrannosaurus looks immature in both its limbs and its hyoid, while Thomas looks like a more mature, but still not quite adult animal. Amusingly enough, Thomas is not nearly as mature as the Nanotyrannus holotype, despite being much larger," added Morris.

Balancing Conservation, Discovery, and Scientific Accuracy

The findings emphasize how important it is for paleontologists to understand the maturity of holotype specimens. Without this knowledge, scientists risk mistaking growth-related changes for evolutionary ones. "So many techniques in modern paleontology require some degree of destructive analysis, and as a Curator, I'm always trying to strike a balance between conservation and discovery. We preserved the anatomical data by 3D scanning and molding and casting the hyoid, and there is still more of it for future analyses," said senior author Dr. Caitlin Colleary of the Cleveland Museum of Natural History (and incidentally, a former undergraduate volunteer in the NHM Dinosaur Institute). "In this instance, it was totally worth it because we gained so much more than we lost."

The new evidence also reshapes the view of Late Cretaceous North America. Instead of T. rex ruling alone before the end-Cretaceous mass extinction, the region appears to have hosted multiple tyrannosaur species at the same time. "It is remarkable that our study matches findings from other independent lines of evidence, including an analysis published last month, demonstrating that multiple species of tyrannosaurs lived alongside one another. It shows that we need to re-evaluate what we think these ecosystems looked like," said Dr. Morris.

Expanding Knowledge Through Museum Collections and Collaborative Research

Dr. Morris serves as the first Dinosaur Institute Postdoctoral Fellow, focusing on how developmental processes shape evolutionary changes and how skull anatomy shifts over time in the fossil record. "I am fascinated by the ways in which changes during development give rise to the skeletal features which distinguish dinosaurs, birds, crocodylians, and other vertebrates," said Morris. "This project was an exciting collaboration to study developmental patterns in the fossil record directly."

"Zach's expertise in dinosaur growth and development, coupled with his histological skills, was a huge asset to this project. It's another example of our NHMLAC Post-Docs conducting novel, ground-breaking research," said Dr. Nate Smith, Gretchen Augustyn Director & Curator of the Dinosaur Institute. "This study also highlights the incredible potential of unique museum collections like our T. rex growth series, which not only inform the public but also provide rich ground for new scientific discoveries."
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Gut molecule shows remarkable anti-diabetes power | ScienceDaily
An international group of scientists led by Professor Marc-Emmanuel Dumas at Imperial College London & CNRS, along with Prof. Patrice Cani (Imperial & University of Louvain, UCLouvain), Dr. Dominique Gauguier (Imperial & INSERM, Paris) and Prof. Peter Liu (University of Ottawa Heart Institute), has identified an unexpected natural compound that helps counter insulin resistance and type 2 diabetes. The compound, trimethylamine (TMA), is a metabolite created by gut microbes from dietary choline. According to a study in Nature Metabolism, TMA can interrupt a key immune pathway and contribute to healthier blood sugar levels.


						
The discovery builds on work that began 20 years ago. During his postdoctoral research, Patrice Cani found that high-fat diets allow bacterial components to pass into the body, prompting the immune system to activate and ignite inflammation. This immune response was shown to play a direct role in insulin resistance among people with diabetes. Although this idea faced skepticism in 2005, it is now widely recognized and scientifically accepted.

In 2025, researchers at the University of Louvain and Imperial College London clarified how this harmful chain reaction might be counteracted. They reported that TMA, formed by gut microbes from dietary choline present in several foods, can support improved blood-sugar control.

TMA Blocks a Critical Immune Protein

The key lies in the molecule's interaction with IRAK4, a protein that helps regulate immune activity. Under a high-fat diet, IRAK4 responds by triggering inflammation to signal that the body is experiencing dietary imbalance.

However, when the body is exposed to elevated fat intake for extended periods (as in type 2 diabetes), IRAK4 becomes overstimulated. This constant activation drives chronic inflammation, which contributes directly to insulin resistance.

Using a combination of human cell cultures, animal studies, and molecular screening tools, the research team demonstrated that TMA can attach to IRAK4 and reduce its activity. This interaction lowers inflammation caused by fatty foods and restores the body's ability to respond to insulin. The findings suggest that TMA may help recalibrate harmful metabolic responses triggered by poor dietary habits. The molecule also showed an impressive ability to protect mice from sepsis-related death by weakening overwhelming inflammatory responses.




IRAK4 Targeting Offers New Therapeutic Possibilities

Further experiments confirmed that removing the IRAK4 gene or inhibiting it with drugs produced the same beneficial effects seen with TMA. Because IRAK4 is already a well-established target in drug development, the results point toward promising treatment strategies for diabetes.

"This flips the narrative," said Prof. Dumas. "We've shown that a molecule from our gut microbes can actually protect against the harmful effects of a poor diet through a new mechanism. It's a new way of thinking about how the microbiome influences our health."

"This shows how nutrition and our gut microbes can work together by producing molecules that fight inflammation and improve metabolic health!" said Prof. Patrice Cani, co-senior author, University of Louvain, Belgium and visiting professor at Imperial College London.

Global Impact and Future Directions

With more than 500 million people worldwide living with diabetes, the identification of TMA as a microbial signal that shapes immune responses introduces a potential new avenue for treatment. Approaches that enhance TMA production, whether through diet or medication, could help reduce insulin resistance and improve long-term health outcomes.

"What we eat shapes our microbes and some of their molecules can protect us from diabetes. That's nutrition in action!" said University of Louvain, Prof. Cani.

This work was supported by an extensive network of collaborators across Europe and North America, involving teams in Belgium, Canada, Australia, France, Italy, and Spain. Funding came from numerous European (ERC, FEDER) and national (MRC, Wellcome Trust, ANR, FNRS, EOS, WELRi, ARC) sources, highlighting the large-scale effort behind this breakthrough.
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This tiny implant sends secret messages to the brain | ScienceDaily
In a major step forward for neurobiology and bioelectronics, scientists at Northwestern University have created a wireless device that uses light to transmit information directly into the brain. The technology bypasses traditional sensory routes in the body and instead delivers signals straight to neurons.


						
The device is soft and flexible, fitting beneath the scalp while resting on the skull. From this position, it sends carefully controlled light patterns through the bone to activate specific groups of neurons across the cortex.

Light-Based Brain Signals in Animal Models

During testing, researchers used tiny, precisely timed bursts of light to stimulate targeted populations of neurons deep in the brains of mouse models. (These neurons are genetically modified to respond to light.) The mice quickly learned to interpret certain patterns as meaningful cues. Even without sound, sight or touch, the animals used the incoming information to make decisions and complete behavioral tasks accurately.

This technology could one day support a wide range of medical applications. Potential uses include providing sensory feedback for prosthetic limbs, delivering artificial inputs for future hearing or vision prostheses, controlling robotic limbs, improving rehabilitation after injury or stroke, and modifying pain perception without medications.

The work will appear Monday (Dec. 8) in Nature Neuroscience.

Creating New Brain Signals With Micro-LED Technology

"Our brains are constantly turning electrical activity into experiences, and this technology gives us a way to tap into that process directly," said Northwestern neurobiologist Yevgenia Kozorovitskiy, who led the experimental portion of the study. "This platform lets us create entirely new signals and see how the brain learns to use them. It brings us just a little bit closer to restoring lost senses after injuries or disease while offering a window into the basic principles that allow us to perceive the world."




John A. Rogers, a leading figure in bioelectronics and head of the technology development, said, "Developing this device required rethinking how to deliver patterned stimulation to the brain in a format that is both minimally invasive and fully implantable. By integrating a soft, conformable array of micro-LEDs -- each as small as a single strand of human hair -- with a wirelessly powered control module, we created a system that can be programmed in real time while remaining completely beneath the skin, without any measurable effect on natural behaviors of the animals. It represents a significant step forward in building devices that can interface with the brain without the need for burdensome wires or bulky external hardware. It's valuable both in the immediate term for basic neuroscience research and in the longer term for addressing health challenges in humans."

Kozorovitskiy is the Irving M. Klotz Professor of Neurobiology in Northwestern's Weinberg College of Arts and Sciences and a member of the Chemistry of Life Processes Institute. Rogers holds appointments in materials science and engineering, biomedical engineering and neurological surgery, and directs the Querrey Simpson Institute for Bioelectronics. The study's first author is postdoctoral researcher Mingzheng Wu.

Advancing Earlier Optogenetics Breakthroughs

The research builds on earlier work from the same team. In 2021, they reported the first fully implantable, programmable, wireless and battery-free device that could control neurons with light. That system used a single micro-LED probe to influence social behavior in mice. Unlike traditional optogenetics, which relied on fiberoptic wires that restricted movement, the wireless design allowed mice to behave normally in social environments.

The new device extends this capability by enabling more complex communication with the brain. Instead of stimulating one small region, the updated system uses an array of up to 64 programmable micro-LEDs. Each light can be controlled independently in real time, allowing researchers to deliver sequences that resemble the distributed activity patterns the brain naturally produces during sensory experiences. Because real sensations activate broad networks rather than isolated neurons, this multi-site approach mirrors how the cortex normally functions.

"In the first paper, we used a single micro-LED," Wu said. "Now we're using an array of 64 micro-LEDs to control the pattern of cortical activity. The number of patterns we can generate with various combinations of LEDs -- frequency, intensity and temporal sequence -- is nearly infinite."

A Soft, Less Invasive Design




Despite the added capability, the device remains small. It is about the size of a postage stamp and thinner than a credit card. Instead of inserting a probe into the brain, the new version gently conforms to the skull surface and shines light through the bone.

"Red light penetrates tissues quite well," Kozorovitskiy said. "It reaches deep enough to activate neurons through the skull."

Training the Brain to Recognize Synthetic Patterns

To evaluate the system, the team worked with mice engineered to have light-responsive neurons in the cortex. The animals were trained to associate a particular pattern of stimulation with a reward, usually located at a specific port within a testing chamber.

During a series of experiments, the implant delivered a defined pattern across four cortical regions, which functioned like tapping a coded message directly into the brain. The mice learned to identify this target pattern among many alternatives. When they detected the correct artificial signal, they navigated to the appropriate port to receive a reward.

"By consistently selecting the correct port, the animal showed that it received the message," Wu said. "They can't use language to tell us what they sense, so they communicate through their behavior."

Future Development and Wider Applications

Now that the team has demonstrated that the brain can interpret patterned light stimulation as meaningful information, they plan to test more sophisticated patterns and determine how many distinct signals the brain can reliably learn. Future versions of the device may incorporate more LEDs, smaller spacing between them, larger arrays covering more cortex and wavelengths of light that penetrate deeper into tissue.

The study, "Patterned wireless transcranial optogenetics generates artificial perception," received support from the Querrey Simpson Institute for Bioelectronics, NINDS/BRAIN Initiative, National Institute of Mental Health, One Mind Nick LeDeit Rising Star Research Award, Kavli Exploration Award, Shaw Family Pioneer Award, Simons Foundation, Alfred P. Sloan Foundation and Christina Enroth-Cugell and David Cugell Fellowship.
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Scientists capture most detailed look inside DNA droplets | ScienceDaily
Inside every human cell, an extraordinary feat of molecular organization takes place. Roughly six feet of DNA has to be packed into a nucleus that is only about one-tenth the width of a human hair, yet the DNA must remain accessible enough to carry out essential functions.


						
To make this possible, DNA coils around proteins to form nucleosomes. These nucleosomes connect like beads on a string and fold into chromatin fibers. The fibers are then compacted even more tightly to fit inside the nucleus.

Discovering How DNA Reaches Its Most Compact Form

For many years, researchers did not know how this extra level of chromatin compaction occurred. In 2019, HHMI Investigator Michael Rosen and his team at UT Southwestern Medical Center reported that lab-made nucleosomes naturally cluster together into membrane-less droplets called condensates. They found that this process occurs through phase separation, a phenomenon similar to oil droplets forming in water, and they believe it reflects how chromatin condenses inside living cells.

Chromatin condensates are made of hundreds of thousands of fast-moving molecules. When they come together, they display emergent properties that do not exist in the molecules individually. These group behaviors determine how condensates form and how they maintain their physical characteristics.

To understand these properties in detail, scientists needed to observe chromatin fibers and nucleosomes deep inside the droplets.

Rosen's group, working with HHMI Investigator Elizabeth Villa at the University of California, San Diego; Rosana Collepardo-Guevara at the University of Cambridge; and Zhiheng Yu at HHMI's Janelia Research Campus, has now achieved that goal.




High-Resolution Imaging Reveals Droplet Structure

Using advanced imaging tools at Janelia, the researchers captured the most detailed views to date of how molecules are arranged inside synthetic chromatin condensates. These images provide a direct look at how chromatin fibers and nucleosomes are packaged within the droplet-like structures. The same imaging methods were also applied to examine chromatin inside actual cells.

By combining these images with computer simulations and light microscopy, the team analyzed the molecular structures and interactions within the synthetic condensates. This allowed them to begin uncovering how droplets form and how they behave.

One important discovery was that the length of linker DNA between nucleosomes influences the overall arrangement of the structures. That arrangement determines how chromatin fibers interact and shapes the network inside the condensates.

These features clarified why some chromatin fibers undergo phase separation more easily than others and why condensates built from different chromatin types have distinct material properties. The researchers also found that synthetic condensates closely resemble compacted chromatin found in cells.

"The work has allowed us to tie the structures of individual molecules to macroscopic properties of their condensates, really for the first time," Rosen says. "I'm certain that we're only at the tip of the iceberg -- that we and others will come up with even better ways of developing those structure-function relationships at the meso (intermediate) scale."

A Broader Framework for Understanding Condensation




The findings extend well beyond chromatin. The approach offers a model for studying many kinds of biomolecular condensates, which are membrane-less droplets involved in essential cellular tasks from gene regulation to stress responses.

Understanding how these structures assemble and operate may also shed light on what happens when condensation is disrupted, a problem thought to contribute to various diseases from neurodegenerative disorders to cancer.

"By doing this research, we will better understand how abnormal condensation could lead to different diseases and, potentially, that could help us develop a new generation of therapeutics," says Huabin Zhou, a postdoctoral scientist in the Rosen Lab and the lead author of the new research.
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Scientists uncover a volcanic trigger behind the Black Death | ScienceDaily

The Black Death moved across Europe from 1347 to 1353 CE, with mortality rates reaching as high as 60% in some areas. Although its impact is well documented, the precise reasons for when and how the pandemic began remain unclear.

Climate Records Reveal Signs of a Major Eruption

To explore these questions, Martin Bauch and Ulf Buntgen evaluated earlier research on tree ring growth from eight regions in Europe, measurements of volcanic sulfur preserved in Antarctic and Greenland ice cores, and written reports from the fourteenth century. Together, these records point to a significant volcanic eruption somewhere in the tropics around 1345 CE. The eruption appears to have increased atmospheric sulfur and ash, which contributed to colder and wetter conditions across southern Europe and the Mediterranean.

Historical accounts describe widespread crop failures and famine during this period in Spain, southern France, northern and central Italy, Egypt, and the Levant. These hardships prompted Italian maritime powers -- such as Venice and Genoa -- to negotiate a ceasefire in a conflict with the Mongols of the Golden Horde so they could secure grain shipments from the Black Sea region around 1347 CE.

Grain Imports and the Possible Spread of Plague

Venetian sources state that these imports helped prevent mass starvation. However, the timing of arriving grain ships and the first plague outbreaks in cities that received them raises another possibility. Fleas carrying Yersinia pestis may have traveled with the grain. As the shipments were moved to additional cities, including Padua, these fleas could have helped accelerate the spread of the Black Death throughout Europe.

The authors conclude that this combination of climatic disruption, famine, and grain transport offers a plausible explanation for how the Black Death began and spread across Europe.
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A violent star explosion just revealed a hidden recipe for life | ScienceDaily
"Why are we here?" remains one of the most enduring questions humans have posed. One way scientists approach this idea is by tracing where the elements around us first formed. Many elements are created inside stars and in the explosive debris of supernovae, which scatter this material across space, but the origins of several important elements have been difficult to explain.


						
Chlorine and potassium fall into this category. They are classified as odd-Z elements -- possessing an odd number of protons -- and are crucial for both life and the development of planets. Current models, however, indicate that stars should produce only about one-tenth of the chlorine and potassium that astronomers actually observe in the universe, leading to a long-standing scientific puzzle.

XRISM Offers a New Way to Study Supernova Debris

This gap in understanding led researchers at Kyoto University and Meiji University to investigate whether supernova remnants might hold the missing clues. They used XRISM -- short for X-Ray Imaging and Spectroscopy Mission, an X-ray satellite launched by JAXA in 2023 -- to gather high-resolution X-ray spectroscopic data from the Cassiopeia A supernova remnant in the Milky Way.

To accomplish this, the team relied on the microcalorimeter Resolve instrument on XRISM. The device provides energy resolution roughly ten times sharper than earlier X-ray detectors, which allowed the researchers to pick up faint emission lines associated with rare elements. After collecting the data from Cassiopeia A, they compared the measured amounts of chlorine and potassium with several theoretical models of how supernovae create elements.

Evidence That Supernovae Produce Life-Related Elements

The results showed clear X-ray emission lines of both chlorine and potassium at levels far higher than expected from standard models. This marks the first observational confirmation that a single supernova can generate enough of these elements to match what astronomers see in the cosmos. The researchers believe that strong internal mixing inside massive stars, possibly driven by rapid rotation, binary interactions, or shell-merger events, can greatly increase the production of these elements.




"When we saw the Resolve data for the first time, we detected elements I never expected to see before the launch. Making such a discovery with a satellite we developed is a true joy as a researcher," says corresponding author Toshiki Sato.

Insights Into How Stars Shape the Building Blocks of Life

These findings show that the chemical ingredients essential for life formed under extreme conditions deep within stars, far removed from anything resembling the environments where life later emerged. The work also demonstrates how powerful high-precision X-ray spectroscopy has become in uncovering the processes at work inside stellar interiors.

"I am delighted that we have been able, even if only slightly, to begin to understand what is happening inside exploding stars," says corresponding author Hiroyuki Uchida.

Next Steps for Understanding Stellar Evolution

The team plans to continue studying additional supernova remnants with XRISM to determine whether the elevated levels of chlorine and potassium found in Cassiopeia A are typical of massive stars or unique to this particular remnant. This will help reveal whether the internal mixing processes identified here are a widespread feature of stellar evolution.

"How Earth and life came into existence is an eternal question that everyone has pondered at least once. Our study reveals only a small part of that vast story, but I feel truly honored to have contributed to it," says corresponding author Kai Matsunaga.
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New fat-burning diabetes pill protects muscle and appetite | ScienceDaily
Lowering blood sugar and increasing fat burning without reducing appetite or muscle mass is emerging as a promising possibility in the treatment of type 2 diabetes and obesity. These encouraging results come from a study published in Cell by researchers at Karolinska Institutet and Stockholm University.


						
The treatment, which is taken as a tablet, works in a completely different way from well-known GLP-1-based medications such as Ozempic that are given through injections. GLP-1 drugs influence hunger by altering communication between the gut and the brain, and they can cause side effects that include appetite loss, decreased muscle mass, and gastrointestinal discomfort.

Targeting Muscle Metabolism Rather Than Appetite

Instead of acting on hunger pathways, the new compound boosts metabolic activity directly within skeletal muscle. In animal studies, it improved blood sugar levels and body composition while avoiding the drawbacks commonly linked to today's GLP-1-based treatments.

A phase I clinical trial involving 48 healthy volunteers and 25 individuals with type 2 diabetes indicates that the treatment is also well tolerated in humans.

"Our results point to a future where we can improve metabolic health without losing muscle mass. Muscles are important in both type 2 diabetes and obesity, and muscle mass is also directly correlated with life expectancy," says Tore Bengtsson, professor at the Department of Molecular Bioscience, Wenner-Gren Institute, Stockholm University.

A New Type of b2 Agonist Designed for Safety

The active substance is based on a laboratory-developed molecule, a form of b2 agonist. This molecule activates key signaling pathways in a novel manner that benefits muscle function while avoiding the heart overstimulation typically associated with b2 agonists.




"This drug represents a completely new type of treatment and has the potential to be of great importance for patients with type 2 diabetes and obesity. Our substance appears to promote healthy weight loss and, in addition, patients do not have to take injections," says Shane C. Wright, assistant professor at the Department of Physiology and Pharmacology at Karolinska Institutet.

Potential as a Stand-Alone or Combination Therapy

Because this drug operates through a mechanism distinct from GLP-1 medications, it may be effective on its own or when paired with GLP-1 drugs.

"This makes them valuable both as a stand-alone treatment and in combination with GLP-1 drugs," says Shane C. Wright.

Next Steps and Research Collaboration

The next stage in development is a larger phase II clinical trial planned by Atrogi AB, the company leading the drug's advancement. This study will examine whether the positive effects observed in earlier research also appear in people living with type 2 diabetes or obesity.

The work represents a collaboration involving Professor Volker M. Lauschke and teams from Karolinska Institutet, Stockholm University, Uppsala University, the University of Copenhagen, Monash University, and the University of Queensland. Funding came from the Swedish Research Council, the Swedish Society for Medical Research, the Novo Nordisk Foundation, and additional sources.

Several authors are employed by or hold shares in Atrogi AB, which financed the clinical trial. Tore Bengtsson is the founder and chief scientific officer of Atrogi AB, which is continuing to develop the drug candidate, and he and a co-author have applied for patents related to the substances examined in the study. Additional company affiliations are detailed in the full publication.
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New study finds a silent genetic heart risk hidden in millions | ScienceDaily
A Mayo Clinic study reports that current genetic screening guidelines fall short in identifying the majority of individuals with familial hypercholesterolemia, an inherited condition that can lead to extremely high cholesterol and early heart disease.


						
This disorder often moves quietly through family lines for many years. Although effective treatments exist, people who are not diagnosed remain at increased risk for heart attacks and strokes.

Cardiovascular disease continues to be the top cause of death in the United States, affecting millions annually. It includes coronary artery disease, heart failure and stroke, and high cholesterol is one of its major risk factors.

According to the study, published in Circulation: Genomic and Precision Medicine, expanding routine screening could help detect most people living with this genetic condition and ultimately reduce the likelihood of severe outcomes.

Large Study Shows Most Cases Go Unnoticed

Researchers discovered that nearly 90% of participants with familial hypercholesterolemia would not have been selected for standard genetic testing. Many learned they had the condition only after DNA analysis conducted through a Mayo Clinic population-based research program. Roughly 1 in 5 had already developed coronary artery disease.

"Our findings expose a blind spot in current national guidelines, which rely on cholesterol levels and family history to determine who should receive genetic testing," says Niloy Jewel Samadder, M.D., the study's lead author and a Mayo Clinic gastroenterologist and cancer geneticist at the Mayo Clinic Comprehensive Cancer Center. "If we can find those at risk of cardiovascular disease early, we can treat it early and change its course and likely save lives."

Familial hypercholesterolemia is one of the most common genetic disorders, affecting an estimated 1 in 200 to 250 people around the world. It leads to very high levels of low-density lipoprotein (LDL) cholesterol -- the "bad" cholesterol -- beginning at birth.




Genome Analysis Reveals Hidden Risk

The study used exome sequencing, which examines the protein-coding sections of the genome -- areas where most disease-causing mutations occur. More than 84,000 people at Mayo Clinic locations in Arizona, Florida and Minnesota participated through the Tapestry DNA research study, part of the organization's broader effort to bring genomics into routine medical care.

Out of these participants, the team identified 419 people with genetic variants known to cause familial hypercholesterolemia. Nearly 75% of them would not have met existing clinical guidelines for testing based on their cholesterol levels or reported family history, highlighting a significant gap in prevention.

Bringing Genetic Screening Into Preventive Medicine

Dr. Samadder says moving genetic screening into everyday care is the next essential step, allowing high-risk individuals to be identified earlier and treated sooner.

This effort is central to Mayo Clinic's Precure strategic priority, which focuses on predicting and preventing serious diseases before they advance. Through technology-driven approaches and large, population-based studies, Precure aims to deliver prevention-centered care to patients as early as possible.
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This simple ingredient makes kale way healthier | ScienceDaily
Many people assume a bowl of kale automatically counts as a nutritional powerhouse. However, without the right companion ingredient, that leafy salad may not deliver the benefits you expect.


						
Fortunately, there is an easy fix.

Researchers at the University of Missouri have identified a simple (and tasty) way to help the body absorb more of kale's valuable nutrients: using oil-based dressings or sauces. With the right fat source, you can enjoy kale while actually getting more from it.

Oil Helps Release Kale's Hard-to-Access Nutrients

A study from Mizzou's College of Agriculture, Food and Natural Resources (CAFNR) found that it makes little difference whether kale is eaten raw or cooked. The key factor that improves nutrient absorption is pairing it with olive oil, mayonnaise or another oil-based dressing. The team is now looking into how nanotechnology-inspired dressings could be designed to boost this effect even further.

"Kale is a nutrient-rich vegetable that contains carotenoids, including lutein, a-carotene and b-carotene, which have beneficial effects on overall health," Ruojie (Vanessa) Zhang, assistant professor in the Division of Food, Nutrition and Exercise Sciences at CAFNR, said. "The problem is our bodies have a hard time absorbing these nutrients because they are fat-soluble rather than water-soluble."

Testing Whether Cooking or Special Sauces Improve Absorption

With this challenge in mind, the researchers examined whether cooking kale or using specially formulated dressings/sauces could make carotenoids easier for the body to access. These compounds, along with vitamins C and E and other bioactive plant chemicals in kale, have been associated with stronger immunity, improved vision and lower risk of diseases such as diabetes, heart disease and some cancers.




To test this, the team used a laboratory model that mimics human digestion. They evaluated kale prepared in different ways: raw, cooked, raw or cooked with dressing/sauce, and cooked directly in sauce.

The experiments showed that raw kale on its own resulted in very low carotenoid absorption, and cooking kale slightly reduced absorption even further. The major breakthrough appeared when the researchers added a nanoemulsion-based sauce. In the simulated digestion model, this sauce significantly increased the amount of absorbed carotenoids, whether the kale was raw or cooked. Cooking the kale with the sauce provided the same benefit as adding the sauce after cooking.

A New Strategy for Getting More Nutrition From Vegetables

These results highlight practical, science-backed ways to help the body take in more beneficial nutrients from produce. They also suggest new possibilities for improving everyday meals simply by changing how foods are prepared or seasoned. Zhang hopes future work will lead to innovative dressings and sauces that enhance nutrient absorption not only for kale but for other vegetables as well.

"Our team is committed to advancing food science with the goal of improving human health through the development of innovative foods and technologies," she said. "We believe impactful science can drive meaningful change in global nutrition and well-being, and we're excited to contribute to that mission."

Study Details and Research Team

The study, "Culinary strategies for improving carotenoid bioaccessibility in kale: The role of thermal processing and excipient emulsions," was published in Food Nutrition.

Co-authors include Dr. Zipei Zhang from Mizzou's College of Agriculture, Food and Natural Resources; Hangxin Zhu, a doctoral student at Mizzou; and Dr. David Julian McClements from University of Massachusetts, Amherst.
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Garlic mouthwash shows shockingly strong germ-fighting power | ScienceDaily
Garlic extract has been found to offer antimicrobial effects that are on par with commonly used antiseptics and disinfectants such as chlorhexidine, according to medical researchers at the University of Sharjah.


						
The study, published in the Journal of Herbal Medicine, reports that garlic-based mouthwash may produce more discomfort than chlorhexidine but appears to provide longer-lasting residual activity.

"Chlorhexidine is widely used as a gold standard mouthwash but is associated with side effects and concerns over antimicrobial resistance," the authors explain. "Garlic (Allium sativum), known for natural antimicrobial properties, has emerged as a potential alternative."

Systematic Review Compares Garlic and Chlorhexidine

The researchers based their conclusions on a systematic review examining how garlic extract performs against chlorhexidine in clinical settings and whether it can realistically function as an herbal substitute.

Their analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses 2020 guidelines, which are designed to increase the reliability and transparency of systematic reviews and meta-analyses. The authors also used the PICO framework to structure their clinical research questions.

"A total of 389 articles were identified from six electronic databases in January 2024, and an additional 13 articles were included through manual citation searching. After removing duplicates and applying inclusion and exclusion criteria, only five articles were included," they report.




Review Finds Comparable Antimicrobial Performance

The selected literature consisted of randomized controlled trials and clinical studies with varying designs and low-to-moderate risks of bias. Overall, the authors found that higher concentrations of garlic extract mouthwash showed antimicrobial results similar to those of chlorhexidine.

"The effectiveness varied based on mouthwash concentration and duration of application, contributing to differences in outcomes," the review noted. "Some studies favored chlorhexidine for maintaining higher plaque/salivary pH, while others reported garlic extract to be more effective at certain concentrations. However, garlic mouthwash may cause greater discomfort."

Side Effects and Patient Considerations

Although garlic extract can produce side effects, they are typically milder than those associated with synthetic chemicals. Reported issues include a burning sensation and unpleasant odor, which may influence whether patients are willing to switch from chlorhexidine to garlic-based options.

Even with these drawbacks, the review offers strong support for the clinical antimicrobial activity of garlic extract, reporting "significant reductions in bacterial counts from baseline ... suggesting the possible use of garlic extract mouthwash as a viable alternative to chlorhexidine in certain contexts."

The authors recommend additional clinical trials with larger participant numbers and longer follow-up periods to confirm the "effectiveness and improve clinical applicability" of garlic as an alternative to chlorhexidine, which is still considered the gold standard antimicrobial mouthwash.




Garlic's Long History as a Natural Antimicrobial

Garlic has long been recognized as one of the most potent naturally occurring antibacterial and antifungal crops. Scientific interest has focused particularly on allicin, a compound known for its strong antimicrobial activity. Although classified botanically as a vegetable, garlic is commonly used as both an herb and a spice.

Worldwide garlic usage reached about 30 million metric tons in 2024. China accounted for nearly 80 percent of global consumption and production. That same year, the global garlic extract market was valued at more than 15 billion dollars.

Growing Interest in Herbal Oral Care Alternatives

Garlic extracts are widely available in various health products over-the-counter. By comparison, synthetic agents like chlorhexidine usually require a prescription from a dentist or physician.

"Antimicrobial mouthwashes constitute an essential adjunct element in oral and dental care, acting against oral diseases caused by bacteria, fungi, or viruses attacking oral hard or soft tissues," the review states. "Different antimicrobial mouthwashes, whether available over-the-counter or on prescription, can be used in the management of gingivitis, dental caries, periodontal diseases, halitosis, etc."

Evidence Expands but Clinical Gaps Remain

The review points to numerous studies that demonstrate antimicrobial effects of garlic extracts against a wide range of bacteria, fungi, and viruses. It also notes that garlic extract has been explored in areas such as denture stomatitis, dentinal tubule disinfection, and intracanal medication.

"These studies have contributed to understanding the antimicrobial role of garlic extract in comparison to synthetic agents like chlorhexidine," the authors write. "However, most studies are in vitro, vary in methods, and lack clinical standardization, highlighting the need for further research to confirm garlic's efficacy in dental practice. This uncertainty presents a significant gap in the literature on evidence-based antimicrobial therapies."
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Humans are built for nature not modern life | ScienceDaily
A new analysis by evolutionary anthropologists Colin Shaw (University of Zurich) and Daniel Longman (Loughborough University) argues that the modern world has developed faster than human biology can adapt. Their work proposes that chronic stress and many widespread health concerns stem from a fundamental mismatch between our nature-shaped physiology and the highly industrialized environments most people live in today.


						
For hundreds of thousands of years, humans evolved to meet the physical and psychological demands of hunter-gatherer life, which required frequent movement, short bursts of intense stress and daily exposure to natural settings. Industrialization has altered these conditions within only a few centuries by adding noise, air and light pollution, microplastics, pesticides, continuous sensory input, artificial lighting, processed foods and long periods of sitting.

"In our ancestral environments, we were well adapted to deal with acute stress to evade or confront predators," says Colin Shaw, who leads the Human Evolutionary EcoPhysiology (HEEP) research group with Daniel Longman. "The lion would come around occasionally, and you had to be ready to defend yourself -- or run. The key is that the lion goes away again."

Modern stressors such as traffic, workplace pressure, social media and persistent noise activate the same biological pathways that once helped humans survive predators. Unlike the rapid resolution our ancestors experienced, these stressors rarely subside. "Our body reacts as though all these stressors were lions," Longman explains. "Whether it's a difficult discussion with your boss or traffic noise, your stress response system is still the same as if you were facing lion after lion. As a result, you have a very powerful response from your nervous system, but no recovery."

Industrialization and Its Impact on Health and Reproduction

In their review, Shaw and Longman evaluate research suggesting that the shift toward industrial and urban living is reducing human evolutionary fitness. Evolutionary success depends on both survival and reproduction, and the authors argue that both have been negatively influenced since industrialization began.

They highlight falling fertility rates across much of the world and increasing rates of inflammatory and autoimmune conditions as evidence that modern environments are placing stress on human biology. "There's a paradox where, on the one hand, we've created tremendous wealth, comfort and healthcare for a lot of people on the planet," Shaw says, "but on the other hand, some of these industrial achievements are having detrimental effects on our immune, cognitive, physical and reproductive functions."

One of the most studied examples is the steady decline in sperm count and sperm motility observed since the 1950s. Shaw notes that these trends appear to be linked to environmental exposures. "This is believed to be tied to pesticides and herbicides in food, but also to microplastics," he says.




Searching for Solutions That Support Human Wellbeing

Technological and environmental conditions continue to change far more rapidly than biological evolution can respond to. "Biological adaptation is very slow. Longer-term genetic adaptations are multigenerational -- tens to hundreds of thousands of years," Shaw says.

According to the researchers, this means the mismatch between human physiology and modern living conditions will not correct itself through natural evolutionary processes. Instead, they argue that societies must take active steps to reduce these pressures by strengthening connections to nature and creating healthier, more sustainable environments.

Addressing this mismatch requires both cultural and environmental changes. Shaw suggests treating nature as a crucial component of public health and protecting or restoring landscapes that resemble those in which humans originally evolved. He also advocates for rethinking city design to better align with human physiology and reduce harmful exposures.

"Our research can identify which stimuli most affect blood pressure, heart rate or immune function, for example, and pass that knowledge on to decision-makers," Shaw says. "We need to get our cities right -- and at the same time regenerate, value and spend more time in natural spaces."
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Researchers solve a century-old North Atlantic cold spot mystery | ScienceDaily
For more than 100 years, an unusually cold pool of water south of Greenland has stood out against the overall warming of the Atlantic Ocean. This persistent chill has prompted long-running scientific debate. A new study now points to a long-term weakening of a major ocean circulation system as the underlying cause.


						
Researchers at the University of California, Riverside report that only one mechanism can simultaneously account for observed temperature trends and changing salinity levels: a slowdown in the Atlantic Meridional Overturning Circulation, or AMOC. This large-scale system influences global climate by carrying warm, salty surface waters northward and sending cooler waters back toward the tropics at depth.

"People have been asking why this cold spot exists," said UCR climate scientist Wei Liu, who led the study with doctoral student Kai-Yuan Li. "We found the most likely answer is a weakening AMOC."

Because the AMOC functions like a climate-regulating conveyor belt, any reduction in its flow means that less heat and salt reach the sub-polar North Atlantic. The result is the cooling and freshening that researchers observe south of Greenland.

Century of Data Reveals a Long-Term Trend

A slowing AMOC reduces the transport of warm, salty water, leading to cooler and less saline surface conditions. For this reason, temperature and salinity records are valuable indicators of the circulation's strength.

Liu and Li examined approximately a century of these measurements, since direct AMOC monitoring only began about 20 years ago. Using these long-term records, they reconstructed past changes in the circulation and compared the results to nearly 100 climate model simulations.




Their analysis, published in Communications Earth & Environment, shows that only the models reflecting a weakened AMOC are consistent with the real-world data. Simulations that assumed a stronger current did not reproduce the observed cooling.

"It's a very robust correlation," Li said. "If you look at the observations and compare them with all the simulations, only the weakened-AMOC scenario reproduces the cooling in this one region."

Cooling, Salinity Decline, and Broad Climate Impacts

The study also found that lower salinity in the region aligns with a slowing AMOC, reinforcing the conclusion that reduced transport of warm, salty water is driving the trend.

The implications reach far beyond the immediate area. The South Greenland anomaly is one of the most sensitive regions to shifts in ocean circulation. Its cooling influences weather patterns across Europe by altering rainfall and affecting the jet stream, a high-altitude air current that helps guide storm systems and regulate temperatures throughout North America and Europe.

Marine ecosystems may also be affected, as variations in salinity and temperature shape the environments where species can survive.




Clarifying a Debate in Climate Modeling

The findings help resolve a disagreement among climate modelers about whether the South Greenland cooling is primarily caused by ocean dynamics or by atmospheric influences such as aerosol pollution. Some newer models argued for the latter and predicted a strengthening AMOC as aerosol emissions declined. However, those models did not match the observed cooling pattern.

"Our results show that only the models with a weakening AMOC get it right," Liu said. "That means many of the recent models are too sensitive to aerosol changes, and less accurate for this region."

By addressing that discrepancy, the study improves confidence in climate projections, especially those involving Europe, where AMOC-related shifts have significant influence.

Using Indirect Clues to Reconstruct Ocean History

The research also demonstrates how scientists can draw meaningful conclusions from indirect evidence. Although direct AMOC measurements are limited, temperature and salinity data offer a reliable window into long-term ocean circulation changes and can help refine predictions for future climate conditions.

"We don't have direct observations going back a century, but the temperature and salinity data let us see the past clearly," Li said. "This work shows the AMOC has been weakening for more than a century, and that trend is likely to continue if greenhouse gases keep rising."

Growing Influence of the South Greenland Cold Spot

As the climate continues to shift, the cold spot south of Greenland may become an increasingly important factor in future climate behavior. By identifying its origins, researchers hope to provide better preparation for the changes ahead.

"The technique we used is a powerful way to understand how the system has changed, and where it is likely headed if greenhouse gases keep rising," Li said.
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Scientists reveal a surprising new timeline for ancient Egypt | ScienceDaily
One of the most powerful volcanic events of the past 10,000 years occurred on the Greek island of Thera (Santorini) in the Aegean Sea, yet researchers have long debated whether it took place in the late 17th or 16th century BCE. Ash from the eruption spread across much of the eastern Mediterranean, prompting archaeologists to question how this dramatic event aligned with ancient Egyptian chronology. A research team from Ben-Gurion University of the Negev and the University of Groningen has now provided the first radiocarbon dates related to King Ahmose, the ruler known for reunifying Upper and Lower Egypt and founding the New Kingdom. Their results suggest that the Santorini eruption happened before the New Kingdom, placing it in the Second Intermediate Period. These new measurements strongly support a "low" (i.e. younger) timeline for the start of the 18th Dynasty, a shift that reshapes our understanding of Egypt's interactions with nearby cultures.
Their findings were published in PLOS One.
New Radiocarbon Sampling From Key Egyptian Artifacts
Prof. Hendrik J. Bruins of the Jacob Blaustein Institutes for Desert Research at BGU's Sylan Adams Sde Boker Campus and Prof. Johannes van der Plicht of the University of Groningen received exceptional access to select artifacts from the British Museum and the Petrie Museum in London. Under the supervision of museum teams, they collected samples from several objects for radiocarbon dating. These included a mudbrick from the Ahmose Temple at Abydos (British Museum), a linen burial cloth linked to Satdjehuty (British Museum), and six wooden stick shabtis from Thebes (Petrie Museum).
Revised Timeline for the Santorini Eruption and Early Dynasties
Analysis of the samples showed that the massive eruption did not take place during the Egyptian New Kingdom, as some earlier interpretations suggested. Instead, it occurred earlier in the Second Intermediate Period. The radiocarbon ages for the Santorini event were markedly older than the first radiocarbon dates obtained for artifacts associated with Pharaoh Ahmose and those from the 17th to early 18th Dynasty.
"Our findings indicate that the Second Intermediate Period lasted considerably longer than traditional assessments, and the New Kingdom started later," says Prof. Hendrik J. Bruins.
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Scientists say this viral rosemary skincare trend actually works | ScienceDaily
A popular online skincare trend centered on rosemary and rosemary extract now has scientific evidence behind it. Researchers at the Perelman School of Medicine at the University of Pennsylvania report in JCI Insight that a natural compound in rosemary leaves may help wounds heal more effectively and limit the formation of scars.


						
"Many skin injuries end in scars, and in some people, it can lead to long-term cosmetic and even functional issues," said senior author Thomas Leung, MD, PhD, an associate professor of Dermatology at Penn. "Our findings suggest that rosemary extract, and specifically the antioxidant, carnosic acid, can shift the healing process from scarring to healthy skin regeneration. We don't have proven ways to consistently do that in humans."

A Viral Trend That Sparked a Scientific Question

Penn undergraduate student Jiayi Pang (left) and Penn PhD candidate Emmanuel Rapp Reyes (right) found that rosemary can help skin wounds heal without causing scars.

The idea for the project began on TikTok and Instagram. After noticing that many creators were promoting rosemary serums and rosemary-based products for better skin recovery, Pang and Rapp Reyes approached Leung to understand whether these claims had scientific merit. Their curiosity led them to begin a series of laboratory experiments.

"We hypothesized there was likely something real behind the hype because rosemary contains many antioxidants," said Pang, co-lead author of the study. "But we knew in order to really uncover its potential, we needed to prove its healing properties and uncover how exactly it was facilitating healing."

Testing Rosemary's Key Compound in the Lab

Working with mice, the research team created a cream made with carnosic acid, a naturally occurring antioxidant found primarily in rosemary. The cream sped up wound closure and helped regenerate structures such as hair follicles, oil glands, and cartilage. The scientists also found that the compound activated a skin nerve sensor known as TRPA1, which had previously been linked to the ability to heal without scars. When the cream was used on mice that lacked TRPA1, the treatment no longer produced the same regenerative effects.




"We also identified other herbs, such as thyme and oregano, that may activate TRPA1. But rosemary stood out for its potency and safety," said Rapp Reyes, co-lead author of the study. "Other natural ingredients, such as mustard oil, or the topical medication imiquimod are known to also stimulate the TRPA1 receptor, but unlike rosemary, those can cause irritation and inflammation."

Why Rosemary Works Only Where It Is Applied

The researchers discovered that rosemary's regenerative effect occurs only at the location where the carnosic acid cream is used. Applying the cream to areas of skin far from the injury did not lead to scar-free healing, emphasizing that its benefits are strictly local.

Potential for Future Wound Care Research

The Penn team advises people to speak with their healthcare providers before adding rosemary products to their skincare routine or creating homemade mixtures. Still, because rosemary is widely available and inexpensive, the researchers hope their findings encourage more exploration of its potential benefits in human wound care, especially for individuals prone to significant scarring.

"If rosemary is part of your skincare regimen and you think it's working, it likely is," said Leung. "I'm proud that the young scientists that led this research sought answers to questions in their everyday lives."
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Cosmic knots may finally explain why the Universe exists | ScienceDaily
In 1867, Lord Kelvin pictured atoms as tiny knots in an invisible medium called the ether. That picture turned out to be wrong, since atoms are built from subatomic particles rather than twists in space. Yet his discarded idea of knotted structures may still help explain one of the deepest questions in science: why anything in the universe exists at all.


						
A team of physicists in Japan has now shown that knotted structures can naturally appear in a realistic particle physics model that also addresses several major mysteries, including the origins of neutrino masses, dark matter, and the strong CP problem. Their study, published in Physical Review Letters, suggests that such "cosmic knots" could have formed in the violently changing early universe, briefly taken over as a dominant form of energy, and then collapsed in a way that slightly favored matter over antimatter. As they formed and decayed, these knots would have stirred spacetime itself, producing a distinctive pattern of gravitational waves that future detectors might be able to pick up, which is rare for a problem that is usually very difficult to test directly.

"This study addresses one of the most fundamental mysteries in physics: why our Universe is made of matter and not antimatter," said study corresponding author Muneto Nitta, professor (special appointment) at Hiroshima University's International Institute for Sustainability with Knotted Chiral Meta Matter (WPI-SKCM2) in Japan.

"This question is important because it touches directly on why stars, galaxies, and we ourselves exist at all."

The matter and antimatter imbalance

According to the Big Bang theory, the universe should have started with equal amounts of matter and antimatter. Each particle of matter has an antimatter partner with the same mass but opposite charge, and when they meet, they annihilate into pure energy. If everything had balanced perfectly, all matter and antimatter should have destroyed each other, leaving behind only radiation.

Instead, almost everything we observe today is made of matter, with almost no antimatter visible in the cosmos. Simple calculations show that the entire observable universe, from individual atoms to galaxy clusters, exists because, in the early universe, only one extra matter particle survived for every billion matter-antimatter pairs.




The Standard Model of particle physics, which successfully describes most known particles and forces, cannot explain this tiny but crucial asymmetry. Its predictions for the matter excess fall short by many orders of magnitude. Understanding how that small surplus of matter arose, a process known as baryogenesis, remains one of the central unsolved problems in physics.

Building a new model with cosmic knots

Nitta and Minoru Eto of Hiroshima University's WPI-SKCM2, a research center focused on knotted and chiral phenomena across different systems and scales, together with Yu Hamada of the Deutsches Elektronen-Synchrotron in Germany, argue that a plausible solution might be hiding in a well-motivated extension of known physics.

By combining a gauged Baryon Number Minus Lepton Number (B-L) symmetry with the Peccei-Quinn (PQ) symmetry, the team found that stable knotted configurations could naturally form in the early universe and later produce the observed matter surplus.

Eto is also a professor at Yamagata University, and all three scientists are affiliated with Keio University in Japan.

Ghostlike neutrinos, axions, and hidden symmetries

These two additional symmetries have been studied for decades because they help resolve some of the Standard Model's biggest shortcomings. The PQ symmetry addresses the strong CP problem, which asks why experiments fail to detect the tiny electric dipole moment that theory predicts for the neutron. In solving this puzzle, the PQ symmetry introduces the axion, a hypothetical particle that is a leading candidate for dark matter. At the same time, the B-L symmetry provides a natural explanation for why neutrinos have mass, even though they interact so weakly with matter that they can pass through entire planets without leaving a trace.




In this model, the PQ symmetry is kept as a global symmetry rather than being "gauged," which protects the delicate axion physics needed to solve the strong-CP problem. In physics, "gauging" a symmetry means allowing it to act independently at every point in spacetime. That kind of freedom comes at a price, because the theory then requires a new force-carrying particle to keep the equations consistent. By gauging the B-L symmetry instead, the researchers ensured the existence of heavy right-handed neutrinos, which are needed to cancel anomalies in the theory and play a key role in many baryogenesis scenarios. Gauging B-L also produces behavior similar to a superconductor and establishes the magnetic structure that allows some of the earliest knots in the universe to form.

Cosmic strings in the young universe

As the universe expanded and cooled after the Big Bang, it likely went through a series of phase transitions in which its symmetries broke down in stages. This process, which can be compared to water freezing into ice in an uneven way, may have left behind thin, thread-like defects known as cosmic strings. These objects are often described as cracks in spacetime and remain hypothetical, but many cosmologists consider them a serious possibility. Despite being thinner than a proton, just an inch of such a string could weigh as much as a mountain.

As the universe grew, a network of these strings would have stretched, twisted, and tangled, preserving information about the conditions that existed in the earliest moments.

The breaking of the B-L symmetry produced strings that behave like magnetic flux tubes, while the PQ symmetry created superfluid vortices that carry no magnetic flux. The stark difference between these two types of defects is exactly what allows them to fit together. The B-L flux tube provides a structure for the PQ superfluid vortex's Chern-Simons coupling to attach to. In turn, this coupling allows the PQ superfluid vortex to pump electric charge into the B-L flux tube and oppose the tension that would normally cause the loop to shrink and snap. The outcome is a long-lived, topologically locked state known as a knot soliton.

"Nobody had studied these two symmetries at the same time," Nitta said. "That was kind of lucky for us. Putting them together revealed a stable knot."

A knot-dominated era and quantum tunneling

Radiation in the expanding universe gradually lost energy as its wavelengths stretched with spacetime. The knots, however, behaved more like ordinary matter, so their energy density decreased much more slowly. As a result, they eventually came to dominate over radiation, creating a period in cosmic history in which the energy stored in knots controlled the evolution of the universe.

This phase did not last forever. The knots ultimately unraveled through quantum tunneling, a process in which particles cross energy barriers that would be insurmountable in classical physics, as if they were passing through a wall. When the knots collapsed, they produced heavy right-handed neutrinos as a direct consequence of the B-L symmetry embedded in their structure. These very massive, elusive particles then decayed into lighter, more stable particles with a slight preference for matter over antimatter. That tiny preference eventually led to the matter-filled universe we see today.

"Basically, this collapse produces a lot of particles, including the right-handed neutrinos, the scalar bosons, and the gauge boson, like a shower," study co-author Hamada explains. "Among them, the right-handed neutrinos are special because their decay can naturally generate the imbalance between matter and antimatter. These heavy neutrinos decay into lighter particles, such as electrons and photons, creating a secondary cascade that reheats the universe."

"In this sense," he added, "they are the parents of all matter in the universe today, including our own bodies, while the knots can be thought of as our grandparents."

Linking knot physics to today's universe

To test their idea, the researchers followed the mathematical consequences of their model in detail, including how efficiently the knots produce right-handed neutrinos, how heavy those neutrinos are, and how hot the universe becomes when they decay. From this calculation, the matter-antimatter imbalance observed today emerges naturally.

By rearranging the equations and assuming a realistic mass of 1012 giga-electronvolts (GeV) for the heavy right-handed neutrinos, and that the knots transfer most of their stored energy into creating these particles, the model predicts a reheating temperature of about 100 GeV. This temperature happens to coincide with the last opportunity for the universe to generate matter from a neutrino imbalance. Below that temperature, electroweak processes that convert a neutrino asymmetry into an excess of matter effectively shut off.

Reheating to 100 GeV would also affect the universe's background of gravitational waves, shifting its spectrum toward higher frequencies. Future gravitational-wave observatories, including the Laser Interferometer Space Antenna (LISA) in Europe, Cosmic Explorer in the United States, and the Deci-hertz Interferometer Gravitational-wave Observatory (DECIGO) in Japan, may one day be able to detect this subtle change in the cosmic gravitational-wave signal.

"Cosmic strings are a kind of topological soliton, objects defined by quantities that stay the same no matter how much you twist or stretch them," Eto said. "That property not only ensures their stability, it also means our result isn't tied to the model's specifics. Even though the work is still theoretical, the underlying topology doesn't change, so we see this as an important step toward future developments."

From Kelvin's vision to a realistic knot model

Lord Kelvin originally suggested that knots might be the basic constituents of matter. That early idea turned out to be incorrect, but the new work brings back the spirit of his proposal in a more sophisticated way. The researchers argue that their results "provide, for the first time, a realistic particle physics model in which knots may play a crucial role in the origin of matter."

"The next step is to refine theoretical models and simulations to better predict the formation and decay of these knots, and to connect their signatures with observational signals," Nitta said. "In particular, upcoming gravitational-wave experiments such as LISA, Cosmic Explorer, and DECIGO will be able to test whether the Universe really passed through a knot-dominated era."

Ultimately, the team hopes to determine whether knotlike structures were truly essential in creating the matter in the universe. If so, they could help piece together a more complete and physically testable story of how the cosmos began.
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Scientists keep a human alive with a genetically engineered pig liver | ScienceDaily

The World Health Organization reports that thousands of individuals die each year while waiting for donor organs, largely due to shortages of human tissue. In China, hundreds of thousands develop liver failure annually, yet only about 6,000 liver transplants were carried out in 2022. The success of this experimental effort suggests a possible future path for addressing the severe imbalance between organ supply and demand.

Details of the First-in-Human Pig Liver Graft

The patient was a 71-year-old man with hepatitis B-related cirrhosis and hepatocellular carcinoma who did not qualify for surgical removal of his tumors or for a human liver transplant. Surgeons implanted an auxiliary liver graft derived from a genetically modified Diannan miniature pig featuring 10 targeted gene alterations. These included the removal of xenoantigens and the addition of human transgenes designed to improve compatibility with the human immune and coagulation systems.

During the first month after transplantation, the pig liver graft performed well, producing bile and generating coagulation factors without signs of hyperacute or acute rejection. On day 38, however, physicians removed the graft after the patient developed xenotransplantation-associated thrombotic microangiopathy (xTMA), a complication linked to complement activation and injury to blood vessel linings. Treatment with the complement inhibitor eculizumab and plasma exchange resolved the xTMA. The patient later experienced several episodes of upper gastrointestinal bleeding and died on day 171.

Expert Perspectives on the Significance and Challenges

"This case proves that a genetically engineered pig liver can function in a human for an extended period," said lead investigator Beicheng Sun, MD, PhD, Department of Hepatobiliary Surgery, and President of the First Affiliated Hospital of Anhui Medical University, Hefei, Anhui Province, China. "It is a pivotal step forward, demonstrating both the promise and the remaining hurdles, particularly regarding coagulation dysregulation and immune complications, that must be overcome."

"This report is a landmark in hepatology," noted Heiner Wedemeyer, MD, Co-Editor, Journal of Hepatology, and Department of Gastroenterology, Hepatology, Infectious Diseases and Endocrinology, Hannover Medical School, Hannover, Germany, in an accompanying editorial. "It shows that a genetically modified porcine liver can engraft and deliver key hepatic functions in a human recipient. At the same time, it highlights the biological and ethical challenges that remain before such approaches can be translated into wider clinical use. Xenotransplantation may open completely new paths for patients with acute liver failure, acute-on-chronic liver failure, and hepatocellular carcinoma. A new era of transplant hepatology has started."

"The publication of this case reaffirms the Journal of Hepatology as the world's leading liver journal. We are committed to presenting cutting-edge translational discoveries that redefine what is possible in hepatology," added Vlad Ratziu, MD, PhD, Editor in Chief, Journal of Hepatology, and Institute for Cardiometabolism and Nutrition, Sorbonne Universite and Hospital Pitie Salpetriere, Paris, France.
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Earth's early oceans hid the secret rise of complex life | ScienceDaily
New findings suggest that complex life began forming much earlier, and over a far longer period, than researchers previously understood. The study provides fresh insight into the environmental conditions that supported early evolution and challenges several widely accepted ideas about when advanced cellular features first appeared.


						
Led by the University of Bristol and published in Nature on December 3, the work shows that complex organisms started developing long before oxygen levels in the atmosphere rose to significant levels. Until now, many scientists believed that plentiful oxygen was essential for the emergence of complex life.

"The Earth is approximately 4.5 billion years old, with the first microbial life forms appearing over 4 billion years ago. These organisms consisted of two groups -- bacteria and the distinct but related archaea, collectively known as prokaryotes," said co-author Anja Spang from the Department of Microbiology & Biogeochemistry at the Royal Netherlands Institute for Sea Research.

For hundreds of millions of years, prokaryotes were the only living organisms on the planet. More complex eukaryotic cells eventually evolved, giving rise to algae, fungi, plants and animals.

Rethinking the Origins of Eukaryotes

Davide Pisani, Professor of Phylogenomics in the School of Biological Sciences at the University of Bristol and co-author, noted: "Previous ideas on how and when early prokaryotes transformed into complex eukaryotes has largely been in the realm of speculation. Estimates have spanned a billion years, as no intermediate forms exist and definitive fossil evidence has been lacking."

To shed light on this long-debated transition, the team expanded the existing 'molecular clocks' method, a tool used to estimate when different species last shared an ancestor.




"The approach was two-fold: by collecting sequence data from hundreds of species and combining this with known fossil evidence, we were able to create a time-resolved tree of life. We could then apply this framework to better resolve the timing of historical events within individual gene families," explained co-lead author Professor Tom Williams in the Department of Life Sciences at the University of Bath.

A Much Earlier Start to Cellular Complexity

The researchers examined more than one hundred gene families across multiple biological systems and focused on the traits that separate eukaryotes from prokaryotes. This allowed them to reconstruct a clearer picture of how complex cellular features developed.

Their results indicate that the shift toward complexity began nearly 2.9 billion years ago -- almost a billion years earlier than some previous estimates. The evidence suggests that structures such as the nucleus emerged well before mitochondria. "The process of cumulative complexification took place over a much longer time period than previously thought," said author Gergely Szollosi, head of the Model-Based Evolutionary Genomics Unit at the Okinawa Institute of Science and Technology (OIST).

These findings allowed the researchers to dismiss some existing models for eukaryogenesis (the evolution of complex life). Since the results did not fully match any current explanation, the team proposed a new scenario called 'CALM' -- Complex Archaeon, Late Mitochondrion.

Introducing the CALM Model

Lead author Dr. Christopher Kay, Research Associate in the School of Biological Sciences at the University of Bristol, said: "What sets this study apart is looking into detail about what these gene families actually do -- and which proteins interact with which -- all in absolute time. It has required the combination of a number of disciplines to do this: paleontology to inform the timeline, phylogenetics to create faithful and useful trees, and molecular biology to give these gene families a context. It was a big job."

"One of our most significant findings was that the mitochondria arose significantly later than expected. The timing coincides with the first substantial rise in atmospheric oxygen," added author Philip Donoghue, Professor of Palaeobiology in the School of Earth Sciences at the University of Bristol.

"This insight ties evolutionary biology directly to Earth's geochemical history. The archaeal ancestor of eukaryotes began evolving complex features roughly a billion years before oxygen became abundant, in oceans that were entirely anoxic."
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Scientists find hidden layers in brain's memory center | ScienceDaily
Researchers at the Mark and Mary Stevens Neuroimaging and Informatics Institute (Stevens INI) at the Keck School of Medicine of USC have uncovered a previously unrecognized organizational pattern in one of the brain's key regions for learning and memory. According to findings reported in Nature Communications, the CA1 section of a mouse's hippocampus contains four separate layers of specialized cell types. The hippocampus plays an essential role in forming memories, guiding spatial navigation, and influencing emotions, and the discovery of these layers offers new insight into how information moves through this part of the brain. It also provides clues about why some cell types are especially vulnerable in conditions such as Alzheimer's disease and epilepsy.


						
"Researchers have long suspected that different parts of the hippocampus' CA1 region handle different aspects of learning and memory, but it wasn't clear how the underlying cells were arranged," said Michael S. Bienkowski, PhD, senior author of the study and assistant professor of physiology and neuroscience and of biomedical engineering.

"Our study shows that CA1 neurons are organized into four thin, continuous bands, each representing a different neuron type defined by a unique molecular signature. These layers aren't fixed in place; instead, they subtly shift and change in thickness along the length of the hippocampus. This shifting pattern means that each part of CA1 contains its own mix of neuron types, which helps explain why different regions support different behaviors. This may also clarify why certain CA1 neurons are more vulnerable in conditions like Alzheimer's disease and epilepsy: if a disease targets one layer's cell type, the effects will vary depending on where in CA1 that layer is most prominent."

High-resolution RNA imaging reveals cellular distinctions

To examine this structure, the research team used an RNA labeling technique called RNAscope together with high-resolution microscopy. This approach allowed them to observe single-molecule gene expression inside mouse CA1 tissue and identify individual neuron types based on their active genes. From 58.065 CA1 pyramidal cells, the scientists recorded more than 330,000 RNA molecules, which represent the genetic instructions that indicate when and where genes are expressed. By mapping these gene activity patterns, they produced a detailed cellular atlas outlining the boundaries between distinct nerve cell types across the CA1 region.

Their results showed that CA1 contains four continuous layers of nerve cells, each distinguished by its own pattern of active genes. When viewed in three dimensions, these layers form sheet-like structures that vary in thickness and shape along the hippocampus. This well-defined arrangement clarifies earlier studies that had described CA1 as a more blended or mosaic mixture of cell types.

Hidden "stripes" highlight internal brain architecture

"When we visualized gene RNA patterns at single-cell resolution, we could see clear stripes, like geological layers in rock, each representing a distinct neuron type," said Maricarmen Pachicano, doctoral researcher at the Stevens INI's Center for Integrative Connectomics and co-first author of the paper. "It's like lifting a veil on the brain's internal architecture. These hidden layers may explain differences in how hippocampal circuits support learning and memory."




Because the hippocampus is one of the first regions affected in Alzheimer's disease and is involved in epilepsy, depression, and other neurological conditions, identifying the CA1's layered structure offers a promising guide for determining which neuron types may be most at risk as these disorders progress.

Advancing brain mapping with modern imaging and data science

"Discoveries like this exemplify how modern imaging and data science can transform our view of brain anatomy," said Arthur W. Toga, PhD, director of the Stevens INI and the Ghada Irani Chair in Neuroscience at the Keck School of Medicine of USC. "This work builds on the Stevens INI's long tradition of mapping the brain at every scale, from molecules to whole networks, and will inform both basic neuroscience and translational studies targeting memory and cognition."

A new CA1 cell-type atlas available to researchers

The team compiled its findings into a new CA1 cell-type atlas using data from the Hippocampus Gene Expression Atlas (HGEA). This resource is freely available to scientists worldwide and includes interactive 3D visualizations accessible through the Schol-AR augmented-reality app developed at the Stevens INI. The tool allows researchers to explore the layered structure of the hippocampus in great detail.

Because this layered pattern in mice resembles similar arrangements seen in primates and humans, including comparable variations in CA1 thickness, the researchers believe the organization may be shared across many mammalian species. Further work is needed to determine how closely this structure in humans matches what has been observed in mice, but the findings create a strong starting point for future studies examining how hippocampal architecture supports memory and cognition.




"Understanding how these layers connect to behavior is the next frontier," Bienkowski said. "We now have a framework to study how specific neuron layers contribute to such different functions like memory, navigation, and emotion, and how their disruption may lead to disease."

About the study

In addition to Bienkowski and Pachicano, the study's other authors include Shrey Mehta, Angela Hurtado, Tyler Ard, Jim Stanis, and Bayla Breningstall.

This work was supported by the National Institutes of Health/National Institute of Aging (K01AG066847, R36AG087310-01, supplement P30-AG066530-03S1), National Science Foundation (grant 2121164), and funding from the USC Center for Neuronal Longevity. Research data reported in this publication was supported by the Office of the Director, National Institutes of Health under award number S10OD032285.
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        Stressed rats keep returning to cannabis and scientists know why
        Rats with naturally high stress levels were far more likely to self-administer cannabis when given access. Behavioral testing showed that baseline stress hormones were the strongest predictor of cannabis-seeking behavior. Lower cognitive flexibility and low endocannabinoid levels also contributed to increased use. The results hint at possible early indicators of vulnerability to drug misuse.

      

      
        Even moderate drinking carries a bigger cancer risk than you think
        Researchers found that both how often and how much someone drinks significantly shape their cancer risk, even at moderate levels. Vulnerability varies across groups, with genetics, socioeconomic status, obesity, and lifestyle behaviors amplifying harm. The review also uncovered gender differences, beverage-specific risks, and biological pathways that intensify cancer development.

      

      
        Gene-edited CAR-T cells erase aggressive T-cell leukemia
        A cutting-edge therapy using base-edited immune cells is offering a major breakthrough for patients with one of the toughest forms of blood cancer, T-cell acute lymphoblastic leukaemia. By precisely rewriting tiny sections of DNA, scientists at UCL and Great Ormond Street Hospital created universal CAR T-cells capable of targeting the cancer without harming themselves--a long-standing challenge in T-cell-based therapies. Early trial results show deep, long-lasting remissions, including in patients...

      

      
        New research reveals how everyday cues secretly shape your habits
        Researchers uncovered how shifting levels of a brain protein called KCC2 can reshape the way cues become linked with rewards, sometimes making habits form more quickly or more powerfully than expected. When this protein drops, dopamine neurons fire more intensely, strengthening new associations in ways that resemble how addictive behaviors take hold. Rat studies showed that even brief, synchronized bursts of neural activity can amplify reward learning, offering insight into why everyday triggers,...

      

      
        Scientists uncover a hidden protein behind deadly mystery diseases
        Scientists discovered that the protein RPA plays a critical and previously unconfirmed role in stimulating telomerase to maintain long, healthy telomeres. When RPA malfunctions, telomeres can shorten dangerously, leading to serious diseases.

      

      
        Scientists uncover the hidden survival trick that lets cancer bounce back
        Scientists discovered that certain cancer cells use a low-level activation of a DNA-dismantling enzyme--normally seen in cell death--to survive treatment. Instead of dying, these "persister cells" leverage this sublethal signal to regrow. Because the mechanism is non-genetic, it appears much earlier than typical resistance mutations. Targeting this enzyme could help stop tumors from returning.

      

      
        Blood tests reveal obesity rapidly accelerates Alzheimer's progression
        Obesity accelerates the rise of Alzheimer's-related blood biomarkers far more rapidly than previously recognized. Long-term imaging and plasma data show that obese individuals experience much faster increases in proteins linked to neurodegeneration and amyloid buildup. Surprisingly, blood tests detected these changes earlier than PET scans. The results point to obesity as a major, modifiable contributor to Alzheimer's progression.

      

      
        This 15 minute hepatitis C test could change everything
        Northwestern scientists have created the fastest-ever hepatitis C diagnostic, delivering accurate results in only 15 minutes. The test uses the DASH rapid PCR system, originally developed for COVID, but adapted for whole blood samples. Independent testing showed 100% agreement with existing commercial platforms. Its speed could transform how quickly patients begin treatment.

      

      
        Rising temperatures are slowing early childhood development
        Researchers discovered that unusually high temperatures can hinder early childhood development. Children living in hotter conditions were less likely to reach key learning milestones, especially in reading and basic math skills. Those facing economic hardship or limited resources were hit the hardest. The study underscores how climate change may shape children's learning long before they reach school age.

      

      
        Scientists reveal a tiny brain chip that streams thoughts in real time
        BISC is an ultra-thin neural implant that creates a high-bandwidth wireless link between the brain and computers. Its tiny single-chip design packs tens of thousands of electrodes and supports advanced AI models for decoding movement, perception, and intent. Initial clinical work shows it can be inserted through a small opening in the skull and remain stable while capturing detailed neural activity. The technology could reshape treatments for epilepsy, paralysis, and blindness.

      

      
        A hidden mechanism changes what we know about cell division
        Researchers discovered that a long-misunderstood protein plays a key role in helping chromosomes latch onto the right "tracks" during cell division. Instead of acting like a motor, it works more like a stabilizer that sets everything up correctly from the start. This simple shift in understanding changes how scientists view one of the most important steps in biology. It also highlights a potential weak point that could help explain how some diseases begin.

      

      
        Why ultra-processed foods make teens eat more when they aren't hungry
        A Virginia Tech study shows that ultra-processed foods may influence adolescents differently from slightly older young adults. Participants aged 18 to 21 ate more at a buffet and snacked even when not hungry after two weeks on an ultra-processed diet. Because eating without hunger predicts future weight gain, these findings hint at a heightened vulnerability during late adolescence.

      

      
        Simple supplement mix shows remarkable results in brain cancer
        New research is challenging one of medicine's oldest assumptions: that cancer must be attacked to be cured. By treating glioblastoma patients with a simple combination of resveratrol and copper, the researchers found dramatic reductions in tumor aggressiveness, cancer biomarkers, immune checkpoints, and stem-cell-related markers--all without side effects. Their approach focuses on "healing" tumors by eliminating harmful cell-free chromatin particles released from dying cancer cells, which normally...

      

      
        Human brains light up for chimp voices in a way no one expected
        Humans don't just recognize each other's voices--our brains also light up for the calls of chimpanzees, hinting at ancient communication roots shared with our closest primate relatives. Researchers found a specialized region in the auditory cortex that reacts distinctly to chimp vocalizations, but not to those of bonobos or macaques, revealing an unexpected mix of evolutionary and acoustic influences.

      

      
        Simple light trick reveals hidden brain pathways in microscopic detail
        Microscopic fibers secretly shape how every organ in the body works, yet they've been notoriously hard to study--until now. A new imaging technique called ComSLI reveals hidden fiber orientations in stunning detail using only a rotating LED light and simple microscopy equipment. It works on any tissue slide, from fresh samples to those more than a century old, allowing scientists to uncover microstructural changes in disorders like Alzheimer's and even explore the architecture of muscle, bone, and...

      

      
        Single enzyme mutation reveals a hidden trigger in dementia
        Researchers discovered that a tiny structural feature of the enzyme GPX4 helps keep neurons safe. A rare mutation removes this protection, allowing harmful molecules to damage cell membranes and trigger early dementia. Mouse and cell studies showed changes resembling Alzheimer's. Early tests to slow this damage give scientists new directions to explore.

      

      
        Her food cravings vanished on Mounjaro then roared back
        Deep-brain recordings showed that Mounjaro and Zepbound briefly shut down the craving circuits linked to food noise in a patient with severe obesity. Her obsessive thoughts about food disappeared as the medication quieted the nucleus accumbens, the brain's reward hub.

      

      
        Most of the world isn't getting enough omega-3
        Most people worldwide aren't getting enough omega-3, leaving a major gap between scientific recommendations and daily diets. Researchers emphasize the critical role of EPA and DHA across all life stages and point out that food alone often can't meet needs. The review calls for clearer global guidelines and easier access to sustainable omega-3 sources. It also highlights the challenges different populations face in reaching healthy intake levels.

      

      
        Low dose melanoma treatment delivers dramatically better results
        Using less ipilimumab appears to make melanoma immunotherapy both safer and more effective, with dramatically better response and survival outcomes. The findings suggest that reducing side effects may be the key to maximizing the benefits of these powerful treatments.

      

      
        Gut molecule shows remarkable anti-diabetes power
        Researchers revealed that the microbial metabolite TMA can directly block the immune protein IRAK4, reducing inflammation and improving insulin sensitivity. The molecule counteracts damage caused by high-fat diets and even protects mice from sepsis. Since IRAK4 is a known drug target, this pathway could inspire new diabetes therapies. The study highlights how gut microbes and nutrition can work together to support metabolic health.

      

      
        This tiny implant sends secret messages to the brain
        Researchers have built a fully implantable device that sends light-based messages directly to the brain. Mice learned to interpret these artificial patterns as meaningful signals, even without touch, sight, or sound. The system uses up to 64 micro-LEDs to create complex neural patterns that resemble natural sensory activity. It could pave the way for next-generation prosthetics and new therapies.

      

      
        Scientists uncover a volcanic trigger behind the Black Death
        A newly analyzed set of climate data points to a major volcanic eruption that may have played a key role in the Black Death's arrival. Cooling and crop failures across Europe pushed Italian states to bring in grain from the Black Sea. Those shipments may have carried plague-infected fleas. The study ties together tree rings, ice cores, and historical writings to reframe how the pandemic began.

      

      
        New fat-burning diabetes pill protects muscle and appetite
        Researchers have developed a new oral drug that boosts metabolic activity in muscle rather than altering appetite like GLP-1 drugs. Early trials suggest it improves blood sugar control and fat metabolism while preserving muscle mass, with fewer side effects. Because it acts through a different mechanism, it could be paired with GLP-1 treatments for even stronger results.

      

      
        New study finds a silent genetic heart risk hidden in millions
        A large Mayo Clinic study shows that current guidelines fail to detect nearly 90% of people with familial hypercholesterolemia, a common inherited cause of dangerously high cholesterol. Many affected individuals already had early heart disease but never met testing criteria. Routine DNA screening could dramatically expand detection and prevention. The research underscores the need for genomics-driven healthcare.

      

      
        This simple ingredient makes kale way healthier
        Scientists found that kale's prized nutrients are hard for the body to absorb unless they're eaten with oil. Cooking doesn't improve absorption, but adding oil-based dressings--or even more advanced nanoemulsion sauces--does. These combinations dramatically increase access to kale's carotenoids. The research could inspire new, healthier dressings designed to supercharge everyday vegetables.

      

      
        Garlic mouthwash shows shockingly strong germ-fighting power
        Garlic extract is emerging as a surprisingly powerful contender to chlorhexidine, the long-standing "gold standard" in antimicrobial mouthwashes. A systematic review of clinical studies shows that higher-concentration garlic mouthwash can rival chlorhexidine in killing bacteria--sometimes outperforming it--while offering a more natural alternative.

      

      
        Humans are built for nature not modern life
        Human biology evolved for a world of movement, nature, and short bursts of stress--not the constant pressure of modern life. Industrial environments overstimulate our stress systems and erode both health and reproduction. Evidence ranging from global fertility declines to chronic inflammatory diseases shows the toll of this mismatch. Researchers say cultural and environmental redesign, especially nature-focused planning, is essential.

      

      
        Scientists say this viral rosemary skincare trend actually works
        Researchers have found scientific support for the viral claim that rosemary can improve wound healing. Carnosic acid, a natural antioxidant in rosemary, promoted scar-free healing in mice by activating a nerve sensor tied to regenerative repair. Rosemary proved more potent and gentler than other herbs or compounds that target the same pathway. The work hints at a low-cost future option for reducing scarring in humans.

      

      
        Scientists keep a human alive with a genetically engineered pig liver
        Researchers successfully implanted a genetically modified pig liver into a human, proving that such an organ can function for an extended period. The graft supported essential liver processes before complications required its removal. Although the patient ultimately passed away, the experiment demonstrates both the potential and the complexity of xenotransplantation. Experts believe this could reshape the future of organ replacement.

      

      
        Scientists find hidden layers in brain's memory center
        Scientists uncovered a surprising four-layer structure hidden inside the hippocampal CA1 region, one of the brain's major centers for memory, navigation, and emotion. Using advanced RNA imaging techniques, the team mapped more than 330,000 genetic signals from tens of thousands of neurons, revealing crisp, shifting bands of cell types that run along the length of the hippocampus. This layered organization may help explain why different parts of CA1 support different behaviors and why certain neur...

      

      
        The rotten egg smell that could finally beat nail fungus
        Researchers have identified hydrogen sulfide as a surprisingly effective tool for treating difficult nail infections. It penetrates nails more efficiently than current drugs and kills pathogens by disrupting their energy systems. The compound also works against fungi that resist standard antifungal treatments.

      

      
        Natural hormone unlocks a hidden fat burning switch
        FGF19 triggers the brain to burn more energy and activate fat-burning cells, offering a potential new path for obesity treatments. The hormone enhances thermogenesis and reduces inflammation, but only when the sympathetic nervous system is active. Researchers uncovered how cold exposure increases receptor expression for FGF19 in the hypothalamus, hinting at an evolutionary role in temperature regulation. Ongoing work aims to discover how to boost natural production of this powerful metabolic horm...

      

      
        Next gen cancer drug shows surprising anti aging power
        A next-generation drug tested in yeast was found to extend lifespan and slow aging by influencing a major growth-control pathway. Researchers also uncovered an unexpected role for agmatinases, enzymes that help keep this pathway in balance. Diet and gut microbes may affect aging more than expected because they produce the metabolites involved.

      

      
        Scientists reveal a powerful heart boost hidden in everyday foods
        Regular consumption of polyphenol-rich foods like tea, coffee, berries, nuts, and whole grains may significantly support long-term heart health. A decade-long study of more than 3,100 adults found that those who consistently ate polyphenol-packed diets had healthier blood pressure and cholesterol levels, as well as lower predicted cardiovascular risk.

      

      
        Experimental RNA treatment shows surprising DNA repair power
        Cedars-Sinai scientists have created a new experimental drug called TY1 that helps the body repair damaged DNA and restore injured tissue. The discovery came from studying tiny molecular messages released by heart cells that naturally support healing after injury. By identifying and recreating the most powerful of these messages, the team developed a synthetic RNA molecule that boosts the body's DNA-repair system, reduces scarring, and may improve recovery after heart attacks and other diseases.

      

      
        Alzheimer's blood tests may be misleading for people with kidney problems
        A large study found that people with impaired kidneys tend to have higher Alzheimer's biomarkers, yet they don't face a higher overall risk of dementia. For those who already have elevated biomarkers, kidney problems may speed up when symptoms appear. The findings show that kidney health can change how Alzheimer's blood tests are read. Doctors may need to consider both organs to get a clearer picture.

      

      
        Scientists find hidden brain nutrient drop that may fuel anxiety
        Researchers found that people with anxiety disorders consistently show lower choline levels in key brain regions that regulate thinking and emotions. This biochemical difference may help explain why the brain reacts more intensely to stress in anxiety conditions. Scientists believe nutrition could play a role in restoring balance, though more research is needed. Many Americans already fall short of recommended choline intake, making diet a potential area of interest.
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Stressed rats keep returning to cannabis and scientists know why | ScienceDaily
It isn't just people -- when given the chance rats may also use cannabis to cope with stress, according to a study by researchers at Washington State University.


						
Published in the journal Neuropsychopharmacology, the study set out to investigate which animals would actively seek out cannabis and why. The researchers discovered that rats with naturally higher stress levels were much more likely to repeatedly self-administer the commonly used recreational drug.

"We ran rats through this extensive battery of behavioral and biological tests, and what we found was that when we look at all of these different factors and all the variables that we measured, stress levels seem to matter the most when it comes to cannabis use," said Ryan McLaughlin, associate professor in WSU's College of Veterinary Medicine.

How the experiments tested cannabis seeking behavior

To better understand which traits might influence cannabis use, McLaughlin and his team of undergraduate and graduate student researchers examined a wide range of characteristics, including social behavior, sex, thinking abilities, reward sensitivity, and arousal. From these measurements they built a behavioral profile for each rat. Over a three-week period, the animals were then observed for one hour a day while they had a choice to self-administer cannabis by poking their nose into a vapor port, which released a three-second burst of cannabis vapor into an air-tight chamber.

During each daily session, the student researchers recorded how many "nose-pokes" each rat performed. They then compared those counts with baseline stress hormone levels and found a clear relationship: rats that poked more often tended to have higher starting levels of stress hormones.

Stress hormones as predictors of cannabis use

The team measured the stress hormone corticosterone in the rats, which is the rodent equivalent of the human stress hormone cortisol. They found that animals with higher natural corticosterone levels were much more inclined to self-administer cannabis.




"If you want to really boil it down, there are baseline levels of stress hormones that can predict rates of cannabis self-administration, and I think that only makes sense given that the most common reason that people habitually use cannabis is to cope with stress," McLaughlin said.

He emphasized that the key factor was the rats' resting, baseline stress levels rather than short-term spikes that occur during exercise or mentally demanding tasks. When the researchers measured stress hormone levels after exposing the rats to a stressor, those values did not show a meaningful connection to cannabis-seeking behavior.

Cognitive flexibility and motivation for cannabis

The study also uncovered strong links between how often rats self-administered cannabis and their performance on tests of "cognitive flexibility," which refers to the ability to adapt when rules or conditions change.

"Animals that were less flexible in shifting between rules, when we tested them in a cognitive task, tended to show stronger rates of cannabis-seeking behavior," he said. "So, animals that rely more heavily on visual cues to guide their decision making, those rats, when we tested their motivation to self-administer cannabis vapor, were also very highly motivated rats."

Endocannabinoids, THC, and biological vulnerability

In addition to baseline stress, the researchers found another pattern involving a combination of high morning corticosterone levels and low endocannabinoid levels, which was also associated with cannabis self-administration, although this link was weaker than the effect of baseline stress.




Endocannabinoids are compounds that the body produces on demand to help maintain internal stability and balance, known as homeostasis.

"There's some thought behind why people might be more prone to use cannabis, and that maybe THC serves as a reasonable substitute for endocannabinoids in individuals that have lower endocannabinoid levels," McLaughlin said. "So, perhaps there's more of a drive to supplement that with cannabis."

Cannabis use, addiction risk, and early warning markers

With more and more states decriminalizing cannabis and legalizing recreational cannabis, McLaughlin said it is increasingly important to understand how the drug affects the brain and behavior, and how patterns of drug abuse can develop.

"Our findings highlight potential early or pre-use markers that could one day support screening and prevention strategies," McLaughlin said. "I could certainly envision a scenario where having an assessment of baseline cortisol might provide some level of insight into whether there's an increased propensity for you to develop problematic drug use patterns later in life."
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Even moderate drinking carries a bigger cancer risk than you think | ScienceDaily
As Americans prepare for the holiday season, new research serves as a reminder to think carefully about the long-term health impact of raising a celebratory glass. Alcohol is already recognized as a cause of several cancers, even when consumed at moderate levels. Despite this, drinking remains common, and many uncertainties remain about how both how often people drink and how much they drink influence their cancer risk.


						
In addition, risk is not the same for everyone, and current alcohol policies rarely highlight the connection between drinking and cancer.

Large Review of Alcohol Use and Cancer Risk

To address these gaps, researchers from Florida Atlantic University's Charles E. Schmidt College of Medicine conducted an extensive systematic review to explore how different levels of alcohol use -- excessive, moderate and even mild -- affect cancer risk in U.S. adults.

They evaluated 62 studies, with sample sizes ranging from 80 people to nearly 100 million participants. The team also examined co-existing health conditions, such as obesity and chronic liver disease, which are known to increase risk, and they identified social and demographic groups that appear particularly vulnerable.

The findings, published in the journal Cancer Epidemiology, show that both how often people drink and how much alcohol they consume play a significant role in cancer risk. The association was especially strong for breast, colorectal, liver, oral, laryngeal, esophageal and gastric cancers. Alcohol use also made outcomes worse in conditions such as alcoholic liver disease, which was linked to more advanced liver cancer and lower survival rates.

Who Faces the Greatest Cancer Risk from Alcohol?

Higher levels of alcohol use were associated with greater risk, particularly among African Americans, people with genetic predispositions, and individuals with obesity or diabetes. Factors such as race, age, education and income further shaped exposure and vulnerability. As a result, lower-socioeconomic groups and some racial/ethnic communities experienced a disproportionate burden, even when their overall alcohol consumption was similar to or lower than that of other groups.




In contrast, people who followed American Cancer Society recommendations on alcohol and other healthy lifestyle behaviors had lower cancer risk and reduced mortality. This pattern underscores the value of integrated lifestyle changes rather than focusing on alcohol in isolation.

"Across 50 studies in our review, higher alcohol consumption consistently raised cancer risk, with risk increasing as intake grows," said Lea Sacca, Ph.D., senior author and an assistant professor of population health in the Schmidt College of Medicine. "Factors like type of alcohol, age of first exposure, gender, race, smoking, family history, and genetics all influence risk. Certain groups -- older adults, socioeconomically disadvantaged individuals, and those with comorbidities -- are especially vulnerable. Heavy, daily or binge drinking is strongly linked to multiple cancers, highlighting the importance of moderation and following cancer prevention guidelines."

Beverage Type, Gender Differences, and Other Risk Multipliers

The review also suggested that the kind of alcoholic drink may sometimes matter. In several studies, white wine or beer was associated with higher risk of certain cancers, while liquor often was not. Clear gender differences emerged as well: in men, frequent drinking increased risk, whereas in women, episodic heavy drinking was especially concerning. Smoking further amplified alcohol-related cancer risk, though its impact varied by sex and by level of alcohol use. Other contributing factors included UV exposure (increasing melanoma risk in less-exposed sites) and family history, which can intensify the connection between alcohol and cancer.

Across the studies, additional risk factors included high or low BMI, low levels of physical activity, carcinogenic infections (e.g. hepatitis B and C virus, HPV, HIV or H. pylori, a bacterium that infects the stomach lining), poor diet, hormone use, and specific hair or eye color.

"Biologically, alcohol can damage DNA through acetaldehyde, alter hormone levels, trigger oxidative stress, suppress the immune system, and increase carcinogen absorption," said Lewis S. Nelson, M.D., co-author, dean and chief of health affairs, Schmidt College of Medicine. "These effects are compounded by pre-existing health conditions, lifestyle choices, and genetic predispositions, all of which can accelerate cancer development."

Prevention, Policy, and a Broader View of Cancer Risk




Based on their findings, the researchers recommend targeted strategies to reduce alcohol-related cancer burden. These include tailored public health messages, stronger alcohol-related policies, and focused interventions for groups at highest risk.

"Our findings undersore that alcohol-related cancer risk is not driven by alcohol alone, but by a complex interpaly of biological, behavioral and social factors," said Maria Carmenza Mejia, M.D., co-author and a professor of population health in the Schmidt College of Medicine. "Recognizing how these forces intersect -- shaping exposure, vulnerability and long-term health outcomes -- is essential for building a more accurate understanding of cancer risk. This broader perspective reminds us that effective prevention goes beyond reducing alcohol consumption; it requires addressing the environments, habits and underlying health conditions that magnify its impact."

Study co-authors are FAU medical students Isabella Abraham; Gabriella Dasilva; Kayla Ernst; Alexandra Campson; Alana Starr; Christine Kamm; Morgan Decker; Sahar Kaleem; Nada Eldawy; and Paige Brinzo; and Tiffany Follin, medical liaison and outreach librarian, Schmidt College of Medicine; George Kosseifi, Case Western Reserve University; and Christine Ramdin, Ph.D., instructor, Department of Emergency Medicine, Rutgers New Jersey Medical School.
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Gene-edited CAR-T cells erase aggressive T-cell leukemia | ScienceDaily
A new treatment created by scientists at UCL (University College London) and Great Ormond Street Hospital (GOSH) is offering promising results for children and adults with T-cell acute lymphoblastic leukemia (T-ALL), a fast-moving and uncommon blood cancer. The approach uses genome-edited immune cells to target the disease in patients who often have very limited treatment options.


						
This first-of-its-kind gene therapy, known as BE-CAR7, relies on base-edited immune cells to attack types of T-cell leukemia that historically could not be treated effectively. Base-editing is an advanced form of CRISPR that changes individual DNA letters inside living cells with high precision.

In 2022, researchers at GOSH and UCL used this technology to treat Alyssa, a 13-year-old girl from Leicester, marking the first time a base-edited therapy had been used in a patient anywhere in the world.

Since then, the treatment has been given to eight more children and two adults at GOSH and King's College Hospital (KCH).

Clinical trial results show strong remission rates

Findings from the early clinical trial have been published in the New England Journal of Medicine and shared at the 67th American Society of Hematology Annual Meeting. Key outcomes reported by the research team include:
    	82% of patients reached very deep remission after receiving BE-CAR7, which allowed them to move forward to a stem cell transplant without detectable disease
    	64% remain free of leukemia, and the earliest treated patients have now been disease-free and off therapy for three years
    	Side effects such as low blood counts, cytokine release syndrome and rashes were expected and manageable, although the highest risks were linked to viral infections while the immune system was rebuilding

How CAR T-cell therapy works

CAR-T cell immunotherapy has become an important option for several blood cancers. The process modifies a patient's T-cells so they carry a customized protein called a chimeric antigen receptor (CAR). This receptor helps the modified cell identify unique markers or "flags" on cancer cells and destroy them.




Developing CAR T-cell therapies for leukemias that originate in T-cells has been especially difficult. The challenge is that the treatment must wipe out cancerous T-cells without triggering the engineered cells to attack one another.

Base-editing enables the creation of universal CAR T-cells

BE-CAR7 T-cells are created with a next-generation genome editing method that does not cut DNA, which lowers the chances of chromosomal damage. Using CRISPR-based tools, researchers altered single DNA letters to reprogram the cells. In 2022, these edits allowed the team to produce banked stores of "universal" CAR T-cells that can be delivered to different patients and still recognize and attack T-cell leukemia.

For this study, the universal CAR T-cells came from the white blood cells of healthy donors. The engineering steps took place in a clean room facility at GOSH using custom RNA, mRNA and a lentiviral vector in an automated system the team previously refined. Key steps included:
    	Removing existing receptors so donor cells can be stored and given to any patient without the need for a match, creating "universal" T-cells
    	Removing the CD7 marker that identifies cells as T-cells (CD7 T-cell marker). Without removing CD7, T-cells designed to kill T-cells would destroy one another in "friendly-fire"
    	Removing CD52, a second marker. This alteration prevents a strong antibody medication used to suppress the immune system from eliminating the engineered cells
    	Adding a Chimeric Antigen Receptor (CAR) that detects CD7 on leukemic T-cells. A disabled virus provided extra DNA instructions so the cells can find and attack CD7-positive leukemia

From cancer clearance to immune rebuilding

When patients receive base-edited CAR T-cells, the engineered cells quickly locate and destroy T-cells throughout the body, including the cancerous ones. If leukemia is cleared within the first month, patients then undergo a bone marrow transplant that restores a functioning immune system over the following months.




Professor Waseem Qasim, who led the research and is professor of cell and gene therapy at UCL and honorary consultant immunologist at GOSH, said: "We previously showed promising results using precision genome editing for children with aggressive blood cancer and this larger number of patients confirms the impact of this type of treatment. We've shown that universal or 'off the shelf' base-edited CAR T-cells can seek and destroy very resistant cases of CD7+ leukemia."

He added: "Many teams were involved across the hospital and university and everyone is delighted for patients clearing their disease, but at the same time, deeply mindful that outcomes were not as hoped for some children. These are intense and difficult treatments -- patients and families have been generous in recognizing the importance of learning as much as possible from each experience."

New hope for patients who do not respond to standard therapy

Dr. Rob Chiesa, a study investigator and bone marrow transplant consultant at GOSH, said: "Although most children with T-cell leukemia will respond well to standard treatments, around 20% may not. It's these patients who desperately need better options and this research provides hope for a better prognosis for everyone diagnosed with this rare but aggressive form of blood cancer.

"Seeing Alyssa go from strength-to-strength is incredible and a testament to her tenacity and the dedication of an array of small army of people at GOSH. Team working between bone marrow transplant, hematology, ward staff, teachers, play workers, physiotherapists, lab and research teams, among others, is essential for supporting our patients."

Dr. Deborah Yallop, consultant hematologist at KCH, said: "We've seen impressive responses in clearing leukemia that seemed incurable -- it's a very powerful approach."

Funding expands access to more T-ALL patients

The trial is sponsored by GOSH and supported by the Medical Research Council, Wellcome and the National Institute for Health and Care Research (NIHR). Patients eligible for NHS care who are interested in taking part should speak with their healthcare team.

GOSH Charity has also committed funding to support treatment for an additional 10 T-ALL patients. This more than PS2m investment helps broaden access to the trial and contributes to GOSH Charity's fundraising campaign for a new Children's Cancer Centre designed to advance cutting-edge research.

Alyssa's recovery continues to inspire progress

Alyssa Tapley, now 16, became the first person in the world to receive a base-edited cell therapy. She shared her story in 2022, when her leukemia was undetectable but she remained under careful monitoring. She has since moved to long-term follow-up and is fully engaged in daily life with her friends.

She was diagnosed with T-cell leukemia in May 2021 after months of what appeared to be repeated viral illnesses and fatigue. Standard treatments such as chemotherapy and a first bone marrow transplant did not work, and discussions about palliative care had begun when the research team offered the experimental therapy.

Alyssa said: "I chose to take part in the research as I felt that, even if it didn't work for me, it could help others. Years later, we know it worked and I'm doing really well. I've done all those things that you're supposed to do when you're a teenager.

"I've gone sailing, spent time away from home doing my Duke of Edinburgh Award but even just going to school is something I dreamed of when I was ill. I'm not taking anything for granted. Next on my list is learning to drive, but my ultimate goal is to become a research scientist and be part of the next big discovery that can help people like me."

Research infrastructure and continued support

BE-CAR7 cells were manufactured through a long-term research program at the UCL Great Ormond Street Institute of Child Health, led by Professor Qasim, who also serves as an honorary consultant at GOSH. Support from NIHR, Wellcome, the Medical Research Council and GOSH Charity has helped drive the development of innovative genome editing treatments.

The team now operates from the Zayed Centre for Research into Rare Disease in Children, a partnership between UCL and GOSH made possible through a PS60 million gift in 2014 from Her Highness Sheikha Fatima bint Mubarak in honor of her late husband, Sheikh Zayed bin Sultan Al Nahyan.

The researchers expressed their thanks to Anthony Nolan and to the volunteer blood and stem cell donors, as well as the patients and families who chose to take part in this work.
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New research reveals how everyday cues secretly shape your habits | ScienceDaily
Researchers at Georgetown University Medical Center have identified a way the brain's learning system can shift depending on the activity of a particular protein. Their work shows that the ability to connect cues with rewarding outcomes can be strengthened or weakened when this protein becomes more or less active. This process helps determine whether the brain responds to signals that lead to positive behaviors or ignores cues tied to harmful habits, including those involved in smoking addiction.


						
"Our ability to link certain cues or stimuli with positive or rewarding experiences is a basic brain process, and it is disrupted in many conditions such as addiction, depression, and schizophrenia," says Alexey Ostroumov, PhD, assistant professor in the Department of Pharmacology & Physiology at Georgetown University School of Medicine and senior author of the study. "For example, drug abuse can cause changes in the KCC2 protein that is crucial for normal learning. By interfering with this mechanism, addictive substances can hijack the learning process."

The study, supported by the National Institutes of Health (NIH), was published December 9 in Nature Communications.

How KCC2 Shapes Dopamine Activity and Reward Learning

The team found that changes in learning can occur when levels of the KCC2 protein shift. When KCC2 levels are reduced, dopamine neurons fire more rapidly, which encourages the formation of new reward associations. These dopamine neurons produce and release dopamine, a neurotransmitter essential for motivation, reward processing, and motor control.

To better understand this relationship, researchers studied rodent brain tissue and monitored the behavior of rats during Pavlovian cue-reward tests. In these classic experiments, a brief sound alerts the rats that a sugar cube is on the way. Beyond analyzing how KCC2 affects the pace of neuron firing, the investigators discovered that neurons firing in a coordinated pattern can amplify dopamine activity in a surprising way. Short bursts of dopamine appear to serve as potent learning signals that help the brain assign meaning and value to shared experiences.

Why Everyday Cues Can Trigger Cravings

"Our findings help explain why powerful and unwanted associations form so easily, like when a smoker who always pairs morning coffee with a cigarette later finds that just drinking coffee triggers a strong craving to smoke," notes Ostroumov. "Preventing even relatively benign drug-induced associations with situations or places, or restoring healthy learning mechanisms, can help develop better treatments for addiction and related disorders."




How Diazepam and Other Drugs Influence Neuron Coordination

The researchers also examined whether drugs that act on specific cellular receptors, including benzodiazepines such as diazepam, could alter learning processes. Earlier work showed that shifts in KCC2 production, and therefore in neuron activity, can change how diazepam (valium) produces its calming effects in the brain. The current study adds another layer to this understanding by showing that neurons do more than increase or decrease activity. They can coordinate their firing patterns, and when that coordination occurs, they transmit information more effectively. The team found that diazepam can support this coordinated activity in their experiments.

Methods and the Importance of Using Rats for Behavioral Tests

"To reach our conclusions, we combined many experimental approaches, including electrophysiology, pharmacology, fiber photometry, behavior, computational modeling, and molecular analyses," says the study's first author Joyce Woo, a PhD candidate in Ostroumov's lab.

She explained that rats were chosen for the behavioral portion of the research because they typically perform more consistently than mice on longer and more complex tasks. Their reliability in reward-learning experiments allowed the research team to gather more stable and informative data.

Broader Implications for Brain Disorders and Treatment Strategies

"We believe these discoveries extend beyond basic learning research," says Ostroumov. "They reveal new ways the brain regulates communication between neurons. And because this communication can go wrong in different brain disorders, our hope is that by preempting these disruptions, or by fixing normal communication when it's impaired, we can help develop better treatments for a wide range of brain disorders."




Additional Georgetown contributors include Ajay Uprety, Daniel Reid, Irene Chang, Aelon Ketema Samuel, Helena de Carvalho Schuch and Caroline C Swain.

Ostroumov and his co-authors report having no personal financial interests related to the study.

This work was supported by NIH grants MH125996, DA048134, NS139517, DA061493, as well as grants from the Brain & Behavior Research Foundation, the Whitehall Foundation and the Brain Research Foundation.
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Scientists uncover a hidden protein behind deadly mystery diseases | ScienceDaily
New work from the University of Wisconsin-Madison shows that problems in a protein vital for keeping chromosomes stable may contribute to serious -- and at times fatal -- health conditions.


						
The study, recently reported in Science, offers patients and clinicians new protein mutations to examine when diagnosing certain cancers and bone marrow disorders.

Understanding Telomeres and Chromosome Protection

Our chromosomes (bundles of proteins and DNA that store all our genetic information), rely on telomeres to prevent damage. These protective caps at each chromosome end are made from repetitive DNA sequences and proteins. Telomeres naturally shorten with age, but disruptions in how they form or are maintained can reduce DNA stability, which may accelerate aging or lead to disease.

Researchers working in the laboratory of Ci Ji Lim, a UW-Madison professor of biochemistry, along with collaborators in the university's Department of Chemistry, set out to identify proteins that interact with telomerase, the enzyme responsible for maintaining telomeres. Failures in these partner proteins could help explain diseases that arise from shortened telomeres.

"This line of research goes beyond a biochemical understanding of a molecular process. It deepens clinical understanding of telomere diseases," says Lim, whose work is supported by the National Institutes of Health.

Discovery of RPA's Essential Role in Telomere Maintenance

Graduate student Sourav Agrawal, research scientist Xiuhua Lin, and postdoctoral researcher Vivek Susvirkar led the search for proteins likely to work alongside telomerase. They used AlphaFold, a machine learning tool that predicts the 3D structure of proteins and protein-protein interactions. Their analysis highlighted a molecule called replication protein A (RPA) as a key factor in maintaining telomeres by stimulating telomerase. Although RPA has long been recognized for its involvement in DNA replication and repair, its importance in supporting healthy telomeres in humans had not been confirmed.




Using insights from AlphaFold, the team verified experimentally that, in humans, RPA is necessary to activate telomerase and preserve telomere length.

Implications for Patients With Short Telomere Disorders

Lim notes that these findings have direct relevance for people facing often deadly diseases caused by shortened telomeres, including aplastic anemia, myelodysplastic syndrome and acute myeloid leukemia.

"There are some patients with shortened telomere disorders that couldn't be explained with our previous body of knowledge," explains Lim. "Now we have an answer to the underlying cause of some of these short telomere disease mutations: it is a result of RPA not being able to stimulate telomerase."

Global Interest and New Diagnostic Insights

Since publishing the work, Lim and his team have been contacted by clinicians and scientists from several countries seeking to understand whether their patients' illnesses could stem from genetic mutations that interfere with this newly identified function of RPA.

"There are colleagues reaching out from France, Israel, and Australia. They just want to give a cause for their patient's short telomere disease so that the patients and their families can understand what is happening and why," says Lim. "With biochemical analysis, we can test their patients' mutation to see if it impacts how RPA interacts with telomerase, and give the doctors insights into possible causes of their patients' diseases."

This research received support from the National Institutes of Health (R01GM153806 and DP2GM150023), the UW-Madison Office of the Vice Chancellor for Research, the Wisconsin Alumni Research Foundation and the UW-Madison Department of Biochemistry.
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Scientists uncover the hidden survival trick that lets cancer bounce back | ScienceDaily
Cancer drug resistance remains one of the biggest challenges in cancer treatment, and doctors urgently need better ways to prevent it. Yet scientists still do not fully understand the molecular processes that allow tumors to escape and return after therapy, which slows the development of new strategies to stop resistance. Researchers at the University of California San Diego have now identified an unexpected survival strategy that cancer cells use to endure and grow back after targeted therapy: they co-opt an enzyme that is normally active only during cell death.


						
"This flips our understanding of cancer cell death on its head," said senior author Matthew J. Hangauer, Ph.D., assistant professor of dermatology at UC San Diego School of Medicine and Moores Cancer Center member. "Cancer cells which survive initial drug treatment experience sublethal cell death signaling which, instead of killing the cell, actually helps the cancer regrow. If we block this death signaling within these surviving cells, we can potentially stop tumors from relapsing during therapy."

Global cancer burden and early resistance

Cancer is responsible for about one in six deaths worldwide. Many of these deaths occur because tumors initially respond to treatment, then later acquire resistance and come back. Typically, resistance develops over months to years through new mutations, much like bacteria gradually evolving resistance to antibiotics. These mutation-driven changes are hard to manage with the limited number of drug combinations available.

The newly identified mechanism, however, operates at the very beginning of resistance and does not depend on genetic mutations. Because it appears so early and is not tied to permanent changes in DNA, it represents a promising new point of attack for future therapies.

"Most research on resistance focuses on genetic mutations," said first author August F. Williams, Ph.D., a postdoctoral fellow in the Hangauer lab at UC San Diego. "Our work shows that non-genetic regrowth mechanisms can come into play much earlier, and they may be targetable with drugs. This approach could help patients stay in remission longer and reduce the risk of recurrence."

Persister cells, death enzymes and tumor relapse

In the new study, the researchers found:
    	In models of melanoma, lung and breast cancers, a subset of "persister" cells that survive treatment showed ongoing, low-level activation of a protein involved in normal cell death that breaks down DNA, called DNA fragmentation factor B (DFFB).
    	The level of DFFB activation was too low to kill these cells, but high enough to disrupt how they respond to signals that would normally keep their growth in check.
    	When this protein was removed, persister cancer cells stayed dormant and did not regrow during drug treatment.
    	DFFB is not required in normal cells, but is necessary for regrowth of cancer persister cells, which marks it as a promising target for combination therapies designed to prolong responses to targeted treatments.

Study publication and research support

The findings were reported in Nature Cell Biology and were supported in part by grants from the Department of Defense, the National Institutes of Health and the American Cancer Society. Hangauer is a cofounder, consultant and research funding recipient of BridgeBio subsidiary Ferro Therapeutics.
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Blood tests reveal obesity rapidly accelerates Alzheimer's progression | ScienceDaily
Researchers have carried out the first investigation of how obesity affects Alzheimer's disease blood biomarkers (BBMs). In this work, BBM levels rose up to 95% more quickly in people with obesity than in people without obesity, based on findings presented at the annual meeting of the Radiological Society of North America (RSNA).


						
"This is the first time we've shown the relationship between obesity and Alzheimer's disease as measured by blood biomarker tests," said Cyrus Raji, M.D., Ph.D., senior author of the study and a principal investigator in the Neuroimaging Labs Research Center at Mallinckrodt Institute of Radiology (MIR) at Washington University School of Medicine in St. Louis.

Long-Term Brain Imaging and Blood Data

To explore this connection, the team drew on five years of data from 407 volunteers enrolled in the Alzheimer's Disease Neuroimaging Initiative, which provided both amyloid positron emission tomography (PET) scans and blood samples. PET scans are used to show the brain's amyloid burden, meaning the buildup of beta-amyloid protein in the brain as amyloid plaques, a key feature of Alzheimer's disease.

Researchers analyzed plasma samples for several BBMs related to Alzheimer's disease, including pTau217 levels (a biomarker used in the diagnosis and monitoring of Alzheimer's disease), neurofilament light chain (NfL) -- a protein fragment released from damaged or dying neurons -- and plasma GFAP -- a protein expressed primarily in astrocytes (cells that support and protect neurons in the brain and spinal cord) using six leading commercial tests.

Linking Body Weight to Brain Biomarkers

The research team used statistical methods to examine how these BBMs related to body mass index (BMI) and to evaluate a three-way interaction between baseline obesity, time and BBMs. They also compared and confirmed the BBM results against the amyloid PET scan findings.




When they combined the blood and imaging data, they found that at the start of the study, higher BMI was linked to lower BBM levels and a lower overall amyloid burden across the brain.

"We believe the reduced BBMs in obese individuals was due to dilution from the higher blood volume," said study lead author Soheil Mohammadi, M.D., M.P.H., postdoctoral research associate at MIR. "In fact, by relying on the baseline measurements, you could be fooled into thinking that the people with obesity had a lower pathology of Alzheimer's disease. We need the longitudinal data to fully understand the how obesity impacts the development of Alzheimer's pathology."

A longitudinal study involves repeatedly collecting data from the same group over an extended period, tracking changes and trends over a period of time.

Obesity Speeds Up Alzheimer's-Related Changes

As the years passed, both Alzheimer's disease BBMs and brain PET scans showed a greater build-up of Alzheimer's-related pathology in participants with obesity compared with those without obesity. People with obesity experienced a 29% to 95% faster increase in plasma pTau217 ratio levels. Having obesity at baseline was also associated with a 24% faster rise in plasma NfL and a 3.7% faster increase in amyloid accumulation.

Dr. Raji noted that their results showed blood tests offered greater sensitivity than PET scans for detecting the influence of obesity on Alzheimer's-related brain changes.




"The fact that we can track the predictive influence of obesity on rising blood biomarkers more sensitively than PET is what astonished me in this study," he said.

Clinical Implications and Modifiable Risk

According to Dr. Mohammadi, the way obesity shapes the progression of amyloid burden and related shifts in Alzheimer's blood biomarkers has important implications for how clinicians assess and manage risk.

"According to the 2024 report of the Lancet Commission, 14 modifiable risk factors total approximately 45%, or close to half, of the risk for Alzheimer's disease," he said. "If we can reduce any of those risk factors, we can significantly reduce Alzheimer's cases or lengthen the amount of time until the onset of the disease."

Future of Brain Health Monitoring and Treatment

Dr. Raji anticipates that repeated measurements of blood biomarkers, combined with brain imaging, will increasingly be used to track treatment strategies involving anti-amyloid drugs.

"This is such profound science to follow right now because we have drugs that can treat obesity quite powerfully, which means we could track the effect of weight loss drugs on Alzheimer's biomarkers in future studies," he said. "It's marvelous that we have these blood biomarkers to track the molecular pathology of Alzheimer's disease, and MRI scans to track additional evidence of brain degeneration and response to various treatments. This work is foundational for future studies and treatment trials."

Other co-authors are Farzaneh Rahmani, M.D., M.P.H., Mahsa Dolatshahi, M.D., M.P.H., and Suzanne E. Schindler, M.D., Ph.D.
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This 15 minute hepatitis C test could change everything | ScienceDaily
A new rapid test from Northwestern University can diagnose hepatitis C in just 15 minutes -- far faster than current options.


						    	Chronic hepatitis C infection affects an estimated 50 million people around the world and leads to approximately 242,000 deaths each year, most often from cirrhosis and liver cancer.
    	Same-day test results can speed up the start of treatment, and the infection is fully curable with the right medication.
    	Scientists at Johns Hopkins independently verified that the new test showed 100 percent agreement with commercial diagnostic platforms.

A New 15 Minute Test Speeds Up Hepatitis C Detection

Scientists at Northwestern University have created the fastest method so far for identifying hepatitis C virus (HCV). The new diagnostic delivers accurate results in only 15 minutes -- up to 75 percent faster than other rapid HCV options. This shorter wait time is important because it allows many patients to begin treatment before leaving their appointment, reducing the chance of severe complications and deaths linked to delayed care.

The research describing the test is scheduled for publication on Dec. 10 in The Journal of Infectious Diseases.

Why Faster Diagnosis Matters for Global Hepatitis C Control

HCV can progress to chronic hepatitis C infection, a condition that affects about 50 million people worldwide and leads to roughly 242,000 deaths each year. Most of these deaths result from cirrhosis and liver cancer. Although highly effective medications can cure the infection in 8 to 12 weeks, treatment rates remain low. One major barrier is limited access to affordable, easy to use diagnostic tools that can be deployed at the point of care.

"We were able to develop a diagnostic test that can be performed at the point of care during a patient's clinical visit, which could enable same-day diagnosis and treatment in support of HCV elimination efforts," said Sally McFall, co-director of the Center for Innovation in Global Health Technologies (CIGHT) at Northwestern University McCormick School of Engineering, who developed the test.




According to McFall, the new tool has shown strong analytical and clinical results. She noted that it may help support the World Health Organization's goal of eliminating HCV by 2030.

How the Rapid PCR Test Was Developed

The project brought together faculty in engineering and infectious disease at Northwestern. To build the new rapid polymerase chain reaction (PCR) test, the team relied on the DASH(r) (Diagnostic Analyzer for Specific Hybridization)PCR platform. Originally designed at Northwestern to detect COVID from nasal swabs, the system proved flexible enough to process whole blood samples for HCV detection.

To validate the technology, the researchers sent DASH(r) analyzers and DASH(r) HCV cartridges to colleagues at Johns Hopkins University. The Johns Hopkins team tested 97 clinical specimens and reported a 100 percent match between the DASH results and commercial diagnostic platforms.

"This test could revolutionize HCV care in the U.S. and globally by dramatically improving diagnosis, accelerating treatment uptake and enabling more people to be cured faster," said study co-author Dr. Claudia Hawkins, director of the Robert J. Havey, MD Institute for Global Health's Center for Global Communicable and Emerging Infectious Diseases at Northwestern. "By reducing delays and simplifying testing pathways, it has the potential to save millions of lives from the devastating liver-related complications of untreated HCV."

Why the New Test Outperforms Current Options

Diagnosing hepatitis C typically requires two steps. An antibody test first determines whether a patient has ever been exposed to the virus. If that test is positive, a follow-up PCR test checks for viral RNA to confirm an active infection. In most clinical settings, the PCR sample must be sent to an outside laboratory, leading to delays that can stretch from several days to weeks. Patients then need to return to their provider for results. Although the Food and Drug Administration has cleared one other point-of-care HCV test, it still requires 40 to 60 minutes -- a time frame that often exceeds the length of a standard appointment, McFall said.

The study is titled, "Development of a Rapid Automated Point-of-Care Test for Hepatitis C Viral RNA on the DASH(r) Rapid PCR System."
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Rising temperatures are slowing early childhood development | ScienceDaily
Climate change, including extreme heat and frequent heat waves, is already known to harm ecosystems, agriculture, and human health. New evidence now suggests that increasing temperatures may also slow key aspects of early childhood development.


						
Published in the Journal of Child Psychology and Psychiatry, the study reports that children who experienced unusually warm conditions, specifically average maximum temperatures above 86 degF (30 degC), were less likely to reach expected literacy and numeracy milestones when compared to children living in cooler environments.

"While heat exposure has been linked to negative physical and mental health outcomes across the life course, this study provides a new insight that excessive heat negatively impacts young children's development across diverse countries," says lead author Jorge Cuartas, assistant professor of applied psychology at NYU Steinhardt. "Because early development lays the foundation for lifelong learning, physical and mental health, and overall well-being, these findings should alert researchers, policymakers, and practitioners to the urgent need to protect children's development in a warming world."

Large International Dataset Reveals Clear Patterns

Cuartas and his colleagues examined information from 19,607 children between the ages of three and four from Gambia, Georgia, Madagascar, Malawi, Palestine, and Sierra Leone. These countries were chosen because they provide detailed data on child development, household living conditions, and climate, allowing researchers to estimate the amount of heat each child experienced.

To evaluate development, the team used the Early Childhood Development Index (ECDI), which tracks milestones in four areas: reading and number-related skills (literacy and numeracy), social-emotional development, approaches to learning, and physical development. The researchers combined ECDI information with 2017-2020 data from the Multiple Indicator Cluster Surveys (MICS), which include demographic and well-being indicators such as education, health, nutrition, and sanitation. By merging these datasets with climate records showing average monthly temperatures, they explored potential connections between heat exposure and early development.

Higher Temperatures Linked to Missed Milestones

The researchers found that children who experienced average maximum temperatures above 86 degF (30 degC) were 5 to 6.7 percent less likely to meet basic literacy and numeracy benchmarks than children exposed to temperatures below 78.8 degF during the same season and in the same region. Children in economically disadvantaged households, homes with limited access to clean water, and densely populated urban areas showed the strongest impacts.

"We urgently need more research to identify the mechanisms that explain these effects and the factors that either protect children or heighten their vulnerability. Such work will help pinpoint concrete targets for policies and interventions that strengthen preparedness, adaptation, and resilience as climate change intensifies," says Cuartas.

This study was co-authored by Lenin H. Balza of the Interamerican Development Bank, Andres Camacho of the University of Chicago, and Nicolas Gomez-Parra of the Interamerican Development Bank.
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Scientists reveal a tiny brain chip that streams thoughts in real time | ScienceDaily
A new brain implant could significantly reshape how people interact with computers while offering new treatment possibilities for conditions such as epilepsy, spinal cord injury, ALS, stroke, and blindness. By creating a minimally invasive, high-throughput communication path to the brain, it has the potential to support seizure control and help restore motor, speech, and visual abilities.


						
The promise of this technology comes from its extremely small size paired with its ability to transmit data at very high speeds. Developed through a collaboration between Columbia University, NewYork-Presbyterian Hospital, Stanford University, and the University of Pennsylvania, the device is a brain-computer interface (BCI) built around a single silicon chip. This chip forms a wireless, high-bandwidth link between the brain and external computers. The system is known as the Biological Interface System to Cortex (BISC).

A study published Dec. 8 in Nature Electronics outlines BISC's architecture, which includes the chip-based implant, a wearable "relay station," and the software needed to run the platform. "Most implantable systems are built around a canister of electronics that occupies enormous volumes of space inside the body," says Ken Shepard, Lau Family Professor of Electrical Engineering, professor of biomedical engineering, and professor of neurological sciences at Columbia University, who served as one of the senior authors and led the engineering work. "Our implant is a single integrated circuit chip that is so thin that it can slide into the space between the brain and the skull, resting on the brain like a piece of wet tissue paper."

Transforming the Cortex Into a High-Bandwidth Interface

Shepard worked closely with senior and co-corresponding author Andreas S. Tolias, PhD, professor at the Byers Eye Institute at Stanford University and co-founding director of the Enigma Project. Tolias's extensive experience training AI systems on large-scale neural recordings, including those collected with BISC, helped the team analyze how well the implant could decode brain activity. "BISC turns the cortical surface into an effective portal, delivering high-bandwidth, minimally invasive read-write communication with AI and external devices," Tolias says. "Its single-chip scalability paves the way for adaptive neuroprosthetics and brain-AI interfaces to treat many neuropsychiatric disorders, such as epilepsy."

Dr. Brett Youngerman, assistant professor of neurological surgery at Columbia University and neurosurgeon at NewYork-Presbyterian/Columbia University Irving Medical Center, served as the project's main clinical collaborator. "This high-resolution, high-data-throughput device has the potential to revolutionize the management of neurological conditions from epilepsy to paralysis," he says. Youngerman, Shepard, and NewYork-Presbyterian/Columbia epilepsy neurologist Dr. Catherine Schevon recently secured a National Institutes of Health grant to use BISC in treating drug-resistant epilepsy. "The key to effective brain-computer interface devices is to maximize the information flow to and from the brain, while making the device as minimally invasive in its surgical implantation as possible. BISC surpasses previous technology on both fronts," Youngerman adds.

"Semiconductor technology has made this possible, allowing the computing power of room-sized computers to now fit in your pocket," Shepard says. "We are now doing the same for medical implantables, allowing complex electronics to exist in the body while taking up almost no space."

Next-Generation BCI Engineering




BCIs function by connecting with the electrical signals used by neurons to communicate. Current medical-grade BCIs typically rely on multiple separate microelectronic components, such as amplifiers, data converters, and radio transmitters. These parts must be stored in a relatively large implanted canister, placed either by removing part of the skull or in another part of the body like the chest, with wires extending to the brain.

BISC is built differently. The entire system resides on a single complementary metal-oxide-semiconductor (CMOS) integrated circuit that has been thinned to 50 mm and occupies less than 1/1000th the volume of a standard implant. With a total size of about 3 mm3, the flexible chip can curve to match the brain's surface. This micro-electrocorticography (mECoG) device contains 65,536 electrodes, 1,024 recording channels, and 16,384 stimulation channels. Because the chip is produced using semiconductor industry manufacturing methods, it is suitable for large-scale production.

The chip integrates a radio transceiver, a wireless power circuit, digital control electronics, power management, data converters, and the analog components necessary for both recording and stimulation. The external relay station provides power and data communication through a custom ultrawideband radio link that reaches 100 Mbps, a throughput at least 100 times higher than any other wireless BCI currently available. Operating as an 802.11 WiFi device, the relay station effectively bridges any computer to the implant.

BISC incorporates its own instruction set along with a comprehensive software environment, forming a specialized computing system for brain interfaces. The high-bandwidth recording demonstrated in this study allows brain signals to be processed by advanced machine-learning and deep-learning algorithms, which can interpret complex intentions, perceptual experiences, and brain states.

"By integrating everything on one piece of silicon, we've shown how brain interfaces can become smaller, safer, and dramatically more powerful," Shepard says.

Advanced Semiconductor Fabrication

The BISC implant was fabricated using TSMC's 0.13-mm Bipolar-CMOS-DMOS (BCD) technology. This fabrication method combines three semiconductor technologies into one chip to produce mixed-signal integrated circuits (ICs). It allows digital logic (from CMOS), high-current and high-voltage analog functions (from bipolar and DMOS transistors), and power devices (from DMOS) to work together efficiently, all of which are essential for BISC's performance.




Moving From the Lab Toward Clinical Use

To transition the system into real-world medical use, Shepard's group partnered with Youngerman at NewYork-Presbyterian/Columbia University Irving Medical Center. They developed surgical procedures to place the thin implant safely in a preclinical model and confirmed that the device produced high-quality, stable recordings. Short-term intraoperative studies in human patients are already underway.

"These initial studies give us invaluable data about how the device performs in a real surgical setting," Youngerman says. "The implants can be inserted through a minimally invasive incision in the skull and slid directly onto the surface of the brain in the subdural space. The paper-thin form factor and lack of brain-penetrating electrodes or wires tethering the implant to the skull minimize tissue reactivity and signal degradation over time."

Extensive preclinical work in the motor and visual cortices was carried out with Dr. Tolias and Bijan Pesaran, professor of neurosurgery at the University of Pennsylvania, both recognized leaders in computational and systems neuroscience.

"The extreme miniaturization by BISC is very exciting as a platform for new generations of implantable technologies that also interface with the brain with other modalities such as light and sound," Pesaran says.

BISC was developed through the Neural Engineering System Design program of the Defense Advanced Research Projects Agency (DARPA) and draws on Columbia's deep expertise in microelectronics, the advanced neuroscience programs at Stanford and Penn, and the surgical capabilities of NewYork-Presbyterian/Columbia University Irving Medical Center.

Commercial Development and Future AI Integration

To move the technology closer to practical use, researchers at Columbia and Stanford created Kampto Neurotech, a startup founded by Columbia electrical engineering alumnus Dr. Nanyu Zeng, one of the project's lead engineers. The company is producing research-ready versions of the chip and working to secure funding to prepare the system for use in human patients.

"This is a fundamentally different way of building BCI devices," Zeng says. "In this way, BISC has technological capabilities that exceed those of competing devices by many orders of magnitude."

As artificial intelligence continues to advance, BCIs are gaining momentum both for restoring lost abilities in people with neurological disorders and for potential future applications that enhance normal function through direct brain-to-computer communication.

"By combining ultra-high resolution neural recording with fully wireless operation, and pairing that with advanced decoding and stimulation algorithms, we are moving toward a future where the brain and AI systems can interact seamlessly -- not just for research, but for human benefit," Shepard says. "This could change how we treat brain disorders, how we interface with machines, and ultimately how humans engage with AI."
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A hidden mechanism changes what we know about cell division | ScienceDaily
Scientists at the Ruder Boskovic Institute (RBI) in Zagreb, Croatia, have uncovered a surprising function for the protein CENP-E. For years, it was thought to act like a motor that pulled wandering chromosomes into position as a cell prepared to divide. The new findings reveal something completely different: CENP-E stabilizes the very first connections between chromosomes and the cell's internal "tracks," helping them line up properly before the cell splits.


						
A companion study showed that centromeres, small structures on chromosomes once believed to work on their own, play a guiding role in directing CENP-E so it can help the division process unfold correctly. Together, these results overturn two decades of accepted teaching and carry major implications, since mistakes in chromosome attachment are linked to many cancers and genetic disorders.

Why Early Chromosome Positioning Matters

Every moment, in countless cells across the body, division takes place with extraordinary precision. A single cell duplicates three billion DNA letters and manages to distribute perfect copies to both daughter cells.

When that delicate process fails, the consequences can be serious. Even one chromosome in the wrong place can disrupt development, contribute to infertility, or trigger cancer. Cell division offers little room for error.

For many years, researchers believed they understood one of the central players: CENP-E, often described as a motor protein that hauled stray chromosomes toward the middle of the dividing cell. The idea was simple, widely taught, and ultimately incorrect.

Researchers Uncover a Different Role for CENP-E

Two studies from RBI, published in Nature Communications and led by Dr. Kruno Vukusic and Professor Iva Tolic, break down the earlier model and present a new explanation. Dr. Vukusic trained as a postdoctoral researcher within a highly selective ERC Synergy team and is now preparing to lead his own group at RBI. Prof. Tolic, a recognized global expert in cell biophysics and head of the Laboratory for Cell Biophysics at RBI, holds two ERC grants and is a member of EMBO and Academia Europaea. Their work shows that CENP-E is not the "muscle" dragging chromosomes into place but a key regulator that activates at the right moment to allow everything else to fall into line.




"CENP-E is not the engine pulling chromosomes to the center," Vukusic says. "It is the factor that ensures they can attach properly in the first place. Without that initial stabilization, the system stalls."

Chromosome Movement as a City of Traffic

Picture a huge city at peak traffic. Millions of vehicles fill countless intersections, and a single mistake can stop the entire flow.

Now imagine this scene scaled down to the inside of a cell. Chromosomes act like trains carrying DNA cargo, and microtubules form the rails guiding them. For division to succeed, each chromosome must connect to the correct set of tracks and move into position at the center.

The long-standing model cast CENP-E as the locomotive pulling lagging chromosomes into place. The Zagreb team found a more precise function. Instead of the engine, CENP-E behaves like a coupling that secures the link between a chromosome and the microtubule. When that coupling is weak or missing, the trains stall at the station's outskirts and cannot advance.

What Controls When Chromosomes Move

Why do some chromosomes pause at the edges of the cell? The answer involves Aurora kinases, a group of proteins that operate like strict traffic lights. They generate strong "red" signals that prevent chromosomes from making incorrect early attachments.




This system protects against mistakes near the poles of the cell, but it can also hold chromosomes back too aggressively. CENP-E helps restore balance by adjusting those signals so that the first proper connections can form. Once that initial stable attachment appears, alignment follows naturally through the geometry of the spindle and the behavior of microtubules.

"It's not about brute force," Tolic explains. "It's about creating the conditions for the system to run smoothly. CENP-E's key role is to stabilize the start, and once that happens, the rest of mitosis unfolds correctly."

Rethinking a Long-Standing Textbook Model

For almost twenty years, textbooks described CENP-E as a motor that pulled chromosomes to the metaphase plate. The new research contradicts that view.

"Congression, the alignment of chromosomes, is intrinsically linked to biorientation," says Tolic. "What we show is that CENP-E doesn't contribute significantly to the movement itself. Its crucial role is stabilizing end-on attachments at the start. That is what allows the system to proceed correctly."

This shift replaces a force-based explanation with one focused on regulation and timing. The implications stretch far beyond classroom learning.

Why This Discovery Matters for Human Health

To someone outside the field, the distinction may appear small. In cell biology, small shifts often reveal major truths. Errors in chromosome segregation are a hallmark of cancer. Tumor cells commonly show duplicated or missing chromosome segments, and these abnormalities often trace back to mistakes in the attachment process.

By demonstrating that CENP-E regulates the earliest attachments and by connecting this regulation to Aurora kinase activity, the Zagreb team linked two processes previously thought to act separately. This connection exposes a potential weak point in dividing cells and may point the way toward therapies that correct or slow dangerous divisions.

"This isn't just about rewriting a model," Vukusic says. "It's about identifying a mechanism that directly links to disease. That opens doors for diagnostics and for thinking about new therapies."

Support From Europe and Croatia

The research was made possible through significant competitive funding, including the European Research Council's Synergy Grant, the Croatian Science Foundation, Swiss Croatian bilateral projects, and EU development programs.

The work also depended on advanced computing resources at the University of Zagreb's SRCE center. "Modern biology isn't just microscopes and test tubes," Tolic says. "It's also computation and collaboration across disciplines and borders."

Finding Structure in Cellular Complexity

At its core, the discovery sheds light on how cells maintain order amid constant motion. Trillions of cell divisions occur daily in the human body, and each event must fight against the natural pull of disorder. The new understanding from Zagreb helps reveal one of the hidden strategies behind that consistency. By reinterpreting the role of CENP-E and connecting it to other cellular regulators, the team has added clarity to a process that operates under immense pressure.

"By uncovering how these microscopic regulators cooperate," Tolic says, "we are not only deepening our understanding of biology but also moving closer to correcting the failures that underlie disease."
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Why ultra-processed foods make teens eat more when they aren't hungry | ScienceDaily
Rates of excess weight are climbing among young people in the United States.


						
An analysis published in The Lancet predicts that by 2050, about one in three Americans between 15 and 24 years old will meet the criteria for obesity, putting them at higher risk for serious health problems.

Many influences contribute to this trend, including genetics and low levels of physical activity, but diet plays a central role.

Ultra-processed foods -- which make up 55 to 65 percent of what young adults eat in the U.S. -- have been associated with metabolic syndrome, poor cardiovascular health, and other conditions in adolescents.

Ultra-processed foods and adolescent vulnerability

Researchers at Virginia Tech set out to examine how eating patterns high in ultra-processed foods affect young adults age 18 to 25. They compared two types of diets, one that was rich in ultra-processed foods and another that contained no ultra-processed foods at all. After two weeks on each diet, they tested whether participants would eat differently when faced with an all-you-can-eat meal.

When the researchers looked at everyone in the study together, they did not see an overall increase in calories or grams of food consumed at a buffet-style breakfast after the different diets. However, a different picture emerged when they focused on age. Participants between 18 and 21 years old ate more calories at the breakfast after the ultra-processed diet, while those age 22 to 25 did not show this increase. The results, scheduled for publication Nov. 19 in Obesity, suggest that adolescents and very young adults may be more susceptible to the effects of ultra-processed foods.




"Although this was short-term trial, if this increase in caloric intake persists over time, this could lead to weight gain in these young people," said Brenda Davy, a senior author on the paper and professor in Virginia Tech's Department of Human Nutrition, Foods, and Exercise.

"The younger age group took in more calories from ultra-processed foods, even when they weren't hungry," said neuroscientist and co-author Alex DiFeliceantonio, an assistant professor with Virginia Tech's Fralin Biomedical Research Institute at VTC who investigates the mechanisms of food choice.

Understanding this age group is important because adolescence and young adulthood represent an important developmental window. As people gain independence, eating habits take shape and obesity risk begins to rise.

What they did: controlled diets in young adults

The team recruited 27 men and women between 18 and 25 years old whose weight had remained stable for at least six months. For two weeks, each participant followed one of two eating plans that included breakfast served in the lab, with the rest of their meals prepared in a metabolic kitchen. One diet provided 81 percent of total calories from ultra-processed foods. The other diet contained no ultra-processed foods at all.

Researchers carefully matched the nutrient content of the two diets. Participants were given only the number of calories needed to maintain their weight, and the team measured how much they ate at a single buffet meal after each tightly controlled diet period.




"We very rigorously designed these diets to be matched on 22 characteristics, including macronutrients, fiber, added sugar, energy density, and also many vitamins and minerals," Davy said. "Previous studies had not matched diets to this extent."

How foods were classified with the NOVA system

Researchers used the NOVA classification system -- "nova" means new in Portuguese -- which groups foods by how heavily they are processed. Nutrition experts at the University of Sao Paulo in Brazil created this system while investigating a rapid rise in obesity in their country.

Unprocessed or minimally processed foods include items such as fresh fruit, legumes, or plain yogurt. Processed culinary ingredients, including cooking oils, butter, and salt, form another category. Processed foods -- cheese, canned vegetables, or freshly baked breads -- combine these ingredients through relatively simple methods. Ultra-processed foods, such as soft drinks, flavored yogurt, and most pre-packed meals and snacks, are produced through industrial processing and contain additives that are rarely used in home kitchens.

Each participant acted as their own comparison in this crossover study. They followed one of the diets for two weeks, returned to their usual eating habits for four weeks, and then switched to the other diet.

Buffet breakfast and eating without hunger

After each two-week diet period, participants were invited to eat freely from a breakfast buffet that included both ultra-processed and non-ultra-processed options. They arrived in a fasting state and were escorted to a private room, where they received a tray with about 1,800 calories of food -- four times the calorie content of a standard American breakfast. They had 30 minutes to eat as much or as little as they wanted.

To study eating in the absence of hunger, participants then received a tray of snacks immediately after breakfast. For 15 minutes, they were asked to take one bite of each snack and rate how pleasant and familiar it was. After tasting and rating all the items, they could choose to keep eating or simply rest for the remainder of the session.

What they found: younger participants ate more

In the full group of participants, the type of diet they had just followed did not change the total calories or total grams of food eaten at the buffet. The proportion of ultra-processed foods selected also remained similar. These results did not differ by sex or by body mass index (BMI), which is a standard measure of body fat.

The age breakdown, however, revealed an important difference. The 18- to 21-year-olds, but not the 22- to 25-year-olds, consumed more calories after the period on the ultra-processed diet. The younger participants were also more likely to continue eating when they were no longer hungry.

"Our adolescent participants had just consumed more in the buffet meal after the ultra-processed diet. Then, given the opportunity to snack when not hungry, they ate more yet again," said DiFeliceantonio, who is also an assistant professor in the Department of Human Nutrition, Foods, and Exercise. "Snacking when not hungry is an important predictor of later weight gain in young people, and it seems ultra-processed food exposure increases this tendency in adolescents."

Isolating the effect of food processing

Earlier clinical trials in adults that offered continuous access to ultra-processed foods found that people ate more each day and gained weight over time. In contrast, the Virginia Tech study kept daily calories and energy density the same between diets and evaluated intake at one buffet-style meal.

"This is important, because it helps isolate the effect of food processing on energy intake," DiFeliceantonio said. "In the previous trial people ate more each day, which meant they gained weight each day, which meant their energy needs also increased. Here, since everyone was weight stable, we can see the effect of processing alone."

The researchers note that the brief length of the study and its focus on a single meal may not fully reflect how people encounter food in everyday life, where eating opportunities are nearly constant.

Future research on ultra-processed foods and youth

Davy suggests that future research could lengthen the intervention period, include younger participants, or provide continuous access to foods to more closely mirror real-world conditions. This study also included a modest number of participants, so repeating it with a larger group could give a clearer picture of how age affects responses to ultra-processed diets.

By adding tools such as brain imaging and biomarkers, scientists may be able to uncover the biological pathways that link exposure to ultra-processed foods with changes in eating behavior across development. This is an active area of study for DiFeliceantonio and Davy.

This research was supported by a grant from the National Institutes of Health.
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Simple supplement mix shows remarkable results in brain cancer | ScienceDaily
Most cancer treatments, including chemotherapy, radiotherapy and immunotherapy, are designed to attack and destroy cancer cells. A growing group of researchers is now asking whether this long-standing approach may be missing something important. What if the real path to a cure is not to damage cancer, but to coax it into healing instead?


						
That provocative idea is at the heart of work led by Professor Indraneel Mittra at the Advanced Centre for Treatment, Research and Education in Cancer in Mumbai, India.

The concept is not completely new. In 1986, an article in the New Journal of Medicine by Dr. Harold Dvorak suggested that cancer behaves very much like a wound that never heals. Cancer and chronic wounds share many biological features, and Professor Mittra argues that, rather than always trying to destroy tumors, medicine should explore ways to help them move toward a healed, less aggressive state.

In a recent study involving people with glioblastoma, one of the most feared brain cancers, his team reports that a simple combination of two low-cost nutraceuticals appears to support exactly this kind of healing process.

Testing a Gentle Strategy in Glioblastoma

Glioblastoma is a fast-growing, highly aggressive brain tumor. Even with modern treatments such as surgery, chemotherapy and radiotherapy, used alone or together, patients typically survive a median of only about 15 months.

In the new study, published in BJC Reports, Professor Mittra and colleagues enrolled ten patients with glioblastoma and asked them to take a tablet containing small amounts of two nutraceuticals, resveratrol and copper. They took this tablet four times a day for an average of 11.6 days before their scheduled brain surgery.




Another group of ten patients, whose tumors were similarly aggressive but who did not receive resveratrol and copper, served as the control group.

During surgery, the team collected brain tumor samples from both groups. These samples were then examined in detail using microscopy, immune-staining, immunofluorescence and transcriptome analysis to see how the tumors differed.

The analyses showed that the nutraceutical tablets had a striking effect on tumor biology.

Dramatic Changes Inside the Tumors

Several key cancer markers shifted in a favorable direction in patients who received the resveratrol and copper tablets:
    	Average levels of the protein Ki-67, a widely used indicator of how quickly glioblastoma cells are dividing, were almost one third lower in treated tumors than in untreated ones. This suggests the cancer was growing less aggressively.
    	Biomarkers associated with nine major "hallmarks of cancer" were present in 57% fewer cells in the treated samples.
    	Levels of six immune checkpoints, proteins that normally prevent the immune system from attacking cancer cells, were on average 41% lower in the treated tumors.
    	Three markers linked to stem cells, which may help tumors spread and resist treatment, were 56% lower in the treated group.

Crucially, the patients who took the nutraceutical tablets did not experience any side-effects.




"These results suggest that a simple, inexpensive and non-toxic nutraceutical tablet potentially has the power to heal glioblastoma," said Professor Mittra.

Targeting Cell-Free Chromatin Particles (cfChPs)

So how might this apparent healing happen at the cellular level?

According to Professor Mittra, the key action involves resveratrol and copper acting on cell-free chromatin particles (cfChPs) (cfChPs) that circulate in the body. These are fragments of DNA released from dying cancer cells that can worsen the behavior of surviving cancer cells.

Earlier work from his group showed that when resveratrol and copper are combined, they generate oxygen radicals that deactivate or destroy cfChPs.

In the current study, the researchers found that cfChPs were abundant in tissue taken from untreated tumors, but were almost completely absent from tissue taken from tumors in patients who had received the nutraceutical tablets.

The findings suggest that dead cancer cells in the treated group were removed through apoptosis, a controlled cell death process, before they could release cfChPs into the surrounding environment.

Professor Mittra explains: "The cell-free chromatin particles, fragments of DNA released by dying cancer cells, inflame the surviving cancer cells. This makes the disease more aggressive.

"If you eliminate the cell-free chromatin, which is what the resveratrol-copper tablets do, the cancer is subdued."

He adds that with longer-term use, this approach might possibly lead to complete healing of the cancer, effectively turning a malignant tumor into a benign one.

Immune Checkpoints and a Low Cost Alternative

One of the most notable findings from the study is that the resveratrol-copper tablets reduced the activity of several immune checkpoints. Immune checkpoint inhibition has been hailed as a breakthrough in cancer therapy, because blocking these proteins can unleash the immune system against tumors. However, current immune checkpoint inhibitor drugs are extremely expensive and can cause significant side-effects.

In contrast, the nutraceutical combination used in this study is simple, non-toxic and inexpensive, yet still appears to downregulate multiple immune checkpoints. This raises the possibility of a more accessible way to influence some of the same pathways targeted by costly cancer drugs.

A Potential Shift in Cancer Treatment

A new approach to treating cancer has begun to emerge from these observations.

"We have been trying to kill cancer cells for 2,500 years, since the time of the ancient Greeks, without success," says Professor Mittra.

"Maybe it is time to look at cancer treatment differently and work towards healing tumors, rather than annihilating them.

"Of course, the number of patients in this study was rather small. However, the results were so striking that I'd fully expect them to be replicated in a larger sample of patients.

"I believe that we may be on the brink of transforming the way cancer is treated."

Professor Indraneel Mittra is Dr. Ernest Borges Chair in Translational Research and Professor Emeritus in the Department of Surgical Oncology at the Advanced Centre for Treatment, Research and Education in Cancer (ACTREC), Tata Memorial Centre, Mumbai.

This study was supported by the Department of Atomic Energy, Government of India, through its grant CTCTMC to the Tata Memorial Centre awarded to Indraneel Mittra.
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Human brains light up for chimp voices in a way no one expected | ScienceDaily
The human brain is not limited to recognizing our own voices. Research from the University of Geneva (UNIGE) has revealed that specific parts of the auditory cortex react strongly to chimpanzee vocalizations. Chimpanzees are our closest relatives both genetically and in the types of sounds they produce. The study, which appears in the journal eLife, indicates that certain subregions of the brain may be especially tuned to the calls of particular primate species. This insight offers a new way to explore how voice recognition emerged and how it may relate to the development of language.


						
Human voices play a central role in social communication, and a significant portion of the auditory cortex is devoted to interpreting them. Researchers wanted to know whether these abilities have deeper evolutionary origins. To investigate this question, scientists from UNIGE's Faculty of Psychology and Educational Sciences used a comparative approach grounded in species evolution. By examining how the human brain processes the vocalizations of closely related species, such as chimpanzees, bonobos and macaques, they aimed to identify traits shared with other primates. This approach helps shed light on how the neural foundations of vocal communication began to emerge long before language existed.

Studying How the Brain Responds to Primate Calls

In the experiment, 23 human volunteers listened to vocal sounds from four species. Human voices served as the control group. Chimpanzee calls were included because these primates are closely related to us both genetically and acoustically. Bonobo vocalizations were also tested, even though they often sound more like birdsong. Macaque calls were added because these primates are more distantly related to humans both evolutionarily and acoustically. Researchers used functional magnetic resonance imaging (fMRI) to examine activity across the auditory cortex. "Our intention was to verify whether a subregion sensitive specifically to primate vocalizations existed," explains Leonardo Ceravolo, research associate at UNIGE's Faculty of Psychology and Educational Sciences and first author of the study.

A Distinct Neural Response to Chimpanzee Vocalizations

The results confirmed their expectations. A part of the auditory cortex known as the superior temporal gyrus, which plays a key role in processing sounds related to language, music and emotional cues, showed increased activation when participants heard certain primate calls. "When participants heard chimpanzee vocalizations, this response was clearly distinct from that triggered by bonobos or macaques."

This pattern is particularly striking because bonobos are just as genetically close to humans as chimpanzees, yet their vocalizations differ greatly in acoustic structure. The findings suggest that both evolutionary closeness and similarity in sound features influence how the human brain reacts.

What the Findings Suggest About Language Evolution

This discovery offers new directions for understanding how the neural basis of communication evolved. It indicates that some parts of the human brain may have preserved a sensitivity to the calls of our closest primate relatives. "We already knew that certain areas of the animal brain reacted specifically to the voices of their fellow creatures. But here, we show that a region of the adult human brain, the anterior superior temporal gyrus, is also sensitive to non-human vocalizations," notes Leonardo Ceravolo.

These results support the idea that humans and great apes share vocal processing abilities that existed before spoken language emerged. They may also help explain how voice recognition develops in early life. For instance, this line of research could clarify how babies begin recognizing familiar voices while still in utero.
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Simple light trick reveals hidden brain pathways in microscopic detail | ScienceDaily
Every tissue in the human body contains exceptionally small fibers that help coordinate how organs move, function and communicate. Muscle fibers guide physical force, intestinal fibers support the motion of the digestive tract, and brain fibers carry electrical signals that allow different regions to exchange information. Together, these intricate fiber systems help shape the structure of each organ and keep them operating properly.


						
Many diseases disrupt these delicate networks. In the brain, damage to fiber connections appears across nearly all neurological disorders, where it contributes to changes in neural communication.

Although these microscopic structures play essential roles, they have long been challenging to study. Researchers have struggled to determine how fibers are oriented inside tissues, which has made it difficult to fully understand how they change in health and disease.

A Simple Method for Revealing Hidden Microstructure

A research team led by Marios Georgiadis, PhD, instructor of neuroimaging, has now introduced an approach that makes these hard-to-see fiber patterns visible with exceptional clarity and at a relatively low cost.

Their technique, described in Nature Communications, is known as computational scattered light imaging (ComSLI). It can reveal the orientation and organization of tissue fibers at micrometer resolution on virtually any histology slide, regardless of how it was stained or preserved -- even if the slide is many decades old.

Michael Zeineh, MD, PhD, professor of radiology, served as co-senior author with Miriam Menzel, PhD, a former visiting scholar in Zeineh's laboratory.




"The information about tissue structures has always been there, hidden in plain sight," Georgiadis said. "ComSLI simply gives us a way to see that information and map it out."

How ComSLI Maps Fiber Orientation

Traditional imaging strategies come with significant limitations. MRI can highlight large anatomical networks but cannot capture tiny cellular structures. Histology techniques often require specialized stains, high-end equipment and carefully preserved samples, and they still struggle to depict fiber crossings clearly.

ComSLI relies on a basic physical principle: when light encounters microscopic structures, it scatters in different directions based on their orientation. By rotating the light source and recording how the scattering signal changes, researchers can reconstruct the direction of the fibers within each pixel of an image.

The method requires only a rotating LED light and a microscope camera, making the setup accessible compared with other forms of advanced microscopy. After the images are collected, software analyzes delicate patterns in the scattered light to generate color-coded maps of fiber orientation and density, known as microstructure-informed fiber orientation distributions.

ComSLI is not limited by sample preparation. It works with formalin-fixed, paraffin-embedded sections (a standard in hospitals and pathology labs) as well as fresh-frozen, stained or unstained slides.




Scientists can also revisit slides originally created for unrelated projects, even those stored for decades, allowing new structural insights without altering the samples.

"This is a tool that any lab can use," Zeineh said. "You don't need specialized preparation or expensive equipment. What excites me most is that this approach opens the door for anyone, from small research labs to pathology labs, to uncover new insights from slides they already have."

Mapping Neural Microstructure and Disease

A major goal in neuroscience has been to chart the brain's microscopic pathways with high precision. Using ComSLI, Georgiadis and colleagues visualized full formalin-fixed, paraffin-embedded human brain sections and standard-sized slides, revealing detailed fiber structures throughout the tissue.

They also examined how these fibers change in neurological conditions such as multiple sclerosis, leukoencephalopathy and Alzheimer's disease.

One focus was the hippocampus, a deep-brain region central to memory formation and retrieval and often affected early in neurodegeneration. When comparing a hippocampal section from a patient with Alzheimer's disease to a healthy sample, the team observed clear structural deterioration. Fiber crossings that normally help connect regions of the hippocampus were greatly diminished, and a major pathway responsible for bringing memory-related signals into the region (the perforant pathway) was barely visible. The healthy hippocampus, in contrast, showed a dense and interconnected network of fibers across the entire area. With these detailed maps, researchers can see how memory circuits break down as disease progresses.

To test the limits of the method, the researchers analyzed a brain section prepared in 1904. Even in this century-old sample, ComSLI identified intricate fiber patterns, allowing scientists to study historical specimens and explore how structural features evolve across generations of disease.

Applications Beyond the Brain

Although first designed for brain research, ComSLI also works well in other tissues. The team used it to study muscle, bone and vascular samples, each revealing unique fiber arrangements tied to their biological functions.

In tongue muscle, the method highlighted layered fiber orientations linked to movement and flexibility. In bone, it captured collagen fibers that align with mechanical stress. In arteries, it showed alternating collagen and elastin layers that support both strength and elasticity.

This ability to map fiber orientation across species, organs and archival specimens could significantly change how scientists investigate structure and function. It also means that millions of stored slides around the world may contain untapped microstructural information.

"Although we just presented the method, there are already multiple requests for scanning samples and replicating the ComSLI setup -- so many labs and clinics would like to have micron-resolution fiber orientation and micro-connectivity on their histology sections," Georgiadis said. "Another exciting plan is to go back to well-characterized brain archives or brain sections of famous people, and recover this micro-connectivity information, revealing 'secrets' that have been considered long lost. This is the beauty of ComSLI."
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Single enzyme mutation reveals a hidden trigger in dementia | ScienceDaily
Why do neurons die in dementia, and can this process be slowed down? A research group led by Prof. Marcus Conrad, Director of the Institute of Metabolism and Cell Death at Helmholtz Munich and Chair of Translational Redox Biology at the Technical University of Munich (TUM), has reported in Cell how nerve cells shield themselves from ferroptotic cell death.


						
Their findings center on the selenoenzyme glutathione peroxidase 4 (GPX4), which is essential for preventing this type of cell damage. A single genetic change that affects GPX4 disrupts a previously unrecognized feature of the enzyme's function. In children who inherit this mutation, the result is a severe form of early-onset dementia. When GPX4 works properly, it positions a short protein loop -- described as a "fin" -- inside the inner surface of the neuronal membrane. This allows GPX4 to neutralize lipid peroxides, harmful molecules that would otherwise damage the membrane.

How a Tiny Protein "Fin" Protects Neurons

"GPX4 is a bit like a surfboard," says Conrad. "With its fin immersed into the cell membrane, it rides along the inner surface and swiftly detoxifies lipid peroxides as it goes." In children with early-onset dementia, a point mutation reshapes this fin-like loop. The altered enzyme can no longer insert itself into the membrane correctly, leaving lipid peroxides free to accumulate. When this happens, the membrane becomes vulnerable, ferroptosis is triggered, the cell ruptures, and neurons are lost.

The research began with three children in the United States who have an extremely rare form of early childhood dementia. All three share the same alteration in the GPX4 gene, identified as the R152H mutation. Scientists used cells from one affected child and reverted them to a stem-cell-like state to investigate the mutation's effects. These stem cells were then used to grow cortical neurons and three-dimensional brain-like structures known as brain organoids.

Evidence From Mouse Models and Protein Analysis

To explore the mutation at the level of the whole organism, the team introduced the R152H variant into a mouse model. This allowed them to modify the GPX4 enzyme in specific types of nerve cells. The mice gradually developed marked motor problems, experienced significant neuron loss in the cerebral cortex and cerebellum, and showed strong neuroinflammatory responses. These findings closely matched what had been observed in the affected children and resembled patterns seen in neurodegenerative conditions.




The researchers also examined how protein levels changed in the experimental model. They found shifts very similar to those documented in Alzheimer's disease. Many proteins that increase or decrease in Alzheimer's patients showed the same disruptions in mice without functional GPX4. This pattern indicates that ferroptotic stress may be involved not only in this rare childhood condition, but also in more common dementia-related disorders.

Rethinking the Origins of Dementia

"Our data indicate that ferroptosis can be a driving force behind neuronal death -- not just a side effect," says Dr. Svenja Lorenz, one of the first authors. "Until now, dementia research has often focused on protein deposits in the brain, so-called amyloid ss plaques. We are now putting more emphasis on the damage to cell membranes that sets this degeneration in motion in the first place."

Early tests show that blocking ferroptosis can slow the cell death caused by loss of GPX4 in both cell cultures and the mouse model. "This is an important proof of principle, but it is not yet a therapy," explains Dr. Tobias Seibt, nephrologist at LMU University Hospital Munich and co-first author. According to Dr. Adam Wahida, also a first author, "In the long term, we can imagine genetic or molecular strategies to stabilize this protective system. For now, however, our work clearly remains in the realm of basic research."

Long-Term Collaboration Reveals a Crucial Molecular Clue

The project reflects a scientific collaboration that has expanded over many years, involving genetics, structural biology, stem cell research, and neuroscience, with contributions from several dozen researchers at institutions around the world. "It has taken us almost 14 years to link a yet-unrecognized small structural element of a single enzyme to a severe human disease," says Conrad. "Projects like this vividly demonstrate why we need long-term funding for basic research and international multidisciplinary teams if we are to truly understand complex diseases such as dementia and other neurodegenerative disease conditions."
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Her food cravings vanished on Mounjaro then roared back | ScienceDaily
A unique opportunity to observe deep brain activity in a person with obesity and loss of control eating provided new insight into how tirzepatide, sold as Mounjaro and Zepbound, interacts with the brain. Recordings showed that the medication reduced activity in the brain's reward center, a region linked to food noise and compulsive cravings, although this reduction did not last.


						
Researchers noted that tirzepatide is a glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP) receptor agonist originally created for Type 2 diabetes. Early findings suggest it may also help with conditions related to impulse control, including binge eating disorder. However, the new report from the Perelman School of Medicine at the University of Pennsylvania cautions that current GLP-1 and GIP inhibitors may not be fully optimized for treating these behaviors and warrant more investigation. The case study appears in Nature Medicine.

"This study offers major insights into how these drugs may work inside the brain and will guide us as we explore new indications," said senior author Casey H. Halpern, MD, a professor of Neurosurgery and head of the Division of Stereotactic and Functional Neurosurgery. "Until we better understand their action on the brain, it's far too soon to call GLP-1 and GIP inhibitors miracle drugs for more conditions beyond type 2 diabetes and obesity."

Understanding Loss of Control Eating and Food Noise

Loss of control eating is widespread, affecting many people with obesity as well as multiple eating disorders. Binge eating disorder (BED) is considered the most common eating disorder in the United States, impacting more than 3 million individuals. People with BED often feel unable to stop eating and continue long after they feel full.

Critical brain regions involved in regulating eating behavior include the hypothalamus and the nucleus accumbens (NAc), which serves as a key reward center. The NAc helps govern motivation, pleasure-seeking behaviors, and impulse control. Studies have shown that in people with obesity and BED, signaling within the NAc and related circuits becomes disrupted.

Even without a diagnosis of BED, up to 60 percent of individuals with obesity experience persistent "food noise," a constant stream of thoughts about food that can lead to distress and maladaptive patterns such as bingeing or loss of control eating. Food noise is also common in bulimia nervosa and anorexia nervosa. Research has linked binge eating with an increased risk of suicide among people with obesity and eating disorders, likely tied to impulsive traits and emotional dysregulation.




"Developing new ways to treat these patients is of the utmost importance," said Halpern. "While many individuals taking GLP-1 and GIP inhibitors report a reduction in food noise, these medications are not FDA-approved to treat food preoccupation and its related impulsivity. In fact, their impact on human brain activity has only begun to be studied."

A Patient's Struggle With Severe Obesity and Food Noise

A 60-year-old woman referred to as "Participant 3" in the study was living with severe, treatment-resistant obesity and persistent food noise. She described constant, intrusive thoughts about food that frequently led her to order takeout or snack throughout the day, even when she tried to stop. She often ate until she felt uncomfortably full and was especially drawn to sugary and salty foods such as packaged cupcakes, fast-food roast beef sandwiches, and French fries. She also had Type-2 diabetes and had previously been prescribed dulaglutide, a GLP-1 inhibitor, but it did not reduce her weight or her obsessive focus on food.

After attempting numerous treatments including bariatric surgery, medications, behavioral therapy, and other interventions for disordered eating, she joined Halpern's clinical trial. The study involved brain surgery to implant electrodes designed to eventually detect and interrupt cravings before they escalated into binge episodes.

How Brain Signals Reveal the Onset of Cravings

Halpern's earlier research identified a distinct pattern of electrical activity in the NAc that appears right before a person begins to fixate on food and feels the urge to binge. This activity does not appear when a person is simply hungry before a typical meal. A previous pilot trial led by Halpern showed that delivering high-frequency electrical stimulation to the NAc exactly when these craving signals emerged could stop binge eating behavior.




In the current study of four participants, intracranial electroencephalography (iEEG) electrodes were implanted in individuals with obesity and loss of control eating. Similar to systems used for epilepsy and Parkinson's disease, the device recorded activity in the NAc as participants encountered foods known to trigger their binge episodes.

After establishing each person's baseline responses, the research team programmed the electrodes to deliver high-frequency stimulation when craving-related signals were detected. Over six months, participants reported large reductions in loss of control sensations and fewer binge episodes.

Tirzepatide Offers a Rare Research Window

Before surgery, Participant 3 was prescribed tirzepatide to manage her Type-2 diabetes after the first GLP-1 inhibitor did not help her. Her dose was gradually increased to the maximum before and after electrode implantation, since diabetes increases infection risks following surgery. This created an unusual opportunity for researchers to observe how tirzepatide affects brain signals tied to cravings in real time.

"Brain surgery to implant the electrodes is invasive, and thus it is extremely rare to study human brain activity in this way," said Halpern. "Research fuels more research; This participant was already taking tirzepatide when she enrolled in the trial, but before any stimulation was delivered, giving us a unique opportunity to make foundational observations about how the drug alters brain signals."

Tirzepatide's Effects Fade Over Time

Once Participant 3 reached her full tirzepatide dose and had the electrodes implanted, she reported no food preoccupation, and her NAc activity reflected this silence. After roughly five months, however, the previously quiet NAc activity reappeared, along with intense food noise. This shift suggested that tirzepatide's effect on her loss of control eating was temporary and that the underlying patterns of food preoccupation had resurfaced.

Other participants in the trial who were not taking tirzepatide consistently showed heightened NAc activity and frequent food preoccupation, which aligned with earlier observations from Halpern's group. The dramatic reduction in signaling seen only in Participant 3 strongly indicated that tirzepatide temporarily suppressed this activity.

"GLP-1 and GIP inhibitors are amazing medications at doing what they were developed for -- managing blood sugar in people with type 2 diabetes and weight loss in obesity," said study investigator Kelly Allison, PhD, a professor of Psychiatry and Director of the Center for Weight and Eating Disorders. "This research shows us that they might be useful to manage food preoccupation and binge eating, but not in their current form."

"Although this study only featured the data from one person taking tirzepatide, it provides compelling data about how GLP-1 and GIP inhibitors alter electrical signals in the brain," said co-first author Wonkyung Choi, a PhD candidate in Halpern's lab. "These insights should inspire further research into developing a treatment better tailored to the impulsivity traits of obesity and related eating disorders that is safe and long-lasting."

This research was supported by the National Institutes of Health (7UH3NS103446-03, 1R01MH124760-01A1, R25MH119043 and T32NS091008).
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Most of the world isn't getting enough omega-3 | ScienceDaily
More than three-quarters of the global population aren't getting enough Omega-3, according to new research from the University of East Anglia, the University of Southampton and Holland & Barrett.


						
The collaborative review highlights that 76 percent of people worldwide are not meeting recommended intakes of EPA and DHA, revealing a significant global public health gap.

The study is the first global review of national and international omega-3 intake recommendations across all life stages for generally healthy people.

Global omega-3 intake falling far below recommendations

Prof Anne Marie Minihane, from UEA's Norwich Medical School, said: "Our research looks at recommendations for omega-3 fats and how they compare to what people are actually eating.

"We found big gaps between what's advised and what most of us consume. To close that gap, we need easier, sustainable ways to get these important nutrients -- like foods enriched with omega-3s or supplements. These changes could help more people enjoy the health benefits linked to higher intakes.

"We hope this work will help inform nutritional scientists, clinicians, food and supplement industries, policy makers and consumer communities," she added.




Why EPA and DHA matter for health

Dr. Abbie Cawood, Science Director at Holland & Barrett and Visiting Research Fellow at the University of Southampton, said: "The health benefits of long chain polyunsaturated fatty acids, specifically eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) are too important to ignore.

"Achieving recommended intakes from diet alone can be challenging, highlighting the need for accessible, sustainable sources of EPA and DHA. Omega-3s play such a vital role in health, ensuring people can meet their needs either through diet or with the support of supplementation is essential at every life stage.

"In fact, our review highlights that supplementation is often required to meet recommended intakes especially in pregnancy and those with low fish intakes. We are hopeful that this publication can act as an enabler to inform omega-3 dietary guidelines and shape future nutrition policy and public health strategies."

How much omega-3 do people actually need?

Prof Philip Calder from University of Southampton added: "The omega-3s EPA and DHA are essential for health throughout the lifecourse. But to benefit from these nutrients, people first need to understand how much they should be consuming.




"In this review, we brought together all the recommendations for EPA and DHA intake in healthy populations from authorities around the world to help answer the important question: 'how much do I need?' What is clear is that most people are not meeting these recommendations."

Lifelong benefits of omega-3 intake

Omega-3 consumption supports a healthy lifestyle throughout all stages of life -- from reducing the chance of pre-term birth and supporting visual and cognitive development in infants, right through to improving cardiovascular health and immune function. It is also associated with reduced risk of depression and cognitive decline, including Alzheimer's disease.

This global review highlights the lack of alignment between current evidence, public health guidance and actual population intakes, and aims to address confusion around omega-3s recommendations, highlighting the health benefits of increased intake across all life stages in healthy populations.

While previous guidance often focused on key stages like pregnancy, birth or age-related disease, this publication covers all life stages, making guidance relevant and accessible for the general population.

Confusing and inconsistent omega-3 guidelines worldwide

It highlights that guidance around omega-3 intake currently varies by country, creating a significant amount of confusion across the globe and reinforces the importance of consistent evidence-based guidance.

The paper aims to support public health on a global scale and offers guidance to countries outside Europe and North America, for example in Latin America and parts of Asia including India to develop public guidelines around safe intake levels and supplementation advice.

Recommended intake targets and real-world barriers

The review found that the most frequently recommended intake for adults is 250 mg per day of combined EPA and DHA, with an additional 100-200 mg of DHA advised for pregnant women. These targets can be achieved by eating more oily fish, such as salmon or mackerel, or through supplementation where needed.

The paper also identified challenges that different populations have in achieving current omega-3 recommendations, such as difficulties in meeting oily fish recommendations due to low seafood consumption, or sustainability concerns, as well as some populations having limited access to supplementation advice.

Supporting future nutrition policy and product development

The retailer hopes this publication will serve as a valuable resource for nutritional science, medical and industry professionals, and will help underpin its future product development.

This review was conducted in partnership with Prof Philip Calder (University of Southampton Faculty of Medicine), Prof Minihane (University of East Anglia and Norwich Medical School), Fionna Page and Claire James expert dietitians from at First Page Nutrition Ltd, and Dr. Cawood, Science Director at Holland & Barrett and Dr. Sophie Putnam, Head of Science at Holland & Barrett.

'An overview of national and international long chain omega-3 polyunsaturated fatty acid intake recommendations for healthy populations' is published in the journal Nutrition Research Reviews.
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Low dose melanoma treatment delivers dramatically better results | ScienceDaily
A recent study reports that using reduced amounts of approved immunotherapy for malignant melanoma may lead to better control of tumors while also limiting side effects. The findings come from researchers at Karolinska Institutet and were published in the Journal of the National Cancer Institute.


						
"The results are highly interesting in oncology, as we show that a lower dose of an immunotherapy drug, in addition to causing significantly fewer side effects, actually gives better results against tumors and longer survival," says last author Hildur Helgadottir, a researcher at the Department of Oncology-Pathology at Karolinska Institutet, who led the study.

Why Sweden Uses a Modified Treatment Approach

Standard treatment for malignant melanoma typically relies on the approved doses of nivolumab and ipilimumab. However, because the full-dose combination often leads to considerable side effects, Swedish clinicians have increasingly adopted a regimen that uses a reduced amount of ipilimumab. This component is both the most expensive part of the treatment and the one most strongly linked to side effects.

"In Sweden, we have greater freedom to choose doses for patients, while in many other countries, due to reimbursement policies, they are restricted by the doses approved by the drug authorities," says Hildur Helgadottir.

Improved Responses and Survival With Reduced Ipilimumab

Nearly 400 people with advanced, inoperable malignant melanoma took part in the study, which focused on this severe form of skin cancer. According to the results, patients receiving the lower-ipilimumab regimen showed stronger responses. A total of 49 percent of these patients responded to treatment, compared to 37 percent in the group that received the traditional dose.




Progression-free survival, defined as the time a patient lives without the disease getting worse, reached a median of nine months for the lower-dose group. The traditional-dose group experienced a median of three months. Overall survival also differed significantly, with medians of 42 months and 14 months, respectively.

Reduced Side Effects May Allow Longer Treatment

Serious side effects appeared in 31 percent of people treated with the lower dose, compared to 51 percent among those given the standard regimen.

"The new immunotherapies are very valuable and effective, but at the same time they can cause serious side effects that are sometimes life-threatening or chronic. Our results suggest that this lower dosage may enable more patients to continue the treatment for a longer time, which is likely to contribute to the improved results and longer survival," says Hildur Helgadottir.

Study Limitations and Research Collaboration

Although some differences existed between the treatment groups, the advantage of the lower-dose approach remained even after accounting for several factors, including age and tumor stage. Because this was a retrospective observational study, the research cannot conclusively prove that the lower dose directly caused the improved outcomes.

The work was carried out together with the Sahlgrenska Comprehensive Cancer Center at Sahlgrenska University Hospital and received funding from the Cancer Foundation, Region Stockholm, and the Radiumhemmet Research Fund.
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Gut molecule shows remarkable anti-diabetes power | ScienceDaily
An international group of scientists led by Professor Marc-Emmanuel Dumas at Imperial College London & CNRS, along with Prof. Patrice Cani (Imperial & University of Louvain, UCLouvain), Dr. Dominique Gauguier (Imperial & INSERM, Paris) and Prof. Peter Liu (University of Ottawa Heart Institute), has identified an unexpected natural compound that helps counter insulin resistance and type 2 diabetes. The compound, trimethylamine (TMA), is a metabolite created by gut microbes from dietary choline. According to a study in Nature Metabolism, TMA can interrupt a key immune pathway and contribute to healthier blood sugar levels.


						
The discovery builds on work that began 20 years ago. During his postdoctoral research, Patrice Cani found that high-fat diets allow bacterial components to pass into the body, prompting the immune system to activate and ignite inflammation. This immune response was shown to play a direct role in insulin resistance among people with diabetes. Although this idea faced skepticism in 2005, it is now widely recognized and scientifically accepted.

In 2025, researchers at the University of Louvain and Imperial College London clarified how this harmful chain reaction might be counteracted. They reported that TMA, formed by gut microbes from dietary choline present in several foods, can support improved blood-sugar control.

TMA Blocks a Critical Immune Protein

The key lies in the molecule's interaction with IRAK4, a protein that helps regulate immune activity. Under a high-fat diet, IRAK4 responds by triggering inflammation to signal that the body is experiencing dietary imbalance.

However, when the body is exposed to elevated fat intake for extended periods (as in type 2 diabetes), IRAK4 becomes overstimulated. This constant activation drives chronic inflammation, which contributes directly to insulin resistance.

Using a combination of human cell cultures, animal studies, and molecular screening tools, the research team demonstrated that TMA can attach to IRAK4 and reduce its activity. This interaction lowers inflammation caused by fatty foods and restores the body's ability to respond to insulin. The findings suggest that TMA may help recalibrate harmful metabolic responses triggered by poor dietary habits. The molecule also showed an impressive ability to protect mice from sepsis-related death by weakening overwhelming inflammatory responses.




IRAK4 Targeting Offers New Therapeutic Possibilities

Further experiments confirmed that removing the IRAK4 gene or inhibiting it with drugs produced the same beneficial effects seen with TMA. Because IRAK4 is already a well-established target in drug development, the results point toward promising treatment strategies for diabetes.

"This flips the narrative," said Prof. Dumas. "We've shown that a molecule from our gut microbes can actually protect against the harmful effects of a poor diet through a new mechanism. It's a new way of thinking about how the microbiome influences our health."

"This shows how nutrition and our gut microbes can work together by producing molecules that fight inflammation and improve metabolic health!" said Prof. Patrice Cani, co-senior author, University of Louvain, Belgium and visiting professor at Imperial College London.

Global Impact and Future Directions

With more than 500 million people worldwide living with diabetes, the identification of TMA as a microbial signal that shapes immune responses introduces a potential new avenue for treatment. Approaches that enhance TMA production, whether through diet or medication, could help reduce insulin resistance and improve long-term health outcomes.

"What we eat shapes our microbes and some of their molecules can protect us from diabetes. That's nutrition in action!" said University of Louvain, Prof. Cani.

This work was supported by an extensive network of collaborators across Europe and North America, involving teams in Belgium, Canada, Australia, France, Italy, and Spain. Funding came from numerous European (ERC, FEDER) and national (MRC, Wellcome Trust, ANR, FNRS, EOS, WELRi, ARC) sources, highlighting the large-scale effort behind this breakthrough.
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This tiny implant sends secret messages to the brain | ScienceDaily
In a major step forward for neurobiology and bioelectronics, scientists at Northwestern University have created a wireless device that uses light to transmit information directly into the brain. The technology bypasses traditional sensory routes in the body and instead delivers signals straight to neurons.


						
The device is soft and flexible, fitting beneath the scalp while resting on the skull. From this position, it sends carefully controlled light patterns through the bone to activate specific groups of neurons across the cortex.

Light-Based Brain Signals in Animal Models

During testing, researchers used tiny, precisely timed bursts of light to stimulate targeted populations of neurons deep in the brains of mouse models. (These neurons are genetically modified to respond to light.) The mice quickly learned to interpret certain patterns as meaningful cues. Even without sound, sight or touch, the animals used the incoming information to make decisions and complete behavioral tasks accurately.

This technology could one day support a wide range of medical applications. Potential uses include providing sensory feedback for prosthetic limbs, delivering artificial inputs for future hearing or vision prostheses, controlling robotic limbs, improving rehabilitation after injury or stroke, and modifying pain perception without medications.

The work will appear Monday (Dec. 8) in Nature Neuroscience.

Creating New Brain Signals With Micro-LED Technology

"Our brains are constantly turning electrical activity into experiences, and this technology gives us a way to tap into that process directly," said Northwestern neurobiologist Yevgenia Kozorovitskiy, who led the experimental portion of the study. "This platform lets us create entirely new signals and see how the brain learns to use them. It brings us just a little bit closer to restoring lost senses after injuries or disease while offering a window into the basic principles that allow us to perceive the world."




John A. Rogers, a leading figure in bioelectronics and head of the technology development, said, "Developing this device required rethinking how to deliver patterned stimulation to the brain in a format that is both minimally invasive and fully implantable. By integrating a soft, conformable array of micro-LEDs -- each as small as a single strand of human hair -- with a wirelessly powered control module, we created a system that can be programmed in real time while remaining completely beneath the skin, without any measurable effect on natural behaviors of the animals. It represents a significant step forward in building devices that can interface with the brain without the need for burdensome wires or bulky external hardware. It's valuable both in the immediate term for basic neuroscience research and in the longer term for addressing health challenges in humans."

Kozorovitskiy is the Irving M. Klotz Professor of Neurobiology in Northwestern's Weinberg College of Arts and Sciences and a member of the Chemistry of Life Processes Institute. Rogers holds appointments in materials science and engineering, biomedical engineering and neurological surgery, and directs the Querrey Simpson Institute for Bioelectronics. The study's first author is postdoctoral researcher Mingzheng Wu.

Advancing Earlier Optogenetics Breakthroughs

The research builds on earlier work from the same team. In 2021, they reported the first fully implantable, programmable, wireless and battery-free device that could control neurons with light. That system used a single micro-LED probe to influence social behavior in mice. Unlike traditional optogenetics, which relied on fiberoptic wires that restricted movement, the wireless design allowed mice to behave normally in social environments.

The new device extends this capability by enabling more complex communication with the brain. Instead of stimulating one small region, the updated system uses an array of up to 64 programmable micro-LEDs. Each light can be controlled independently in real time, allowing researchers to deliver sequences that resemble the distributed activity patterns the brain naturally produces during sensory experiences. Because real sensations activate broad networks rather than isolated neurons, this multi-site approach mirrors how the cortex normally functions.

"In the first paper, we used a single micro-LED," Wu said. "Now we're using an array of 64 micro-LEDs to control the pattern of cortical activity. The number of patterns we can generate with various combinations of LEDs -- frequency, intensity and temporal sequence -- is nearly infinite."

A Soft, Less Invasive Design




Despite the added capability, the device remains small. It is about the size of a postage stamp and thinner than a credit card. Instead of inserting a probe into the brain, the new version gently conforms to the skull surface and shines light through the bone.

"Red light penetrates tissues quite well," Kozorovitskiy said. "It reaches deep enough to activate neurons through the skull."

Training the Brain to Recognize Synthetic Patterns

To evaluate the system, the team worked with mice engineered to have light-responsive neurons in the cortex. The animals were trained to associate a particular pattern of stimulation with a reward, usually located at a specific port within a testing chamber.

During a series of experiments, the implant delivered a defined pattern across four cortical regions, which functioned like tapping a coded message directly into the brain. The mice learned to identify this target pattern among many alternatives. When they detected the correct artificial signal, they navigated to the appropriate port to receive a reward.

"By consistently selecting the correct port, the animal showed that it received the message," Wu said. "They can't use language to tell us what they sense, so they communicate through their behavior."

Future Development and Wider Applications

Now that the team has demonstrated that the brain can interpret patterned light stimulation as meaningful information, they plan to test more sophisticated patterns and determine how many distinct signals the brain can reliably learn. Future versions of the device may incorporate more LEDs, smaller spacing between them, larger arrays covering more cortex and wavelengths of light that penetrate deeper into tissue.

The study, "Patterned wireless transcranial optogenetics generates artificial perception," received support from the Querrey Simpson Institute for Bioelectronics, NINDS/BRAIN Initiative, National Institute of Mental Health, One Mind Nick LeDeit Rising Star Research Award, Kavli Exploration Award, Shaw Family Pioneer Award, Simons Foundation, Alfred P. Sloan Foundation and Christina Enroth-Cugell and David Cugell Fellowship.
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Scientists uncover a volcanic trigger behind the Black Death | ScienceDaily

The Black Death moved across Europe from 1347 to 1353 CE, with mortality rates reaching as high as 60% in some areas. Although its impact is well documented, the precise reasons for when and how the pandemic began remain unclear.

Climate Records Reveal Signs of a Major Eruption

To explore these questions, Martin Bauch and Ulf Buntgen evaluated earlier research on tree ring growth from eight regions in Europe, measurements of volcanic sulfur preserved in Antarctic and Greenland ice cores, and written reports from the fourteenth century. Together, these records point to a significant volcanic eruption somewhere in the tropics around 1345 CE. The eruption appears to have increased atmospheric sulfur and ash, which contributed to colder and wetter conditions across southern Europe and the Mediterranean.

Historical accounts describe widespread crop failures and famine during this period in Spain, southern France, northern and central Italy, Egypt, and the Levant. These hardships prompted Italian maritime powers -- such as Venice and Genoa -- to negotiate a ceasefire in a conflict with the Mongols of the Golden Horde so they could secure grain shipments from the Black Sea region around 1347 CE.

Grain Imports and the Possible Spread of Plague

Venetian sources state that these imports helped prevent mass starvation. However, the timing of arriving grain ships and the first plague outbreaks in cities that received them raises another possibility. Fleas carrying Yersinia pestis may have traveled with the grain. As the shipments were moved to additional cities, including Padua, these fleas could have helped accelerate the spread of the Black Death throughout Europe.

The authors conclude that this combination of climatic disruption, famine, and grain transport offers a plausible explanation for how the Black Death began and spread across Europe.
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New fat-burning diabetes pill protects muscle and appetite | ScienceDaily
Lowering blood sugar and increasing fat burning without reducing appetite or muscle mass is emerging as a promising possibility in the treatment of type 2 diabetes and obesity. These encouraging results come from a study published in Cell by researchers at Karolinska Institutet and Stockholm University.


						
The treatment, which is taken as a tablet, works in a completely different way from well-known GLP-1-based medications such as Ozempic that are given through injections. GLP-1 drugs influence hunger by altering communication between the gut and the brain, and they can cause side effects that include appetite loss, decreased muscle mass, and gastrointestinal discomfort.

Targeting Muscle Metabolism Rather Than Appetite

Instead of acting on hunger pathways, the new compound boosts metabolic activity directly within skeletal muscle. In animal studies, it improved blood sugar levels and body composition while avoiding the drawbacks commonly linked to today's GLP-1-based treatments.

A phase I clinical trial involving 48 healthy volunteers and 25 individuals with type 2 diabetes indicates that the treatment is also well tolerated in humans.

"Our results point to a future where we can improve metabolic health without losing muscle mass. Muscles are important in both type 2 diabetes and obesity, and muscle mass is also directly correlated with life expectancy," says Tore Bengtsson, professor at the Department of Molecular Bioscience, Wenner-Gren Institute, Stockholm University.

A New Type of b2 Agonist Designed for Safety

The active substance is based on a laboratory-developed molecule, a form of b2 agonist. This molecule activates key signaling pathways in a novel manner that benefits muscle function while avoiding the heart overstimulation typically associated with b2 agonists.




"This drug represents a completely new type of treatment and has the potential to be of great importance for patients with type 2 diabetes and obesity. Our substance appears to promote healthy weight loss and, in addition, patients do not have to take injections," says Shane C. Wright, assistant professor at the Department of Physiology and Pharmacology at Karolinska Institutet.

Potential as a Stand-Alone or Combination Therapy

Because this drug operates through a mechanism distinct from GLP-1 medications, it may be effective on its own or when paired with GLP-1 drugs.

"This makes them valuable both as a stand-alone treatment and in combination with GLP-1 drugs," says Shane C. Wright.

Next Steps and Research Collaboration

The next stage in development is a larger phase II clinical trial planned by Atrogi AB, the company leading the drug's advancement. This study will examine whether the positive effects observed in earlier research also appear in people living with type 2 diabetes or obesity.

The work represents a collaboration involving Professor Volker M. Lauschke and teams from Karolinska Institutet, Stockholm University, Uppsala University, the University of Copenhagen, Monash University, and the University of Queensland. Funding came from the Swedish Research Council, the Swedish Society for Medical Research, the Novo Nordisk Foundation, and additional sources.

Several authors are employed by or hold shares in Atrogi AB, which financed the clinical trial. Tore Bengtsson is the founder and chief scientific officer of Atrogi AB, which is continuing to develop the drug candidate, and he and a co-author have applied for patents related to the substances examined in the study. Additional company affiliations are detailed in the full publication.
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New study finds a silent genetic heart risk hidden in millions | ScienceDaily
A Mayo Clinic study reports that current genetic screening guidelines fall short in identifying the majority of individuals with familial hypercholesterolemia, an inherited condition that can lead to extremely high cholesterol and early heart disease.


						
This disorder often moves quietly through family lines for many years. Although effective treatments exist, people who are not diagnosed remain at increased risk for heart attacks and strokes.

Cardiovascular disease continues to be the top cause of death in the United States, affecting millions annually. It includes coronary artery disease, heart failure and stroke, and high cholesterol is one of its major risk factors.

According to the study, published in Circulation: Genomic and Precision Medicine, expanding routine screening could help detect most people living with this genetic condition and ultimately reduce the likelihood of severe outcomes.

Large Study Shows Most Cases Go Unnoticed

Researchers discovered that nearly 90% of participants with familial hypercholesterolemia would not have been selected for standard genetic testing. Many learned they had the condition only after DNA analysis conducted through a Mayo Clinic population-based research program. Roughly 1 in 5 had already developed coronary artery disease.

"Our findings expose a blind spot in current national guidelines, which rely on cholesterol levels and family history to determine who should receive genetic testing," says Niloy Jewel Samadder, M.D., the study's lead author and a Mayo Clinic gastroenterologist and cancer geneticist at the Mayo Clinic Comprehensive Cancer Center. "If we can find those at risk of cardiovascular disease early, we can treat it early and change its course and likely save lives."

Familial hypercholesterolemia is one of the most common genetic disorders, affecting an estimated 1 in 200 to 250 people around the world. It leads to very high levels of low-density lipoprotein (LDL) cholesterol -- the "bad" cholesterol -- beginning at birth.




Genome Analysis Reveals Hidden Risk

The study used exome sequencing, which examines the protein-coding sections of the genome -- areas where most disease-causing mutations occur. More than 84,000 people at Mayo Clinic locations in Arizona, Florida and Minnesota participated through the Tapestry DNA research study, part of the organization's broader effort to bring genomics into routine medical care.

Out of these participants, the team identified 419 people with genetic variants known to cause familial hypercholesterolemia. Nearly 75% of them would not have met existing clinical guidelines for testing based on their cholesterol levels or reported family history, highlighting a significant gap in prevention.

Bringing Genetic Screening Into Preventive Medicine

Dr. Samadder says moving genetic screening into everyday care is the next essential step, allowing high-risk individuals to be identified earlier and treated sooner.

This effort is central to Mayo Clinic's Precure strategic priority, which focuses on predicting and preventing serious diseases before they advance. Through technology-driven approaches and large, population-based studies, Precure aims to deliver prevention-centered care to patients as early as possible.
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This simple ingredient makes kale way healthier | ScienceDaily
Many people assume a bowl of kale automatically counts as a nutritional powerhouse. However, without the right companion ingredient, that leafy salad may not deliver the benefits you expect.


						
Fortunately, there is an easy fix.

Researchers at the University of Missouri have identified a simple (and tasty) way to help the body absorb more of kale's valuable nutrients: using oil-based dressings or sauces. With the right fat source, you can enjoy kale while actually getting more from it.

Oil Helps Release Kale's Hard-to-Access Nutrients

A study from Mizzou's College of Agriculture, Food and Natural Resources (CAFNR) found that it makes little difference whether kale is eaten raw or cooked. The key factor that improves nutrient absorption is pairing it with olive oil, mayonnaise or another oil-based dressing. The team is now looking into how nanotechnology-inspired dressings could be designed to boost this effect even further.

"Kale is a nutrient-rich vegetable that contains carotenoids, including lutein, a-carotene and b-carotene, which have beneficial effects on overall health," Ruojie (Vanessa) Zhang, assistant professor in the Division of Food, Nutrition and Exercise Sciences at CAFNR, said. "The problem is our bodies have a hard time absorbing these nutrients because they are fat-soluble rather than water-soluble."

Testing Whether Cooking or Special Sauces Improve Absorption

With this challenge in mind, the researchers examined whether cooking kale or using specially formulated dressings/sauces could make carotenoids easier for the body to access. These compounds, along with vitamins C and E and other bioactive plant chemicals in kale, have been associated with stronger immunity, improved vision and lower risk of diseases such as diabetes, heart disease and some cancers.




To test this, the team used a laboratory model that mimics human digestion. They evaluated kale prepared in different ways: raw, cooked, raw or cooked with dressing/sauce, and cooked directly in sauce.

The experiments showed that raw kale on its own resulted in very low carotenoid absorption, and cooking kale slightly reduced absorption even further. The major breakthrough appeared when the researchers added a nanoemulsion-based sauce. In the simulated digestion model, this sauce significantly increased the amount of absorbed carotenoids, whether the kale was raw or cooked. Cooking the kale with the sauce provided the same benefit as adding the sauce after cooking.

A New Strategy for Getting More Nutrition From Vegetables

These results highlight practical, science-backed ways to help the body take in more beneficial nutrients from produce. They also suggest new possibilities for improving everyday meals simply by changing how foods are prepared or seasoned. Zhang hopes future work will lead to innovative dressings and sauces that enhance nutrient absorption not only for kale but for other vegetables as well.

"Our team is committed to advancing food science with the goal of improving human health through the development of innovative foods and technologies," she said. "We believe impactful science can drive meaningful change in global nutrition and well-being, and we're excited to contribute to that mission."

Study Details and Research Team

The study, "Culinary strategies for improving carotenoid bioaccessibility in kale: The role of thermal processing and excipient emulsions," was published in Food Nutrition.

Co-authors include Dr. Zipei Zhang from Mizzou's College of Agriculture, Food and Natural Resources; Hangxin Zhu, a doctoral student at Mizzou; and Dr. David Julian McClements from University of Massachusetts, Amherst.
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Garlic mouthwash shows shockingly strong germ-fighting power | ScienceDaily
Garlic extract has been found to offer antimicrobial effects that are on par with commonly used antiseptics and disinfectants such as chlorhexidine, according to medical researchers at the University of Sharjah.


						
The study, published in the Journal of Herbal Medicine, reports that garlic-based mouthwash may produce more discomfort than chlorhexidine but appears to provide longer-lasting residual activity.

"Chlorhexidine is widely used as a gold standard mouthwash but is associated with side effects and concerns over antimicrobial resistance," the authors explain. "Garlic (Allium sativum), known for natural antimicrobial properties, has emerged as a potential alternative."

Systematic Review Compares Garlic and Chlorhexidine

The researchers based their conclusions on a systematic review examining how garlic extract performs against chlorhexidine in clinical settings and whether it can realistically function as an herbal substitute.

Their analysis followed the Preferred Reporting Items for Systematic Reviews and Meta-analyses 2020 guidelines, which are designed to increase the reliability and transparency of systematic reviews and meta-analyses. The authors also used the PICO framework to structure their clinical research questions.

"A total of 389 articles were identified from six electronic databases in January 2024, and an additional 13 articles were included through manual citation searching. After removing duplicates and applying inclusion and exclusion criteria, only five articles were included," they report.




Review Finds Comparable Antimicrobial Performance

The selected literature consisted of randomized controlled trials and clinical studies with varying designs and low-to-moderate risks of bias. Overall, the authors found that higher concentrations of garlic extract mouthwash showed antimicrobial results similar to those of chlorhexidine.

"The effectiveness varied based on mouthwash concentration and duration of application, contributing to differences in outcomes," the review noted. "Some studies favored chlorhexidine for maintaining higher plaque/salivary pH, while others reported garlic extract to be more effective at certain concentrations. However, garlic mouthwash may cause greater discomfort."

Side Effects and Patient Considerations

Although garlic extract can produce side effects, they are typically milder than those associated with synthetic chemicals. Reported issues include a burning sensation and unpleasant odor, which may influence whether patients are willing to switch from chlorhexidine to garlic-based options.

Even with these drawbacks, the review offers strong support for the clinical antimicrobial activity of garlic extract, reporting "significant reductions in bacterial counts from baseline ... suggesting the possible use of garlic extract mouthwash as a viable alternative to chlorhexidine in certain contexts."

The authors recommend additional clinical trials with larger participant numbers and longer follow-up periods to confirm the "effectiveness and improve clinical applicability" of garlic as an alternative to chlorhexidine, which is still considered the gold standard antimicrobial mouthwash.




Garlic's Long History as a Natural Antimicrobial

Garlic has long been recognized as one of the most potent naturally occurring antibacterial and antifungal crops. Scientific interest has focused particularly on allicin, a compound known for its strong antimicrobial activity. Although classified botanically as a vegetable, garlic is commonly used as both an herb and a spice.

Worldwide garlic usage reached about 30 million metric tons in 2024. China accounted for nearly 80 percent of global consumption and production. That same year, the global garlic extract market was valued at more than 15 billion dollars.

Growing Interest in Herbal Oral Care Alternatives

Garlic extracts are widely available in various health products over-the-counter. By comparison, synthetic agents like chlorhexidine usually require a prescription from a dentist or physician.

"Antimicrobial mouthwashes constitute an essential adjunct element in oral and dental care, acting against oral diseases caused by bacteria, fungi, or viruses attacking oral hard or soft tissues," the review states. "Different antimicrobial mouthwashes, whether available over-the-counter or on prescription, can be used in the management of gingivitis, dental caries, periodontal diseases, halitosis, etc."

Evidence Expands but Clinical Gaps Remain

The review points to numerous studies that demonstrate antimicrobial effects of garlic extracts against a wide range of bacteria, fungi, and viruses. It also notes that garlic extract has been explored in areas such as denture stomatitis, dentinal tubule disinfection, and intracanal medication.

"These studies have contributed to understanding the antimicrobial role of garlic extract in comparison to synthetic agents like chlorhexidine," the authors write. "However, most studies are in vitro, vary in methods, and lack clinical standardization, highlighting the need for further research to confirm garlic's efficacy in dental practice. This uncertainty presents a significant gap in the literature on evidence-based antimicrobial therapies."
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Humans are built for nature not modern life | ScienceDaily
A new analysis by evolutionary anthropologists Colin Shaw (University of Zurich) and Daniel Longman (Loughborough University) argues that the modern world has developed faster than human biology can adapt. Their work proposes that chronic stress and many widespread health concerns stem from a fundamental mismatch between our nature-shaped physiology and the highly industrialized environments most people live in today.


						
For hundreds of thousands of years, humans evolved to meet the physical and psychological demands of hunter-gatherer life, which required frequent movement, short bursts of intense stress and daily exposure to natural settings. Industrialization has altered these conditions within only a few centuries by adding noise, air and light pollution, microplastics, pesticides, continuous sensory input, artificial lighting, processed foods and long periods of sitting.

"In our ancestral environments, we were well adapted to deal with acute stress to evade or confront predators," says Colin Shaw, who leads the Human Evolutionary EcoPhysiology (HEEP) research group with Daniel Longman. "The lion would come around occasionally, and you had to be ready to defend yourself -- or run. The key is that the lion goes away again."

Modern stressors such as traffic, workplace pressure, social media and persistent noise activate the same biological pathways that once helped humans survive predators. Unlike the rapid resolution our ancestors experienced, these stressors rarely subside. "Our body reacts as though all these stressors were lions," Longman explains. "Whether it's a difficult discussion with your boss or traffic noise, your stress response system is still the same as if you were facing lion after lion. As a result, you have a very powerful response from your nervous system, but no recovery."

Industrialization and Its Impact on Health and Reproduction

In their review, Shaw and Longman evaluate research suggesting that the shift toward industrial and urban living is reducing human evolutionary fitness. Evolutionary success depends on both survival and reproduction, and the authors argue that both have been negatively influenced since industrialization began.

They highlight falling fertility rates across much of the world and increasing rates of inflammatory and autoimmune conditions as evidence that modern environments are placing stress on human biology. "There's a paradox where, on the one hand, we've created tremendous wealth, comfort and healthcare for a lot of people on the planet," Shaw says, "but on the other hand, some of these industrial achievements are having detrimental effects on our immune, cognitive, physical and reproductive functions."

One of the most studied examples is the steady decline in sperm count and sperm motility observed since the 1950s. Shaw notes that these trends appear to be linked to environmental exposures. "This is believed to be tied to pesticides and herbicides in food, but also to microplastics," he says.




Searching for Solutions That Support Human Wellbeing

Technological and environmental conditions continue to change far more rapidly than biological evolution can respond to. "Biological adaptation is very slow. Longer-term genetic adaptations are multigenerational -- tens to hundreds of thousands of years," Shaw says.

According to the researchers, this means the mismatch between human physiology and modern living conditions will not correct itself through natural evolutionary processes. Instead, they argue that societies must take active steps to reduce these pressures by strengthening connections to nature and creating healthier, more sustainable environments.

Addressing this mismatch requires both cultural and environmental changes. Shaw suggests treating nature as a crucial component of public health and protecting or restoring landscapes that resemble those in which humans originally evolved. He also advocates for rethinking city design to better align with human physiology and reduce harmful exposures.

"Our research can identify which stimuli most affect blood pressure, heart rate or immune function, for example, and pass that knowledge on to decision-makers," Shaw says. "We need to get our cities right -- and at the same time regenerate, value and spend more time in natural spaces."
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Scientists say this viral rosemary skincare trend actually works | ScienceDaily
A popular online skincare trend centered on rosemary and rosemary extract now has scientific evidence behind it. Researchers at the Perelman School of Medicine at the University of Pennsylvania report in JCI Insight that a natural compound in rosemary leaves may help wounds heal more effectively and limit the formation of scars.


						
"Many skin injuries end in scars, and in some people, it can lead to long-term cosmetic and even functional issues," said senior author Thomas Leung, MD, PhD, an associate professor of Dermatology at Penn. "Our findings suggest that rosemary extract, and specifically the antioxidant, carnosic acid, can shift the healing process from scarring to healthy skin regeneration. We don't have proven ways to consistently do that in humans."

A Viral Trend That Sparked a Scientific Question

Penn undergraduate student Jiayi Pang (left) and Penn PhD candidate Emmanuel Rapp Reyes (right) found that rosemary can help skin wounds heal without causing scars.

The idea for the project began on TikTok and Instagram. After noticing that many creators were promoting rosemary serums and rosemary-based products for better skin recovery, Pang and Rapp Reyes approached Leung to understand whether these claims had scientific merit. Their curiosity led them to begin a series of laboratory experiments.

"We hypothesized there was likely something real behind the hype because rosemary contains many antioxidants," said Pang, co-lead author of the study. "But we knew in order to really uncover its potential, we needed to prove its healing properties and uncover how exactly it was facilitating healing."

Testing Rosemary's Key Compound in the Lab

Working with mice, the research team created a cream made with carnosic acid, a naturally occurring antioxidant found primarily in rosemary. The cream sped up wound closure and helped regenerate structures such as hair follicles, oil glands, and cartilage. The scientists also found that the compound activated a skin nerve sensor known as TRPA1, which had previously been linked to the ability to heal without scars. When the cream was used on mice that lacked TRPA1, the treatment no longer produced the same regenerative effects.




"We also identified other herbs, such as thyme and oregano, that may activate TRPA1. But rosemary stood out for its potency and safety," said Rapp Reyes, co-lead author of the study. "Other natural ingredients, such as mustard oil, or the topical medication imiquimod are known to also stimulate the TRPA1 receptor, but unlike rosemary, those can cause irritation and inflammation."

Why Rosemary Works Only Where It Is Applied

The researchers discovered that rosemary's regenerative effect occurs only at the location where the carnosic acid cream is used. Applying the cream to areas of skin far from the injury did not lead to scar-free healing, emphasizing that its benefits are strictly local.

Potential for Future Wound Care Research

The Penn team advises people to speak with their healthcare providers before adding rosemary products to their skincare routine or creating homemade mixtures. Still, because rosemary is widely available and inexpensive, the researchers hope their findings encourage more exploration of its potential benefits in human wound care, especially for individuals prone to significant scarring.

"If rosemary is part of your skincare regimen and you think it's working, it likely is," said Leung. "I'm proud that the young scientists that led this research sought answers to questions in their everyday lives."
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Scientists keep a human alive with a genetically engineered pig liver | ScienceDaily

The World Health Organization reports that thousands of individuals die each year while waiting for donor organs, largely due to shortages of human tissue. In China, hundreds of thousands develop liver failure annually, yet only about 6,000 liver transplants were carried out in 2022. The success of this experimental effort suggests a possible future path for addressing the severe imbalance between organ supply and demand.

Details of the First-in-Human Pig Liver Graft

The patient was a 71-year-old man with hepatitis B-related cirrhosis and hepatocellular carcinoma who did not qualify for surgical removal of his tumors or for a human liver transplant. Surgeons implanted an auxiliary liver graft derived from a genetically modified Diannan miniature pig featuring 10 targeted gene alterations. These included the removal of xenoantigens and the addition of human transgenes designed to improve compatibility with the human immune and coagulation systems.

During the first month after transplantation, the pig liver graft performed well, producing bile and generating coagulation factors without signs of hyperacute or acute rejection. On day 38, however, physicians removed the graft after the patient developed xenotransplantation-associated thrombotic microangiopathy (xTMA), a complication linked to complement activation and injury to blood vessel linings. Treatment with the complement inhibitor eculizumab and plasma exchange resolved the xTMA. The patient later experienced several episodes of upper gastrointestinal bleeding and died on day 171.

Expert Perspectives on the Significance and Challenges

"This case proves that a genetically engineered pig liver can function in a human for an extended period," said lead investigator Beicheng Sun, MD, PhD, Department of Hepatobiliary Surgery, and President of the First Affiliated Hospital of Anhui Medical University, Hefei, Anhui Province, China. "It is a pivotal step forward, demonstrating both the promise and the remaining hurdles, particularly regarding coagulation dysregulation and immune complications, that must be overcome."

"This report is a landmark in hepatology," noted Heiner Wedemeyer, MD, Co-Editor, Journal of Hepatology, and Department of Gastroenterology, Hepatology, Infectious Diseases and Endocrinology, Hannover Medical School, Hannover, Germany, in an accompanying editorial. "It shows that a genetically modified porcine liver can engraft and deliver key hepatic functions in a human recipient. At the same time, it highlights the biological and ethical challenges that remain before such approaches can be translated into wider clinical use. Xenotransplantation may open completely new paths for patients with acute liver failure, acute-on-chronic liver failure, and hepatocellular carcinoma. A new era of transplant hepatology has started."

"The publication of this case reaffirms the Journal of Hepatology as the world's leading liver journal. We are committed to presenting cutting-edge translational discoveries that redefine what is possible in hepatology," added Vlad Ratziu, MD, PhD, Editor in Chief, Journal of Hepatology, and Institute for Cardiometabolism and Nutrition, Sorbonne Universite and Hospital Pitie Salpetriere, Paris, France.
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Scientists find hidden layers in brain's memory center | ScienceDaily
Researchers at the Mark and Mary Stevens Neuroimaging and Informatics Institute (Stevens INI) at the Keck School of Medicine of USC have uncovered a previously unrecognized organizational pattern in one of the brain's key regions for learning and memory. According to findings reported in Nature Communications, the CA1 section of a mouse's hippocampus contains four separate layers of specialized cell types. The hippocampus plays an essential role in forming memories, guiding spatial navigation, and influencing emotions, and the discovery of these layers offers new insight into how information moves through this part of the brain. It also provides clues about why some cell types are especially vulnerable in conditions such as Alzheimer's disease and epilepsy.


						
"Researchers have long suspected that different parts of the hippocampus' CA1 region handle different aspects of learning and memory, but it wasn't clear how the underlying cells were arranged," said Michael S. Bienkowski, PhD, senior author of the study and assistant professor of physiology and neuroscience and of biomedical engineering.

"Our study shows that CA1 neurons are organized into four thin, continuous bands, each representing a different neuron type defined by a unique molecular signature. These layers aren't fixed in place; instead, they subtly shift and change in thickness along the length of the hippocampus. This shifting pattern means that each part of CA1 contains its own mix of neuron types, which helps explain why different regions support different behaviors. This may also clarify why certain CA1 neurons are more vulnerable in conditions like Alzheimer's disease and epilepsy: if a disease targets one layer's cell type, the effects will vary depending on where in CA1 that layer is most prominent."

High-resolution RNA imaging reveals cellular distinctions

To examine this structure, the research team used an RNA labeling technique called RNAscope together with high-resolution microscopy. This approach allowed them to observe single-molecule gene expression inside mouse CA1 tissue and identify individual neuron types based on their active genes. From 58.065 CA1 pyramidal cells, the scientists recorded more than 330,000 RNA molecules, which represent the genetic instructions that indicate when and where genes are expressed. By mapping these gene activity patterns, they produced a detailed cellular atlas outlining the boundaries between distinct nerve cell types across the CA1 region.

Their results showed that CA1 contains four continuous layers of nerve cells, each distinguished by its own pattern of active genes. When viewed in three dimensions, these layers form sheet-like structures that vary in thickness and shape along the hippocampus. This well-defined arrangement clarifies earlier studies that had described CA1 as a more blended or mosaic mixture of cell types.

Hidden "stripes" highlight internal brain architecture

"When we visualized gene RNA patterns at single-cell resolution, we could see clear stripes, like geological layers in rock, each representing a distinct neuron type," said Maricarmen Pachicano, doctoral researcher at the Stevens INI's Center for Integrative Connectomics and co-first author of the paper. "It's like lifting a veil on the brain's internal architecture. These hidden layers may explain differences in how hippocampal circuits support learning and memory."




Because the hippocampus is one of the first regions affected in Alzheimer's disease and is involved in epilepsy, depression, and other neurological conditions, identifying the CA1's layered structure offers a promising guide for determining which neuron types may be most at risk as these disorders progress.

Advancing brain mapping with modern imaging and data science

"Discoveries like this exemplify how modern imaging and data science can transform our view of brain anatomy," said Arthur W. Toga, PhD, director of the Stevens INI and the Ghada Irani Chair in Neuroscience at the Keck School of Medicine of USC. "This work builds on the Stevens INI's long tradition of mapping the brain at every scale, from molecules to whole networks, and will inform both basic neuroscience and translational studies targeting memory and cognition."

A new CA1 cell-type atlas available to researchers

The team compiled its findings into a new CA1 cell-type atlas using data from the Hippocampus Gene Expression Atlas (HGEA). This resource is freely available to scientists worldwide and includes interactive 3D visualizations accessible through the Schol-AR augmented-reality app developed at the Stevens INI. The tool allows researchers to explore the layered structure of the hippocampus in great detail.

Because this layered pattern in mice resembles similar arrangements seen in primates and humans, including comparable variations in CA1 thickness, the researchers believe the organization may be shared across many mammalian species. Further work is needed to determine how closely this structure in humans matches what has been observed in mice, but the findings create a strong starting point for future studies examining how hippocampal architecture supports memory and cognition.




"Understanding how these layers connect to behavior is the next frontier," Bienkowski said. "We now have a framework to study how specific neuron layers contribute to such different functions like memory, navigation, and emotion, and how their disruption may lead to disease."

About the study

In addition to Bienkowski and Pachicano, the study's other authors include Shrey Mehta, Angela Hurtado, Tyler Ard, Jim Stanis, and Bayla Breningstall.

This work was supported by the National Institutes of Health/National Institute of Aging (K01AG066847, R36AG087310-01, supplement P30-AG066530-03S1), National Science Foundation (grant 2121164), and funding from the USC Center for Neuronal Longevity. Research data reported in this publication was supported by the Office of the Director, National Institutes of Health under award number S10OD032285.
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The rotten egg smell that could finally beat nail fungus | ScienceDaily
Hydrogen sulfide, a naturally occurring gas best known for its strong rotten egg odor, may offer a faster and gentler way to treat stubborn nail infections. Researchers at the University of Bath and King's College London (KCL) report that this volcanic gas could form the basis of a new therapy that works more quickly while avoiding many common side effects.


						
Nail infections are typically caused by fungi, though bacteria can occasionally be involved. These conditions are widespread, affecting an estimated 4-10% of people worldwide, with rates climbing to nearly 50% among adults aged 70 and older.

These infections can create serious complications in vulnerable groups such as older adults and individuals with diabetes. Despite their prevalence, they remain difficult to eliminate.

Why Current Treatments Often Fall Short

Standard therapies include oral antifungal medications taken as pills and topical products placed on the surface of the nail. Oral medications usually take 2-4 months to show results and are generally effective, but they also pose risks for side effects, particularly in patients with other health conditions.

Topical treatments are considered safer, but they often require very long application periods, sometimes lasting years. Even then, they frequently fail to fully clear the infection or the infection returns.

One major obstacle is that most medications struggle to pass through the dense structure of the nail, preventing them from reaching the fungi or bacteria living beneath it. Even the best topical antifungal options achieve relatively low cure rates, underscoring the need for treatments that can reliably reach microbes deep within the nail.




Hydrogen Sulfide Shows Strong Antimicrobial Potential

A research team from the University of Bath and KCL has identified hydrogen sulfide (H2S) as a promising alternative. This small, naturally occurring gas appears capable of penetrating the nail plate far more effectively than existing topical drugs.

Earlier studies already suggested that H2S travels through nail tissue with ease. The new findings show that it also has powerful antimicrobial activity, killing a broad spectrum of pathogens, including fungal species that do not respond well to common antifungal medications.

In controlled laboratory experiments, the researchers used a compound that releases hydrogen sulfide as it breaks down. They found that the gas disrupts microbial energy production and causes irreversible damage to the cells, ultimately destroying the fungi responsible for infection.

The study is detailed in Scientific Reports.

Researchers See Promise for a Future Topical Therapy

Dr. Albert Bolhuis of the University of Bath's Department of Life Sciences said: "Thanks to its ability to efficiently reach the site of infection and its novel mode of action, we believe that a topically applied medicine containing hydrogen sulfide could become a highly effective new treatment for nail infections, which avoids the limitations of current therapies.




"Our research lays the foundation for a compelling alternative to existing treatments, with the potential to improve outcomes for patients suffering from persistent and drug-resistant fungal nail infections."

Hydrogen sulfide does have a strong smell and some level of toxicity. However, researchers emphasize that the concentrations needed for treatment appear to be far below harmful levels, and the right formulation should greatly reduce any unpleasant odor.

Next Steps Toward Patient Use

So far, the research has been conducted only in vitro. Even so, the team hopes to continue development and create a topical treatment suitable for patients within the next five years.

Professor Stuart Jones, Director of the Centre for Pharmaceutical Medicine Research at KCL, said: "We are looking forward to translating these findings into an innovative topical product that can treat nail infection."
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Natural hormone unlocks a hidden fat burning switch | ScienceDaily
Studies in mice have shown that a hormone produced in the intestine can send signals to the brain and influence how much energy the body uses. This hormone, called FGF19 (fibroblast growth factor 19), activates processes that help the body spend more energy, use stored fat as fuel, and improve weight control and blood glucose levels in obese animals.


						
Researchers linked these effects to the action of FGF19 in the hypothalamus, a key brain region that receives information from the rest of the body and the environment to coordinate energy metabolism. They found that when FGF19 signals in the hypothalamus, it boosts the activity of thermogenic adipocytes (i.e., fat cells that burn energy to produce heat), which are specialized fat cells that help the body generate heat instead of storing calories.

New Paths for Obesity and Diabetes Treatments

Because of these findings, the scientists believe that FGF19 could inspire new medications for obesity, diabetes, and other metabolic conditions. The idea is to develop compounds that imitate the behavior of natural substances in the body, mimicking the action of endogenous compounds (i.e. those produced by the body itself).

This strategy resembles the way some of the latest diabetes and obesity drugs work. Ozempic, for example, contains semaglutide, an ingredient that activates receptors mimicking the hormone GLP-1. By doing so, it sends satiety signals to the brain and helps patients feel full with less food.

According to the study, FGF19 did more than change appetite or fat storage. The hormone also lowered peripheral inflammation and improved the animals' tolerance to cold. When the researchers blocked the sympathetic nervous system, however, these benefits disappeared. In further experiments, they observed that exposure to cold increased the expression of FGF19 receptors in the hypothalamus. Because the hypothalamus is crucial for maintaining body temperature, these results suggest that FGF19 may help the body adapt by coordinating energy balance and thermoregulation.

FGF19, Thermogenesis, and Brain Control of Energy

"FGF19 had already been linked to a reduction in food intake. Our work broke new ground by showing that it also plays an important role by acting on the hypothalamus and stimulating an increase in energy expenditure in white and brown adipose tissue. In other words, in addition to controlling appetite, it stimulates thermogenesis. So, in terms of therapy associated with obesity, it'd make a lot of sense," explains Professor Helena Cristina de Lima Barbosa, from the Obesity and Comorbidities Research Center (OCRC) at the State University of Campinas (UNICAMP).




The OCRC is a Research, Innovation, and Dissemination Center (RIDC) of FAPESP, which also funded the project through grants to doctoral student Lucas Zangerolamo, the first author of the study, supervised by Barbosa.

The work has been described in detail in an article published in the American Journal of Physiology -- Endocrinology and Metabolism, where it was highlighted as a Top Article in May.

Global Obesity Crisis and Urgent Health Targets

The World Atlas of Obesity 2025 warns that, if current trends continue, global health goals for this year will not be met. These targets include halting the rise in diabetes and obesity and cutting premature deaths from cardiovascular disease, chronic respiratory disease, and cancer by 25%, using 2010 as the reference year.

The Atlas estimates that more than 1 billion people worldwide are currently living with obesity. If effective actions are not put in place, this number could surpass 1.5 billion by 2030. Obesity is already associated with about 1.6 million premature deaths each year from non-communicable diseases.

In Brazil, around 31% of the population has obesity. In addition, between 40% and 50% of adults do not reach the recommended levels of physical activity in terms of frequency or intensity.




Where FGF19 Comes From and How It Works

FGF19, which is involved in the control of energy metabolism, is mainly produced in the small intestine. In the liver, it regulates the production of bile acids and also influences the synthesis of glucose and fats. While its primary roles in the liver have been widely explored in scientific literature, its effects in the brain have received much less attention.

"In the lab, we work with bile acids, which are also the subject of my master's degree, and they regulate the release of FGF-19. Our initial studies led us down this path," Zangerolamo told Agencia FAPESP.

At eight weeks of age, the mice used in the study were randomly assigned to two groups. One group received a standard diet (control) and the other was fed a high-fat diet to induce obesity. The researchers then administered FGF19 directly into the brains of the obese animals. All mice were kept in carefully controlled conditions of temperature, lighting, and access to water.

In the article, the scientists report that central FGF19 signaling improved energy homeostasis. It did this by boosting the activity of the sympathetic nervous system and stimulating thermogenesis in adipose tissue, leading the tissue to consume more energy in the form of heat.

"The brain plays an extremely important role in controlling the body's adiposity. At the same time as it receives information from peripheral tissues, it triggers commands. These commands, apparently using the sympathetic nervous system, seem to be an interesting way of thinking about energy expenditure," adds Barbosa.

Digging Deeper Into Brain Cells and FGF19 Receptors

To better understand which brain cells respond to FGF19, the authors compiled and examined public scRNA-seq data from several studies of the hypothalamus. This method makes it possible to sequence RNA from individual cells, revealing which genes are active in each cell type. In total, the team evaluated transcription from more than 50,000 single cells to identify hypothalamic cell populations that express FGF19 receptors.

The researchers note that a key question now is how to encourage the body to produce more FGF19 on its own. They are also working to connect these findings with what is already known about the neural circuits that regulate eating behavior.

"We want to broaden this understanding. We're studying the hypothalamus to evaluate the inflammation commonly observed when a high-fat diet is administered and whether FGF19 plays a role in this area," says Zangerolamo, who did part of the work during an internship at the Joslin Diabetes Center at Harvard Medical School with Professor Yu-Hua Tseng, who is also an author of the article.
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Next gen cancer drug shows surprising anti aging power | ScienceDaily
Researchers at Queen Mary University of London's School of Biological and Behavioural Sciences have demonstrated that the experimental TOR inhibitor rapalink-1 can extend the chronological lifespan of fission yeast, a simple organism widely used to explore basic biological processes.


						
A study published in Communications Biology by Juhi Kumar, Kristal Ng and Charalampos Rallis reports that both pharmaceuticals and naturally occurring metabolites can influence lifespan through the Target of Rapamycin (TOR) pathway.

TOR Pathway's Central Role in Growth and Aging

The TOR pathway is an evolutionarily conserved signalling system found in organisms ranging from yeast to humans. It plays a vital part in regulating growth and aging and is closely linked to major age-related conditions, including cancer and neurodegenerative diseases. Because of its broad influence, TOR has become a major target in anti-aging and cancer research, with drugs such as rapamycin already showing an ability to extend healthy lifespan in several animal models.

Rapalink-1, the compound examined in the investigation, is a next-generation TOR inhibitor currently being studied for potential use in cancer therapy. The research team found that rapalink-1 slowed certain aspects of yeast cell growth while also extending their lifespan. The effect appears to operate through TORC1 -- the growth-promoting component of the TOR pathway.

Discovery of a Metabolic Feedback Loop Involving Agmatinases

The study unexpectedly identified a significant role for a group of enzymes known as agmatinases, which convert the metabolite agmatine into polyamines. These enzymes appear to participate in a previously unrecognized "metabolic feedback loop" that helps maintain balanced TOR activity. When agmatinase activity was disrupted, yeast cells grew more quickly but showed signs of premature aging, revealing a trade-off between rapid growth and long-term cell survival.




The team also found that adding agmatine or putrescine (a related compound) supported longevity in yeast and improved growth under specific conditions.

"By showing that agmatinases are essential for healthy aging, we've uncovered a new layer of metabolic control over TOR -- one that may be conserved in humans," said Dr. Rallis. "Because agmatine is produced by diet and gut microbes, this work may help explain how nutrition and the microbiome influence aging."

Caution Around Agmatine Supplementation

Rallis noted that agmatine supplements are available commercially but emphasized caution: "We should be cautious about consuming agmatine for growth or longevity purposes. Our data indicate the agmatine supplementation can be beneficial for growth only when certain metabolic pathways related to arginine breakdown are intact. In addition, agmatine does not always promote beneficial effects as it can contribute to certain pathologies."

These findings highlight important connections between TOR signalling, metabolism and longevity. The results may help guide future strategies that pair TOR-targeting drugs with dietary or microbiome-based approaches in the study of healthy aging, cancer biology and metabolic disease.
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Scientists reveal a powerful heart boost hidden in everyday foods | ScienceDaily
People who frequently include foods and beverages rich in polyphenols, such as tea, coffee, berries, cocoa, nuts, whole grains and olive oil, may experience better heart health over time.


						
A team from King's College London reported that individuals who followed dietary patterns high in polyphenols had lower predicted cardiovascular disease (CVD) risk.

Polyphenols are naturally occurring plant compounds associated with a wide range of health benefits, including support for the heart, brain, and gut.

Long-Term Findings From a Large UK Cohort

The study, published recently in BMC Medicine, tracked more than 3,100 adults from the TwinsUK cohort for more than ten years. It found that diets rich in certain groups of polyphenols were linked to healthier blood pressure and cholesterol levels, which contributed to lower CVD risk scores.

For the first time, the researchers also assessed a large set of urine metabolites that appear when the body processes polyphenols.

These biomarkers showed that people with higher levels of polyphenol metabolites (especially those linked to flavonoids and phenolic acids) had lower cardiovascular risk scores. They also tended to have higher HDL cholesterol, also known as 'good' cholesterol.




A New Scoring Tool to Measure Polyphenol Intake

To better understand dietary patterns, the researchers used a newly designed polyphenol dietary score (PPS). This score reflects intake of 20 common polyphenol-rich foods in the UK, including tea, coffee, berries, olive oil, nuts, and whole grains.

The PPS demonstrated stronger links to cardiovascular health than estimates of total polyphenol intake. The team suggested that this may be because the PPS captures overall eating habits rather than focusing on single compounds. This supports the idea that looking at the full diet provides a clearer picture of how polyphenol-rich foods collectively contribute to long-term heart health.

Expert Perspectives on Heart Benefits

Professor Ana Rodriguez-Mateos, senior author and Professor of Human Nutrition at King's College London, said: "Our findings show that long-term adherence to polyphenol-rich diets can substantially slow the rise in cardiovascular risk as people age. Even small, sustained shifts towards foods like berries, tea, coffee, nuts, and whole grains may help protect the heart over time."

Dr. Yong Li, first author of the study, added: "This research provides strong evidence that regularly including polyphenol-rich foods in your diet is a simple and effective way to support heart health. These plant compounds are widely available in everyday foods, making this a practical strategy for most people."

Connection Between Aging and Cardiovascular Risk

The researchers noted that although cardiovascular risk naturally increases with age, participants with higher polyphenol intake experienced a slower rise in risk across the 11-year follow-up period. They also highlighted the importance of future dietary intervention trials to confirm and expand on these findings.
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Experimental RNA treatment shows surprising DNA repair power | ScienceDaily
Scientists at Cedars-Sinai have created an experimental medication that can help repair damaged DNA. The drug, called TY1, represents an early example of a new group of treatments aimed at restoring tissue harmed by heart attacks, inflammatory disorders or other medical conditions.


						
Researchers explained how TY1 works in a paper published on December 3 in Science Translational Medicine.

"By probing the mechanisms of stem cell therapy, we discovered a way to heal the body without using stem cells," said Eduardo Marban, MD, PhD, executive director of the Smidt Heart Institute at Cedars-Sinai and senior author of the study. "TY1 is the first exomer -- a new class of drugs that address tissue damage in unexpected ways."

How TY1 Supports DNA Repair

TY1 is a lab-created version of an RNA molecule that already exists in human cells. The research team showed that TY1 boosts the activity of a gene known as TREX1. This gene helps immune cells clear away damaged DNA, and by supporting this process, TY1 helps injured tissues recover.

Discovery Built on Decades of Research

The path to TY1 began more than twenty years ago. In earlier work at Johns Hopkins University, Marban's laboratory developed a method to extract progenitor cells from human heart tissue. These cells share some qualities with stem cells but are more specialized. They can create new, healthy heart tissue and play a role in heart regeneration.




At Cedars-Sinai, the research advanced further when Ahmed Ibrahim, PhD, MPH, discovered that heart progenitor cells release small sacs filled with biological molecules. These sacs, known as exosomes, contain RNA that appears to guide tissue repair.

"Exosomes are like envelopes with important information," said Ibrahim, associate professor in the Department of Cardiology in the Smidt Heart Institute and first author of the paper. "We wanted to take apart these coded messages and figure out which molecules were, themselves, therapeutic."

Identifying the Key RNA Molecule

Scientists analyzed the RNA inside the exosomes and found that one type of RNA appeared much more often than the others. Its abundance suggested that it might play a major role in healing. Laboratory studies in animals showed that this natural RNA helped tissues recover after a heart attack.

TY1 is a carefully engineered version of that RNA, created to resemble RNA medicines already used in clinical settings. TY1 increases the number of immune cells that repair DNA damage. This reduces the amount of scar tissue that forms after a heart attack and supports better healing.

"By enhancing DNA repair, we can heal tissue damage that occurs during a heart attack," Ibrahim said. He added that TY1 may also be effective in autoimmune diseases in which the immune system mistakenly attacks healthy tissue. According to Ibrahim, this represents a new biological pathway for repairing tissue and could lead to treatments for many different conditions.




Next Steps and Study Support

Researchers plan to evaluate TY1 in clinical trials to determine how well it works in people.

Other Cedars-Sinai contributors to the study include Alessandra Ciullo, Hiroaki Komuro, Kazutaka Miyamoto, Xaviar M. Jones, Shukuro Yamaguchi, Kara Tsi, Jessica Anderson, Joshua Godoy Coto, Diana Kitka, Ke Liao, Chang Li, Alice Rannou, Asma Nawaz, Ashley Morris, Cristina H. Marban, Jamie Lee, Nancy Manriquez, Yeojin Hong, Arati Naveen Kumar, James F. Dawkins and Russell G. Rogers.

Funding for the work came from National Heart, Lung, and Blood Institute grants R01 HL164588 and T32 HL116273, and R01 HL142579. The California Institute for Regenerative Medicine also provided support through grant TRAN1-15317.
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Alzheimer's blood tests may be misleading for people with kidney problems | ScienceDaily
People with reduced kidney function tend to show higher levels of Alzheimer's biomarkers in their blood, even though their overall risk of dementia does not increase. This finding comes from research published December 3, 2025, in Neurology, the medical journal of the American Academy of Neurology.


						
The study did not demonstrate that poor kidney function directly raises Alzheimer's biomarker levels. It simply identified a link between the two.

Kidneys play an essential role in clearing waste and toxins from the bloodstream, removing these substances through urine.

How Kidney Health Shapes Biomarker Readings

"Our study found that when the kidneys are not functioning properly, there may be higher levels of Alzheimer's biomarkers in the blood," said study author Francesca Gasparini, MD, of Karolinska Institutet in Stockholm, Sweden. "While we did not find that having reduced kidney function increased the risk of developing dementia, we did find that impaired kidney function may accelerate the onset of dementia in people who have higher levels of biomarkers. This highlights the need for doctors to consider kidney function when interpreting results of Alzheimer's biomarkers in the blood."

The study followed 2,279 adults with an average age of 72. None of them had dementia at the start. Each participant completed medical exams, cognitive assessments, and blood tests that measured kidney function along with levels of several Alzheimer's disease biomarkers. These included tau and amyloid beta proteins, neurofilament light chain proteins and glial fibrillary acidic proteins.

Long-Term Tracking of Kidney Function and Dementia

Participants were monitored for about eight years. Among the 1,722 people with healthy kidney function, 221 developed dementia. In the group of 557 individuals with impaired kidney function, 141 developed dementia.




Researchers observed that poorer kidney function correlated with higher levels of most Alzheimer's biomarkers measured in the study. Removing participants who developed dementia during the follow-up period did not change the overall patterns.

Dementia Risk, Genetic Factors and Biomarker Levels

After adjusting for factors such as age, sex and APOEe4 -- a genetic biomarker that indicates a strong risk of Alzheimer's disease -- the researchers found no increased likelihood of dementia for people with impaired kidney function compared to those with healthy kidneys.

However, the study identified a subgroup of individuals with both impaired kidney function and elevated neurofilament light chain levels who had nearly twice the risk of dementia compared to people with preserved kidney function and the same high biomarker levels. Gasparini explained that this may mean kidney health affects the timing of dementia onset in those with elevated biomarkers, even if it does not raise overall dementia risk.

Why Monitoring Kidney Function Matters

"When looking at these biomarkers in older adults, keeping an eye on kidney health may be more important than one might think," Gasparini said. "Monitoring kidney health may help clinicians better interpret these biomarkers and identify who might be at risk for faster disease progression."

One limitation of the research is that Alzheimer's-related biomarkers were measured only once. This means the study could not determine how changes in kidney function over time might influence biomarker levels. In addition, most participants were highly educated and lived in urban areas of Sweden, so the findings may not apply equally to other populations.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251205045845.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists find hidden brain nutrient drop that may fuel anxiety | ScienceDaily
People living with anxiety disorders tend to have reduced amounts of choline in their brains, according to new findings from UC Davis Health.


						
Researchers reported the results in the journal Molecular Psychiatry, part of the Nature publishing group. The team reviewed 25 previous studies and compared neurometabolite levels, which are chemicals created during brain metabolism, in 370 individuals with anxiety disorders and 342 people without anxiety.

The analysis showed that choline, an essential nutrient, was about 8% lower in those with anxiety disorders. This reduction was most clearly seen in the prefrontal cortex, a region involved in thinking, emotional regulation and decision-making.

"This is the first meta-analysis to show a chemical pattern in the brain in anxiety disorders," said Jason Smucny, co-author and assistant professor in the Department of Psychiatry and Behavioral Sciences. "It suggests nutritional approaches -- like appropriate choline supplementation -- may help restore brain chemistry and improve outcomes for patients."

Choline (pronounced KOE lean) supports cell membranes and key brain functions, including memory, mood and muscle control. The body produces only a small amount, so most choline must be obtained through food.

Anxiety Disorders Are Common and Often Undertreated

Anxiety disorders affect about 30% of adults.




Richard Maddock, the study's senior author, is a psychiatrist and research professor in the Department of Psychiatry and Behavioral Sciences. He also works with the UC Davis Imaging Research Center, which uses magnetic resonance imaging (MRI) to investigate brain health.

Maddock has spent decades treating patients with anxiety disorders and studying the biological factors that contribute to these conditions.

"Anxiety disorders are the most common mental illness in the United States, affecting about 30% of adults. They can be debilitating for people, and many people do not receive adequate treatment," Maddock said.

Anxiety disorders include:
    	Generalized anxiety disorder
    	Panic disorder
    	Social anxiety disorders
    	Phobias

How Brain Circuits and Chemicals Shape Anxiety

Anxiety disorders involve changes in how different parts of the brain process stress and potential threats. The amygdala, which helps determine whether situations feel safe or dangerous, and the prefrontal cortex, which plays a role in planning and decision-making, both respond differently in people with anxiety.




Chemical imbalances also contribute. For example, norepinephrine, a chemical involved in the body's "fight-or-flight" response, is often higher than normal in anxiety disorders.

Typically, the brain can distinguish between everyday challenges and genuinely harmful situations. In anxiety disorders, even manageable stressors can feel overwhelming. In generalized anxiety disorder, for instance, people may experience persistent worry about routine events and struggle to control their concerns.

MRI-Based Technique Reveals Brain Chemical Differences

Maddock and Smucny have long studied brain chemistry and its role in mental health using a non-invasive imaging method known as proton magnetic resonance spectroscopy, or 1H-MRS.

This approach uses an MRI machine to measure the chemicals present in brain tissue. Although it relies on the same magnetic fields and radio waves as standard MRI, 1H-MRS focuses on chemical composition rather than producing images.

Earlier work by Maddock showed reduced choline levels in patients with panic disorder. This prompted the decision to conduct a larger meta-analysis with Smucny. Even though they expected to see lower choline levels, Maddock was still struck by the size and consistency of the difference.

"An 8% lower amount doesn't sound like that much, but in the brain it's significant," Maddock said.

Diet May Influence Brain Choline Levels

The researchers believe that the heightened fight-or-flight activity common in anxiety disorders may increase the brain's demand for choline, which could lower its available levels.

"We don't know yet if increasing choline in the diet will help reduce anxiety. More research will be needed," Maddock said. He cautioned that people should not attempt to manage anxiety by taking large amounts of choline supplements.

He emphasized that a well-balanced diet supports both physical and mental health.

"Someone with an anxiety disorder might want to look at their diet and see whether they are getting the recommended daily amount of choline. Previous research has shown that most people in the U.S., including children, don't get the recommended daily amount," Maddock said. "Some forms of omega-3 fatty acids, like those found in salmon, may be especially good sources for supplying choline to the brain."

Foods that provide choline include beef liver, egg yolks, beef, chicken, fish, soybeans and milk, among others.
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        Paper mill waste could unlock cheaper clean energy
        Scientists developed a high-performance hydrogen-production catalyst using lignin, a common waste product from paper and biorefinery processes. The nickel-iron oxide nanoparticles embedded in carbon fibers deliver fast kinetics, long-term durability, and low overpotential. Microscopy and modeling show that a tailored nanoscale interface drives the catalyst's strong activity. The discovery points toward more sustainable and industrially scalable clean-energy materials.

      

      
        Researchers catch atoms standing still inside molten metal
        Scientists have uncovered that some atoms in liquids don't move at all--even at extreme temperatures--and these anchored atoms dramatically alter the way materials freeze. Using advanced electron microscopy, researchers watched molten metal droplets solidify and found that stationary atoms can trap liquids in tiny "atomic corrals," keeping them fluid far below their normal freezing point and giving rise to a strange hybrid state of matter.

      

      
        Uranus and Neptune are hiding something big beneath the blue
        Uranus and Neptune may not be the icy worlds we've long imagined. A new Swiss-led study uses innovative hybrid modeling to reveal that these planets could just as easily be dominated by rock as by water-rich ices. The findings also help explain their bizarre, multi-poled magnetic fields and open the door to a wider range of possible interior structures. But major uncertainties remain, and only future space missions will be able to uncover what truly lies beneath their blue atmospheres.

      

      
        Scientists reveal a tiny brain chip that streams thoughts in real time
        BISC is an ultra-thin neural implant that creates a high-bandwidth wireless link between the brain and computers. Its tiny single-chip design packs tens of thousands of electrodes and supports advanced AI models for decoding movement, perception, and intent. Initial clinical work shows it can be inserted through a small opening in the skull and remain stable while capturing detailed neural activity. The technology could reshape treatments for epilepsy, paralysis, and blindness.

      

      
        This surprising discovery rewrites the Milky Way's origin story
        New simulations of Milky Way-like galaxies reveal that the strange split between two chemically distinct groups of stars may arise from several very different evolutionary events. Bursts of star formation, shifts in flowing gas, and even streams of metal-poor material from a galaxy's outskirts can all create this double pattern. The findings challenge the long-held assumption that a major ancient collision caused the split.

      

      
        Scientists discover a new state of matter at Earth's center
        New research reveals that Earth's solid inner core is actually in a superionic state, where carbon atoms flow freely through a solid iron lattice. This unusual behavior makes the core soft, matching seismic observations that have puzzled scientists for decades. The mobility of these light elements may also contribute energy to Earth's magnetic field. The findings reshape models of Earth's interior and could apply to other rocky planets.

      

      
        James Webb catches a giant helium cloud pouring off a puffy planet
        Astronomers using the James Webb Space Telescope have captured dramatic helium streams pouring off the super-puff exoplanet WASP-107b, revealing a world with an enormously inflated, weakly bound atmosphere under intense stellar heat. The detection of helium, water, and various chemical compounds--alongside the surprising absence of methane--paints a picture of a planet that formed far from its star but later migrated inward, where scorching radiation now strips its gases into space.

      

      
        New cosmic lens measurements deepen the Hubble tension mystery
        Scientists are testing a novel way to measure cosmic expansion using time delays in gravitationally lensed quasars. Their results match "local" measurements but clash with early-universe estimates, strengthening the mysterious Hubble tension. This mismatch could point to new physics rather than observational error. Researchers now aim to boost precision to solve the puzzle.

      

      
        Astronomers capture sudden black hole blast firing ultra fast winds
        A sudden X-ray flare from a supermassive black hole in galaxy NGC 3783 triggered ultra-fast winds racing outward at a fifth the speed of light--an event never witnessed before. Using XMM-Newton and XRISM, astronomers caught the blast unfold in real time, revealing how tangled magnetic fields can rapidly "untwist" and hurl matter into space much like an enormous, cosmic-scale version of the Sun's coronal mass ejections.

      

      
        A cosmic collision reveals how black holes really behave
        A remarkably clean gravitational-wave detection has confirmed long-standing predictions about black holes, including Hawking's area theorem and Einstein's ringdown behavior. The findings also provide the strongest support yet that real black holes follow the Kerr model.

      

      
        This tiny implant sends secret messages to the brain
        Researchers have built a fully implantable device that sends light-based messages directly to the brain. Mice learned to interpret these artificial patterns as meaningful signals, even without touch, sight, or sound. The system uses up to 64 micro-LEDs to create complex neural patterns that resemble natural sensory activity. It could pave the way for next-generation prosthetics and new therapies.

      

      
        A violent star explosion just revealed a hidden recipe for life
        XRISM's high-precision X-ray data revealed unusually strong signatures of chlorine and potassium inside the Cassiopeia A supernova remnant. These levels are far higher than theoretical models predicted, showing that supernovae can be major sources of these life-critical elements. Researchers believe powerful mixing deep inside massive stars is responsible for the unexpected boost. The findings reshape our understanding of how the building blocks of planets and life were created.

      

      
        Cosmic knots may finally explain why the Universe exists
        Knotted structures once imagined by Lord Kelvin may actually have shaped the universe's earliest moments, according to new research showing how two powerful symmetries could have created stable "cosmic knots" after the Big Bang. These exotic objects may have briefly dominated the young cosmos, unraveled through quantum tunneling, and produced heavy right-handed neutrinos whose decays tipped the balance toward matter over antimatter.

      

      
        SPHERE's stunning space images reveal where new planets are forming
        SPHERE's detailed images of dusty rings around young stars offer a rare glimpse into the hidden machinery of planet formation. These bright arcs and faint clouds reveal where tiny planet-building bodies collide, break apart, and reshape their systems. Some disks contain sharp edges or unusual patterns that hint at massive planets still waiting to be seen, while others resemble early versions of our own asteroid belt or Kuiper belt. Together, the images form one of the most complete views yet of h...

      

      
        New moonquake discovery could change NASA's Moon plans
        Scientists have discovered that moonquakes, not meteoroids, are responsible for shifting terrain near the Apollo 17 landing site. Their analysis points to a still-active fault that has been generating quakes for millions of years. While the danger to short missions is low, long-term lunar bases could face increasing risk. The findings urge future planners to avoid building near scarps and to prioritize new seismic instruments.

      

      
        Scientists are turning Earth into a giant detector for hidden forces shaping our Universe
        SQUIRE aims to detect exotic spin-dependent interactions using quantum sensors deployed in space, where speed and environmental conditions vastly improve sensitivity. Orbiting sensors tap into Earth's enormous natural polarized spin source and benefit from low-noise periodic signal modulation. A robust prototype with advanced noise suppression and radiation-hardened engineering now meets the requirements for space operation. The long-term goal is a powerful space-ground network capable of explori...

      

      
        AI's climate impact is much smaller than many feared
        New findings challenge the widespread belief that AI is an environmental villain. By analyzing U.S. economic data and AI usage across industries, researchers discovered that AI's energy consumption--while significant locally--barely registers at national or global scales. Even more surprising, AI could help accelerate green technologies rather than hinder them.

      

      
        The "impossible" LED breakthrough that changes everything
        Scientists have discovered how to electrically power insulating nanoparticles using organic molecules that act like tiny antennas. These hybrids generate extremely pure near-infrared light, ideal for medical diagnostics and advanced communications. The approach works at low voltages and surpasses competing technologies in spectral precision. Early results suggest huge potential for future optoelectronic devices.

      

      
        Architects gain a new superpower for complex curved designs
        A researcher from the University of Tokyo and a U.S.-based structural engineer developed a new computational form-finding method that could change how architects and engineers design lightweight and free-form structures covering large spaces. The technique specifically helps create gridshells, thin, curved surfaces whose members form a networked grid. The method makes use of NURBS surfaces, a widely used surface representation format in computer-aided design (CAD). It also drastically reduces com...

      

      
        New low temperature fuel cell could transform hydrogen power
        Kyushu University scientists have achieved a major leap in fuel cell technology by enabling efficient proton transport at just 300degC. Their scandium-doped oxide materials create a wide, soft pathway that lets protons move rapidly without clogging the crystal lattice. This solves a decades-old barrier in solid-oxide fuel cell development and could make hydrogen power far more affordable.

      

      
        A 1950s material just set a modern record for lightning-fast chips
        Researchers engineered a strained germanium layer on silicon that allows charge to move faster than in any silicon-compatible material to date. This record mobility could lead to chips that run cooler, faster, and with dramatically lower energy consumption. The discovery also enhances the prospects for silicon-based quantum devices.
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Paper mill waste could unlock cheaper clean energy | ScienceDaily
Researchers have developed a catalyst sourced from renewable plant waste that shows strong potential for speeding up clean hydrogen production. The material is produced by embedding nickel oxide and iron oxide nanoparticles into carbon fibers made from lignin, creating a structure that improves both efficiency and durability during the oxygen evolution reaction, a crucial part of water electrolysis.


						
The study, published in Biochar X, reports that the catalyst reaches a low overpotential of 250 mV at 10 mA cm2 and remains highly stable for more than 50 hours when operating at elevated current density. These performance levels point to a viable, low cost alternative to the precious metal catalysts typically used in large-scale water splitting.

"Oxygen evolution is one of the biggest barriers to efficient hydrogen production," said corresponding author Yanlin Qin of the Guangdong University of Technology. "Our work shows that a catalyst made from lignin, a low-value byproduct of the paper and biorefinery industries, can deliver high activity and exceptional durability. This provides a greener and more economical route to large-scale hydrogen generation."

Transforming Lignin Into a Functional Carbon Framework

Lignin is one of the most abundant natural polymers, yet it is often burned for minimal energy return. In this work, the team converted lignin into carbon fibers using electrospinning and thermal treatment. These fibers serve as a conductive and supportive framework for the metal oxide particles. The resulting catalyst, known as NiO/Fe3O4@LCFs, contains nitrogen-doped carbon fibers that offer fast charge transport, high surface area, and strong structural stability.

Microscopy revealed that the nickel and iron oxides form a nanoscale heterojunction within the carbon fiber structure. This interface plays a central role in the oxygen evolution reaction by helping intermediate molecules bind and detach at optimal rates. Pairing these metal oxides with a conductive carbon network improves electron movement and prevents the particles from clumping together, which is a frequent issue in conventional base metal catalysts.

Verified Activity Through Advanced Testing

Electrochemical measurements showed that the material performs better than catalysts containing only one metal, especially under the high current conditions needed for real world electrolysis systems. The catalyst also exhibits a Tafel slope of 138 mV per decade, indicating more rapid reaction kinetics. Additional evidence from in situ Raman spectroscopy and density functional theory calculations supports the proposed mechanism, confirming that the engineered interface efficiently drives oxygen evolution.




Scalable Design Using Widely Available Biomass

"Our goal was to develop a catalyst that not only performs well but is scalable and rooted in sustainable materials," said co-corresponding author Xueqing Qiu. "Because lignin is produced in huge quantities worldwide, the approach offers a realistic path toward greener industrial hydrogen production technologies."

The findings underscore the increasing value of biomass-derived materials in energy conversion applications. Combining renewable carbon supports with carefully designed metal oxide interfaces aligns with global efforts to create low cost and environmentally friendly clean energy technologies.

The researchers note that this method could be adapted to different metal combinations and catalytic reactions, opening new opportunities for designing next generation electrocatalysts based on abundant natural resources.
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Researchers catch atoms standing still inside molten metal | ScienceDaily
Researchers have found that, inside a liquid, not every atom is moving. Some atoms stay fixed in place even when the temperature is very high. These motionless atoms have a major effect on how a liquid turns into a solid, including the creation of an unusual state of matter known as a corralled supercooled liquid.


						
The way materials solidify is crucial in many natural processes, such as mineralization, the formation of ice, and the folding of protein fibrils. Solidification is also central to many technologies, from pharmaceuticals to metal-based industries, including aviation, construction, and electronics.

Imaging Molten Metal at the Atomic Scale

To explore how solids form, scientists from the University of Nottingham and the University of Ulm in Germany used transmission electron microscopy to watch molten metal nano-droplets as they solidified. Their findings were published on December 9 in the journal ACS Nano.

Professor Andrei Khlobystov, who led the team, said, "When we consider matter, we typically think of three states: gas, liquid, and solid. While the behavior of atoms in gases and solids is easier to understand and describe, liquids remain more mysterious."

Complex Motion Inside Liquids

In liquids, atoms move in a complicated, crowded way, similar to people jostling through a busy street. They zip past one another at high speed while still interacting. This motion is especially difficult to study during the key moment when a liquid begins to solidify, a stage that sets the material's structure and many of its functional properties.




Graphene "Hob" Experiments and the SALVE Instrument

Dr. Christopher Leist, who performed transmission electron microscopy experiments at Ulm using the unique low-voltage SALVE instrument, said, "We began by melting metal nanoparticles, such as platinum, gold, and palladium, deposited on an atomically thin support -- graphene. We used graphene as a sort of hob for this process to heat the particles, and as they melted, their atoms began to move rapidly, as expected. However, to our surprise, we found that some atoms remained stationary."

Further analysis showed that these stationary atoms are strongly attached to the supporting material at specific locations called point defects, and this strong bonding persists even at very high temperatures. By concentrating the electron beam on selected areas, the team could create more defects and therefore adjust how many atoms stayed pinned in place within the liquid.

Wave-Particle Duality and a New Phase of Matter

Professor Ute Kaiser, who established the SALVE center at Ulm University, said, "Our experiments have surprised us as we directly observe the wave-particle duality of electrons in the electron beam. We visualize the material using electrons as waves. At the same time, electrons behave like particles, delivering discrete bursts of momentum that can either move or, surprisingly, even fix atoms at the edge of a liquid metal. This remarkable observation has allowed us to discover a new phase of matter."

The same research team has previously produced films of chemical reactions involving single molecules, including the first direct recording of a chemical bond breaking and reforming in real time. Their approach makes it possible to watch chemistry unfold at the level of individual atoms.




Atomic Corrals and Disrupted Crystal Growth

In the new study, the scientists discovered that stationary atoms play a powerful role in directing how a liquid turns solid. When only a few atoms are pinned, a crystal can grow from the liquid and continue to expand until the entire nanoparticle becomes solid. In contrast, when many atoms are held in place, they interfere with this process and block the formation of any crystal at all.

Professor Andrei Khlobystov from the University of Nottingham said "The effect is particularly striking when stationary atoms create a ring that surrounds the liquid. Once the liquid is trapped in this atomic corral, it can remain in a liquid state even at temperatures significantly below its freezing point, which for platinum can be as low as 350 degrees Celsius -- that is more than 1,000 degrees below what is typically expected."

Corralled Supercooled Liquid and Unstable Amorphous Metal

If the temperature is lowered enough, the corralled liquid eventually turns solid, but not into a regular crystal. Instead, it becomes an amorphous solid, a form of metal without the ordered structure of a crystal. This amorphous metal is highly unstable and exists only as long as the stationary atoms continue to confine it. Once that confinement breaks down, the built-up tension is released and the metal rearranges into its usual crystalline form.

Hybrid Metal State and Catalysis

Dr. Jesum Alves Fernandes, expert in catalysis at the University of Nottingham, said, "The discovery of a new hybrid state of metal is significant. Since platinum on carbon is one of the most widely used catalysts globally, finding a confined liquid state with non-classical phase behavior could change our understanding of how catalysts work. This advancement may lead to the design of self-cleaning catalysts with improved activity and longevity."

Toward New Forms of Matter and Cleaner Technologies

Up to now, nanoscale corralling has only been achieved for photons and electrons; this study is the first demonstration that atoms themselves can be corralled in a similar way. Professor Andrei Khlobystov said, "Our achievement may herald a new form of matter combining characteristics of solids and liquids in the same material."

The researchers suggest that by carefully arranging the positions of pinned atoms on a surface, they may be able to build larger and more intricate atomic corrals. Such control over rare metals could lead to more efficient use of these materials in clean technologies, including energy conversion and energy storage.

This work is funded by the EPSRC Program Grant 'Metal atoms on surfaces and interfaces (MASI) for sustainable future.'
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Uranus and Neptune are hiding something big beneath the blue | ScienceDaily
The Solar System is commonly grouped by planetary composition: four rocky terrestrial planets (Mercury, Venus, Earth and Mars), two massive gas giants (Jupiter and Saturn), and a pair of ice giants (Uranus and Neptune). However, new research from a scientific team at the University of Zurich (UZH) suggests that Uranus and Neptune may contain far more rock than previously assumed. The study does not argue that these planets must be either water-rich or rock-rich. Instead, it questions the long-standing idea that an ice-heavy interior is the only conclusion supported by available data. This broader interpretation also aligns with the finding that Pluto, a dwarf planet, is dominated by rock.


						
To better understand what lies inside Uranus and Neptune, the researchers created a specialized simulation technique. "The ice giant classification is oversimplified as Uranus and Neptune are still poorly understood," says Luca Morf, PhD student at the University of Zurich and lead author of the work. "Models based on physics were too assumption-heavy, while empirical models are too simplistic. We combined both approaches to get interior models that are both "agnostic" or unbiased and yet, are physically consistent."

The process begins with a randomly generated density profile representing the interior of each planet. The team then determines the gravitational field that would match observational measurements and uses that information to infer the possible composition. The cycle is repeated until the model best fits all available data.

Expanding the Range of Possible Interiors

Using this unbiased and physics-grounded approach, the researchers found that the interior makeup of the Solar System's so-called ice giants is not restricted to ice (commonly interpreted as water). "It is something that we first suggested nearly 15 years ago, and now we have the numerical framework to demonstrate it," says Ravit Helled, Professor at the University of Zurich and initiator of the project. Their results show that either planet could be dominated by water-rich layers or by a far rockier structure.

The findings also offer new insight into the unusual magnetic fields of Uranus and Neptune. Earth's magnetic field features two well-defined poles, but the fields of these distant planets are more irregular and include multiple poles. According to Helled, "Our models have so-called "ionic water" layers which generate magnetic dynamos in locations that explain the observed non-dipolar magnetic fields. We also found that Uranus' magnetic field originates deeper than Neptune's."

Why Future Missions Are Essential

Although the study provides promising new interpretations, uncertainties remain. "One of the main issues is that physicists still barely understand how materials behave under the exotic conditions of pressure and temperature found at the heart of a planet, this could impact our results," explains Morf, who intends to extend the modeling work.

Even with the remaining unknowns, the results open the door to new interior scenarios, challenge long-standing assumptions, and highlight important gaps in material science at planetary conditions. "Both Uranus and Neptune could be rock giants or ice giants depending on the model assumptions. Current data are currently insufficient to distinguish the two, and we therefore need dedicated missions to Uranus and Neptune that can reveal their true nature," concludes Ravit Helled.
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Scientists reveal a tiny brain chip that streams thoughts in real time | ScienceDaily
A new brain implant could significantly reshape how people interact with computers while offering new treatment possibilities for conditions such as epilepsy, spinal cord injury, ALS, stroke, and blindness. By creating a minimally invasive, high-throughput communication path to the brain, it has the potential to support seizure control and help restore motor, speech, and visual abilities.


						
The promise of this technology comes from its extremely small size paired with its ability to transmit data at very high speeds. Developed through a collaboration between Columbia University, NewYork-Presbyterian Hospital, Stanford University, and the University of Pennsylvania, the device is a brain-computer interface (BCI) built around a single silicon chip. This chip forms a wireless, high-bandwidth link between the brain and external computers. The system is known as the Biological Interface System to Cortex (BISC).

A study published Dec. 8 in Nature Electronics outlines BISC's architecture, which includes the chip-based implant, a wearable "relay station," and the software needed to run the platform. "Most implantable systems are built around a canister of electronics that occupies enormous volumes of space inside the body," says Ken Shepard, Lau Family Professor of Electrical Engineering, professor of biomedical engineering, and professor of neurological sciences at Columbia University, who served as one of the senior authors and led the engineering work. "Our implant is a single integrated circuit chip that is so thin that it can slide into the space between the brain and the skull, resting on the brain like a piece of wet tissue paper."

Transforming the Cortex Into a High-Bandwidth Interface

Shepard worked closely with senior and co-corresponding author Andreas S. Tolias, PhD, professor at the Byers Eye Institute at Stanford University and co-founding director of the Enigma Project. Tolias's extensive experience training AI systems on large-scale neural recordings, including those collected with BISC, helped the team analyze how well the implant could decode brain activity. "BISC turns the cortical surface into an effective portal, delivering high-bandwidth, minimally invasive read-write communication with AI and external devices," Tolias says. "Its single-chip scalability paves the way for adaptive neuroprosthetics and brain-AI interfaces to treat many neuropsychiatric disorders, such as epilepsy."

Dr. Brett Youngerman, assistant professor of neurological surgery at Columbia University and neurosurgeon at NewYork-Presbyterian/Columbia University Irving Medical Center, served as the project's main clinical collaborator. "This high-resolution, high-data-throughput device has the potential to revolutionize the management of neurological conditions from epilepsy to paralysis," he says. Youngerman, Shepard, and NewYork-Presbyterian/Columbia epilepsy neurologist Dr. Catherine Schevon recently secured a National Institutes of Health grant to use BISC in treating drug-resistant epilepsy. "The key to effective brain-computer interface devices is to maximize the information flow to and from the brain, while making the device as minimally invasive in its surgical implantation as possible. BISC surpasses previous technology on both fronts," Youngerman adds.

"Semiconductor technology has made this possible, allowing the computing power of room-sized computers to now fit in your pocket," Shepard says. "We are now doing the same for medical implantables, allowing complex electronics to exist in the body while taking up almost no space."

Next-Generation BCI Engineering




BCIs function by connecting with the electrical signals used by neurons to communicate. Current medical-grade BCIs typically rely on multiple separate microelectronic components, such as amplifiers, data converters, and radio transmitters. These parts must be stored in a relatively large implanted canister, placed either by removing part of the skull or in another part of the body like the chest, with wires extending to the brain.

BISC is built differently. The entire system resides on a single complementary metal-oxide-semiconductor (CMOS) integrated circuit that has been thinned to 50 mm and occupies less than 1/1000th the volume of a standard implant. With a total size of about 3 mm3, the flexible chip can curve to match the brain's surface. This micro-electrocorticography (mECoG) device contains 65,536 electrodes, 1,024 recording channels, and 16,384 stimulation channels. Because the chip is produced using semiconductor industry manufacturing methods, it is suitable for large-scale production.

The chip integrates a radio transceiver, a wireless power circuit, digital control electronics, power management, data converters, and the analog components necessary for both recording and stimulation. The external relay station provides power and data communication through a custom ultrawideband radio link that reaches 100 Mbps, a throughput at least 100 times higher than any other wireless BCI currently available. Operating as an 802.11 WiFi device, the relay station effectively bridges any computer to the implant.

BISC incorporates its own instruction set along with a comprehensive software environment, forming a specialized computing system for brain interfaces. The high-bandwidth recording demonstrated in this study allows brain signals to be processed by advanced machine-learning and deep-learning algorithms, which can interpret complex intentions, perceptual experiences, and brain states.

"By integrating everything on one piece of silicon, we've shown how brain interfaces can become smaller, safer, and dramatically more powerful," Shepard says.

Advanced Semiconductor Fabrication

The BISC implant was fabricated using TSMC's 0.13-mm Bipolar-CMOS-DMOS (BCD) technology. This fabrication method combines three semiconductor technologies into one chip to produce mixed-signal integrated circuits (ICs). It allows digital logic (from CMOS), high-current and high-voltage analog functions (from bipolar and DMOS transistors), and power devices (from DMOS) to work together efficiently, all of which are essential for BISC's performance.




Moving From the Lab Toward Clinical Use

To transition the system into real-world medical use, Shepard's group partnered with Youngerman at NewYork-Presbyterian/Columbia University Irving Medical Center. They developed surgical procedures to place the thin implant safely in a preclinical model and confirmed that the device produced high-quality, stable recordings. Short-term intraoperative studies in human patients are already underway.

"These initial studies give us invaluable data about how the device performs in a real surgical setting," Youngerman says. "The implants can be inserted through a minimally invasive incision in the skull and slid directly onto the surface of the brain in the subdural space. The paper-thin form factor and lack of brain-penetrating electrodes or wires tethering the implant to the skull minimize tissue reactivity and signal degradation over time."

Extensive preclinical work in the motor and visual cortices was carried out with Dr. Tolias and Bijan Pesaran, professor of neurosurgery at the University of Pennsylvania, both recognized leaders in computational and systems neuroscience.

"The extreme miniaturization by BISC is very exciting as a platform for new generations of implantable technologies that also interface with the brain with other modalities such as light and sound," Pesaran says.

BISC was developed through the Neural Engineering System Design program of the Defense Advanced Research Projects Agency (DARPA) and draws on Columbia's deep expertise in microelectronics, the advanced neuroscience programs at Stanford and Penn, and the surgical capabilities of NewYork-Presbyterian/Columbia University Irving Medical Center.

Commercial Development and Future AI Integration

To move the technology closer to practical use, researchers at Columbia and Stanford created Kampto Neurotech, a startup founded by Columbia electrical engineering alumnus Dr. Nanyu Zeng, one of the project's lead engineers. The company is producing research-ready versions of the chip and working to secure funding to prepare the system for use in human patients.

"This is a fundamentally different way of building BCI devices," Zeng says. "In this way, BISC has technological capabilities that exceed those of competing devices by many orders of magnitude."

As artificial intelligence continues to advance, BCIs are gaining momentum both for restoring lost abilities in people with neurological disorders and for potential future applications that enhance normal function through direct brain-to-computer communication.

"By combining ultra-high resolution neural recording with fully wireless operation, and pairing that with advanced decoding and stimulation algorithms, we are moving toward a future where the brain and AI systems can interact seamlessly -- not just for research, but for human benefit," Shepard says. "This could change how we treat brain disorders, how we interface with machines, and ultimately how humans engage with AI."
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This surprising discovery rewrites the Milky Way's origin story | ScienceDaily
A new investigation is offering fresh insight into how galaxies like the Milky Way take shape, evolve over time, and develop unexpected chemical patterns in their stars.


						
Published in Monthly Notices of the Royal Astronomical Society, the study examines the origin of a long-standing mystery within the Milky Way: two clearly defined groups of stars with different chemical signatures, a feature known as the "chemical bimodality."

When researchers look at stars located near the Sun, they consistently identify two major categories based on the relative amounts of iron (Fe) and magnesium (Mg) they contain. These categories create two separate "sequences" on chemical plots, even though they overlap in metallicity (how rich they are in heavy elements like iron). This unusual split has puzzled astronomers for years.

Simulations Reveal How the Chemical Split May Form

To investigate why this structure appears, researchers from the Institute of Cosmos Sciences of the University of Barcelona (ICCUB) and the Centre national de la recherche scientifique (CNRS) used advanced computer models (called the Auriga simulations) to recreate the formation of Milky Way-like galaxies inside a virtual universe. By examining 30 simulated galaxies, the team searched for processes that might shape these chemical sequences.

Gaining a clearer picture of the Milky Way's chemical development helps scientists understand how our galaxy, along with others, assembled over cosmic time. This includes Andromeda, the Milky Way's nearby companion galaxy, where no similar chemical bimodality has been identified so far. Insights from this work also shed light on early-universe conditions and the roles of gas flows and past mergers.

"This study shows that the Milky Way's chemical structure is not a universal blueprint," said lead author Matthew Orkney, a researcher at ICCUB and the Institut d'Estudis Espacials de Catalunya (IEEC).




"Galaxies can follow different paths to reach similar outcomes, and that diversity is key to understanding galaxy evolution."

Multiple Routes to the Milky Way's Dual Chemical Structure

The results indicate that galaxies resembling the Milky Way can form two distinct chemical sequences through several different pathways. One possibility is a cycle of intense star formation followed by calmer periods. Another involves variations in the gas streaming into a galaxy from its surroundings.

The study also challenges an earlier explanation involving a smaller galaxy known as Gaia-Sausage-Enceladus (GSE). While this past collision influenced the Milky Way, the simulations show it is not required to produce the chemical split. Instead, metal-poor gas from the circumgalactic medium (CGM) appears to play a central role in creating the second branch of stars.

The researchers found that the specific shape of the two chemical sequences is tightly connected to the galaxy's star formation history.

New Observations Will Help Test These Predictions

As observatories such as the James Webb Space Telescope (JWST) and future missions like PLATO and Chronos gather more precise data, scientists will be able to test these simulation predictions and refine models of how galaxies evolve.

"This study predicts that other galaxies should exhibit a diversity of chemical sequences. This will soon be probed in the era of 30m telescopes where such studies in external galaxies will become routine," said Dr. Chervin Laporte, of ICCUB-IEEC, CNRS-Observatoire de Paris and Kavli IPMU.

"Ultimately, these will also help us further refine the physical evolutionary path of our own Milky Way."
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Scientists discover a new state of matter at Earth's center | ScienceDaily
Beneath Earth's molten outer core is a dense central region -- the inner core, a compact sphere made of an iron and light-element alloy squeezed by more than 3.3 million atmospheres and heated to temperatures comparable to the Sun's surface. For many years, researchers have struggled to explain its unusual behavior. Even though the inner core is solid, it behaves like a softened metal, slowing seismic shear waves and displaying a Poisson's ratio more similar to butter than to steel. This paradox raised a fundamental question: how can the planet's solid center appear firm yet strangely pliable?


						
A major study published in National Science Review offers a strong explanation. The research team reports that Earth's inner core is not behaving like a conventional solid -- instead, it exists in a superionic state in which light elements move through a stable iron framework as if they were liquid. This finding reshapes our picture of the planet's deepest layer.

The investigation, led by Prof. Youjun Zhang and Dr. Yuqian Huang of Sichuan University, together with Prof. Yu He from the Institute of Geochemistry, Chinese Academy of Sciences, demonstrates that iron-carbon alloys shift into a superionic phase under the inner core's extreme conditions. In this environment, carbon atoms zip through the iron lattice at high speeds, greatly reducing the alloy's stiffness.

"For the first time, we've experimentally shown that iron-carbon alloy under inner core conditions exhibits a remarkedly low shear velocity." said Prof. Zhang. "In this state, carbon atoms become highly mobile, diffusing through the crystalline iron framework like children weaving through a square dance, while the iron itself remains solid and ordered. This so-called "superionic phase" dramatically reduces alloy's rigidity."

Experimental Evidence Confirms Previous Predictions

Although computer simulations in 2022 suggested the inner core might take on this exotic form, confirming it in the laboratory had proven difficult -- until now. Using a dynamic shock compression platform, the researchers propelled iron-carbon samples to 7 kilometers per second, achieving pressures of up to 140 gigapascals and temperatures near 2600 kelvin, closely reproducing the environment found in the inner core.

By pairing in-situ sound velocity measurements with advanced molecular dynamics simulations, the team detected a dramatic loss of shear wave speed and a sharp increase in Poisson's ratio. These results align with the unexpectedly soft seismic characteristics recorded within Earth. On an atomic level, the data showed carbon atoms moving freely through iron's orderly structure, weakening it without causing the lattice to collapse.




A Superionic Core That Shapes Earth's Dynamics

The superionic model not only accounts for long-standing seismic anomalies but also expands our understanding of how the inner core contributes to Earth's internal processes. The motion of light elements may explain seismic anisotropy -- directional variations in seismic wave speeds -- and could also play a role in sustaining Earth's magnetic field.

"Atomic diffusion within the inner core represents a previously overlooked energy source for the geodynamo," said Dr. Huang. "In addition to heat and compositional convection, the fluid-like motion of light elements may help power Earth's magnetic engine."

The study also clarifies debates over the behavior of light elements under extreme pressure. Earlier research focused mainly on compounds or substitutional alloys, but this work highlights the key role of interstitial solid solutions (especially those involving carbon) in controlling the core's physical properties.

A Shift in How Scientists View Earth's Center

According to Prof. Zhang, these findings represent a major change in how scientists interpret the inner core. "We're moving away from a static, rigid model of the inner core toward a dynamic one," he explained.

The implications extend beyond Earth. Identifying a superionic phase in the inner core could also improve our understanding of magnetic and thermal evolution in other rocky planets and exoplanets. As Zhang notes, "Understanding this hidden state of matter brings us one step closer to unlocking the secrets of Earth-like planetary interiors."

This research was supported by the National Natural Science Foundation of China, the Sichuan Science and Technology Program, and the CAS Youth Interdisciplinary Team.
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James Webb catches a giant helium cloud pouring off a puffy planet | ScienceDaily
An international group of researchers, including astronomers from the University of Geneva (UNIGE) and the National Centre of Competence in Research PlanetS, has detected enormous clouds of helium drifting away from the exoplanet WASP-107b. The team gathered these observations with the James Webb Space Telescope and analyzed them using modeling tools created at UNIGE. Their results, reported in Nature Astronomy, offer important insights into atmospheric escape, a process that plays a central role in how planets evolve and develop their observable features.


						
Planetary atmospheres do not always remain intact. Even Earth steadily loses a small amount of material to space, shedding a little more than 3 kg of gas every second (mainly hydrogen). This continual loss, known as "atmospheric escape," is especially relevant for planets that orbit extremely close to their stars. The intense heat they experience can drive dramatic outflows of gas, making the phenomenon a key factor in the long-term transformation of such worlds.

Webb's First Helium Detection on an Exoplanet

Using the James Webb Space Telescope, researchers from UNIGE and universities in McGill, Chicago, and Montreal observed broad streams of helium leaving WASP-107b. The planet lies more than 210 light-years from our solar system. This marks the first time JWST has detected this element on an exoplanet, enabling scientists to examine the escaping gases in much greater detail than before.

A Deeply Inflated Super-Puff World

WASP-107b, discovered in 2017, orbits its star at a distance far tighter than Mercury's orbit around the Sun. Although it is similar in size to Jupiter, it contains only about one-tenth of Jupiter's mass. This extremely low density places it within the "super-puff" category of planets, which are known for their large size and unusually light composition.

The escaping helium originates from the planet's extended upper atmosphere, known as the "exosphere." This cloud is so large that it begins dimming the star's light even before the planet itself passes in front of it. "Our atmospheric escape models confirm the presence of helium flows, both ahead and behind the planet, extending in the direction of its orbital motion to nearly ten times the planet's radius," says Yann Carteret, a doctoral student in the Department of Astronomy at the Faculty of Science of the University of Geneva and co-author of the study.




Chemical Signatures Reveal the Planet's Past

Along with helium, researchers identified water and several chemical compounds (including carbon monoxide, carbon dioxide, and ammonia) in WASP-107b's atmosphere. They also found no detectable methane, even though JWST is capable of identifying it. These results help scientists reconstruct the planet's early history. Evidence suggests that WASP-107b originally formed far from its current location before migrating inward. This inward shift could explain both its swollen atmosphere and the significant gas loss observed today.

The findings serve as a key reference for understanding how distant worlds change over time. "Observing and modeling atmospheric escape is a major research area at the UNIGE Department of Astronomy because it is thought to be responsible for some of the characteristics observed in the exoplanet population," explains Vincent Bourrier, senior lecturer and research fellow in the Department of Astronomy at the UNIGE Faculty of Science and co-author of the study.

"On Earth, atmospheric escape is too weak to drastically influence our planet. But it would be responsible for the absence of water on our close neighbor, Venus. It is therefore essential to fully understand the mechanisms at work in this phenomenon, which could erode the atmosphere of certain rocky exoplanets," he concludes.
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New cosmic lens measurements deepen the Hubble tension mystery | ScienceDaily
Cosmologists are grappling with a major unresolved puzzle: they do not all agree on how fast the universe is expanding, and solving this puzzle could point to new physics. To check for hidden errors in traditional measurements that rely on markers such as supernovae, astronomers continually look for fresh ways to track cosmic expansion. In recent work, researchers including scientists at the University of Tokyo measured the universe's growth using new techniques and data from some of the most advanced telescopes available. Their approach takes advantage of the fact that light from extremely distant objects can travel to us along several different paths. Comparing these different routes helps refine models of what is happening on the very largest scales in the universe, including how space itself is stretching.


						
How fast is the universe expanding?

We know that the universe is enormous, and it is steadily growing larger. Its exact size is unknown, but its rate of expansion can be measured. This turns out to be more complicated than it sounds, because the expansion appears faster when we look at more distant regions of space. For every 3.3 million light years (or one megaparsec) of distance from Earth, objects at that distance appear to be moving away from us at about 73 kilometers per second. Put another way, the universe expands at 73 kilometers per second per megaparsec (km/s/Mpc), a value known as the Hubble constant.

Distance ladders and a new way to measure the Hubble constant

Scientists have developed several methods to estimate the Hubble constant, but until now they have all relied on so-called distance ladders. These ladders are built from objects such as supernovae and special stars called Cepheid variable stars. Because these objects are considered well understood, astronomers assume that even when they are observed in other galaxies, they can be used to estimate distances with high precision. Over decades of observations of many such objects, the allowed range for the Hubble constant has become narrower. However, some uncertainty has always remained about how reliable this approach is, so cosmologists are eager to test alternatives.

In their latest study, a team of astronomers that includes Project Assistant Professor Kenneth Wong and postdoctoral researcher Eric Paic from the University of Tokyo's Research Center for the Early Universe has successfully demonstrated a technique called time-delay cosmography. They argue that this method can reduce the field's dependence on distance ladders and could also have valuable applications in other branches of cosmology.

Using gravitational lensing as a cosmic measurement tool

"To measure the Hubble constant using time-delay cosmography, you need a really massive galaxy that can act as a lens," said Wong. "The gravity of this 'lens' deflects light from objects hiding behind it around itself, so we see a distorted version of them. This is called gravitational lensing. If the circumstances are right, we'll actually see multiple distorted images, and each will have taken a slightly different pathway to get to us, taking different amounts of time. By looking for identical changes in these images that are slightly out of step, we can measure the difference in time they took to reach us. Coupling this data with estimates on the distribution of the mass of the galactic lens that's distorting them is what allows us to calculate the acceleration of distant objects more accurately. The Hubble constant we measure is well within the ranges supported by other modes of estimation."




The Hubble tension: conflicting views of the expanding universe

It may seem puzzling that researchers invest so much effort to refine a number that has already been measured many times. The reason is that this value sits at the heart of how scientists reconstruct the history and evolution of the universe, and there is a serious unresolved discrepancy. The value of 73 km/s/Mpc for the Hubble constant agrees with observations of relatively nearby objects. However, there are other ways to infer the cosmic expansion rate that look much farther back in time. One key method uses the radiation that fills the universe and traces back to the big bang, known as the cosmic microwave background (CMB). When scientists analyze the CMB to estimate the Hubble constant, they obtain a lower value of 67 km/s/Mpc.

This mismatch between 73 km/s/Mpc and 67 km/s/Mpc is called the Hubble tension. The work by Wong, Paic and their colleagues helps illuminate what might be causing this tension, at a time when it is still unclear whether the discrepancy is simply due to experimental uncertainties or points to something deeper.

Is the Hubble tension pointing to new physics?

"Our measurement of the Hubble constant is more consistent with other current-day observations and less consistent with early-universe measurements. This is evidence that the Hubble tension may indeed arise from real physics and not just some unknown source of error in the various methods," said Wong. "Our measurement is completely independent of other methods, both early- and late-universe, so if there are any systematic uncertainties in those methods, we should not be affected by them."

"The main focus of this work was to improve our methodology, and now we need to increase the sample size to improve the precision and decisively settle the Hubble tension," said Paic. "Right now, our precision is about 4.5%, and in order to really nail down the Hubble constant to a level that would definitively confirm the Hubble tension, we need to get to a precision of around 1-2%."

More lenses, more quasars, and higher precision




The researchers are optimistic that they can reach this higher level of accuracy. In the current study, they analyzed eight time-delay lens systems. Each system contains a foreground galaxy that acts as a lens and blocks our direct view of a distant quasar (a supermassive black hole that is accreting gas and dust, causing it to shine brightly). They also incorporated new observations from cutting-edge space-based and ground-based observatories, including the James Webb Space Telescope. Looking ahead, the team plans to expand the number of lens systems they study, refine their measurements, and carefully identify or eliminate any remaining systematic sources of error.

Mass distribution uncertainties and a global cosmology effort

"One of the largest sources of uncertainty is the fact that we don't know exactly how the mass in the lens galaxies is distributed. It is usually assumed that the mass follows some simple profile that is consistent with observations, but it is hard to be sure, and this uncertainty can directly influence the values we calculate," said Wong. "The Hubble tension matters, as it may point to a new era in cosmology revealing new physics. Our project is the result of a decades-long collaboration between multiple independent observatories and researchers, highlighting the importance of international collaboration in science."

Funding: This work was supported by NASA (grants 80NSSC22K1294 and HST-AR-16149), the Max Planck Society (Max Planck Fellowship), the Deutsche Forschungsgemeinschaft under Germany's Excellence Strategy (EXC-2094, 390783311), the U.S. National Science Foundation (grants NSF-AST-1906976, NSF-AST-1836016, NSF-AST-2407277), the Moore Foundation (grant 8548), and JSPS KAKENHI (grant numbers JP20K14511, JP24K07089, JP24H00221).



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251209043036.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Astronomers capture sudden black hole blast firing ultra fast winds | ScienceDaily
Leading X-ray observatories XMM-Newton and XRISM have captured a remarkable and previously unrecorded eruption from a supermassive black hole. Over the course of only a few hours, the intense gravity of this object stirred up extremely fast winds that pushed material outward at an astonishing 60,000 km per second.


						
This enormous black hole sits in NGC 3783, a striking spiral galaxy recently photographed by the NASA/ESA Hubble Space Telescope. Astronomers observed a bright X-ray flare burst from the black hole and fade almost immediately. As the flare diminished, high-velocity winds appeared, racing outward at roughly one-fifth the speed of light.

"We've not watched a black hole create winds this speedily before," says lead researcher Liyi Gu at Space Research Organization Netherlands (SRON). "For the first time, we've seen how a rapid burst of X-ray light from a black hole immediately triggers ultra-fast winds, with these winds forming in just a single day."

Inside an Active Galactic Nucleus

To investigate NGC 3783 and its central black hole, Gu and his team used the European Space Agency's XMM-Newton together with the X-Ray Imaging and Spectroscopy Mission (XRISM), a JAXA-led mission with ESA and NASA participation.

The black hole, containing the mass of about 30 million Suns, consumes nearby gas and dust. This activity powers a brilliantly luminous and energetic zone at the galaxy's center called an Active Galactic Nucleus (AGN). AGNs emit light across the electromagnetic spectrum and can drive strong jets and winds into their surroundings.

"AGNs are really fascinating and intense regions, and key targets for both XMM-Newton and XRISM," notes Matteo Guainazzi, ESA XRISM Project Scientist and co-author of the discovery.




"The winds around this black hole seem to have been created as the AGN's tangled magnetic field suddenly 'untwisted' -- similar to the flares that erupt from the Sun, but on a scale almost too big to imagine."

Black Hole Winds That Echo Solar Eruptions

The newly detected winds resemble the Sun's coronal mass ejections, powerful outbursts that launch huge clouds of charged material into space. This comparison suggests that, in some moments, a supermassive black hole can behave in ways similar to our own star, making these distant giants feel slightly more familiar.

A real-world example occurred on November 11, when the Sun produced a coronal mass ejection following an intense flare. The material expelled during that solar event shot out at initial speeds of 1500 km per second.

"Windy AGNs also play a big role in how their host galaxies evolve over time, and how they form new stars," says Camille Diez, a team member and ESA Research Fellow.

"Because they're so influential, knowing more about the magnetism of AGNs, and how they whip up winds such as these, is key to understanding the history of galaxies throughout the Universe."

Two Telescopes Working in Unison




XMM-Newton has spent more than 25 years exploring the hottest and most extreme environments in space, while XRISM has been studying how matter and energy move through the Universe since its launch in September 2023.

Together, these missions uncovered this extraordinary episode and helped scientists understand the flare and the resulting winds. XMM-Newton followed the evolution of the flare with its Optical Monitor and measured the reach of the winds using the European Photon Imaging Camera (EPIC). XRISM detected the flare and winds with its Resolve instrument, which analyzed their velocity, structure, and the processes that launched them.

"Their discovery stems from successful collaboration, something that's a core part of all ESA missions," explains ESA XMM-Newton Project Scientist Erik Kuulkers.

"By zeroing in on an active supermassive black hole, the two telescopes have found something we've not seen before: rapid, ultra-fast, flare-triggered winds reminiscent of those that form at the Sun. Excitingly, this suggests that solar and high-energy physics may work in surprisingly familiar ways throughout the Universe."
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A cosmic collision reveals how black holes really behave | ScienceDaily
Ten years after the first detection of gravitational waves from two merging black holes, the LIGO-Virgo-KAGRA collaboration, which includes Columbia University astronomer Maximiliano Isi, has captured a remarkably similar event with far greater detail. Advances in detector sensitivity allowed the team to observe this latest collision almost four times more clearly than the original discovery. With this improved view, researchers were able to verify two major predictions: that black holes produced through mergers never become smaller in total size, as proposed by Stephen Hawking, and that disturbed black holes vibrate in a way that resembles the ringing of a bell, a behavior expected from Albert Einstein's general theory of relativity.


						
"This unprecedentedly clear signal of the black hole merger known as GW250114 puts to the test some of our most important conjectures about black holes and gravitational waves," Isi said.

Revisiting Hawking's Prediction

In 1971, Stephen Hawking proposed that a black hole's event horizon, its outer boundary where neither light nor matter can escape, cannot shrink.

In 2021, Isi and colleagues used LIGO data to examine gravitational waves emitted during a black hole merger and produced one of the first observational confirmations of Hawking's idea. At the time, The New York Times noted that if this confirmation had come while Hawking was still alive, it might have contributed to him receiving a Nobel Prize.

Higher Precision Reinforces the Theory

The newly analyzed signal strengthens the earlier findings with far greater accuracy. It shows that the surface area of the final merged black hole is always at least as large as the combined areas of the two original black holes. This level of precision was possible because the study drew on data from both LIGO detectors, located in Washington state and Louisiana.




Researchers also succeeded in separating and examining the gravitational waves produced after the merger. By studying the pitch and duration of these post-collision waves, they uncovered new insights into the size and internal characteristics of the newly formed black hole. (The process works in much the same way that analyzing the pitch of a sound emitted by a hollow instrument can tell you about the size and shape of both the instrument and the object that struck it.)

Strongest Evidence Yet for a Kerr Black Hole

Their findings showed that the final black hole matches the expectations of a "Kerr black hole." In the 1960s, mathematician Roy Kerr solved Einstein's equations to describe the precise structure of a rotating black hole. Physicists generally expect all black holes to behave according to this solution, but obtaining direct proof has been extremely difficult. By analyzing the vibrations of the merged black hole in this especially clear signal, Isi and the LIGO team produced the most compelling evidence to date that real black holes follow Kerr's model.

"Over the next decade, gravitational wave detectors like LIGO will continue to improve, giving us a sharper view of black holes and their mysteries," Isi said, "I can't wait to see what we find out."
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This tiny implant sends secret messages to the brain | ScienceDaily
In a major step forward for neurobiology and bioelectronics, scientists at Northwestern University have created a wireless device that uses light to transmit information directly into the brain. The technology bypasses traditional sensory routes in the body and instead delivers signals straight to neurons.


						
The device is soft and flexible, fitting beneath the scalp while resting on the skull. From this position, it sends carefully controlled light patterns through the bone to activate specific groups of neurons across the cortex.

Light-Based Brain Signals in Animal Models

During testing, researchers used tiny, precisely timed bursts of light to stimulate targeted populations of neurons deep in the brains of mouse models. (These neurons are genetically modified to respond to light.) The mice quickly learned to interpret certain patterns as meaningful cues. Even without sound, sight or touch, the animals used the incoming information to make decisions and complete behavioral tasks accurately.

This technology could one day support a wide range of medical applications. Potential uses include providing sensory feedback for prosthetic limbs, delivering artificial inputs for future hearing or vision prostheses, controlling robotic limbs, improving rehabilitation after injury or stroke, and modifying pain perception without medications.

The work will appear Monday (Dec. 8) in Nature Neuroscience.

Creating New Brain Signals With Micro-LED Technology

"Our brains are constantly turning electrical activity into experiences, and this technology gives us a way to tap into that process directly," said Northwestern neurobiologist Yevgenia Kozorovitskiy, who led the experimental portion of the study. "This platform lets us create entirely new signals and see how the brain learns to use them. It brings us just a little bit closer to restoring lost senses after injuries or disease while offering a window into the basic principles that allow us to perceive the world."




John A. Rogers, a leading figure in bioelectronics and head of the technology development, said, "Developing this device required rethinking how to deliver patterned stimulation to the brain in a format that is both minimally invasive and fully implantable. By integrating a soft, conformable array of micro-LEDs -- each as small as a single strand of human hair -- with a wirelessly powered control module, we created a system that can be programmed in real time while remaining completely beneath the skin, without any measurable effect on natural behaviors of the animals. It represents a significant step forward in building devices that can interface with the brain without the need for burdensome wires or bulky external hardware. It's valuable both in the immediate term for basic neuroscience research and in the longer term for addressing health challenges in humans."

Kozorovitskiy is the Irving M. Klotz Professor of Neurobiology in Northwestern's Weinberg College of Arts and Sciences and a member of the Chemistry of Life Processes Institute. Rogers holds appointments in materials science and engineering, biomedical engineering and neurological surgery, and directs the Querrey Simpson Institute for Bioelectronics. The study's first author is postdoctoral researcher Mingzheng Wu.

Advancing Earlier Optogenetics Breakthroughs

The research builds on earlier work from the same team. In 2021, they reported the first fully implantable, programmable, wireless and battery-free device that could control neurons with light. That system used a single micro-LED probe to influence social behavior in mice. Unlike traditional optogenetics, which relied on fiberoptic wires that restricted movement, the wireless design allowed mice to behave normally in social environments.

The new device extends this capability by enabling more complex communication with the brain. Instead of stimulating one small region, the updated system uses an array of up to 64 programmable micro-LEDs. Each light can be controlled independently in real time, allowing researchers to deliver sequences that resemble the distributed activity patterns the brain naturally produces during sensory experiences. Because real sensations activate broad networks rather than isolated neurons, this multi-site approach mirrors how the cortex normally functions.

"In the first paper, we used a single micro-LED," Wu said. "Now we're using an array of 64 micro-LEDs to control the pattern of cortical activity. The number of patterns we can generate with various combinations of LEDs -- frequency, intensity and temporal sequence -- is nearly infinite."

A Soft, Less Invasive Design




Despite the added capability, the device remains small. It is about the size of a postage stamp and thinner than a credit card. Instead of inserting a probe into the brain, the new version gently conforms to the skull surface and shines light through the bone.

"Red light penetrates tissues quite well," Kozorovitskiy said. "It reaches deep enough to activate neurons through the skull."

Training the Brain to Recognize Synthetic Patterns

To evaluate the system, the team worked with mice engineered to have light-responsive neurons in the cortex. The animals were trained to associate a particular pattern of stimulation with a reward, usually located at a specific port within a testing chamber.

During a series of experiments, the implant delivered a defined pattern across four cortical regions, which functioned like tapping a coded message directly into the brain. The mice learned to identify this target pattern among many alternatives. When they detected the correct artificial signal, they navigated to the appropriate port to receive a reward.

"By consistently selecting the correct port, the animal showed that it received the message," Wu said. "They can't use language to tell us what they sense, so they communicate through their behavior."

Future Development and Wider Applications

Now that the team has demonstrated that the brain can interpret patterned light stimulation as meaningful information, they plan to test more sophisticated patterns and determine how many distinct signals the brain can reliably learn. Future versions of the device may incorporate more LEDs, smaller spacing between them, larger arrays covering more cortex and wavelengths of light that penetrate deeper into tissue.

The study, "Patterned wireless transcranial optogenetics generates artificial perception," received support from the Querrey Simpson Institute for Bioelectronics, NINDS/BRAIN Initiative, National Institute of Mental Health, One Mind Nick LeDeit Rising Star Research Award, Kavli Exploration Award, Shaw Family Pioneer Award, Simons Foundation, Alfred P. Sloan Foundation and Christina Enroth-Cugell and David Cugell Fellowship.
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A violent star explosion just revealed a hidden recipe for life | ScienceDaily
"Why are we here?" remains one of the most enduring questions humans have posed. One way scientists approach this idea is by tracing where the elements around us first formed. Many elements are created inside stars and in the explosive debris of supernovae, which scatter this material across space, but the origins of several important elements have been difficult to explain.


						
Chlorine and potassium fall into this category. They are classified as odd-Z elements -- possessing an odd number of protons -- and are crucial for both life and the development of planets. Current models, however, indicate that stars should produce only about one-tenth of the chlorine and potassium that astronomers actually observe in the universe, leading to a long-standing scientific puzzle.

XRISM Offers a New Way to Study Supernova Debris

This gap in understanding led researchers at Kyoto University and Meiji University to investigate whether supernova remnants might hold the missing clues. They used XRISM -- short for X-Ray Imaging and Spectroscopy Mission, an X-ray satellite launched by JAXA in 2023 -- to gather high-resolution X-ray spectroscopic data from the Cassiopeia A supernova remnant in the Milky Way.

To accomplish this, the team relied on the microcalorimeter Resolve instrument on XRISM. The device provides energy resolution roughly ten times sharper than earlier X-ray detectors, which allowed the researchers to pick up faint emission lines associated with rare elements. After collecting the data from Cassiopeia A, they compared the measured amounts of chlorine and potassium with several theoretical models of how supernovae create elements.

Evidence That Supernovae Produce Life-Related Elements

The results showed clear X-ray emission lines of both chlorine and potassium at levels far higher than expected from standard models. This marks the first observational confirmation that a single supernova can generate enough of these elements to match what astronomers see in the cosmos. The researchers believe that strong internal mixing inside massive stars, possibly driven by rapid rotation, binary interactions, or shell-merger events, can greatly increase the production of these elements.




"When we saw the Resolve data for the first time, we detected elements I never expected to see before the launch. Making such a discovery with a satellite we developed is a true joy as a researcher," says corresponding author Toshiki Sato.

Insights Into How Stars Shape the Building Blocks of Life

These findings show that the chemical ingredients essential for life formed under extreme conditions deep within stars, far removed from anything resembling the environments where life later emerged. The work also demonstrates how powerful high-precision X-ray spectroscopy has become in uncovering the processes at work inside stellar interiors.

"I am delighted that we have been able, even if only slightly, to begin to understand what is happening inside exploding stars," says corresponding author Hiroyuki Uchida.

Next Steps for Understanding Stellar Evolution

The team plans to continue studying additional supernova remnants with XRISM to determine whether the elevated levels of chlorine and potassium found in Cassiopeia A are typical of massive stars or unique to this particular remnant. This will help reveal whether the internal mixing processes identified here are a widespread feature of stellar evolution.

"How Earth and life came into existence is an eternal question that everyone has pondered at least once. Our study reveals only a small part of that vast story, but I feel truly honored to have contributed to it," says corresponding author Kai Matsunaga.
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Cosmic knots may finally explain why the Universe exists | ScienceDaily
In 1867, Lord Kelvin pictured atoms as tiny knots in an invisible medium called the ether. That picture turned out to be wrong, since atoms are built from subatomic particles rather than twists in space. Yet his discarded idea of knotted structures may still help explain one of the deepest questions in science: why anything in the universe exists at all.


						
A team of physicists in Japan has now shown that knotted structures can naturally appear in a realistic particle physics model that also addresses several major mysteries, including the origins of neutrino masses, dark matter, and the strong CP problem. Their study, published in Physical Review Letters, suggests that such "cosmic knots" could have formed in the violently changing early universe, briefly taken over as a dominant form of energy, and then collapsed in a way that slightly favored matter over antimatter. As they formed and decayed, these knots would have stirred spacetime itself, producing a distinctive pattern of gravitational waves that future detectors might be able to pick up, which is rare for a problem that is usually very difficult to test directly.

"This study addresses one of the most fundamental mysteries in physics: why our Universe is made of matter and not antimatter," said study corresponding author Muneto Nitta, professor (special appointment) at Hiroshima University's International Institute for Sustainability with Knotted Chiral Meta Matter (WPI-SKCM2) in Japan.

"This question is important because it touches directly on why stars, galaxies, and we ourselves exist at all."

The matter and antimatter imbalance

According to the Big Bang theory, the universe should have started with equal amounts of matter and antimatter. Each particle of matter has an antimatter partner with the same mass but opposite charge, and when they meet, they annihilate into pure energy. If everything had balanced perfectly, all matter and antimatter should have destroyed each other, leaving behind only radiation.

Instead, almost everything we observe today is made of matter, with almost no antimatter visible in the cosmos. Simple calculations show that the entire observable universe, from individual atoms to galaxy clusters, exists because, in the early universe, only one extra matter particle survived for every billion matter-antimatter pairs.




The Standard Model of particle physics, which successfully describes most known particles and forces, cannot explain this tiny but crucial asymmetry. Its predictions for the matter excess fall short by many orders of magnitude. Understanding how that small surplus of matter arose, a process known as baryogenesis, remains one of the central unsolved problems in physics.

Building a new model with cosmic knots

Nitta and Minoru Eto of Hiroshima University's WPI-SKCM2, a research center focused on knotted and chiral phenomena across different systems and scales, together with Yu Hamada of the Deutsches Elektronen-Synchrotron in Germany, argue that a plausible solution might be hiding in a well-motivated extension of known physics.

By combining a gauged Baryon Number Minus Lepton Number (B-L) symmetry with the Peccei-Quinn (PQ) symmetry, the team found that stable knotted configurations could naturally form in the early universe and later produce the observed matter surplus.

Eto is also a professor at Yamagata University, and all three scientists are affiliated with Keio University in Japan.

Ghostlike neutrinos, axions, and hidden symmetries

These two additional symmetries have been studied for decades because they help resolve some of the Standard Model's biggest shortcomings. The PQ symmetry addresses the strong CP problem, which asks why experiments fail to detect the tiny electric dipole moment that theory predicts for the neutron. In solving this puzzle, the PQ symmetry introduces the axion, a hypothetical particle that is a leading candidate for dark matter. At the same time, the B-L symmetry provides a natural explanation for why neutrinos have mass, even though they interact so weakly with matter that they can pass through entire planets without leaving a trace.




In this model, the PQ symmetry is kept as a global symmetry rather than being "gauged," which protects the delicate axion physics needed to solve the strong-CP problem. In physics, "gauging" a symmetry means allowing it to act independently at every point in spacetime. That kind of freedom comes at a price, because the theory then requires a new force-carrying particle to keep the equations consistent. By gauging the B-L symmetry instead, the researchers ensured the existence of heavy right-handed neutrinos, which are needed to cancel anomalies in the theory and play a key role in many baryogenesis scenarios. Gauging B-L also produces behavior similar to a superconductor and establishes the magnetic structure that allows some of the earliest knots in the universe to form.

Cosmic strings in the young universe

As the universe expanded and cooled after the Big Bang, it likely went through a series of phase transitions in which its symmetries broke down in stages. This process, which can be compared to water freezing into ice in an uneven way, may have left behind thin, thread-like defects known as cosmic strings. These objects are often described as cracks in spacetime and remain hypothetical, but many cosmologists consider them a serious possibility. Despite being thinner than a proton, just an inch of such a string could weigh as much as a mountain.

As the universe grew, a network of these strings would have stretched, twisted, and tangled, preserving information about the conditions that existed in the earliest moments.

The breaking of the B-L symmetry produced strings that behave like magnetic flux tubes, while the PQ symmetry created superfluid vortices that carry no magnetic flux. The stark difference between these two types of defects is exactly what allows them to fit together. The B-L flux tube provides a structure for the PQ superfluid vortex's Chern-Simons coupling to attach to. In turn, this coupling allows the PQ superfluid vortex to pump electric charge into the B-L flux tube and oppose the tension that would normally cause the loop to shrink and snap. The outcome is a long-lived, topologically locked state known as a knot soliton.

"Nobody had studied these two symmetries at the same time," Nitta said. "That was kind of lucky for us. Putting them together revealed a stable knot."

A knot-dominated era and quantum tunneling

Radiation in the expanding universe gradually lost energy as its wavelengths stretched with spacetime. The knots, however, behaved more like ordinary matter, so their energy density decreased much more slowly. As a result, they eventually came to dominate over radiation, creating a period in cosmic history in which the energy stored in knots controlled the evolution of the universe.

This phase did not last forever. The knots ultimately unraveled through quantum tunneling, a process in which particles cross energy barriers that would be insurmountable in classical physics, as if they were passing through a wall. When the knots collapsed, they produced heavy right-handed neutrinos as a direct consequence of the B-L symmetry embedded in their structure. These very massive, elusive particles then decayed into lighter, more stable particles with a slight preference for matter over antimatter. That tiny preference eventually led to the matter-filled universe we see today.

"Basically, this collapse produces a lot of particles, including the right-handed neutrinos, the scalar bosons, and the gauge boson, like a shower," study co-author Hamada explains. "Among them, the right-handed neutrinos are special because their decay can naturally generate the imbalance between matter and antimatter. These heavy neutrinos decay into lighter particles, such as electrons and photons, creating a secondary cascade that reheats the universe."

"In this sense," he added, "they are the parents of all matter in the universe today, including our own bodies, while the knots can be thought of as our grandparents."

Linking knot physics to today's universe

To test their idea, the researchers followed the mathematical consequences of their model in detail, including how efficiently the knots produce right-handed neutrinos, how heavy those neutrinos are, and how hot the universe becomes when they decay. From this calculation, the matter-antimatter imbalance observed today emerges naturally.

By rearranging the equations and assuming a realistic mass of 1012 giga-electronvolts (GeV) for the heavy right-handed neutrinos, and that the knots transfer most of their stored energy into creating these particles, the model predicts a reheating temperature of about 100 GeV. This temperature happens to coincide with the last opportunity for the universe to generate matter from a neutrino imbalance. Below that temperature, electroweak processes that convert a neutrino asymmetry into an excess of matter effectively shut off.

Reheating to 100 GeV would also affect the universe's background of gravitational waves, shifting its spectrum toward higher frequencies. Future gravitational-wave observatories, including the Laser Interferometer Space Antenna (LISA) in Europe, Cosmic Explorer in the United States, and the Deci-hertz Interferometer Gravitational-wave Observatory (DECIGO) in Japan, may one day be able to detect this subtle change in the cosmic gravitational-wave signal.

"Cosmic strings are a kind of topological soliton, objects defined by quantities that stay the same no matter how much you twist or stretch them," Eto said. "That property not only ensures their stability, it also means our result isn't tied to the model's specifics. Even though the work is still theoretical, the underlying topology doesn't change, so we see this as an important step toward future developments."

From Kelvin's vision to a realistic knot model

Lord Kelvin originally suggested that knots might be the basic constituents of matter. That early idea turned out to be incorrect, but the new work brings back the spirit of his proposal in a more sophisticated way. The researchers argue that their results "provide, for the first time, a realistic particle physics model in which knots may play a crucial role in the origin of matter."

"The next step is to refine theoretical models and simulations to better predict the formation and decay of these knots, and to connect their signatures with observational signals," Nitta said. "In particular, upcoming gravitational-wave experiments such as LISA, Cosmic Explorer, and DECIGO will be able to test whether the Universe really passed through a knot-dominated era."

Ultimately, the team hopes to determine whether knotlike structures were truly essential in creating the matter in the universe. If so, they could help piece together a more complete and physically testable story of how the cosmos began.
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SPHERE's stunning space images reveal where new planets are forming | ScienceDaily
Using the SPHERE instrument on ESO's Very Large Telescope, astronomers have created an extraordinary set of images showing debris disks in a wide range of exoplanetary systems. These dusty structures reveal where small bodies orbit their stars and provide rare insights into the earliest stages of planetary development. Gael Chauvin (Max Planck Institute for Astronomy), project scientist for SPHERE and co-author of the study, explains: "This data set is an astronomical treasure. It provides exceptional insights into the properties of debris disks, and allows for deductions of smaller bodies like asteroids and comets in these systems, which are impossible to observe directly."


						
In our own solar system, once you look past the Sun, the planets, and dwarf planets such as Pluto, an enormous variety of smaller ("minor") bodies comes into view. Scientists pay particular attention to objects ranging from about a kilometer to several hundred kilometers in size. Those that occasionally release gas and dust to form visible features like a tail are called comets, while those that do not show such activity are labeled asteroids.

These small bodies preserve clues to the solar system's earliest days. During the long process in which tiny grains grew into planets, intermediate objects known as planetesimals formed. Asteroids and comets are remnants of that transitional phase, planetesimals that never developed into full-size planets. In this sense, they are (somewhat) altered traces of the same ingredients that once built Earth.

Searching for small bodies in exoplanetary systems

Astronomers have identified more than 6000 exoplanets (that is, planets orbiting stars other than the Sun), giving us a clearer picture of how planetary systems vary throughout the galaxy. Directly imaging these worlds is still extremely difficult. Fewer than 100 exoplanets have been photographed so far, and even the largest ones appear only as featureless points of light.

This challenge becomes even greater when searching for small bodies. As Dr. Julien Milli, astronomer at the University Grenoble Alpes and co-author of the study, notes: "Finding any direct clues about the small bodies in a distant planetary system from images seems downright impossible. The other indirect methods used to detect exoplanets are no help, either."

Dust provides the key to detecting hidden planetesimals

The breakthrough comes not from the small bodies themselves, but from the dust created when they collide. Young planetary systems are especially active. Planetesimals frequently crash into each other, sometimes merging into larger bodies and sometimes fragmenting into smaller ones. These events release vast amounts of fresh dust.




The physics behind dust visibility is surprisingly intuitive. Breaking an object into many tiny pieces preserves its total volume, but dramatically increases its surface area. For example, if a one kilometer wide asteroid were crushed into dust grains just one micrometer across (a millionth of a meter), the overall surface area would increase by a factor of one billion. More surface area means far more light reflected from the star, which makes the dust easier to detect. By observing that dust, astronomers can infer details about the unseen small bodies producing it.

How debris disks evolve over time

Debris disks do not remain bright forever. As a young system matures, collisions become rarer. Dust can be pushed outward by radiation pressure from the central star, swept up by planets or planetesimals, or spiral inward and fall into the star.

Our solar system provides a late-stage example. After billions of years, two major planetesimal belts remain: the asteroid belt between Mars and Jupiter and the Kuiper belt beyond the giant planets. A population of smaller dust grains also persists, creating zodiacal dust. Under especially dark skies, sunlight scattered by this dust can be seen shortly after sunset or before sunrise as a faint glow called zodiacal light.

For observers studying our solar system from afar, these faint leftovers would be hard to detect. The new research, however, shows that similar dusty structures around younger systems should be visible for roughly the first 50 million years of a debris disk's lifetime. Capturing these images is extremely challenging. The task has been compared to photographing a thin cloud of cigarette smoke beside a blinding stadium floodlight from several kilometers away. SPHERE, which began operating on one of ESO's Very Large Telescopes (VLT) in spring 2014, was created specifically for such situations.

How SPHERE blocks starlight to reveal faint features

The fundamental idea behind SPHERE is familiar from everyday experience. If the Sun is shining directly into your eyes, you might raise a hand to shield the glare so you can see what lies around it. SPHERE uses a coronagraph to achieve the same effect when imaging exoplanets or debris disks. By inserting a small disk into the path of the star's light, the instrument blocks most of the glare before the image is captured. This method only works if the optical system remains extremely stable and precise.




To maintain this stability, SPHERE relies on a highly advanced version of adaptive optics. Turbulence in Earth's atmosphere distorts incoming starlight, and SPHERE continually monitors these distortions and corrects them in real time using a deformable mirror. An optional component can also isolate "polarized light," which is characteristic of light reflected by dust rather than emitted directly from a star. This additional filtering enhances SPHERE's ability to detect faint debris disks.

A major survey reveals 51 debris disks in sharp detail

The new study presents a unique set of debris disk images created by analyzing starlight scattered by tiny dust particles. "To obtain this collection, we processed data from observations of 161 nearby young stars whose infrared emission strongly indicates the presence of a debris disk," says Natalia Engler (ETH Zurich), the lead author of the research. "The resulting images show 51 debris disks with a variety of properties -- some smaller, some larger, some seen from the side and some nearly face-on -- and a considerable diversity of disk structures. Four of the disks had never been imaged before."

Working with such a large sample makes it possible to find broader patterns. The analysis revealed that more massive young stars tend to host more massive debris disks. Systems where dust is concentrated farther from the star also show a tendency toward more massive disks.

Rings, belts, and hints of unseen planets

One of the most compelling aspects of the SPHERE results is the wide range of structures inside the disks. Many show rings or band-like patterns, with material clustered at specific distances from the star. This arrangement resembles our own solar system, where small bodies gather in the asteroid belt (asteroids) and the Kuiper belt (comets).

These structures are thought to be shaped by planets, especially large ones that clear out paths as they orbit. Some of the planets responsible have already been detected. In other cases, sharp edges or asymmetries in the disks strongly suggest the presence of planets that have not yet been directly observed. Because of this, the SPHERE survey provides a valuable set of targets for upcoming facilities. Instruments on the James Webb Space Telescope (JWST) and the Extremely Large Telescope (ELT) under construction by ESO should be capable of directly imaging at least some of the planets that are sculpting these dusty rings and gaps.

Study authors and publication details

The results described here have been published as Natalia Engler et al., "Characterization of debris disks observed with SPHERE," in the journal Astronomy and Astrophysics.

The MPIA researchers involved are Gael Chauvin, Thomas Henning, Samantha Brown, Matthias Samland, and Markus Feldt, in collaboration with Natalia Engler (ETH Zurich), Julien Milli (CNRS, IPAG, Universite Grenoble Alpes), Nicole Pawellek (University of Vienna), Johan Olofsson (ESO), Anne-Lise Maire (CNRS, IPAG, Universite Grenoble Alpes), and others.
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New moonquake discovery could change NASA's Moon plans | ScienceDaily
A recently published study reports that shaking from moonquakes, rather than impacts from meteoroids, was the main force behind the shifting terrain in the Taurus-Littrow valley, the site where Apollo 17 astronauts landed in 1972. The researchers also identified a likely explanation for the changing surface features and evaluated potential damage by applying updated models of lunar seismic activity -- results that could influence how future missions and long-term settlements are planned on the moon.


						
The work, conducted by Smithsonian Senior Scientist Emeritus Thomas R. Watters and University of Maryland Associate Professor of Geology Nicholas Schmerr, appeared in the journal Science Advances.

Evidence From Apollo 17 Reveals Ancient Moonquake Activity

To investigate the region, Watters and Schmerr examined samples and observations collected during Apollo 17. Astronauts documented boulder tracks and landslides that appear to have been triggered by moonquakes. By analyzing this geological evidence, the scientists estimated how strong these past quakes were and identified the most likely fault responsible for generating them.

"We don't have the sort of strong motion instruments that can measure seismic activity on the moon like we do on Earth, so we had to look for other ways to evaluate how much ground motion there may have been, like boulder falls and landslides that get mobilized by these seismic events," Schmerr said.

Active Lunar Fault May Still Be Producing Quakes

According to the study, moonquakes with magnitudes near 3.0 -- mild by Earth standards but significant when occurring close to their source -- repeatedly shook the area over the last 90 million years. These events were linked to the Lee-Lincoln fault, a tectonic feature that cuts through the valley floor. The pattern of activity points to the possibility that this fault, one of many young thrust faults identified across the moon, has not yet gone dormant.




"The global distribution of young thrust faults like the Lee-Lincoln fault, their potential to be still active and the potential to form new thrust faults from ongoing contraction should be considered when planning the location and assessing stability of permanent outposts on the moon," Watters said.

Assessing Daily Risk for Future Lunar Operations

Watters and Schmerr also calculated the statistical likelihood of a damaging quake near an active lunar fault. Their estimate suggests a one in 20 million chance of such an event occurring on any given day.

"It doesn't sound like much, but everything in life is a calculated risk," Schmerr noted. "The risk of something catastrophic happening isn't zero, and while it's small, it's not something you can completely ignore while planning long-term infrastructure on the lunar surface."

Short missions like Apollo 17 face little danger due to their limited duration. However, the researchers found that projects involving longer stays would encounter a gradually increasing risk. Upcoming missions using taller lander designs, including the Starship Human Landing System, may be more susceptible to ground acceleration caused by moonquakes close to an active fault. These concerns are particularly important as NASA moves forward with the Artemis program, which aims to maintain a continuous human presence on the moon. Watters and Schmerr stressed that modern missions must account for hazards not encountered during the Apollo era.

"If astronauts are there for a day, they'd just have very bad luck if there was a damaging event," Schmerr added. "But if you have a habitat or crewed mission up on the moon for a whole decade, that's 3,650 days times 1 in 20 million, or the risk of a hazardous moonquake becoming about 1 in 5,500. It's similar to going from the extremely low odds of winning a lottery to much higher odds of being dealt a four of a kind poker hand."

Advancing the Field of Lunar Paleoseismology




Schmerr views this research as part of a growing field known as lunar paleoseismology, which focuses on ancient seismic activity. Unlike Earth, where scientists can excavate trenches to reveal evidence of past earthquakes, lunar researchers must rely on material already gathered and imaging from orbit. He expects future progress to accelerate thanks to higher resolution mapping, new technology, and upcoming Artemis missions that plan to deploy seismometers far more advanced than those used during Apollo.

"We want to make sure that our exploration of the moon is done safely and that investments are made in a way that's carefully thought out," Schmerr said. "The conclusion we came to is: don't build right on top of a scarp, or recently active fault. The farther away from a scarp, the lesser the hazard."

Support From the Lunar Reconnaissance Orbiter Mission

This research was supported by NASA's Lunar Reconnaissance Orbiter mission, which launched on June 18, 2009. LRO is operated by NASA's Goddard Space Flight Center for the Science Mission Directorate. This article does not necessarily reflect the views of this organization.
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Scientists are turning Earth into a giant detector for hidden forces shaping our Universe | ScienceDaily
By placing ultra-sensitive quantum spin sensors in orbit, SQUIRE gains orders-of-magnitude improvements in detecting exotic physics signals.


						
This approach lays the groundwork for a global and interplanetary sensing system that could reveal hidden particles and forces.

Understanding SQUIRE and Its Space-Based Quantum Strategy

Exotic-boson-mediated interactions fall into 16 categories. Of these, 15 depend on particle spin and 10 depend on relative velocity. These interactions can produce small shifts in atomic energy levels, and quantum spin sensors detect those shifts as pseudomagnetic fields. The SQUIRE mission intends to place such sensors on space platforms, including the China Space Station, to look for pseudomagnetic fields generated by exotic interactions between the sensors and Earth's geoelectrons. By combining space access with quantum precision tools, SQUIRE avoids a major limitation of ground experiments, which struggle to increase both relative velocity and the total number of polarized spins at the same time.

Why Low Earth Orbit Greatly Improves Sensitivity

Several features of the orbital environment provide strong advantages.
    	The China Space Station travels in low Earth orbit at 7.67 km/s relative to Earth, nearly the first cosmic velocity and about 400 times faster than typical moving sources used in laboratory tests.
    	Earth acts as an enormous natural source of polarized spins. Unpaired geoelectrons within the mantle and crust, aligned by the geomagnetic field, supply roughly 1042 polarized electrons, exceeding the capabilities of SmCo5 laboratory spin sources by approximately 1017.
    	Orbital motion turns exotic interaction signatures into periodic signals. For the China Space Station (orbital period ~1.5 hours), this produces modulation near 0.189 mHz, a region with lower intrinsic noise than DC measurement bands.

Projected Performance Gains in Orbit

With these space-enabled benefits, the SQUIRE concept allows exotic field amplitudes to reach up to 20 pT even under strict current limits on coupling constants. This is dramatically higher than the best terrestrial detection threshold of 0.015 pT. For velocity-dependent interactions with force ranges >106 m, the projected sensitivity improves by 6 to 7 orders of magnitude.




Building a Space-Ready Quantum Spin Sensor

Developing the prototype quantum sensor is essential for putting SQUIRE into operation. The instrument must remain extremely sensitive and stable over long periods while operating in a challenging orbital environment. In space, spin sensors encounter three dominant sources of interference: variations in the geomagnetic field, mechanical vibrations of the spacecraft, and cosmic radiation.

Reducing Noise and Increasing Stability

To overcome these challenges, the SQUIRE team created a prototype using three major innovations.
    	Dual Noble-Gas Spin Sensor: The device uses 129Xe and 131Xe isotopes with opposite gyromagnetic ratios, which allows it to cancel shared magnetic noise while remaining responsive to SSVI signals. This approach provides 104-fold noise suppression. With multilayer magnetic shielding, geomagnetic disturbances fall to the sub-femtotesla level.
    	Vibration Compensation Technology: A fiber-optic gyroscope tracks spacecraft vibrations and enables active correction, bringing vibration noise to roughly 0.65 fT.
    	Radiation-Hardened Architecture: A 0.5 cm aluminum enclosure and triple modular redundancy in its control electronics protect the system from cosmic rays. The design can continue functioning even if two of the three modules fail, reducing radiation-related interruptions to fewer than one per day.

On-Orbit Sensitivity and Scientific Readiness

By combining these technologies, the prototype achieves a single-shot sensitivity of 4.3 fT @ 1165 s, which is well matched to detecting SSVI signals that follow the 1.5-hour orbital period. This capability establishes a strong technological basis for precision dark matter searches conducted directly in orbit.




Expanding Toward a Space-Ground Quantum Sensing Network

Quantum spin sensors aboard the China Space Station can do far more than search for exotic interactions. SQUIRE proposes a "space-ground integrated" quantum sensing network that links orbital detectors with those on Earth, enabling far greater sensitivity across many dark matter models and other beyond-Standard-Model possibilities. These include additional exotic interactions, Axion halos, and CPT violation studies.

Future Opportunities Across the Solar System

The high-speed motion of orbiting sensors increases the coupling between axion halos and nucleon spins, producing a tenfold sensitivity improvement compared with Earth-based dark matter searches. As China expands deeper into the solar system, the SQUIRE approach may eventually employ distant planets such as Jupiter and Saturn (e.g., planets rich in polarized particles) as large natural spin sources. This long-term vision opens the door to exploring physics across much broader cosmic scales.
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AI's climate impact is much smaller than many feared | ScienceDaily
New research challenges the widespread belief that artificial intelligence is driving a major spike in global greenhouse gas emissions. The study suggests that AI's overall influence on worldwide pollution is small and could even support environmental and economic progress.


						
Scientists from the University of Waterloo and the Georgia Institute of Technology analyzed U.S. economic data alongside estimates of how frequently AI tools are used across different industries. Their goal was to understand what might happen to the environment if AI adoption increases along its current path.

According to the U.S. Energy Information Administration, 83 percent of the nation's economic activity relies on petroleum, coal and natural gas. These fuels release greenhouse gases when burned. The researchers noted that total energy use from AI in the United States matched the electricity consumption of Iceland, yet this amount remained insignificant when viewed at national or global levels.

Local Energy Pressures Can Still Be Significant

"It is important to note that the increase in energy use is not going to be uniform. It's going to be felt more in the places where electricity is produced to power the data centers," said Dr. Juan Moreno-Cruz, a professor in the Faculty of Environment at Waterloo and Canada Research Chair in Energy Transitions. "If you look at that energy from the local perspective, that's a big deal because some places could see double the amount of electricity output and emissions. But at a larger scale, AI's use of energy won't be noticeable."

The study did not explore economic outcomes within the specific communities that host data centers, but the researchers identified several positive takeaways.

AI Could Support Cleaner Technologies

"For people who believe that the use of AI will be a major problem for the climate and think we should avoid it, we're offering a different perspective," Moreno-Cruz said. "The effects on climate are not that significant, and we can use AI to develop green technologies or to improve existing ones."

To develop their findings, environmental economists Moreno-Cruz and Dr. Anthony Harding reviewed a variety of economic sectors, the types of jobs within those sectors, and the share of tasks that could potentially be performed by AI.

Moreno-Cruz and Harding intend to apply the same approach to additional countries in order to understand how AI adoption may influence environmental outcomes across different regions of the world.
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The "impossible" LED breakthrough that changes everything | ScienceDaily
Scientists have unveiled a technique that uses 'molecular antennas' to direct electrical energy into insulating nanoparticles. This approach creates a new family of ultra-pure near-infrared LEDs that could be used in medical diagnostics, optical communication systems, and sensitive detectors.


						
Researchers at the Cavendish Laboratory, University of Cambridge have discovered how to drive electrical current into materials that normally do not conduct, a feat previously thought impossible under normal conditions. By attaching carefully chosen organic molecules that act like tiny antennas, they have built the first light-emitting diodes (LEDs) from insulating nanoparticles. Their work, reported in Nature, points toward a new generation of devices for deep-tissue biomedical imaging and high-speed data transmission.

The team focused on lanthanide-doped nanoparticles (LnNPs), a well-known class of materials prized for producing light that is extremely pure and stable. These nanoparticles are especially effective in the second near-infrared region, which is able to penetrate deep into biological tissue. Until now, however, their electrically insulating character meant they could not be integrated into standard electronic components such as LEDs.

"These nanoparticles are fantastic light emitters, but we couldn't power them with electricity. It was a major barrier preventing their use in everyday technology," said Professor Akshay Rao, who led the research at the Cavendish Laboratory. "We've essentially found a back door to power them. The organic molecules act like antennas, catching charge carriers and then 'whispering' it to the nanoparticle through a special triplet energy transfer process, which is surprisingly efficient."

Organic-Inorganic Hybrid Design With Molecular Antennas

To overcome the insulation problem, the researchers created an organic-inorganic hybrid structure. They attached an organic dye with a functional group anchor, called 9-anthracenecarboxylic acid (9-ACA), to the surface of the LnNPs. In the new LEDs, electrical charges are injected into these 9-ACA molecules, which act as a molecular antenna, rather than into the nanoparticles directly.

Once energized, the 9-ACA molecules enter an excited triplet state. In many optical systems this triplet state is considered "dark," meaning that its energy is often lost instead of converted into useful light. In this design, however, the energy from the triplet state is transferred with more than 98% efficiency to the lanthanide ions inside the insulating nanoparticles, causing them to emit light with remarkable brightness.




Ultra-Pure Near-Infrared Light at Low Voltage

Using this method, the team's "LnLEDs" can be switched on with a relatively low operating voltage of about 5 volts. At the same time, they generate electroluminescence with an extremely narrow spectral width. This makes the emission much purer than that of many competing technologies, including quantum dots (QDs).

"The purity of the light in the second near-infrared window emitted by our LnLEDs is a huge advantage," said Dr. Zhongzheng Yu, a lead author of the study and postdoctoral research associate at the Cavendish Laboratory. "For applications like biomedical sensing or optical communications, you want a very sharp, specific wavelength. Our devices achieve this effortlessly, something that is very difficult to do with other materials."

Biomedical Imaging, Optical Communications, and Sensing Potential

Because these electrically powered nanoparticles can emit such clean, well-defined light, they could form the basis of advanced medical technologies. Tiny LnLEDs, potentially injectable or built into wearable devices, might be used for deep-tissue imaging to find cancers, track organ function in real time, or trigger light-activated drugs with high precision.

Their narrow spectral output also makes them attractive for optical communications, where pure, stable wavelengths can help send more data with less interference. In addition, this platform could support highly sensitive sensors that detect very specific chemicals or biological markers, improving diagnostic tools and environmental monitoring.




First-Generation Performance and Future Directions

In early tests, the researchers achieved a peak external quantum efficiency above 0.6% for their NIR-II LEDs. For a first-generation device built from electrically powered insulating nanoparticles, this performance is considered very promising. The team has also identified clear routes to enhance efficiency further in future designs.

"This is just the beginning. We've unlocked a whole new class of materials for optoelectronics," added Dr. Yunzhou Deng, postdoctoral research associate at the Cavendish Laboratory. "The fundamental principle is so versatile that we can now explore countless combinations of organic molecules and insulating nanomaterials. This will allow us to create devices with tailored properties for applications we haven't even thought of yet."

This work was supported in part by a UK Research and Innovation (UKRI) Frontier Research Grant (EP/Y015584/1) and Postdoctoral Individual Fellowships (Marie Sklodowska-Curie Fellowship grant scheme).
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Architects gain a new superpower for complex curved designs | ScienceDaily
A researcher from the University of Tokyo and a structural engineer based in the United States have created a computational form-finding method that could reshape how architects and engineers design large, lightweight structures. Their approach is particularly valuable for developing gridshells, which are curved, thin surfaces formed from an interlinked grid of structural members. The method relies on NURBS surfaces, a common format used in computer-aided design (CAD), and significantly lowers the amount of computing power needed. A task that once required 90 hours on a high-end GPU now finishes in about 90 minutes on a standard CPU.


						
Architects place high priority on surfaces that can bear their own load. Some visually appealing examples are known as shells, and these have traditionally been made from reinforced concrete. Modern architects, however, are interested in limiting concrete due to its cost, waste, and lack of visual transparency. This has led to growing interest in gridshells, which use intersecting curved elements of metal, glass or timber to span wide areas without interior supports.

Why Gridshells Are Gaining Interest

Gridshells are well suited for covering expansive public spaces without columns. They are found at sites such as train station entrances, restored historic courtyards, and public squares. Notable examples include the British Museum's Great Court, the glass roof at the Dutch Maritime Museum, and New York's Moynihan Train Hall. Although these structures showcase what gridshells can achieve, designers have lacked standard computational tools that can efficiently manage the wide range of shapes they might want to build.

Masaaki Miki of the University of Tokyo and Toby Mitchell from the engineering firm Thornton Tomasetti collaborated to address this gap. Their new algorithm identifies ideal gridshell shapes that support complex geometries while still maintaining structural reliability.

Solving Long-Standing Challenges in Gridshell Design

Even though gridshell projects exist, the many geometric, mechanical, fabrication and construction requirements have made them difficult for most clients to pursue. Miki and Mitchell had already introduced a NURBS-based system capable of addressing many of these issues within one computational framework. However, two major limitations remained: their earlier method struggled with highly irregular shapes, and the computing time required was not practical. The updated method removes these obstacles, creating a more efficient workflow and making advanced gridshell form-finding feasible for a larger group of architects and designers.




"The project began in 2020 with an interest in shell structures, often made of concrete. Traditional designs aim for shapes that carry their own weight entirely through the force of compression, but this limits how expressive or sculptural they can be," said Miki. "We set out to find new ways to design shells that consider forces of compression as well as tension, allowing greater design freedom. We adapted our approach to more modern metal-and-glass gridshells, developing methods to balance mechanical reliability, aesthetics and ease of construction. Recent advances in computational speed have made it possible to solve such complex conditions using rigorous methods."

Using NURBS to Improve Precision and Speed

A major strength of the new method is that it works directly with NURBS surfaces. Unlike mesh-based approaches that use thousands of triangular pieces, NURBS provide smooth, continuous and mathematically accurate representations of curved surfaces. Because NURBS are already widely used in architectural design, integrating this method into existing workflows is straightforward. The research team created a plug-in for Rhinoceros, a popular NURBS-focused CAD program, allowing architects to use the approach within familiar software.

The method represents stress distribution on a NURBS surface and uses newly developed algorithms that increase processing speed by 98%. This improvement removes the need for high-end GPUs and provides a more accessible way to generate shapes that meet both geometric and structural requirements. The resulting gridshells remain stable under gravity and support metal-and-glass construction that is practical to assemble.

"Because we are addressing a real-world problem, we have been rigorously validating our solutions by several test methods we also developed," said Miki. "When the tests revealed failures in the method, it was stressful. However, we are now totally happy because all solutions pass the tests."

Future Directions

While the current research focuses on metal-and-glass gridshells, the team plans to expand the technique to include composite timber gridshells in the future.

This research was partially supported by the Nomura Foundation, the JSPS Grants-in-Aid for Scientific Research (KAKENHI; grant number 23K17784), and JST ASPIRE (grant number JPMJAP2401).
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New low temperature fuel cell could transform hydrogen power | ScienceDaily
As global demand for energy continues to rise, researchers, industry leaders, governments, and other stakeholders are working together to explore new ways of producing power. This effort has become even more urgent as the world confronts the climate crisis and looks for alternatives to fossil fuels.


						
One technology attracting significant attention is the solid-oxide fuel cell, or SOFC. Unlike batteries, which release stored chemical energy, these fuel cells convert chemical fuels directly into electricity and keep generating power as long as fuel is available. Many people are already familiar with hydrogen fuel cells, which use hydrogen gas to produce electricity and water.

Why High Operating Temperatures Are a Major Challenge

Although SOFCs are known for their high efficiency and long operational life, they have a serious limitation: they need extremely high temperatures of around 700-800degC to function properly. Reaching and maintaining these temperatures requires specialized materials that can withstand intense heat, which makes the systems expensive.

Researchers at Kyushu University, reporting in Nature Materials, now say they have developed an SOFC that works efficiently at just 300degC. According to the team, this breakthrough could greatly reduce costs, support the creation of low-temperature SOFCs, and speed up their real-world use.

The Key Role of Electrolytes in Fuel Cell Performance

At the core of every SOFC is a component called the electrolyte, a ceramic layer that moves charged particles between the fuel cell's electrodes. In hydrogen fuel cells, this layer carries hydrogen ions (a.k.a. protons), allowing the cell to generate electricity. However, the electrolyte typically needs extremely high temperatures to keep these protons moving fast enough for efficient operation.




"Bringing the working temperature down to 300degC it would slash material costs and open the door to consumer-level systems," says Professor Yoshihiro Yamazaki of Kyushu University's Platform of Inter-/Transdisciplinary Energy Research, who directed the study. "However, no known ceramic could carry enough protons that fast at such 'warm' conditions. So, we set out to break that bottleneck."

Solving the Dopant Problem in Crystal Lattices

Electrolytes are built from atoms arranged in a crystal lattice. Protons move through the gaps between these atoms. Scientists have spent years testing various materials and chemical dopants -- substances that modify a material's properties -- in hopes of increasing the speed of proton movement through the lattice.

"But this also comes with a challenge," Yamazaki explains. "Adding chemical dopants can increase the number of mobile protons passing through an electrolyte, but it usually clogs the crystal lattice, slowing the protons down. We looked for oxide crystals that could host many protons and let them move freely -- a balance that our new study finally struck."

A 300degC Breakthrough Using Sc-Doped BaSnO3 and BaTiO3

The team discovered that two oxides, barium stannate (BaSnO3) and barium titanate (BaTiO3), when doped with high levels of scandium (Sc), reached the target proton conductivity of more than 0.01 S/cm at 300degC. This conductivity is similar to what today's SOFC electrolytes achieve at 600-700degC.




"Structural analysis and molecular dynamics simulations revealed that the Sc atoms link their surrounding oxygens to form a 'ScO6 highway,' along which protons travel with an unusually low migration barrier. This pathway is both wide and softly vibrating, which prevents the proton-trapping that normally plagues heavily doped oxides," says Yamazaki. "Lattice-dynamics data further revealed that BaSnO3 and BaTiO3 are intrinsically 'softer' than conventional SOFC materials, letting them absorb far more Sc than previously assumed."

Opening the Door to Affordable Low-Temperature Fuel Cells

These results overturn the long-standing trade-off between adding more dopants and maintaining fast ion movement, providing a promising path toward affordable, intermediate-temperature SOFCs.

"Beyond fuel cells, the same principle can be applied to other technologies, such as low-temperature electrolyzes, hydrogen pumps, and reactors that convert CO2 into valuable chemicals, thereby multiplying the impact of decarbonization. Our work transforms a long-standing scientific paradox into a practical solution, bringing affordable hydrogen power closer to everyday life," concludes Yamazaki.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251204024241.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



A 1950s material just set a modern record for lightning-fast chips | ScienceDaily
Scientists from the University of Warwick and the National Research Council of Canada have reported the highest "hole mobility" ever measured in a material that works within today's silicon-based semiconductor manufacturing.


						
Silicon (Si) forms the foundation of most modern semiconductor devices, but as components shrink and are packed closer together, they generate more heat and approach fundamental performance limits. Germanium (Ge), which appeared in some of the earliest transistors of the 1950s, is drawing renewed interest because researchers are finding ways to take advantage of its superior electrical characteristics while retaining the benefits of established silicon production methods.

New Material Breakthrough Using Strained Germanium on Silicon

In a study published in Materials Today, a team led by Dr. Maksym Myronov at the University of Warwick demonstrated a major advancement for next-generation electronics. The researchers created a nanometer-thin germanium epilayer on silicon that is placed under compressive strain. This engineered structure enables electric charge to move faster than in any previously known silicon-compatible material.

Dr. Maksym Myronov, Associate Professor and leader of the Semiconductors Research Group, Department of Physics, University of Warwick, explains, "Traditional high-mobility semiconductors such as gallium arsenide (GaAs) are very expensive and impossible to integrate with mainstream silicon manufacturing. Our new compressively strained germanium-on-silicon (cs-GoS) quantum material combines world-leading mobility with industrial scalability -- a key step toward practical quantum and classical large-scale integrated circuits."

How the Team Achieved Ultra-High Mobility

The researchers created the breakthrough material by growing a thin germanium layer on a silicon wafer and then applying a precise amount of compressive strain. This produced an exceptionally pure and orderly crystal structure that allows electrical charge to pass with minimal resistance.




When tested, the material reached a hole mobility of 7.15 million cm2 per volt-second (compared to ~450 cm2 in industrial silicon), an unprecedented result that indicates electrons and holes can travel through it far more easily than through conventional silicon. This improvement could lead to electronic devices that operate more quickly and consume less power.

Implications for Future Electronics and Quantum Technologies

Dr. Sergei Studenikin, Principal Research Officer at the National Research Council of Canada, states, "This sets a new benchmark for charge transport in group-IV semiconductors -- the materials at the heart of the global electronics industry. It opens the door to faster, more energy-efficient electronics and quantum devices that are fully compatible with existing silicon technology."

The findings establish a promising new route for ultra-fast, low-power semiconductor components. Potential uses include quantum information systems, spin qubits, cryogenic controllers for quantum processors, AI accelerators, and energy-efficient servers designed to reduce cooling demands in data centers.

This achievement also represents a significant accomplishment for Warwick's Semiconductors Research Group and highlights the UK's growing influence in advanced semiconductor materials research.
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        Scientists find a massive hidden CO2 sponge beneath the ocean floor
        Researchers found that eroded lava rubble beneath the South Atlantic can trap enormous amounts of CO2 for tens of millions of years. These porous breccia deposits store far more carbon than previously sampled ocean crust. The discovery reshapes how scientists view the long-term balance of carbon between the ocean, rocks, and atmosphere. It also reveals a hidden mechanism that helps stabilize Earth's climate over geological timescales.

      

      
        These Bald Eagles fly the wrong way every year and stun scientists
        Scientists tracking young Arizona Bald Eagles found that many migrate north during summer and fall, bucking the traditional southbound pattern of most birds. Their routes rely heavily on historic stopover lakes and rivers, and often extend deep into Canada. As the eagles mature, their flights become more precise, but they also encounter significant dangers like electrocution and poisoning. These discoveries point to the need for targeted conservation of critical travel corridors.

      

      
        New research uncovers a surprisingly cheap way to farm kelp offshore
        A new economic modeling tool is helping Maine kelp farmers identify cost-saving strategies with remarkable precision. By analyzing farm design, weather, vessel types, and processing methods, it highlights how decisions ripple through overall profitability. When tested, the tool demonstrated that simple redesigns and mechanization could dramatically reduce production costs. Its findings could reshape the future of offshore kelp farming.

      

      
        The deep ocean is fixing carbon in ways no one expected
        Researchers have uncovered surprising evidence that the deep ocean's carbon-fixing engine works very differently than long assumed. While ammonia-oxidizing archaea were thought to dominate carbon fixation in the sunless depths, experiments show that other microbes--especially heterotrophs--are doing far more of the work than expected. This discovery reshapes our understanding of how carbon moves through the deep ocean and stabilizes Earth's climate.

      

      
        Rising temperatures are slowing early childhood development
        Researchers discovered that unusually high temperatures can hinder early childhood development. Children living in hotter conditions were less likely to reach key learning milestones, especially in reading and basic math skills. Those facing economic hardship or limited resources were hit the hardest. The study underscores how climate change may shape children's learning long before they reach school age.

      

      
        A hidden mechanism changes what we know about cell division
        Researchers discovered that a long-misunderstood protein plays a key role in helping chromosomes latch onto the right "tracks" during cell division. Instead of acting like a motor, it works more like a stabilizer that sets everything up correctly from the start. This simple shift in understanding changes how scientists view one of the most important steps in biology. It also highlights a potential weak point that could help explain how some diseases begin.

      

      
        Scientists discover a new state of matter at Earth's center
        New research reveals that Earth's solid inner core is actually in a superionic state, where carbon atoms flow freely through a solid iron lattice. This unusual behavior makes the core soft, matching seismic observations that have puzzled scientists for decades. The mobility of these light elements may also contribute energy to Earth's magnetic field. The findings reshape models of Earth's interior and could apply to other rocky planets.

      

      
        Human brains light up for chimp voices in a way no one expected
        Humans don't just recognize each other's voices--our brains also light up for the calls of chimpanzees, hinting at ancient communication roots shared with our closest primate relatives. Researchers found a specialized region in the auditory cortex that reacts distinctly to chimp vocalizations, but not to those of bonobos or macaques, revealing an unexpected mix of evolutionary and acoustic influences.

      

      
        Simple light trick reveals hidden brain pathways in microscopic detail
        Microscopic fibers secretly shape how every organ in the body works, yet they've been notoriously hard to study--until now. A new imaging technique called ComSLI reveals hidden fiber orientations in stunning detail using only a rotating LED light and simple microscopy equipment. It works on any tissue slide, from fresh samples to those more than a century old, allowing scientists to uncover microstructural changes in disorders like Alzheimer's and even explore the architecture of muscle, bone, and...

      

      
        Small root mutation could make crops fertilize themselves
        Scientists discovered a small protein region that determines whether plants reject or welcome nitrogen-fixing bacteria. By tweaking only two amino acids, they converted a defensive receptor into one that supports symbiosis. Early success in barley hints that cereals may eventually be engineered to fix nitrogen on their own. Such crops could dramatically reduce fertilizer use and emissions.

      

      
        Stunning blue pigment on a 13,000-year-old artifact surprises scientists
        Researchers uncovered rare azurite traces on a Final Paleolithic artifact, overturning assumptions that early Europeans used only red and black pigments. The find suggests ancient people possessed deeper knowledge of minerals and colors than believed. It also hints at vanished forms of decoration or artistic practices. The discovery opens new avenues for exploring identity and symbolism in Ice Age cultures.

      

      
        Fossil brain scans show pterosaurs evolved flight in a flash
        Ancient pterosaurs may have taken to the skies far earlier and more explosively than birds, evolving flight at their very origin despite having relatively small brains. Using advanced CT imaging, scientists reconstructed the brain cavities of pterosaur fossils and their close relatives, uncovering surprising clues--such as enlarged optic lobes--that hint at a rapid leap into powered flight. Their findings contrast sharply with the slow, stepwise evolution seen in birds, whose brains expanded over t...

      

      
        This rare bone finally settles the Nanotyrannus mystery
        Scientists have confirmed that Nanotyrannus was a mature species, not a young T. rex. A microscopic look at its hyoid bone provided the key evidence, matching growth signals seen in known T. rex specimens. This discovery suggests a richer, more competitive tyrannosaur ecosystem than previously believed. It also highlights how museum fossils and cutting-edge analysis can rewrite prehistoric history.

      

      
        Gut molecule shows remarkable anti-diabetes power
        Researchers revealed that the microbial metabolite TMA can directly block the immune protein IRAK4, reducing inflammation and improving insulin sensitivity. The molecule counteracts damage caused by high-fat diets and even protects mice from sepsis. Since IRAK4 is a known drug target, this pathway could inspire new diabetes therapies. The study highlights how gut microbes and nutrition can work together to support metabolic health.

      

      
        Scientists capture most detailed look inside DNA droplets
        High-resolution imaging has revealed the internal layout of chromatin condensates, showing how DNA fibers fold and interact within these droplet-like structures. The findings connect molecular architecture to the broader behaviors of these droplets in cells.

      

      
        Scientists uncover a volcanic trigger behind the Black Death
        A newly analyzed set of climate data points to a major volcanic eruption that may have played a key role in the Black Death's arrival. Cooling and crop failures across Europe pushed Italian states to bring in grain from the Black Sea. Those shipments may have carried plague-infected fleas. The study ties together tree rings, ice cores, and historical writings to reframe how the pandemic began.

      

      
        This simple ingredient makes kale way healthier
        Scientists found that kale's prized nutrients are hard for the body to absorb unless they're eaten with oil. Cooking doesn't improve absorption, but adding oil-based dressings--or even more advanced nanoemulsion sauces--does. These combinations dramatically increase access to kale's carotenoids. The research could inspire new, healthier dressings designed to supercharge everyday vegetables.

      

      
        Researchers solve a century-old North Atlantic cold spot mystery
        A century-old North Atlantic cold patch is now linked to a long-term slowdown in the AMOC, the climate-regulating conveyor belt of ocean water. Only weakened-AMOC models match observed temperature and salinity patterns, overturning recent model trends. This slowdown affects weather systems, jet streams, and marine life throughout the Northern Hemisphere. The discovery sharpens climate forecasts and highlights a major shift already underway.

      

      
        Scientists reveal a surprising new timeline for ancient Egypt
        A new radiocarbon study has clarified the timing of the colossal Thera eruption, placing it before Egypt's New Kingdom. Researchers analyzed artifacts tied to Pharaoh Ahmose, gaining rare access to museum materials. Their results favor a younger chronology for early 18th Dynasty Egypt. The revised timeline reshapes regional historical connections.

      

      
        Scientists keep a human alive with a genetically engineered pig liver
        Researchers successfully implanted a genetically modified pig liver into a human, proving that such an organ can function for an extended period. The graft supported essential liver processes before complications required its removal. Although the patient ultimately passed away, the experiment demonstrates both the potential and the complexity of xenotransplantation. Experts believe this could reshape the future of organ replacement.

      

      
        Earth's early oceans hid the secret rise of complex life
        Scientists have discovered that complex life began evolving much earlier than traditional models suggested. Using an expanded molecular clock approach, the team showed that crucial cellular features emerged in ancient anoxic oceans long before oxygen became a major part of Earth's atmosphere. Their results indicate that early complexity developed slowly over an unexpectedly long timescale.

      

      
        A mysterious black snake hidden for centuries is now named for Steve Irwin
        Researchers have uncovered a new species of wolf snake on Great Nicobar Island and named it Lycodon irwini in tribute to Steve Irwin. The glossy black, non-venomous snake grows up to a meter and appears confined to a small area. Scientists warn its limited habitat makes it vulnerable. The find underscores how much biodiversity in the region is still unexplored.

      

      
        A massive Bronze Age city hidden for 3,500 years just surfaced
        An immense Bronze Age settlement has emerged from the Kazakh Steppe, revealing a surprisingly urban and industrial society where archaeologists once expected nomadic camps. At Semiyarka, researchers uncovered massive residential compounds, a possible ceremonial or administrative building, and an entire industrial zone dedicated to producing tin bronze--an extremely rare discovery for the region. The site's strategic perch above trade routes and mineral-rich mountains suggests it was a major hub of...
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Scientists find a massive hidden CO2 sponge beneath the ocean floor | ScienceDaily
Rock samples that formed about 60 million years ago and were collected from far beneath the ocean surface have helped scientists understand how large amounts of carbon dioxide can remain locked away for extremely long periods. These samples show that CO2 becomes trapped within layers of lava rubble that build up across the seafloor.


						
Researchers examined lava material drilled from deep below the South Atlantic Ocean to measure how much CO2 becomes incorporated into these rocks through interactions between seawater and the cooling volcanic material.

Work led by the University of Southampton demonstrates that these accumulations of broken lava, created as underwater mountains erode, act as natural reservoirs for CO2. This study marks the first time their role as extensive carbon-holding structures has been clearly recognized, offering fresh insight into how Earth manages carbon over millions of years.

Lava Rubble as a Long-Term Geological "Sponge"

Lead author Dr. Rosalind Coggon, Royal Society Research Fellow at the University of Southampton, explained: "We've known for a long time that erosion on the slopes of underwater mountains produces large volumes of volcanic rubble, known as breccia -- much like scree slopes on continental mountains.

"However, our drilling efforts recovered the first cores of this material after it has spent tens of millions of years being rafted across the seafloor as Earth's tectonic plates spread apart.

"Excitingly, the cores revealed that these porous, permeable deposits have the capacity to store large volumes of seawater CO2 as they are gradually cemented by calcium carbonate minerals that form from seawater as it flows through them."

How Carbon Moves Through Earth Over Geological Time




The amount of carbon dioxide in the atmosphere is influenced by the slow exchange of carbon among Earth's interior, the oceans, and the air over many millions of years. Understanding this long-term carbon cycle requires studying where and how carbon is added or removed from different parts of the planet.

Dr. Coggon noted: "The oceans are paved with volcanic rocks that form at mid-ocean ridges, as the tectonic plates move apart creating new ocean crust. This volcanic activity releases CO2 from deep inside the Earth into the ocean and atmosphere.

"However, ocean basins are not just a container for seawater. Seawater flows through the cracks in the cooling lavas for millions of years and reacts with the rocks, transferring elements between the ocean and rock. This process removes CO2 from the water and stores it in minerals like calcium carbonate in the rock."

As part of the project, the team quantified how much CO2 becomes incorporated into ocean crust through these chemical reactions.

Discovering Far Greater CO2 Storage in Breccia

"While drilling deep into the seafloor of the South Atlantic, we discovered lava rubble that contained between two and 40 times more CO2 than previously sampled lavas," said Dr. Coggon.

"This study revealed the importance of such breccia, which forms due to the erosion of seafloor mountains along mid-ocean ridges, as a sponge for carbon in the long-term carbon cycle."

The findings come from Expedition 390/393 of the International Ocean Discovery Program.
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These Bald Eagles fly the wrong way every year and stun scientists | ScienceDaily
Birds of a feather do not always flock together, despite the adage. A new study in the Journal of Raptor Research describes how Bald Eagles (Haliaeetus leucocephalus) from Arizona are making unusual journeys by flying north instead of south, unlike most migratory birds in temperate regions. The paper, titled "Northward Migrations of Nonbreeding Bald Eagles from Arizona, USA," also reports on a single eagle that left Arizona and ultimately settled in California, a decision that challenges earlier ideas about how often these birds emigrate from their home population. The researchers conclude that southwestern Bald Eagles are highly exploratory, likely so they can locate short-lived food sources. As the climate and landscapes continue to change, research that documents how wildlife adjusts its movements is vital for designing conservation strategies and protecting key travel corridors for vulnerable species.


						
Between 2017 and 2023, the Arizona-based research team used satellite transmitters to follow 24 newly fledged Bald Eagles and two nonbreeding adults and to map how they moved within and beyond the state. Breeding Bald Eagles in Arizona are generally believed to stay close to their nesting territories for much of the year, but there has been much less information about what nonbreeding birds do. Because survival varies across life stages, comparing movement patterns and survival rates of nonbreeding eagles with those of breeders gives scientists a more complete view of how the species is doing across its range and how population level processes are shaped.

The researchers followed individual eagles for as long as the tracking devices continued to function, in some cases for up to four years during the seven-year study period. Many people, including scientists, are used to thinking of North American migratory birds as heading south during the nonbreeding season, which is typically our "winter," to find milder weather and more reliable food. Arizona Bald Eagles, however, start nesting in the winter, so their non-breeding season actually falls in the summer and autumn. Lead author Dr. Caroline D. Cappello was intrigued by this different timing of seasonal movement and notes that "northward migratory behavior raises interesting questions about the recent and historical pressures that shape these movement strategies."

Historic stopover sites and enduring eagle habitats

The authors report that the tracked eagles paused at many of the same lakes and rivers that a study in the 1980s had already identified as important stopover sites for Bald Eagles. This overlap supports the idea that these habitats have remained crucial gathering points for multiple generations of eagles.

Beyond confirming a strong use of the Intermountain Flyway and a dependence on lakes and rivers along their routes, the study showed that eagles of different ages migrated to the northern U.S. and southern Canada. Coauthor Dr. Javan M. Bauder, a USGS researcher, Assistant Unit Leader at the Arizona Cooperative Fish and Wildlife Research Unit and Assistant Professor at the University of Arizona, emphasizes the significance of this finding, stating that "managing and conserving wildlife populations requires that we understand the movement of patterns of individuals of all age classes within those populations." The team also observed that as eagles grew older, their migration pathways became more precise and refined. Most birds that were tracked for at least two years came back to Arizona in the fall of their hatch year after spending the summer roaming farther north. The researchers suggest that these young eagles could be taking advantage of seasonal food bonanzas such as spawning salmon, nesting waterfowl, or carcasses of large mammals. Determining whether this is true will require additional research.

Long journeys and lethal threats to young raptors

Bald Eagles, like many other raptors, must navigate a wide range of hazards in a human-dominated world. One eagle in the study crossed ten U.S. states and four Canadian provinces during her early life before appearing to settle in northern California, where she seemed poised to establish a breeding territory. At four years old, she was killed by electrocution, an all too common cause of death for large birds of prey. Her loss was especially troubling, Cappello explains, because it "underscored the ongoing risks these birds face," and because emigration is a difficult aspect of population dynamics to measure. Her apparent decision to live and breed in California would have provided rare insight into how often Bald Eagles hatched in Arizona disperse to other regions.




Other threats facing young raptors include poisoning from lead and rodenticides, collisions with wind turbines, loss of habitat, and uncertainty related to a changing climate. By studying raptors at every stage of life, including the exploratory journeys of young birds, scientists can make evidence-based recommendations about which stopover sites are most important to protect and which types of infrastructure, including electrical systems, could be modified to improve survival for eagles and other large raptors.

Future research and conservation priorities

The research team recommends future work on route fidelity, since, as Cappello notes, "if consistent patterns exist it could help focus conservation efforts on specific, high-use areas along their migratory route." They also highlight the importance of comparing these Arizona Bald Eagles to other wildlife populations that migrate north from the southern edge of their range, in order to better understand the tradeoffs, costs, and benefits of this northward migration strategy.
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New research uncovers a surprisingly cheap way to farm kelp offshore | ScienceDaily
In Maine, growing kelp for use in foods, cosmetics, fertilizer additives and other products is rapidly expanding, but it remains expensive to do. For many new growers, one of the biggest challenges is the lack of reliable cost analysis tools that can guide spending decisions and help them build sustainable business plans.


						
To address this gap, researchers from Kelson Marine in Portland, Maine and the University of Maine created a tool that gives kelp farmers detailed economic analyses and highlights strategies to lower the cost of farmed seaweed. The model factors in differences in site selection, weather patterns, crop size and many other scenario specific details. It is designed for both nearshore and offshore operations, including large farms in the Gulf of Maine that sit fully exposed to nor-easter driven waves.

Project lead Zach Moscicki, an ocean engineer with Kelson Marine, described how the tool is meant to be used. "By using this tool to investigate the comprehensive implications of any given farm design or operational decision, we can help kelp farmers meaningfully reduce production costs and achieve economic sustainability," said project lead Zach Moscicki, ocean engineer with Kelson Marine. "The tool allows us to carefully navigate the multitude of tradeoffs associated with any such decision and avoid leaning into overly narrow-scoped improvements that may reduce costs in one way, but increase costs or reduce production via some other indirect but connected pathway."

Modeling real world kelp farming conditions

The model pulls together a wide range of information from each farming scenario, such as site specific ocean and weather conditions, crop traits and growth patterns for different kelp species, vessel types and sizes, labor setups, technologies used in daily operations, nearby shore-side infrastructure, maintenance schedules and more.

By showing how all of these elements combine to affect overall profitability, and how different farm layouts and operating choices interact with each other, the tool offers kelp farmers insight into the true impact of cost saving ideas. Possible changes include processing or storing kelp on board vessels, or adding equipment that allows crews to work more quickly.

Testing the model on offshore sugar kelp

To see how the model performs, the team applied it to a hypothetical sugar kelp operation covering 1000 acres, located about 12 miles offshore in water that is 330 feet deep. They ran multiple scenarios, comparing different farm layouts and operational approaches, to understand how each choice would affect farming at this challenging site.




The model showed that running a kelp farm designed simply for low construction costs and high output would result in production costs of $2618 per tonne of fresh kelp. When the researchers systematically tested alternative design and operational choices with the tool, they identified a combination of improvements that cut the projected cost of production by 85% to $383 per tonne of fresh kelp. Among the most effective changes were installing deeper cultivation lines, using mechanized equipment for seeding and harvesting, processing kelp on site into a slurry, adjusting vessel sizes and choosing different types of vessels.

The Kelson Marine and UMaine team worked with scientists from the University of New Hampshire, Woods Hole Oceanographic Institute and Vertical Bay Maine to support the effort.

Publication, outreach and research support

The framework behind the tool and the results from the case study are described in Algal Research. Kelp growers in Maine and elsewhere who are interested in having their operations analyzed with the tool can contact Moscicki at [email protected].

Funding for this work came from Conscience Bay Research, The Builders Initiative and Fiscal Year 2024 Congressionally Directed Spending secured by U.S. Sens. Susan Collins, chair of the Senate Appropriations Committee, and Angus King through the U.S. Small Business Administration. Structural analysis tools developed and tested under the U.S. Department of Energy's Advanced Research Projects Agency-Energy Macroalgae Research Inspiring Novel Energy Resources (ARPA-e MARINER) program were also used in the study.

Advancing Maine's blue economy

The new tool is part of a broader pattern of activity in which UMaine students and faculty are helping to sustain and expand the state's blue economy, the group of industries that draw on ocean resources to support economic growth while protecting the environment.




Through new technologies and workforce development efforts, the university is expanding understanding of ecological and socioeconomic changes that influence coastal communities and businesses in Maine. Faculty members and students are also investigating opportunities for emerging markets and sectors connected to the sea.

"What is exciting about this new model is that it is the most comprehensive and detailed cost analysis of offshore kelp growth in the U.S. to date," said Damian Brady, professor of marine sciences at UMaine. "And this type of analysis helps us find pain points where investments in technology can rapidly change the cost-benefit analysis."
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The deep ocean is fixing carbon in ways no one expected | ScienceDaily
In an effort to better understand how the ocean stores carbon, researchers at UC Santa Barbara and their collaborators have uncovered results that challenge long-held ideas about how carbon dioxide is "fixed" in the dark, deep sea. Led by UCSB microbial oceanographer Alyson Santoro, the team reports in Nature Geoscience that their work helps close a long-standing gap between estimates of nitrogen availability and measurements of dissolved inorganic carbon (DIC) fixation in deep waters.


						
"Something that we've been trying to get a better handle on is how much of the carbon in the ocean is getting fixed," Santoro said. "The numbers work out now, which is great."

This project was supported in part by the National Science Foundation.

The ocean as a planetary carbon sink

Who's doing the fixing? The ocean is the Earth's largest carbon sink, soaking up roughly a third of human carbon dioxide emissions and helping to keep global temperatures in check. Because we rely so heavily on this natural buffering capacity, scientists are keen to untangle the complex processes that control how carbon enters, moves through, and is stored in the sea.

"We want to know how carbon moves around the deep ocean, because in order for the ocean to impact the climate, carbon has to make it from the atmosphere to the deep ocean," Santoro said.

Much of this inorganic carbon fixation is carried out by microscopic life. At the surface, phytoplankton, which are single-celled, photosynthetic organisms, take up inorganic carbon dioxide (including dissolved carbon dioxide gas). As autotrophs, they manufacture their own food in a way similar to land plants, using carbon dioxide and water to build organic matter (sugars) and release oxygen.




Old assumptions about deep-ocean microbes

Scientists have generally believed that most DIC fixation occurs in the sunlit surface layer thanks to photosynthetic phytoplankton, but that a meaningful amount of non-photosynthetic DIC fixation also takes place in the deeper, darker regions of the ocean. In these sunless waters, the process was thought to be dominated by autotrophic archaea that oxidize ammonia (a nitrogen-containing compound) for energy instead of using sunlight.

However, when researchers examined the nitrogen-based energy budget of these carbon-fixing microbes by sampling the water column, they soon realized that the math did not work out.

"There was a discrepancy between what people would measure when they went out on a ship to measure carbon fixation and what was understood to be the energy sources for microbes," Santoro said. "We basically couldn't get the budget to work out for the organisms that are fixing carbon." The microbes require energy to fix carbon, she explained, but there did not appear to be enough nitrogen-derived energy in the deep ocean to support the high carbon fixation rates that were being reported throughout the water column.

A decade-long carbon cycle mystery

This mismatch has occupied the attention of Santoro and the paper's lead author Barbara Bayer for nearly ten years as they have sought to close a key gap in our understanding of the ocean's carbon cycle. Earlier studies tested the idea that perhaps the carbon-fixing archaea were far more efficient than scientists assumed, needing less nitrogen to fix the same amount of carbon. Their work, however, showed that this explanation did not hold up.




For the new study, the researchers shifted their focus and asked a different question: How much do these ammonia oxidizers actually contribute to the overall dissolved inorganic carbon fixation in the dark ocean? To answer that, Bayer designed a targeted experiment.

"She came up with a way to specifically inhibit their activity in the deep ocean," Santoro explained. By limiting the activity of these oxidizers with a specialized chemical, the team expected to see a sharp drop in carbon fixation. The inhibitor, phenylacetylene, was confirmed to have no other measurable effects on other community processes.

Their results indicated that despite inhibiting these ammonia oxidizers -- mostly archaea that are abundant in the dark ocean -- the rate of carbon fixation in the study areas didn't drop as much as expected.

New suspects in deep-sea carbon fixation

If ammonia-oxidizing archaea are not responsible for as much carbon fixation as once believed, other microbes must be stepping in. The pool of likely contributors now includes additional types of microbes in the surrounding community, particularly bacteria and some archaea.

"We think that what this means is that the heterotrophs -- microorganisms that feed on organic carbon from decomposing microbes and other marine life -- are taking up a lot of inorganic carbon in addition to the organic carbon that they usually consume," Santoro said, "meaning that they're also responsible for fixing some carbon dioxide.

"And that's really interesting because even though we know this to be a theoretical possibility, we didn't really have a quantitative number on what fraction of the carbon in the deep ocean was getting fixed by these heterotrophs versus autotrophs. And now we do."

Rethinking the deep-ocean food web

The new findings do more than clarify who is fixing carbon at depth. They also provide fresh insight into how the deep ocean's food web is structured and sustained.

"There are basic aspects of how the food web works in the deep ocean that we don't understand," Santoro said, "and I think of this as figuring out how the very base of the food web in the deep ocean works."

More mysteries of the deep

Further work in this realm for Santoro and her collaborators will dive into the finer aspects of carbon fixation in the ocean, such as how the nitrogen cycle and carbon cycle interact with other elemental cycles in the ocean, including for iron and copper.

"The other thing we're trying to figure out is once these organisms fix the carbon into their cells, how does it become available to the rest of the food web?" she noted. "What kinds of organic compounds might they be leaking out of their cells that could be feeding the rest of the food web with?"

Research in this paper was also conducted by Nicola L. Paul, Justine B. Albers and Craig A. Carlson at UCSB; Katharina Kitzinger and Michael Wagner at the University of Vienna as well as Mak A. Saito at Woods Hole Oceanographic Institution.
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Rising temperatures are slowing early childhood development | ScienceDaily
Climate change, including extreme heat and frequent heat waves, is already known to harm ecosystems, agriculture, and human health. New evidence now suggests that increasing temperatures may also slow key aspects of early childhood development.


						
Published in the Journal of Child Psychology and Psychiatry, the study reports that children who experienced unusually warm conditions, specifically average maximum temperatures above 86 degF (30 degC), were less likely to reach expected literacy and numeracy milestones when compared to children living in cooler environments.

"While heat exposure has been linked to negative physical and mental health outcomes across the life course, this study provides a new insight that excessive heat negatively impacts young children's development across diverse countries," says lead author Jorge Cuartas, assistant professor of applied psychology at NYU Steinhardt. "Because early development lays the foundation for lifelong learning, physical and mental health, and overall well-being, these findings should alert researchers, policymakers, and practitioners to the urgent need to protect children's development in a warming world."

Large International Dataset Reveals Clear Patterns

Cuartas and his colleagues examined information from 19,607 children between the ages of three and four from Gambia, Georgia, Madagascar, Malawi, Palestine, and Sierra Leone. These countries were chosen because they provide detailed data on child development, household living conditions, and climate, allowing researchers to estimate the amount of heat each child experienced.

To evaluate development, the team used the Early Childhood Development Index (ECDI), which tracks milestones in four areas: reading and number-related skills (literacy and numeracy), social-emotional development, approaches to learning, and physical development. The researchers combined ECDI information with 2017-2020 data from the Multiple Indicator Cluster Surveys (MICS), which include demographic and well-being indicators such as education, health, nutrition, and sanitation. By merging these datasets with climate records showing average monthly temperatures, they explored potential connections between heat exposure and early development.

Higher Temperatures Linked to Missed Milestones

The researchers found that children who experienced average maximum temperatures above 86 degF (30 degC) were 5 to 6.7 percent less likely to meet basic literacy and numeracy benchmarks than children exposed to temperatures below 78.8 degF during the same season and in the same region. Children in economically disadvantaged households, homes with limited access to clean water, and densely populated urban areas showed the strongest impacts.

"We urgently need more research to identify the mechanisms that explain these effects and the factors that either protect children or heighten their vulnerability. Such work will help pinpoint concrete targets for policies and interventions that strengthen preparedness, adaptation, and resilience as climate change intensifies," says Cuartas.

This study was co-authored by Lenin H. Balza of the Interamerican Development Bank, Andres Camacho of the University of Chicago, and Nicolas Gomez-Parra of the Interamerican Development Bank.
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A hidden mechanism changes what we know about cell division | ScienceDaily
Scientists at the Ruder Boskovic Institute (RBI) in Zagreb, Croatia, have uncovered a surprising function for the protein CENP-E. For years, it was thought to act like a motor that pulled wandering chromosomes into position as a cell prepared to divide. The new findings reveal something completely different: CENP-E stabilizes the very first connections between chromosomes and the cell's internal "tracks," helping them line up properly before the cell splits.


						
A companion study showed that centromeres, small structures on chromosomes once believed to work on their own, play a guiding role in directing CENP-E so it can help the division process unfold correctly. Together, these results overturn two decades of accepted teaching and carry major implications, since mistakes in chromosome attachment are linked to many cancers and genetic disorders.

Why Early Chromosome Positioning Matters

Every moment, in countless cells across the body, division takes place with extraordinary precision. A single cell duplicates three billion DNA letters and manages to distribute perfect copies to both daughter cells.

When that delicate process fails, the consequences can be serious. Even one chromosome in the wrong place can disrupt development, contribute to infertility, or trigger cancer. Cell division offers little room for error.

For many years, researchers believed they understood one of the central players: CENP-E, often described as a motor protein that hauled stray chromosomes toward the middle of the dividing cell. The idea was simple, widely taught, and ultimately incorrect.

Researchers Uncover a Different Role for CENP-E

Two studies from RBI, published in Nature Communications and led by Dr. Kruno Vukusic and Professor Iva Tolic, break down the earlier model and present a new explanation. Dr. Vukusic trained as a postdoctoral researcher within a highly selective ERC Synergy team and is now preparing to lead his own group at RBI. Prof. Tolic, a recognized global expert in cell biophysics and head of the Laboratory for Cell Biophysics at RBI, holds two ERC grants and is a member of EMBO and Academia Europaea. Their work shows that CENP-E is not the "muscle" dragging chromosomes into place but a key regulator that activates at the right moment to allow everything else to fall into line.




"CENP-E is not the engine pulling chromosomes to the center," Vukusic says. "It is the factor that ensures they can attach properly in the first place. Without that initial stabilization, the system stalls."

Chromosome Movement as a City of Traffic

Picture a huge city at peak traffic. Millions of vehicles fill countless intersections, and a single mistake can stop the entire flow.

Now imagine this scene scaled down to the inside of a cell. Chromosomes act like trains carrying DNA cargo, and microtubules form the rails guiding them. For division to succeed, each chromosome must connect to the correct set of tracks and move into position at the center.

The long-standing model cast CENP-E as the locomotive pulling lagging chromosomes into place. The Zagreb team found a more precise function. Instead of the engine, CENP-E behaves like a coupling that secures the link between a chromosome and the microtubule. When that coupling is weak or missing, the trains stall at the station's outskirts and cannot advance.

What Controls When Chromosomes Move

Why do some chromosomes pause at the edges of the cell? The answer involves Aurora kinases, a group of proteins that operate like strict traffic lights. They generate strong "red" signals that prevent chromosomes from making incorrect early attachments.




This system protects against mistakes near the poles of the cell, but it can also hold chromosomes back too aggressively. CENP-E helps restore balance by adjusting those signals so that the first proper connections can form. Once that initial stable attachment appears, alignment follows naturally through the geometry of the spindle and the behavior of microtubules.

"It's not about brute force," Tolic explains. "It's about creating the conditions for the system to run smoothly. CENP-E's key role is to stabilize the start, and once that happens, the rest of mitosis unfolds correctly."

Rethinking a Long-Standing Textbook Model

For almost twenty years, textbooks described CENP-E as a motor that pulled chromosomes to the metaphase plate. The new research contradicts that view.

"Congression, the alignment of chromosomes, is intrinsically linked to biorientation," says Tolic. "What we show is that CENP-E doesn't contribute significantly to the movement itself. Its crucial role is stabilizing end-on attachments at the start. That is what allows the system to proceed correctly."

This shift replaces a force-based explanation with one focused on regulation and timing. The implications stretch far beyond classroom learning.

Why This Discovery Matters for Human Health

To someone outside the field, the distinction may appear small. In cell biology, small shifts often reveal major truths. Errors in chromosome segregation are a hallmark of cancer. Tumor cells commonly show duplicated or missing chromosome segments, and these abnormalities often trace back to mistakes in the attachment process.

By demonstrating that CENP-E regulates the earliest attachments and by connecting this regulation to Aurora kinase activity, the Zagreb team linked two processes previously thought to act separately. This connection exposes a potential weak point in dividing cells and may point the way toward therapies that correct or slow dangerous divisions.

"This isn't just about rewriting a model," Vukusic says. "It's about identifying a mechanism that directly links to disease. That opens doors for diagnostics and for thinking about new therapies."

Support From Europe and Croatia

The research was made possible through significant competitive funding, including the European Research Council's Synergy Grant, the Croatian Science Foundation, Swiss Croatian bilateral projects, and EU development programs.

The work also depended on advanced computing resources at the University of Zagreb's SRCE center. "Modern biology isn't just microscopes and test tubes," Tolic says. "It's also computation and collaboration across disciplines and borders."

Finding Structure in Cellular Complexity

At its core, the discovery sheds light on how cells maintain order amid constant motion. Trillions of cell divisions occur daily in the human body, and each event must fight against the natural pull of disorder. The new understanding from Zagreb helps reveal one of the hidden strategies behind that consistency. By reinterpreting the role of CENP-E and connecting it to other cellular regulators, the team has added clarity to a process that operates under immense pressure.

"By uncovering how these microscopic regulators cooperate," Tolic says, "we are not only deepening our understanding of biology but also moving closer to correcting the failures that underlie disease."
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Scientists discover a new state of matter at Earth's center | ScienceDaily
Beneath Earth's molten outer core is a dense central region -- the inner core, a compact sphere made of an iron and light-element alloy squeezed by more than 3.3 million atmospheres and heated to temperatures comparable to the Sun's surface. For many years, researchers have struggled to explain its unusual behavior. Even though the inner core is solid, it behaves like a softened metal, slowing seismic shear waves and displaying a Poisson's ratio more similar to butter than to steel. This paradox raised a fundamental question: how can the planet's solid center appear firm yet strangely pliable?


						
A major study published in National Science Review offers a strong explanation. The research team reports that Earth's inner core is not behaving like a conventional solid -- instead, it exists in a superionic state in which light elements move through a stable iron framework as if they were liquid. This finding reshapes our picture of the planet's deepest layer.

The investigation, led by Prof. Youjun Zhang and Dr. Yuqian Huang of Sichuan University, together with Prof. Yu He from the Institute of Geochemistry, Chinese Academy of Sciences, demonstrates that iron-carbon alloys shift into a superionic phase under the inner core's extreme conditions. In this environment, carbon atoms zip through the iron lattice at high speeds, greatly reducing the alloy's stiffness.

"For the first time, we've experimentally shown that iron-carbon alloy under inner core conditions exhibits a remarkedly low shear velocity." said Prof. Zhang. "In this state, carbon atoms become highly mobile, diffusing through the crystalline iron framework like children weaving through a square dance, while the iron itself remains solid and ordered. This so-called "superionic phase" dramatically reduces alloy's rigidity."

Experimental Evidence Confirms Previous Predictions

Although computer simulations in 2022 suggested the inner core might take on this exotic form, confirming it in the laboratory had proven difficult -- until now. Using a dynamic shock compression platform, the researchers propelled iron-carbon samples to 7 kilometers per second, achieving pressures of up to 140 gigapascals and temperatures near 2600 kelvin, closely reproducing the environment found in the inner core.

By pairing in-situ sound velocity measurements with advanced molecular dynamics simulations, the team detected a dramatic loss of shear wave speed and a sharp increase in Poisson's ratio. These results align with the unexpectedly soft seismic characteristics recorded within Earth. On an atomic level, the data showed carbon atoms moving freely through iron's orderly structure, weakening it without causing the lattice to collapse.




A Superionic Core That Shapes Earth's Dynamics

The superionic model not only accounts for long-standing seismic anomalies but also expands our understanding of how the inner core contributes to Earth's internal processes. The motion of light elements may explain seismic anisotropy -- directional variations in seismic wave speeds -- and could also play a role in sustaining Earth's magnetic field.

"Atomic diffusion within the inner core represents a previously overlooked energy source for the geodynamo," said Dr. Huang. "In addition to heat and compositional convection, the fluid-like motion of light elements may help power Earth's magnetic engine."

The study also clarifies debates over the behavior of light elements under extreme pressure. Earlier research focused mainly on compounds or substitutional alloys, but this work highlights the key role of interstitial solid solutions (especially those involving carbon) in controlling the core's physical properties.

A Shift in How Scientists View Earth's Center

According to Prof. Zhang, these findings represent a major change in how scientists interpret the inner core. "We're moving away from a static, rigid model of the inner core toward a dynamic one," he explained.

The implications extend beyond Earth. Identifying a superionic phase in the inner core could also improve our understanding of magnetic and thermal evolution in other rocky planets and exoplanets. As Zhang notes, "Understanding this hidden state of matter brings us one step closer to unlocking the secrets of Earth-like planetary interiors."

This research was supported by the National Natural Science Foundation of China, the Sichuan Science and Technology Program, and the CAS Youth Interdisciplinary Team.
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Human brains light up for chimp voices in a way no one expected | ScienceDaily
The human brain is not limited to recognizing our own voices. Research from the University of Geneva (UNIGE) has revealed that specific parts of the auditory cortex react strongly to chimpanzee vocalizations. Chimpanzees are our closest relatives both genetically and in the types of sounds they produce. The study, which appears in the journal eLife, indicates that certain subregions of the brain may be especially tuned to the calls of particular primate species. This insight offers a new way to explore how voice recognition emerged and how it may relate to the development of language.


						
Human voices play a central role in social communication, and a significant portion of the auditory cortex is devoted to interpreting them. Researchers wanted to know whether these abilities have deeper evolutionary origins. To investigate this question, scientists from UNIGE's Faculty of Psychology and Educational Sciences used a comparative approach grounded in species evolution. By examining how the human brain processes the vocalizations of closely related species, such as chimpanzees, bonobos and macaques, they aimed to identify traits shared with other primates. This approach helps shed light on how the neural foundations of vocal communication began to emerge long before language existed.

Studying How the Brain Responds to Primate Calls

In the experiment, 23 human volunteers listened to vocal sounds from four species. Human voices served as the control group. Chimpanzee calls were included because these primates are closely related to us both genetically and acoustically. Bonobo vocalizations were also tested, even though they often sound more like birdsong. Macaque calls were added because these primates are more distantly related to humans both evolutionarily and acoustically. Researchers used functional magnetic resonance imaging (fMRI) to examine activity across the auditory cortex. "Our intention was to verify whether a subregion sensitive specifically to primate vocalizations existed," explains Leonardo Ceravolo, research associate at UNIGE's Faculty of Psychology and Educational Sciences and first author of the study.

A Distinct Neural Response to Chimpanzee Vocalizations

The results confirmed their expectations. A part of the auditory cortex known as the superior temporal gyrus, which plays a key role in processing sounds related to language, music and emotional cues, showed increased activation when participants heard certain primate calls. "When participants heard chimpanzee vocalizations, this response was clearly distinct from that triggered by bonobos or macaques."

This pattern is particularly striking because bonobos are just as genetically close to humans as chimpanzees, yet their vocalizations differ greatly in acoustic structure. The findings suggest that both evolutionary closeness and similarity in sound features influence how the human brain reacts.

What the Findings Suggest About Language Evolution

This discovery offers new directions for understanding how the neural basis of communication evolved. It indicates that some parts of the human brain may have preserved a sensitivity to the calls of our closest primate relatives. "We already knew that certain areas of the animal brain reacted specifically to the voices of their fellow creatures. But here, we show that a region of the adult human brain, the anterior superior temporal gyrus, is also sensitive to non-human vocalizations," notes Leonardo Ceravolo.

These results support the idea that humans and great apes share vocal processing abilities that existed before spoken language emerged. They may also help explain how voice recognition develops in early life. For instance, this line of research could clarify how babies begin recognizing familiar voices while still in utero.
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Simple light trick reveals hidden brain pathways in microscopic detail | ScienceDaily
Every tissue in the human body contains exceptionally small fibers that help coordinate how organs move, function and communicate. Muscle fibers guide physical force, intestinal fibers support the motion of the digestive tract, and brain fibers carry electrical signals that allow different regions to exchange information. Together, these intricate fiber systems help shape the structure of each organ and keep them operating properly.


						
Many diseases disrupt these delicate networks. In the brain, damage to fiber connections appears across nearly all neurological disorders, where it contributes to changes in neural communication.

Although these microscopic structures play essential roles, they have long been challenging to study. Researchers have struggled to determine how fibers are oriented inside tissues, which has made it difficult to fully understand how they change in health and disease.

A Simple Method for Revealing Hidden Microstructure

A research team led by Marios Georgiadis, PhD, instructor of neuroimaging, has now introduced an approach that makes these hard-to-see fiber patterns visible with exceptional clarity and at a relatively low cost.

Their technique, described in Nature Communications, is known as computational scattered light imaging (ComSLI). It can reveal the orientation and organization of tissue fibers at micrometer resolution on virtually any histology slide, regardless of how it was stained or preserved -- even if the slide is many decades old.

Michael Zeineh, MD, PhD, professor of radiology, served as co-senior author with Miriam Menzel, PhD, a former visiting scholar in Zeineh's laboratory.




"The information about tissue structures has always been there, hidden in plain sight," Georgiadis said. "ComSLI simply gives us a way to see that information and map it out."

How ComSLI Maps Fiber Orientation

Traditional imaging strategies come with significant limitations. MRI can highlight large anatomical networks but cannot capture tiny cellular structures. Histology techniques often require specialized stains, high-end equipment and carefully preserved samples, and they still struggle to depict fiber crossings clearly.

ComSLI relies on a basic physical principle: when light encounters microscopic structures, it scatters in different directions based on their orientation. By rotating the light source and recording how the scattering signal changes, researchers can reconstruct the direction of the fibers within each pixel of an image.

The method requires only a rotating LED light and a microscope camera, making the setup accessible compared with other forms of advanced microscopy. After the images are collected, software analyzes delicate patterns in the scattered light to generate color-coded maps of fiber orientation and density, known as microstructure-informed fiber orientation distributions.

ComSLI is not limited by sample preparation. It works with formalin-fixed, paraffin-embedded sections (a standard in hospitals and pathology labs) as well as fresh-frozen, stained or unstained slides.




Scientists can also revisit slides originally created for unrelated projects, even those stored for decades, allowing new structural insights without altering the samples.

"This is a tool that any lab can use," Zeineh said. "You don't need specialized preparation or expensive equipment. What excites me most is that this approach opens the door for anyone, from small research labs to pathology labs, to uncover new insights from slides they already have."

Mapping Neural Microstructure and Disease

A major goal in neuroscience has been to chart the brain's microscopic pathways with high precision. Using ComSLI, Georgiadis and colleagues visualized full formalin-fixed, paraffin-embedded human brain sections and standard-sized slides, revealing detailed fiber structures throughout the tissue.

They also examined how these fibers change in neurological conditions such as multiple sclerosis, leukoencephalopathy and Alzheimer's disease.

One focus was the hippocampus, a deep-brain region central to memory formation and retrieval and often affected early in neurodegeneration. When comparing a hippocampal section from a patient with Alzheimer's disease to a healthy sample, the team observed clear structural deterioration. Fiber crossings that normally help connect regions of the hippocampus were greatly diminished, and a major pathway responsible for bringing memory-related signals into the region (the perforant pathway) was barely visible. The healthy hippocampus, in contrast, showed a dense and interconnected network of fibers across the entire area. With these detailed maps, researchers can see how memory circuits break down as disease progresses.

To test the limits of the method, the researchers analyzed a brain section prepared in 1904. Even in this century-old sample, ComSLI identified intricate fiber patterns, allowing scientists to study historical specimens and explore how structural features evolve across generations of disease.

Applications Beyond the Brain

Although first designed for brain research, ComSLI also works well in other tissues. The team used it to study muscle, bone and vascular samples, each revealing unique fiber arrangements tied to their biological functions.

In tongue muscle, the method highlighted layered fiber orientations linked to movement and flexibility. In bone, it captured collagen fibers that align with mechanical stress. In arteries, it showed alternating collagen and elastin layers that support both strength and elasticity.

This ability to map fiber orientation across species, organs and archival specimens could significantly change how scientists investigate structure and function. It also means that millions of stored slides around the world may contain untapped microstructural information.

"Although we just presented the method, there are already multiple requests for scanning samples and replicating the ComSLI setup -- so many labs and clinics would like to have micron-resolution fiber orientation and micro-connectivity on their histology sections," Georgiadis said. "Another exciting plan is to go back to well-characterized brain archives or brain sections of famous people, and recover this micro-connectivity information, revealing 'secrets' that have been considered long lost. This is the beauty of ComSLI."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251209043040.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Small root mutation could make crops fertilize themselves | ScienceDaily

That is the conclusion reached by Kasper Rojkjaer Andersen and Simona Radutoiu, professors of molecular biology at Aarhus University.

Their new research highlights an important biological clue that could help reduce agriculture's heavy reliance on artificial fertilizer.

Plants require nitrogen to grow, and most crop species can obtain it only through fertilizer. A small group of plants, including peas, clover, and beans, can grow without added nitrogen. They do this by forming a partnership with specific bacteria that turn nitrogen from the air into a form the plant can absorb.

Unlocking the Secrets Behind Natural Nitrogen Fixation

Scientists worldwide are working to understand the genetic and molecular basis of this natural nitrogen-fixing ability. The hope is that this trait could eventually be introduced into major crops such as wheat, barley, and maize.

If achieved, these crops could supply their own nitrogen. This shift would reduce the need for synthetic fertilizer, which currently represents about two percent of global energy consumption and produces significant CO2 emissions.




Researchers at Aarhus University have now identified small receptor changes in plants that cause them to temporarily shut down their immune defenses and enter a cooperative relationship with nitrogen-fixing bacteria.

How Plants Decide Between Defense and Cooperation

Plants rely on cell-surface receptors to sense chemical signals from microorganisms in the soil.

Some bacteria release compounds that warn the plant they are "enemies," prompting defensive action. Others signal that they are "friends" able to supply nutrients.

Legumes such as peas, beans, and clover allow specialized bacteria to enter their roots. Inside these root tissues, the bacteria convert nitrogen from the atmosphere and share it with the plant. This partnership, known as symbiosis, is the reason legumes can grow without artificial fertilizer.

Aarhus University researchers found that this ability is strongly influenced by just two amino acids, which act as small "building blocks" within a root protein.




"This is a remarkable and important finding," says Simona Radutoiu.

The root protein functions as a "receptor" that reads signals from bacteria. It determines whether the plant should activate its immune system (alarm) or accept the bacteria (symbiosis).

The team identified a small region in the receptor protein that they named Symbiosis Determinant 1. This region functions like a switch that controls which internal message the plant receives.

By modifying only two amino acids within this switch, the researchers changed a receptor that normally triggers immunity so that it instead initiated symbiosis with nitrogen-fixing bacteria.

"We have shown that two small changes can cause plants to alter their behavior on a crucial point -- from rejecting bacteria to cooperating with them," Radutoiu explains.

Expanding the Potential to Major Food Crops

In laboratory experiments, the researchers successfully engineered this change in the plant Lotus japonicus. They then tested the concept in barley and found that the mechanism worked there as well.

"It is quite remarkable that we are now able to take a receptor from barley, make small changes in it, and then nitrogen fixation works again," says Kasper Rojkjaer Andersen.

The long-term potential is significant. If these modifications can be applied to other cereals, it may ultimately be possible to breed wheat, maize, or rice capable of fixing nitrogen on their own, similar to legumes.

"But we have to find the other, essential keys first," Radutoiu notes.

"Only very few crops can perform symbiosis today. If we can extend that to widely used crops, it can really make a big difference on how much nitrogen needs to be used."
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Stunning blue pigment on a 13,000-year-old artifact surprises scientists | ScienceDaily
At the Final Paleolithic site of Muhlheim-Dietesheim in Germany, researchers from Aarhus University identified faint blue traces on a stone artifact that dates to roughly 13,000 years ago. After applying a variety of advanced scientific techniques, the team determined that the residue came from azurite, a bright blue mineral pigment that has not previously been documented in Paleolithic art in Europe.


						
"This challenges what we thought we knew about Paleolithic pigment use," said Dr. Izzy Wisher, the lead author of the study.

Rethinking Color in Paleolithic Art

For many years, experts assumed that Ice Age artists relied almost entirely on red and black pigments, since nearly all surviving artwork from this time uses those colors. The limited palette was often attributed to a scarcity of blue minerals or to the belief that blue held little appeal. Because blue pigments rarely appear in the known artistic record, the new evidence hints that early people may have used them for personal decoration or for coloring textiles - practices that typically leave only subtle archaeological traces.

"The presence of azurite shows that Paleolithic people had a deep knowledge of mineral pigments and could access a much broader color palette than we previously thought - and they may have been selective in the way they used certain colors," Izzy Wisher says.

A New Interpretation of an Ancient Tool

The stone containing the azurite residue was initially classified as an oil lamp. Current analysis suggests it functioned instead as a surface for preparing pigments, possibly serving as a palette for grinding or mixing blue materials. This interpretation points to artistic or cosmetic traditions that seldom survive in the archaeological record.




Broader Implications for Early Human Culture

The discovery encourages a fresh evaluation of how color shaped Paleolithic expression. It raises new questions about how early humans conveyed identity, status, and cultural beliefs through materials that were likely more diverse and visually striking than previously assumed.

The research involved collaboration with Rasmus Andreasen, James Scott and Christof Pearce from the Department of Geoscience at Aarhus University, along with Thomas Birch, who is affiliated with both the Department of Geoscience, AU, and the National Museum of Denmark. Additional partners from Germany, Sweden and France also contributed to the work.

The full study is published in Antiquity.
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Fossil brain scans show pterosaurs evolved flight in a flash | ScienceDaily
A research group led by an evolutionary biologist at Johns Hopkins Medicine reports that giant reptiles living as far back as 220 million years ago may have developed the ability to fly at the very start of their evolutionary history. This contrasts with the ancestors of modern birds, which are thought to have reached powered flight more slowly and with larger, more complex brains.


						
Details of the investigation, which relied on advanced imaging methods to examine the internal brain cavities of pterosaur fossils and received partial support from the National Science Foundation, appeared Nov. 26 in Current Biology.

According to Matteo Fabbri, Ph.D., assistant professor of functional anatomy and evolution at the Johns Hopkins University School of Medicine, the results strengthen the idea that the enlarged brains seen in birds and likely in their ancestors were not responsible for allowing pterosaurs to take to the air.

"Our study shows that pterosaurs evolved flight early on in their existence and that they did so with a smaller brain similar to true non-flying dinosaurs," Fabbri says.

Giant Fliers With Surprising Brain Structure

Fabbri describes pterosaurs as powerful airborne predators of the dinosaur era, capable of reaching 500 pounds in some species and stretching up to 30 feet across the wings. Pterosaurs are recognized as the earliest of the three major vertebrate lineages (in addition to birds and bats) that eventually achieved powered flight on their own.

To investigate how pterosaurs gained this ability and whether their path differed from that of birds and bats, the team examined the reptile's evolutionary history. They looked closely at shifts in the shape and size of the brain over time and focused on the optic lobe, the region involved in vision that has been linked to flight capabilities.




CT Scans Reveal Clues From Early Relatives

Using CT imaging and specialized software that allowed them to digitally model fossilized nervous system structures, the researchers concentrated on the closest known relative of the pterosaur. This animal, the flightless and tree-climbing lagerpetid, was first identified by scientists in 2016 and lived during the Triassic period between 242 and 212 million years ago. In 2020, another team confirmed the lagerpetid's close evolutionary connection to pterosaurs.

"The lagerpetid's brain already showed features linked to improved vision, including an enlarged optic lobe, an adaptation that may have later helped their pterosaur relatives take to the skies," says corresponding author Mario Bronzati, a researcher at University of Tubingen, Germany.

Fabbri notes that pterosaurs also had enlarged optic lobes. Outside of this trait, however, he explains that their brain shape and size differed considerably from those of the lagerpetid.

"The few similarities suggest that flying pterosaurs, which appeared very soon after the lagerpetid, likely acquired flight in a burst at their origin," Fabbri says. "Essentially, pterosaur brains quickly transformed acquiring all they needed to take flight from the beginning."

Comparing Pterosaur and Bird Flight

In contrast, modern birds are thought to have evolved flight through a more gradual process. They appear to have inherited several key traits, including expansion of the cerebrum, cerebellum and optic lobes, from earlier relatives before further adapting these regions for flight, Fabbri says. Support for this gradual model comes from 2024 research from the laboratory of Amy Balanoff, Ph.D., assistant professor of functional anatomy and evolution at Johns Hopkins Medicine, which highlights the importance of cerebellum expansion in the origins of bird flight. The cerebellum is located at the back of the brain and helps regulate muscle coordination and other functions.




"Any information that can fill in the gaps of what we don't know about dinosaur and bird brains is important in understanding flight and neurosensory evolution within pterosaur and bird lineages," Balanoff says.

Insights From Fossilized Brains Across Species

The team also examined brain cavities from crococdylians (crocodile ancestors) and early, extinct birds, comparing these structures with those of pterosaurs.

Their analysis showed that pterosaurs had moderately enlarged brain hemispheres, a feature comparable to other dinosaur groups. These include two-legged, bird-like troodontids that lived between the Late Jurassic and Late Cretaceous periods from 163 to 66 million years ago, as well as Archaeopteryx lithographica, the oldest-known bird that lived between 150.8 and 125.45 million years ago. These prehistoric species differ strongly from modern birds, which have significantly larger brain cavities.

Looking Ahead to Future Research

Fabbri says that future progress will depend on understanding how the brain's internal structure, not just its size and shape, enabled pterosaurs to achieve flight. He explains that this will be essential for uncovering the broader biological principles that govern the evolution of flight.

Funding support for this research was provided by the Alexander von Humboldt Foundation, Brazilian Federal Government, The Paleontological Society, Agencia Nacional de Promocion Cientifica y Tecnica, Conselho Nacional de Desenvolvimento Cientifico e Tecnologico, the European Union NextGeneration EU/PRTR, the National Science Foundation ( NSF DEB 1754596, NSF IOB-0517257, IOS-1050154, IOS-1456503), and the Swedish Research Council

In addition to Fabbri and Bronzati, other scientists who contributed to this research are Akinobu Watanabe from New York Institute of Technology, Roger Benson from the American Museum of Natural History, Rodrigo Muller from Federal University of Santa Maria, Brazil, Lawrence Witmer from the University of Ohio, Martin Ezcurra and M. Belen von Baczko from Bernardino Rivadavia Museum of Natural Science, Felipe Montefeltro from Sao Paulo State University; Bhart-Anjan Bhullar from Yale University; Julia Desojo from Universidad Nacional de La Plata, Argentina; Fabien Knoll from Museo Nacional de Ciencias Naturales, Spain; Max Langer from Universidade de Sao Paulo, Brazil; Stephan Lautenschlager from University of Birmingham; Michelle Stocker and Sterling Nesbitt from from Virginia Tech; Alan Turner from Stony Brook University; and Ingmar Werneburg from Eberhard Karls University of Tubingen.
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This rare bone finally settles the Nanotyrannus mystery | ScienceDaily
For many years, paleontologists have debated whether the single skull used to define the species Nanotyrannus represented a true species or simply a young Tyrannosaurus rex. A new study in Science has now resolved this question. The research shows that Nanotyrannus was nearly fully grown and not a juvenile T. rex, while also offering new clues about how large tyrannosaur species achieved rapid growth.


						
A collaborative team that included Dinosaur Institute Postdoctoral Fellow Dr. Zach Morris studied the disputed Nanotyrannus holotype -- the specimen originally used to identify the species -- with a close focus on its throat bone. By investigating the microscopic details of this bone and comparing them with those of modern birds, crocodilians, and other dinosaurs -- including specimens from the Dino Hall's T. rex growth series -- the group confirmed that Nanotyrannus was a mature and separate predator. Although smaller than an adult T. rex, it was still a full-grown animal that lived in a far more diverse Late Cretaceous ecosystem than previously thought. Measuring under half the size of an adult T. rex, Nanotyrannus likely competed with young T. rex individuals for the same prey.

"The identity of the holotype specimen was the key piece in this debate. Discovering that this small skull was actually fully grown shows definitively that it is different from Tyrannosaurus rex," said Dr. Christopher Griffin, lead author and Assistant Professor of Geosciences at Princeton University.

How Bone Structure Reveals Age and Growth

Just as tree rings can indicate a tree's age, thin slices taken from dinosaur bones can reveal how old an animal was and how quickly it grew. Scientists study microscopic tissue patterns within these bone samples to determine maturity. Long bones such as ribs or femora are typically used, but they are not always preserved. In the case of Nanotyrannus, most of the holotype consists of skull material filled with sinuses and other irregular features that make it unsuitable for this type of study. The hyoid, however -- the throat bone that supports the tongue -- offered a rare opportunity to assess maturity in a skull-dominated specimen.

"When we started this project, it was unclear whether the hyoid preserved a record of a dinosaur's growth. To be honest, we mostly accepted the hypothesis that Nanotyrannus was a juvenile T. rex, so we expected the microscopic bone structure or histology of the holotype would show this animal was still growing quickly," said co-author Dr. Morris. "What we did not expect was to see it was nearing maturity with clear evidence of the cessation of growth!"

Testing the Throat Bone as a New Tool for Dinosaur Aging

Because no one had previously proven that hyoid bones could reliably preserve growth information, the researchers needed to verify the method before applying it to Nanotyrannus. To do so, Dr. Griffin assembled a team to create a broad comparative dataset of hyoid samples from living lizards, crocodiles, birds, and extinct dinosaurs. "To show that hyoid microstructure would work to test maturity status in Nanotyrannus, we first had to compile strong support for this method across many groups of living reptiles and extinct dinosaurs," said Dr. Griffin.




Dr. Morris led the work on the juvenile and sub-adult specimens known as "Thomas" from NHM's rare T. rex growth series. "The growth series in our Dino Hall was critical to demonstrating that the hyoid in Tyrannosaurus showed the same kind of growth record as long bones," Morris explained. "Having a growth series that had already been histologically analyzed meant that we could compare the growth record in the hyoid and the growth record in the long bones and see that they show consistent signals even in these uniquely giant predators." This comparison allowed the researchers to set clear benchmarks for distinguishing growth differences between T. rex and Nanotyrannus.

"Our teenage Tyrannosaurus looks immature in both its limbs and its hyoid, while Thomas looks like a more mature, but still not quite adult animal. Amusingly enough, Thomas is not nearly as mature as the Nanotyrannus holotype, despite being much larger," added Morris.

Balancing Conservation, Discovery, and Scientific Accuracy

The findings emphasize how important it is for paleontologists to understand the maturity of holotype specimens. Without this knowledge, scientists risk mistaking growth-related changes for evolutionary ones. "So many techniques in modern paleontology require some degree of destructive analysis, and as a Curator, I'm always trying to strike a balance between conservation and discovery. We preserved the anatomical data by 3D scanning and molding and casting the hyoid, and there is still more of it for future analyses," said senior author Dr. Caitlin Colleary of the Cleveland Museum of Natural History (and incidentally, a former undergraduate volunteer in the NHM Dinosaur Institute). "In this instance, it was totally worth it because we gained so much more than we lost."

The new evidence also reshapes the view of Late Cretaceous North America. Instead of T. rex ruling alone before the end-Cretaceous mass extinction, the region appears to have hosted multiple tyrannosaur species at the same time. "It is remarkable that our study matches findings from other independent lines of evidence, including an analysis published last month, demonstrating that multiple species of tyrannosaurs lived alongside one another. It shows that we need to re-evaluate what we think these ecosystems looked like," said Dr. Morris.

Expanding Knowledge Through Museum Collections and Collaborative Research

Dr. Morris serves as the first Dinosaur Institute Postdoctoral Fellow, focusing on how developmental processes shape evolutionary changes and how skull anatomy shifts over time in the fossil record. "I am fascinated by the ways in which changes during development give rise to the skeletal features which distinguish dinosaurs, birds, crocodylians, and other vertebrates," said Morris. "This project was an exciting collaboration to study developmental patterns in the fossil record directly."

"Zach's expertise in dinosaur growth and development, coupled with his histological skills, was a huge asset to this project. It's another example of our NHMLAC Post-Docs conducting novel, ground-breaking research," said Dr. Nate Smith, Gretchen Augustyn Director & Curator of the Dinosaur Institute. "This study also highlights the incredible potential of unique museum collections like our T. rex growth series, which not only inform the public but also provide rich ground for new scientific discoveries."
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Gut molecule shows remarkable anti-diabetes power | ScienceDaily
An international group of scientists led by Professor Marc-Emmanuel Dumas at Imperial College London & CNRS, along with Prof. Patrice Cani (Imperial & University of Louvain, UCLouvain), Dr. Dominique Gauguier (Imperial & INSERM, Paris) and Prof. Peter Liu (University of Ottawa Heart Institute), has identified an unexpected natural compound that helps counter insulin resistance and type 2 diabetes. The compound, trimethylamine (TMA), is a metabolite created by gut microbes from dietary choline. According to a study in Nature Metabolism, TMA can interrupt a key immune pathway and contribute to healthier blood sugar levels.


						
The discovery builds on work that began 20 years ago. During his postdoctoral research, Patrice Cani found that high-fat diets allow bacterial components to pass into the body, prompting the immune system to activate and ignite inflammation. This immune response was shown to play a direct role in insulin resistance among people with diabetes. Although this idea faced skepticism in 2005, it is now widely recognized and scientifically accepted.

In 2025, researchers at the University of Louvain and Imperial College London clarified how this harmful chain reaction might be counteracted. They reported that TMA, formed by gut microbes from dietary choline present in several foods, can support improved blood-sugar control.

TMA Blocks a Critical Immune Protein

The key lies in the molecule's interaction with IRAK4, a protein that helps regulate immune activity. Under a high-fat diet, IRAK4 responds by triggering inflammation to signal that the body is experiencing dietary imbalance.

However, when the body is exposed to elevated fat intake for extended periods (as in type 2 diabetes), IRAK4 becomes overstimulated. This constant activation drives chronic inflammation, which contributes directly to insulin resistance.

Using a combination of human cell cultures, animal studies, and molecular screening tools, the research team demonstrated that TMA can attach to IRAK4 and reduce its activity. This interaction lowers inflammation caused by fatty foods and restores the body's ability to respond to insulin. The findings suggest that TMA may help recalibrate harmful metabolic responses triggered by poor dietary habits. The molecule also showed an impressive ability to protect mice from sepsis-related death by weakening overwhelming inflammatory responses.




IRAK4 Targeting Offers New Therapeutic Possibilities

Further experiments confirmed that removing the IRAK4 gene or inhibiting it with drugs produced the same beneficial effects seen with TMA. Because IRAK4 is already a well-established target in drug development, the results point toward promising treatment strategies for diabetes.

"This flips the narrative," said Prof. Dumas. "We've shown that a molecule from our gut microbes can actually protect against the harmful effects of a poor diet through a new mechanism. It's a new way of thinking about how the microbiome influences our health."

"This shows how nutrition and our gut microbes can work together by producing molecules that fight inflammation and improve metabolic health!" said Prof. Patrice Cani, co-senior author, University of Louvain, Belgium and visiting professor at Imperial College London.

Global Impact and Future Directions

With more than 500 million people worldwide living with diabetes, the identification of TMA as a microbial signal that shapes immune responses introduces a potential new avenue for treatment. Approaches that enhance TMA production, whether through diet or medication, could help reduce insulin resistance and improve long-term health outcomes.

"What we eat shapes our microbes and some of their molecules can protect us from diabetes. That's nutrition in action!" said University of Louvain, Prof. Cani.

This work was supported by an extensive network of collaborators across Europe and North America, involving teams in Belgium, Canada, Australia, France, Italy, and Spain. Funding came from numerous European (ERC, FEDER) and national (MRC, Wellcome Trust, ANR, FNRS, EOS, WELRi, ARC) sources, highlighting the large-scale effort behind this breakthrough.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251208052518.htm



	Previous
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Scientists capture most detailed look inside DNA droplets | ScienceDaily
Inside every human cell, an extraordinary feat of molecular organization takes place. Roughly six feet of DNA has to be packed into a nucleus that is only about one-tenth the width of a human hair, yet the DNA must remain accessible enough to carry out essential functions.


						
To make this possible, DNA coils around proteins to form nucleosomes. These nucleosomes connect like beads on a string and fold into chromatin fibers. The fibers are then compacted even more tightly to fit inside the nucleus.

Discovering How DNA Reaches Its Most Compact Form

For many years, researchers did not know how this extra level of chromatin compaction occurred. In 2019, HHMI Investigator Michael Rosen and his team at UT Southwestern Medical Center reported that lab-made nucleosomes naturally cluster together into membrane-less droplets called condensates. They found that this process occurs through phase separation, a phenomenon similar to oil droplets forming in water, and they believe it reflects how chromatin condenses inside living cells.

Chromatin condensates are made of hundreds of thousands of fast-moving molecules. When they come together, they display emergent properties that do not exist in the molecules individually. These group behaviors determine how condensates form and how they maintain their physical characteristics.

To understand these properties in detail, scientists needed to observe chromatin fibers and nucleosomes deep inside the droplets.

Rosen's group, working with HHMI Investigator Elizabeth Villa at the University of California, San Diego; Rosana Collepardo-Guevara at the University of Cambridge; and Zhiheng Yu at HHMI's Janelia Research Campus, has now achieved that goal.




High-Resolution Imaging Reveals Droplet Structure

Using advanced imaging tools at Janelia, the researchers captured the most detailed views to date of how molecules are arranged inside synthetic chromatin condensates. These images provide a direct look at how chromatin fibers and nucleosomes are packaged within the droplet-like structures. The same imaging methods were also applied to examine chromatin inside actual cells.

By combining these images with computer simulations and light microscopy, the team analyzed the molecular structures and interactions within the synthetic condensates. This allowed them to begin uncovering how droplets form and how they behave.

One important discovery was that the length of linker DNA between nucleosomes influences the overall arrangement of the structures. That arrangement determines how chromatin fibers interact and shapes the network inside the condensates.

These features clarified why some chromatin fibers undergo phase separation more easily than others and why condensates built from different chromatin types have distinct material properties. The researchers also found that synthetic condensates closely resemble compacted chromatin found in cells.

"The work has allowed us to tie the structures of individual molecules to macroscopic properties of their condensates, really for the first time," Rosen says. "I'm certain that we're only at the tip of the iceberg -- that we and others will come up with even better ways of developing those structure-function relationships at the meso (intermediate) scale."

A Broader Framework for Understanding Condensation




The findings extend well beyond chromatin. The approach offers a model for studying many kinds of biomolecular condensates, which are membrane-less droplets involved in essential cellular tasks from gene regulation to stress responses.

Understanding how these structures assemble and operate may also shed light on what happens when condensation is disrupted, a problem thought to contribute to various diseases from neurodegenerative disorders to cancer.

"By doing this research, we will better understand how abnormal condensation could lead to different diseases and, potentially, that could help us develop a new generation of therapeutics," says Huabin Zhou, a postdoctoral scientist in the Rosen Lab and the lead author of the new research.
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Scientists uncover a volcanic trigger behind the Black Death | ScienceDaily

The Black Death moved across Europe from 1347 to 1353 CE, with mortality rates reaching as high as 60% in some areas. Although its impact is well documented, the precise reasons for when and how the pandemic began remain unclear.

Climate Records Reveal Signs of a Major Eruption

To explore these questions, Martin Bauch and Ulf Buntgen evaluated earlier research on tree ring growth from eight regions in Europe, measurements of volcanic sulfur preserved in Antarctic and Greenland ice cores, and written reports from the fourteenth century. Together, these records point to a significant volcanic eruption somewhere in the tropics around 1345 CE. The eruption appears to have increased atmospheric sulfur and ash, which contributed to colder and wetter conditions across southern Europe and the Mediterranean.

Historical accounts describe widespread crop failures and famine during this period in Spain, southern France, northern and central Italy, Egypt, and the Levant. These hardships prompted Italian maritime powers -- such as Venice and Genoa -- to negotiate a ceasefire in a conflict with the Mongols of the Golden Horde so they could secure grain shipments from the Black Sea region around 1347 CE.

Grain Imports and the Possible Spread of Plague

Venetian sources state that these imports helped prevent mass starvation. However, the timing of arriving grain ships and the first plague outbreaks in cities that received them raises another possibility. Fleas carrying Yersinia pestis may have traveled with the grain. As the shipments were moved to additional cities, including Padua, these fleas could have helped accelerate the spread of the Black Death throughout Europe.

The authors conclude that this combination of climatic disruption, famine, and grain transport offers a plausible explanation for how the Black Death began and spread across Europe.
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This simple ingredient makes kale way healthier | ScienceDaily
Many people assume a bowl of kale automatically counts as a nutritional powerhouse. However, without the right companion ingredient, that leafy salad may not deliver the benefits you expect.


						
Fortunately, there is an easy fix.

Researchers at the University of Missouri have identified a simple (and tasty) way to help the body absorb more of kale's valuable nutrients: using oil-based dressings or sauces. With the right fat source, you can enjoy kale while actually getting more from it.

Oil Helps Release Kale's Hard-to-Access Nutrients

A study from Mizzou's College of Agriculture, Food and Natural Resources (CAFNR) found that it makes little difference whether kale is eaten raw or cooked. The key factor that improves nutrient absorption is pairing it with olive oil, mayonnaise or another oil-based dressing. The team is now looking into how nanotechnology-inspired dressings could be designed to boost this effect even further.

"Kale is a nutrient-rich vegetable that contains carotenoids, including lutein, a-carotene and b-carotene, which have beneficial effects on overall health," Ruojie (Vanessa) Zhang, assistant professor in the Division of Food, Nutrition and Exercise Sciences at CAFNR, said. "The problem is our bodies have a hard time absorbing these nutrients because they are fat-soluble rather than water-soluble."

Testing Whether Cooking or Special Sauces Improve Absorption

With this challenge in mind, the researchers examined whether cooking kale or using specially formulated dressings/sauces could make carotenoids easier for the body to access. These compounds, along with vitamins C and E and other bioactive plant chemicals in kale, have been associated with stronger immunity, improved vision and lower risk of diseases such as diabetes, heart disease and some cancers.




To test this, the team used a laboratory model that mimics human digestion. They evaluated kale prepared in different ways: raw, cooked, raw or cooked with dressing/sauce, and cooked directly in sauce.

The experiments showed that raw kale on its own resulted in very low carotenoid absorption, and cooking kale slightly reduced absorption even further. The major breakthrough appeared when the researchers added a nanoemulsion-based sauce. In the simulated digestion model, this sauce significantly increased the amount of absorbed carotenoids, whether the kale was raw or cooked. Cooking the kale with the sauce provided the same benefit as adding the sauce after cooking.

A New Strategy for Getting More Nutrition From Vegetables

These results highlight practical, science-backed ways to help the body take in more beneficial nutrients from produce. They also suggest new possibilities for improving everyday meals simply by changing how foods are prepared or seasoned. Zhang hopes future work will lead to innovative dressings and sauces that enhance nutrient absorption not only for kale but for other vegetables as well.

"Our team is committed to advancing food science with the goal of improving human health through the development of innovative foods and technologies," she said. "We believe impactful science can drive meaningful change in global nutrition and well-being, and we're excited to contribute to that mission."

Study Details and Research Team

The study, "Culinary strategies for improving carotenoid bioaccessibility in kale: The role of thermal processing and excipient emulsions," was published in Food Nutrition.

Co-authors include Dr. Zipei Zhang from Mizzou's College of Agriculture, Food and Natural Resources; Hangxin Zhu, a doctoral student at Mizzou; and Dr. David Julian McClements from University of Massachusetts, Amherst.
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Researchers solve a century-old North Atlantic cold spot mystery | ScienceDaily
For more than 100 years, an unusually cold pool of water south of Greenland has stood out against the overall warming of the Atlantic Ocean. This persistent chill has prompted long-running scientific debate. A new study now points to a long-term weakening of a major ocean circulation system as the underlying cause.


						
Researchers at the University of California, Riverside report that only one mechanism can simultaneously account for observed temperature trends and changing salinity levels: a slowdown in the Atlantic Meridional Overturning Circulation, or AMOC. This large-scale system influences global climate by carrying warm, salty surface waters northward and sending cooler waters back toward the tropics at depth.

"People have been asking why this cold spot exists," said UCR climate scientist Wei Liu, who led the study with doctoral student Kai-Yuan Li. "We found the most likely answer is a weakening AMOC."

Because the AMOC functions like a climate-regulating conveyor belt, any reduction in its flow means that less heat and salt reach the sub-polar North Atlantic. The result is the cooling and freshening that researchers observe south of Greenland.

Century of Data Reveals a Long-Term Trend

A slowing AMOC reduces the transport of warm, salty water, leading to cooler and less saline surface conditions. For this reason, temperature and salinity records are valuable indicators of the circulation's strength.

Liu and Li examined approximately a century of these measurements, since direct AMOC monitoring only began about 20 years ago. Using these long-term records, they reconstructed past changes in the circulation and compared the results to nearly 100 climate model simulations.




Their analysis, published in Communications Earth & Environment, shows that only the models reflecting a weakened AMOC are consistent with the real-world data. Simulations that assumed a stronger current did not reproduce the observed cooling.

"It's a very robust correlation," Li said. "If you look at the observations and compare them with all the simulations, only the weakened-AMOC scenario reproduces the cooling in this one region."

Cooling, Salinity Decline, and Broad Climate Impacts

The study also found that lower salinity in the region aligns with a slowing AMOC, reinforcing the conclusion that reduced transport of warm, salty water is driving the trend.

The implications reach far beyond the immediate area. The South Greenland anomaly is one of the most sensitive regions to shifts in ocean circulation. Its cooling influences weather patterns across Europe by altering rainfall and affecting the jet stream, a high-altitude air current that helps guide storm systems and regulate temperatures throughout North America and Europe.

Marine ecosystems may also be affected, as variations in salinity and temperature shape the environments where species can survive.




Clarifying a Debate in Climate Modeling

The findings help resolve a disagreement among climate modelers about whether the South Greenland cooling is primarily caused by ocean dynamics or by atmospheric influences such as aerosol pollution. Some newer models argued for the latter and predicted a strengthening AMOC as aerosol emissions declined. However, those models did not match the observed cooling pattern.

"Our results show that only the models with a weakening AMOC get it right," Liu said. "That means many of the recent models are too sensitive to aerosol changes, and less accurate for this region."

By addressing that discrepancy, the study improves confidence in climate projections, especially those involving Europe, where AMOC-related shifts have significant influence.

Using Indirect Clues to Reconstruct Ocean History

The research also demonstrates how scientists can draw meaningful conclusions from indirect evidence. Although direct AMOC measurements are limited, temperature and salinity data offer a reliable window into long-term ocean circulation changes and can help refine predictions for future climate conditions.

"We don't have direct observations going back a century, but the temperature and salinity data let us see the past clearly," Li said. "This work shows the AMOC has been weakening for more than a century, and that trend is likely to continue if greenhouse gases keep rising."

Growing Influence of the South Greenland Cold Spot

As the climate continues to shift, the cold spot south of Greenland may become an increasingly important factor in future climate behavior. By identifying its origins, researchers hope to provide better preparation for the changes ahead.

"The technique we used is a powerful way to understand how the system has changed, and where it is likely headed if greenhouse gases keep rising," Li said.
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Scientists reveal a surprising new timeline for ancient Egypt | ScienceDaily
One of the most powerful volcanic events of the past 10,000 years occurred on the Greek island of Thera (Santorini) in the Aegean Sea, yet researchers have long debated whether it took place in the late 17th or 16th century BCE. Ash from the eruption spread across much of the eastern Mediterranean, prompting archaeologists to question how this dramatic event aligned with ancient Egyptian chronology. A research team from Ben-Gurion University of the Negev and the University of Groningen has now provided the first radiocarbon dates related to King Ahmose, the ruler known for reunifying Upper and Lower Egypt and founding the New Kingdom. Their results suggest that the Santorini eruption happened before the New Kingdom, placing it in the Second Intermediate Period. These new measurements strongly support a "low" (i.e. younger) timeline for the start of the 18th Dynasty, a shift that reshapes our understanding of Egypt's interactions with nearby cultures.
Their findings were published in PLOS One.
New Radiocarbon Sampling From Key Egyptian Artifacts
Prof. Hendrik J. Bruins of the Jacob Blaustein Institutes for Desert Research at BGU's Sylan Adams Sde Boker Campus and Prof. Johannes van der Plicht of the University of Groningen received exceptional access to select artifacts from the British Museum and the Petrie Museum in London. Under the supervision of museum teams, they collected samples from several objects for radiocarbon dating. These included a mudbrick from the Ahmose Temple at Abydos (British Museum), a linen burial cloth linked to Satdjehuty (British Museum), and six wooden stick shabtis from Thebes (Petrie Museum).
Revised Timeline for the Santorini Eruption and Early Dynasties
Analysis of the samples showed that the massive eruption did not take place during the Egyptian New Kingdom, as some earlier interpretations suggested. Instead, it occurred earlier in the Second Intermediate Period. The radiocarbon ages for the Santorini event were markedly older than the first radiocarbon dates obtained for artifacts associated with Pharaoh Ahmose and those from the 17th to early 18th Dynasty.
"Our findings indicate that the Second Intermediate Period lasted considerably longer than traditional assessments, and the New Kingdom started later," says Prof. Hendrik J. Bruins.
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Scientists keep a human alive with a genetically engineered pig liver | ScienceDaily

The World Health Organization reports that thousands of individuals die each year while waiting for donor organs, largely due to shortages of human tissue. In China, hundreds of thousands develop liver failure annually, yet only about 6,000 liver transplants were carried out in 2022. The success of this experimental effort suggests a possible future path for addressing the severe imbalance between organ supply and demand.

Details of the First-in-Human Pig Liver Graft

The patient was a 71-year-old man with hepatitis B-related cirrhosis and hepatocellular carcinoma who did not qualify for surgical removal of his tumors or for a human liver transplant. Surgeons implanted an auxiliary liver graft derived from a genetically modified Diannan miniature pig featuring 10 targeted gene alterations. These included the removal of xenoantigens and the addition of human transgenes designed to improve compatibility with the human immune and coagulation systems.

During the first month after transplantation, the pig liver graft performed well, producing bile and generating coagulation factors without signs of hyperacute or acute rejection. On day 38, however, physicians removed the graft after the patient developed xenotransplantation-associated thrombotic microangiopathy (xTMA), a complication linked to complement activation and injury to blood vessel linings. Treatment with the complement inhibitor eculizumab and plasma exchange resolved the xTMA. The patient later experienced several episodes of upper gastrointestinal bleeding and died on day 171.

Expert Perspectives on the Significance and Challenges

"This case proves that a genetically engineered pig liver can function in a human for an extended period," said lead investigator Beicheng Sun, MD, PhD, Department of Hepatobiliary Surgery, and President of the First Affiliated Hospital of Anhui Medical University, Hefei, Anhui Province, China. "It is a pivotal step forward, demonstrating both the promise and the remaining hurdles, particularly regarding coagulation dysregulation and immune complications, that must be overcome."

"This report is a landmark in hepatology," noted Heiner Wedemeyer, MD, Co-Editor, Journal of Hepatology, and Department of Gastroenterology, Hepatology, Infectious Diseases and Endocrinology, Hannover Medical School, Hannover, Germany, in an accompanying editorial. "It shows that a genetically modified porcine liver can engraft and deliver key hepatic functions in a human recipient. At the same time, it highlights the biological and ethical challenges that remain before such approaches can be translated into wider clinical use. Xenotransplantation may open completely new paths for patients with acute liver failure, acute-on-chronic liver failure, and hepatocellular carcinoma. A new era of transplant hepatology has started."

"The publication of this case reaffirms the Journal of Hepatology as the world's leading liver journal. We are committed to presenting cutting-edge translational discoveries that redefine what is possible in hepatology," added Vlad Ratziu, MD, PhD, Editor in Chief, Journal of Hepatology, and Institute for Cardiometabolism and Nutrition, Sorbonne Universite and Hospital Pitie Salpetriere, Paris, France.
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Earth's early oceans hid the secret rise of complex life | ScienceDaily
New findings suggest that complex life began forming much earlier, and over a far longer period, than researchers previously understood. The study provides fresh insight into the environmental conditions that supported early evolution and challenges several widely accepted ideas about when advanced cellular features first appeared.


						
Led by the University of Bristol and published in Nature on December 3, the work shows that complex organisms started developing long before oxygen levels in the atmosphere rose to significant levels. Until now, many scientists believed that plentiful oxygen was essential for the emergence of complex life.

"The Earth is approximately 4.5 billion years old, with the first microbial life forms appearing over 4 billion years ago. These organisms consisted of two groups -- bacteria and the distinct but related archaea, collectively known as prokaryotes," said co-author Anja Spang from the Department of Microbiology & Biogeochemistry at the Royal Netherlands Institute for Sea Research.

For hundreds of millions of years, prokaryotes were the only living organisms on the planet. More complex eukaryotic cells eventually evolved, giving rise to algae, fungi, plants and animals.

Rethinking the Origins of Eukaryotes

Davide Pisani, Professor of Phylogenomics in the School of Biological Sciences at the University of Bristol and co-author, noted: "Previous ideas on how and when early prokaryotes transformed into complex eukaryotes has largely been in the realm of speculation. Estimates have spanned a billion years, as no intermediate forms exist and definitive fossil evidence has been lacking."

To shed light on this long-debated transition, the team expanded the existing 'molecular clocks' method, a tool used to estimate when different species last shared an ancestor.




"The approach was two-fold: by collecting sequence data from hundreds of species and combining this with known fossil evidence, we were able to create a time-resolved tree of life. We could then apply this framework to better resolve the timing of historical events within individual gene families," explained co-lead author Professor Tom Williams in the Department of Life Sciences at the University of Bath.

A Much Earlier Start to Cellular Complexity

The researchers examined more than one hundred gene families across multiple biological systems and focused on the traits that separate eukaryotes from prokaryotes. This allowed them to reconstruct a clearer picture of how complex cellular features developed.

Their results indicate that the shift toward complexity began nearly 2.9 billion years ago -- almost a billion years earlier than some previous estimates. The evidence suggests that structures such as the nucleus emerged well before mitochondria. "The process of cumulative complexification took place over a much longer time period than previously thought," said author Gergely Szollosi, head of the Model-Based Evolutionary Genomics Unit at the Okinawa Institute of Science and Technology (OIST).

These findings allowed the researchers to dismiss some existing models for eukaryogenesis (the evolution of complex life). Since the results did not fully match any current explanation, the team proposed a new scenario called 'CALM' -- Complex Archaeon, Late Mitochondrion.

Introducing the CALM Model

Lead author Dr. Christopher Kay, Research Associate in the School of Biological Sciences at the University of Bristol, said: "What sets this study apart is looking into detail about what these gene families actually do -- and which proteins interact with which -- all in absolute time. It has required the combination of a number of disciplines to do this: paleontology to inform the timeline, phylogenetics to create faithful and useful trees, and molecular biology to give these gene families a context. It was a big job."

"One of our most significant findings was that the mitochondria arose significantly later than expected. The timing coincides with the first substantial rise in atmospheric oxygen," added author Philip Donoghue, Professor of Palaeobiology in the School of Earth Sciences at the University of Bristol.

"This insight ties evolutionary biology directly to Earth's geochemical history. The archaeal ancestor of eukaryotes began evolving complex features roughly a billion years before oxygen became abundant, in oceans that were entirely anoxic."
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A mysterious black snake hidden for centuries is now named for Steve Irwin | ScienceDaily
A research team has identified a previously unknown species of wolf snake in the remote Great Nicobar Islands of India. The find adds to the growing list of unique wildlife recorded in the Andaman and Nicobar region, an area known for its rich but still underexplored biodiversity.


						
Researchers R. S. Naveen and S. R. Chandramouli of Pondicherry University worked with Zeeshan A. Mirza of the Max Planck Institute for Biology and Girish Choure of Pune to describe the species. Their work appears in the open-access journal Evolutionary Systematics, which frequently publishes new findings in taxonomy and evolutionary biology.

A Tribute to Steve Irwin

The scientists chose the name Irwin's wolf snake (Lycodon irwini) to honor the late Stephen Robert Irwin, the well-known Australian zookeeper, conservationist, television figure and educator. In their publication, the team writes, "His passion and dedication to wildlife education and conservation have inspired naturalists and conservationists worldwide, including the authors of the paper." The naming recognizes both Irwin's global influence and his role in encouraging public appreciation for often overlooked animals.

Appearance, Habitat and Conservation Concerns

Adult Irwin's wolf snakes have a glossy black coloration and can reach lengths of around one meter. Like many members of the wolf snake group, they are non-venomous and likely prey on small vertebrates such as reptiles, amphibians and rodents.

So far, the species appears to occur only on Great Nicobar Island, suggesting a very limited natural range. Species with narrow distribution areas can face elevated risks when exposed to habitat loss, human activity or environmental change. Because of these vulnerabilities, the authors recommend that the snake be classified as Endangered. Such early assessments are important for guiding future conservation efforts in fragile island ecosystems.




Why New Species Are Still Being Found

Although the Andaman and Nicobar Islands have been studied for decades, many parts of their forests remain difficult to access, and some groups of animals are still poorly documented. This helps explain why researchers continue to uncover previously unrecognized species. As the authors note, "New species continue to be discovered, exemplified by Lycodon irwini, highlighting the ongoing progress in taxonomy and the incomplete understanding of herpetofaunal diversity and distribution in the region."

Brief Background on Steve Irwin

Stephen Robert Irwin (1962-2006) gained international recognition through his television programs, wildlife conservation work and charismatic approach to animal education. He dedicated his life to promoting understanding of reptiles and other often misunderstood species. His legacy continues through conservation initiatives, educational programs and scientific tributes such as the naming of newly described species.
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A massive Bronze Age city hidden for 3,500 years just surfaced | ScienceDaily
An international team of archaeologists co-led by researchers from UCL has uncovered the remains of a vast Bronze Age settlement on the Kazakh Steppe. More than 3,500 years ago, this site likely served as a key regional center for large-scale bronze production, making it one of the most important industrial hubs of its time in this part of Eurasia.


						
Published in Antiquity Project Gallery and co-led by Durham University and Kazakhstan's Toraighyrov University, the new study presents the first comprehensive archaeological survey of Semiyarka, a carefully planned settlement covering about 140 hectares. It is the largest known ancient site of its kind in the region. Although researchers at Toraighyrov University first identified Semiyarka in the early 2000s, it has only recently been studied in detail. Dating to around 1600 BC, the settlement provides a rare glimpse of a period when local nomadic groups began to form permanent, urban-style communities.

Lead author Dr. Miljana Radivojevic (UCL Archaeology) said: "This is one of the most remarkable archaeological discoveries in this region for decades. Semiyarka changes the way we think about steppe societies. It shows that mobile communities could build and sustain permanent, organized settlements centered on a likely large-scale industry -- a true 'urban hub' of the steppe."

Planned Homes and a Mysterious Central Structure

What survives of this ancient city today includes two long rows of rectangular earthen mounds, each about a meter high. These low ridges once formed the foundations of enclosed houses with several rooms. Close by, archaeologists identified the remains of a much larger central building, roughly twice the size of the surrounding homes.

The function of this central structure is still uncertain. It may have been used for rituals, could have served as a shared gathering place, or might have been the residence of an influential family or community leader.

The sheer size and long-term nature of the settlement came as a surprise. Scholars had previously believed that people living in this region at the time were mostly semi-nomadic, moving between temporary camps or occupying only small villages.




Co-author Professor Dan Lawrence of Durham University said: "The scale and structure of Semiyarka are unlike anything else we've seen in the steppe zone. The rectilinear compounds and the potentially monumental building show that Bronze Age communities here were developing sophisticated, planned settlements similar to those of their contemporaries in more traditionally 'urban' parts of the ancient world."

Major Tin Bronze Production Center

Semiyarka appears to have been a leading center for tin bronze production in the region, an unusually well-preserved example for the Eurasian Steppe. At the southeastern edge of the settlement, the team uncovered signs of a dedicated industrial zone focused on tin bronze metallurgy, the key alloy that defined much of the Bronze Age.

Excavations and geophysical surveys in this area revealed crucibles, slag, and tin bronze artifacts. Together, these finds provide the first clear evidence that metallurgists at Semiyarka were running complex production systems rather than only small, scattered workshops.

Currently, little is known about tin bronze production in the Eurasian Steppe during the Bronze Age, even though museum collections hold hundreds of thousands of tin bronze artifacts from the region. Only one other site in eastern Kazakhstan, the Late Bronze Age mining settlement of Askaraly, has previously been directly associated with tin bronze production.

Semiyarka, by contrast, displays a whole sector of the settlement set aside for making tin bronze. This suggests a highly organized industry, possibly restricted or carefully managed, centered on this valuable alloy. The researchers hope that further work at the site will reveal much more about ancient production methods that remain poorly understood.




Strategic River Promontory and Metal-Rich Hinterland

The city occupies a promontory overlooking the Irtysh River in northeastern Kazakhstan and was first recorded in the early 2000s. Its name, Semiyarka, translates as "Seven Ravines," referring to the network of valleys spread out below the site.

This elevated position and river access indicate that Semiyarka likely served as both a regional power center and an important node of exchange. The settlement is also close to copper and tin deposits in the nearby Altai Mountains, which would have supplied the key raw materials needed for its bronze production.

Co-author Dr. Viktor Merz of Toraighyrov University in Kazakhstan, who originally discovered the site, said: "I have been surveying Semiyarka for many years with the support of Kazakh national research funding, but this collaboration has truly elevated our understanding of the site. Working with colleagues from UCL and Durham has brought new methods and perspectives, and I look forward to what the next phase of excavation will reveal now that we can draw on their specialist expertise in archaeometallurgy and landscape archaeology."

Ancient Peoples, Trade Networks, and Future Research

Analysis of finished metal objects and pottery fragments suggests that the settlement was mainly inhabited by the Alekseevka-Sargary people, one of the earliest groups in the region known to build permanent houses within established settlements.

Some artifacts, however, resemble items associated with the Cherkaskul people, a group believed to have led a more mobile lifestyle across the wider region. These finds indicate that the inhabitants of Semiyarka probably interacted and traded with Cherkaskul communities and other neighboring groups.

The research team aims to investigate how Semiyarka's residents organized production and trade with surrounding communities, and to study the environmental effects of their activities. In addition, they have identified several nearby burial grounds and short-term camps dating to the same period, which could offer further clues about social life, mobility, and belief systems in the ancient steppe.

The research was funded by the British Academy, Kazakh Ministry for Science and Higher Education and the ERC awarded/UKRI-funded DREAM Project.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251205054731.htm



	Previous
	Articles
	Sections
	Next





    
      
        
          	
            Environment News
          
          	
            Sections
          
          	
            Strange &amp; ...
          
        

      

      Society News

      Top stories featured on ScienceDaily's Science & Society, Business & Industry, and Education & Learning sections.


      
        Rising temperatures are slowing early childhood development
        Researchers discovered that unusually high temperatures can hinder early childhood development. Children living in hotter conditions were less likely to reach key learning milestones, especially in reading and basic math skills. Those facing economic hardship or limited resources were hit the hardest. The study underscores how climate change may shape children's learning long before they reach school age.

      

      
        Stunning blue pigment on a 13,000-year-old artifact surprises scientists
        Researchers uncovered rare azurite traces on a Final Paleolithic artifact, overturning assumptions that early Europeans used only red and black pigments. The find suggests ancient people possessed deeper knowledge of minerals and colors than believed. It also hints at vanished forms of decoration or artistic practices. The discovery opens new avenues for exploring identity and symbolism in Ice Age cultures.

      

      
        Scientists uncover a volcanic trigger behind the Black Death
        A newly analyzed set of climate data points to a major volcanic eruption that may have played a key role in the Black Death's arrival. Cooling and crop failures across Europe pushed Italian states to bring in grain from the Black Sea. Those shipments may have carried plague-infected fleas. The study ties together tree rings, ice cores, and historical writings to reframe how the pandemic began.

      

      
        Humans are built for nature not modern life
        Human biology evolved for a world of movement, nature, and short bursts of stress--not the constant pressure of modern life. Industrial environments overstimulate our stress systems and erode both health and reproduction. Evidence ranging from global fertility declines to chronic inflammatory diseases shows the toll of this mismatch. Researchers say cultural and environmental redesign, especially nature-focused planning, is essential.

      

      
        A massive Bronze Age city hidden for 3,500 years just surfaced
        An immense Bronze Age settlement has emerged from the Kazakh Steppe, revealing a surprisingly urban and industrial society where archaeologists once expected nomadic camps. At Semiyarka, researchers uncovered massive residential compounds, a possible ceremonial or administrative building, and an entire industrial zone dedicated to producing tin bronze--an extremely rare discovery for the region. The site's strategic perch above trade routes and mineral-rich mountains suggests it was a major hub of...

      

      
        
          	
            Environment News
          
          	
            Sections
          
          	
            Strange &amp; ...
          
        

      

    

  
	
	Articles
	Sections
	Next



Rising temperatures are slowing early childhood development | ScienceDaily
Climate change, including extreme heat and frequent heat waves, is already known to harm ecosystems, agriculture, and human health. New evidence now suggests that increasing temperatures may also slow key aspects of early childhood development.


						
Published in the Journal of Child Psychology and Psychiatry, the study reports that children who experienced unusually warm conditions, specifically average maximum temperatures above 86 degF (30 degC), were less likely to reach expected literacy and numeracy milestones when compared to children living in cooler environments.

"While heat exposure has been linked to negative physical and mental health outcomes across the life course, this study provides a new insight that excessive heat negatively impacts young children's development across diverse countries," says lead author Jorge Cuartas, assistant professor of applied psychology at NYU Steinhardt. "Because early development lays the foundation for lifelong learning, physical and mental health, and overall well-being, these findings should alert researchers, policymakers, and practitioners to the urgent need to protect children's development in a warming world."

Large International Dataset Reveals Clear Patterns

Cuartas and his colleagues examined information from 19,607 children between the ages of three and four from Gambia, Georgia, Madagascar, Malawi, Palestine, and Sierra Leone. These countries were chosen because they provide detailed data on child development, household living conditions, and climate, allowing researchers to estimate the amount of heat each child experienced.

To evaluate development, the team used the Early Childhood Development Index (ECDI), which tracks milestones in four areas: reading and number-related skills (literacy and numeracy), social-emotional development, approaches to learning, and physical development. The researchers combined ECDI information with 2017-2020 data from the Multiple Indicator Cluster Surveys (MICS), which include demographic and well-being indicators such as education, health, nutrition, and sanitation. By merging these datasets with climate records showing average monthly temperatures, they explored potential connections between heat exposure and early development.

Higher Temperatures Linked to Missed Milestones

The researchers found that children who experienced average maximum temperatures above 86 degF (30 degC) were 5 to 6.7 percent less likely to meet basic literacy and numeracy benchmarks than children exposed to temperatures below 78.8 degF during the same season and in the same region. Children in economically disadvantaged households, homes with limited access to clean water, and densely populated urban areas showed the strongest impacts.

"We urgently need more research to identify the mechanisms that explain these effects and the factors that either protect children or heighten their vulnerability. Such work will help pinpoint concrete targets for policies and interventions that strengthen preparedness, adaptation, and resilience as climate change intensifies," says Cuartas.

This study was co-authored by Lenin H. Balza of the Interamerican Development Bank, Andres Camacho of the University of Chicago, and Nicolas Gomez-Parra of the Interamerican Development Bank.



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251209234247.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Stunning blue pigment on a 13,000-year-old artifact surprises scientists | ScienceDaily
At the Final Paleolithic site of Muhlheim-Dietesheim in Germany, researchers from Aarhus University identified faint blue traces on a stone artifact that dates to roughly 13,000 years ago. After applying a variety of advanced scientific techniques, the team determined that the residue came from azurite, a bright blue mineral pigment that has not previously been documented in Paleolithic art in Europe.


						
"This challenges what we thought we knew about Paleolithic pigment use," said Dr. Izzy Wisher, the lead author of the study.

Rethinking Color in Paleolithic Art

For many years, experts assumed that Ice Age artists relied almost entirely on red and black pigments, since nearly all surviving artwork from this time uses those colors. The limited palette was often attributed to a scarcity of blue minerals or to the belief that blue held little appeal. Because blue pigments rarely appear in the known artistic record, the new evidence hints that early people may have used them for personal decoration or for coloring textiles - practices that typically leave only subtle archaeological traces.

"The presence of azurite shows that Paleolithic people had a deep knowledge of mineral pigments and could access a much broader color palette than we previously thought - and they may have been selective in the way they used certain colors," Izzy Wisher says.

A New Interpretation of an Ancient Tool

The stone containing the azurite residue was initially classified as an oil lamp. Current analysis suggests it functioned instead as a surface for preparing pigments, possibly serving as a palette for grinding or mixing blue materials. This interpretation points to artistic or cosmetic traditions that seldom survive in the archaeological record.




Broader Implications for Early Human Culture

The discovery encourages a fresh evaluation of how color shaped Paleolithic expression. It raises new questions about how early humans conveyed identity, status, and cultural beliefs through materials that were likely more diverse and visually striking than previously assumed.

The research involved collaboration with Rasmus Andreasen, James Scott and Christof Pearce from the Department of Geoscience at Aarhus University, along with Thomas Birch, who is affiliated with both the Department of Geoscience, AU, and the National Museum of Denmark. Additional partners from Germany, Sweden and France also contributed to the work.

The full study is published in Antiquity.
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Scientists uncover a volcanic trigger behind the Black Death | ScienceDaily

The Black Death moved across Europe from 1347 to 1353 CE, with mortality rates reaching as high as 60% in some areas. Although its impact is well documented, the precise reasons for when and how the pandemic began remain unclear.

Climate Records Reveal Signs of a Major Eruption

To explore these questions, Martin Bauch and Ulf Buntgen evaluated earlier research on tree ring growth from eight regions in Europe, measurements of volcanic sulfur preserved in Antarctic and Greenland ice cores, and written reports from the fourteenth century. Together, these records point to a significant volcanic eruption somewhere in the tropics around 1345 CE. The eruption appears to have increased atmospheric sulfur and ash, which contributed to colder and wetter conditions across southern Europe and the Mediterranean.

Historical accounts describe widespread crop failures and famine during this period in Spain, southern France, northern and central Italy, Egypt, and the Levant. These hardships prompted Italian maritime powers -- such as Venice and Genoa -- to negotiate a ceasefire in a conflict with the Mongols of the Golden Horde so they could secure grain shipments from the Black Sea region around 1347 CE.

Grain Imports and the Possible Spread of Plague

Venetian sources state that these imports helped prevent mass starvation. However, the timing of arriving grain ships and the first plague outbreaks in cities that received them raises another possibility. Fleas carrying Yersinia pestis may have traveled with the grain. As the shipments were moved to additional cities, including Padua, these fleas could have helped accelerate the spread of the Black Death throughout Europe.

The authors conclude that this combination of climatic disruption, famine, and grain transport offers a plausible explanation for how the Black Death began and spread across Europe.
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Humans are built for nature not modern life | ScienceDaily
A new analysis by evolutionary anthropologists Colin Shaw (University of Zurich) and Daniel Longman (Loughborough University) argues that the modern world has developed faster than human biology can adapt. Their work proposes that chronic stress and many widespread health concerns stem from a fundamental mismatch between our nature-shaped physiology and the highly industrialized environments most people live in today.


						
For hundreds of thousands of years, humans evolved to meet the physical and psychological demands of hunter-gatherer life, which required frequent movement, short bursts of intense stress and daily exposure to natural settings. Industrialization has altered these conditions within only a few centuries by adding noise, air and light pollution, microplastics, pesticides, continuous sensory input, artificial lighting, processed foods and long periods of sitting.

"In our ancestral environments, we were well adapted to deal with acute stress to evade or confront predators," says Colin Shaw, who leads the Human Evolutionary EcoPhysiology (HEEP) research group with Daniel Longman. "The lion would come around occasionally, and you had to be ready to defend yourself -- or run. The key is that the lion goes away again."

Modern stressors such as traffic, workplace pressure, social media and persistent noise activate the same biological pathways that once helped humans survive predators. Unlike the rapid resolution our ancestors experienced, these stressors rarely subside. "Our body reacts as though all these stressors were lions," Longman explains. "Whether it's a difficult discussion with your boss or traffic noise, your stress response system is still the same as if you were facing lion after lion. As a result, you have a very powerful response from your nervous system, but no recovery."

Industrialization and Its Impact on Health and Reproduction

In their review, Shaw and Longman evaluate research suggesting that the shift toward industrial and urban living is reducing human evolutionary fitness. Evolutionary success depends on both survival and reproduction, and the authors argue that both have been negatively influenced since industrialization began.

They highlight falling fertility rates across much of the world and increasing rates of inflammatory and autoimmune conditions as evidence that modern environments are placing stress on human biology. "There's a paradox where, on the one hand, we've created tremendous wealth, comfort and healthcare for a lot of people on the planet," Shaw says, "but on the other hand, some of these industrial achievements are having detrimental effects on our immune, cognitive, physical and reproductive functions."

One of the most studied examples is the steady decline in sperm count and sperm motility observed since the 1950s. Shaw notes that these trends appear to be linked to environmental exposures. "This is believed to be tied to pesticides and herbicides in food, but also to microplastics," he says.




Searching for Solutions That Support Human Wellbeing

Technological and environmental conditions continue to change far more rapidly than biological evolution can respond to. "Biological adaptation is very slow. Longer-term genetic adaptations are multigenerational -- tens to hundreds of thousands of years," Shaw says.

According to the researchers, this means the mismatch between human physiology and modern living conditions will not correct itself through natural evolutionary processes. Instead, they argue that societies must take active steps to reduce these pressures by strengthening connections to nature and creating healthier, more sustainable environments.

Addressing this mismatch requires both cultural and environmental changes. Shaw suggests treating nature as a crucial component of public health and protecting or restoring landscapes that resemble those in which humans originally evolved. He also advocates for rethinking city design to better align with human physiology and reduce harmful exposures.

"Our research can identify which stimuli most affect blood pressure, heart rate or immune function, for example, and pass that knowledge on to decision-makers," Shaw says. "We need to get our cities right -- and at the same time regenerate, value and spend more time in natural spaces."
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A massive Bronze Age city hidden for 3,500 years just surfaced | ScienceDaily
An international team of archaeologists co-led by researchers from UCL has uncovered the remains of a vast Bronze Age settlement on the Kazakh Steppe. More than 3,500 years ago, this site likely served as a key regional center for large-scale bronze production, making it one of the most important industrial hubs of its time in this part of Eurasia.


						
Published in Antiquity Project Gallery and co-led by Durham University and Kazakhstan's Toraighyrov University, the new study presents the first comprehensive archaeological survey of Semiyarka, a carefully planned settlement covering about 140 hectares. It is the largest known ancient site of its kind in the region. Although researchers at Toraighyrov University first identified Semiyarka in the early 2000s, it has only recently been studied in detail. Dating to around 1600 BC, the settlement provides a rare glimpse of a period when local nomadic groups began to form permanent, urban-style communities.

Lead author Dr. Miljana Radivojevic (UCL Archaeology) said: "This is one of the most remarkable archaeological discoveries in this region for decades. Semiyarka changes the way we think about steppe societies. It shows that mobile communities could build and sustain permanent, organized settlements centered on a likely large-scale industry -- a true 'urban hub' of the steppe."

Planned Homes and a Mysterious Central Structure

What survives of this ancient city today includes two long rows of rectangular earthen mounds, each about a meter high. These low ridges once formed the foundations of enclosed houses with several rooms. Close by, archaeologists identified the remains of a much larger central building, roughly twice the size of the surrounding homes.

The function of this central structure is still uncertain. It may have been used for rituals, could have served as a shared gathering place, or might have been the residence of an influential family or community leader.

The sheer size and long-term nature of the settlement came as a surprise. Scholars had previously believed that people living in this region at the time were mostly semi-nomadic, moving between temporary camps or occupying only small villages.




Co-author Professor Dan Lawrence of Durham University said: "The scale and structure of Semiyarka are unlike anything else we've seen in the steppe zone. The rectilinear compounds and the potentially monumental building show that Bronze Age communities here were developing sophisticated, planned settlements similar to those of their contemporaries in more traditionally 'urban' parts of the ancient world."

Major Tin Bronze Production Center

Semiyarka appears to have been a leading center for tin bronze production in the region, an unusually well-preserved example for the Eurasian Steppe. At the southeastern edge of the settlement, the team uncovered signs of a dedicated industrial zone focused on tin bronze metallurgy, the key alloy that defined much of the Bronze Age.

Excavations and geophysical surveys in this area revealed crucibles, slag, and tin bronze artifacts. Together, these finds provide the first clear evidence that metallurgists at Semiyarka were running complex production systems rather than only small, scattered workshops.

Currently, little is known about tin bronze production in the Eurasian Steppe during the Bronze Age, even though museum collections hold hundreds of thousands of tin bronze artifacts from the region. Only one other site in eastern Kazakhstan, the Late Bronze Age mining settlement of Askaraly, has previously been directly associated with tin bronze production.

Semiyarka, by contrast, displays a whole sector of the settlement set aside for making tin bronze. This suggests a highly organized industry, possibly restricted or carefully managed, centered on this valuable alloy. The researchers hope that further work at the site will reveal much more about ancient production methods that remain poorly understood.




Strategic River Promontory and Metal-Rich Hinterland

The city occupies a promontory overlooking the Irtysh River in northeastern Kazakhstan and was first recorded in the early 2000s. Its name, Semiyarka, translates as "Seven Ravines," referring to the network of valleys spread out below the site.

This elevated position and river access indicate that Semiyarka likely served as both a regional power center and an important node of exchange. The settlement is also close to copper and tin deposits in the nearby Altai Mountains, which would have supplied the key raw materials needed for its bronze production.

Co-author Dr. Viktor Merz of Toraighyrov University in Kazakhstan, who originally discovered the site, said: "I have been surveying Semiyarka for many years with the support of Kazakh national research funding, but this collaboration has truly elevated our understanding of the site. Working with colleagues from UCL and Durham has brought new methods and perspectives, and I look forward to what the next phase of excavation will reveal now that we can draw on their specialist expertise in archaeometallurgy and landscape archaeology."

Ancient Peoples, Trade Networks, and Future Research

Analysis of finished metal objects and pottery fragments suggests that the settlement was mainly inhabited by the Alekseevka-Sargary people, one of the earliest groups in the region known to build permanent houses within established settlements.

Some artifacts, however, resemble items associated with the Cherkaskul people, a group believed to have led a more mobile lifestyle across the wider region. These finds indicate that the inhabitants of Semiyarka probably interacted and traded with Cherkaskul communities and other neighboring groups.

The research team aims to investigate how Semiyarka's residents organized production and trade with surrounding communities, and to study the environmental effects of their activities. In addition, they have identified several nearby burial grounds and short-term camps dating to the same period, which could offer further clues about social life, mobility, and belief systems in the ancient steppe.

The research was funded by the British Academy, Kazakh Ministry for Science and Higher Education and the ERC awarded/UKRI-funded DREAM Project.
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Scientists reveal a tiny brain chip that streams thoughts in real time | ScienceDaily
A new brain implant could significantly reshape how people interact with computers while offering new treatment possibilities for conditions such as epilepsy, spinal cord injury, ALS, stroke, and blindness. By creating a minimally invasive, high-throughput communication path to the brain, it has the potential to support seizure control and help restore motor, speech, and visual abilities.


						
The promise of this technology comes from its extremely small size paired with its ability to transmit data at very high speeds. Developed through a collaboration between Columbia University, NewYork-Presbyterian Hospital, Stanford University, and the University of Pennsylvania, the device is a brain-computer interface (BCI) built around a single silicon chip. This chip forms a wireless, high-bandwidth link between the brain and external computers. The system is known as the Biological Interface System to Cortex (BISC).

A study published Dec. 8 in Nature Electronics outlines BISC's architecture, which includes the chip-based implant, a wearable "relay station," and the software needed to run the platform. "Most implantable systems are built around a canister of electronics that occupies enormous volumes of space inside the body," says Ken Shepard, Lau Family Professor of Electrical Engineering, professor of biomedical engineering, and professor of neurological sciences at Columbia University, who served as one of the senior authors and led the engineering work. "Our implant is a single integrated circuit chip that is so thin that it can slide into the space between the brain and the skull, resting on the brain like a piece of wet tissue paper."

Transforming the Cortex Into a High-Bandwidth Interface

Shepard worked closely with senior and co-corresponding author Andreas S. Tolias, PhD, professor at the Byers Eye Institute at Stanford University and co-founding director of the Enigma Project. Tolias's extensive experience training AI systems on large-scale neural recordings, including those collected with BISC, helped the team analyze how well the implant could decode brain activity. "BISC turns the cortical surface into an effective portal, delivering high-bandwidth, minimally invasive read-write communication with AI and external devices," Tolias says. "Its single-chip scalability paves the way for adaptive neuroprosthetics and brain-AI interfaces to treat many neuropsychiatric disorders, such as epilepsy."

Dr. Brett Youngerman, assistant professor of neurological surgery at Columbia University and neurosurgeon at NewYork-Presbyterian/Columbia University Irving Medical Center, served as the project's main clinical collaborator. "This high-resolution, high-data-throughput device has the potential to revolutionize the management of neurological conditions from epilepsy to paralysis," he says. Youngerman, Shepard, and NewYork-Presbyterian/Columbia epilepsy neurologist Dr. Catherine Schevon recently secured a National Institutes of Health grant to use BISC in treating drug-resistant epilepsy. "The key to effective brain-computer interface devices is to maximize the information flow to and from the brain, while making the device as minimally invasive in its surgical implantation as possible. BISC surpasses previous technology on both fronts," Youngerman adds.

"Semiconductor technology has made this possible, allowing the computing power of room-sized computers to now fit in your pocket," Shepard says. "We are now doing the same for medical implantables, allowing complex electronics to exist in the body while taking up almost no space."

Next-Generation BCI Engineering




BCIs function by connecting with the electrical signals used by neurons to communicate. Current medical-grade BCIs typically rely on multiple separate microelectronic components, such as amplifiers, data converters, and radio transmitters. These parts must be stored in a relatively large implanted canister, placed either by removing part of the skull or in another part of the body like the chest, with wires extending to the brain.

BISC is built differently. The entire system resides on a single complementary metal-oxide-semiconductor (CMOS) integrated circuit that has been thinned to 50 mm and occupies less than 1/1000th the volume of a standard implant. With a total size of about 3 mm3, the flexible chip can curve to match the brain's surface. This micro-electrocorticography (mECoG) device contains 65,536 electrodes, 1,024 recording channels, and 16,384 stimulation channels. Because the chip is produced using semiconductor industry manufacturing methods, it is suitable for large-scale production.

The chip integrates a radio transceiver, a wireless power circuit, digital control electronics, power management, data converters, and the analog components necessary for both recording and stimulation. The external relay station provides power and data communication through a custom ultrawideband radio link that reaches 100 Mbps, a throughput at least 100 times higher than any other wireless BCI currently available. Operating as an 802.11 WiFi device, the relay station effectively bridges any computer to the implant.

BISC incorporates its own instruction set along with a comprehensive software environment, forming a specialized computing system for brain interfaces. The high-bandwidth recording demonstrated in this study allows brain signals to be processed by advanced machine-learning and deep-learning algorithms, which can interpret complex intentions, perceptual experiences, and brain states.

"By integrating everything on one piece of silicon, we've shown how brain interfaces can become smaller, safer, and dramatically more powerful," Shepard says.

Advanced Semiconductor Fabrication

The BISC implant was fabricated using TSMC's 0.13-mm Bipolar-CMOS-DMOS (BCD) technology. This fabrication method combines three semiconductor technologies into one chip to produce mixed-signal integrated circuits (ICs). It allows digital logic (from CMOS), high-current and high-voltage analog functions (from bipolar and DMOS transistors), and power devices (from DMOS) to work together efficiently, all of which are essential for BISC's performance.




Moving From the Lab Toward Clinical Use

To transition the system into real-world medical use, Shepard's group partnered with Youngerman at NewYork-Presbyterian/Columbia University Irving Medical Center. They developed surgical procedures to place the thin implant safely in a preclinical model and confirmed that the device produced high-quality, stable recordings. Short-term intraoperative studies in human patients are already underway.

"These initial studies give us invaluable data about how the device performs in a real surgical setting," Youngerman says. "The implants can be inserted through a minimally invasive incision in the skull and slid directly onto the surface of the brain in the subdural space. The paper-thin form factor and lack of brain-penetrating electrodes or wires tethering the implant to the skull minimize tissue reactivity and signal degradation over time."

Extensive preclinical work in the motor and visual cortices was carried out with Dr. Tolias and Bijan Pesaran, professor of neurosurgery at the University of Pennsylvania, both recognized leaders in computational and systems neuroscience.

"The extreme miniaturization by BISC is very exciting as a platform for new generations of implantable technologies that also interface with the brain with other modalities such as light and sound," Pesaran says.

BISC was developed through the Neural Engineering System Design program of the Defense Advanced Research Projects Agency (DARPA) and draws on Columbia's deep expertise in microelectronics, the advanced neuroscience programs at Stanford and Penn, and the surgical capabilities of NewYork-Presbyterian/Columbia University Irving Medical Center.

Commercial Development and Future AI Integration

To move the technology closer to practical use, researchers at Columbia and Stanford created Kampto Neurotech, a startup founded by Columbia electrical engineering alumnus Dr. Nanyu Zeng, one of the project's lead engineers. The company is producing research-ready versions of the chip and working to secure funding to prepare the system for use in human patients.

"This is a fundamentally different way of building BCI devices," Zeng says. "In this way, BISC has technological capabilities that exceed those of competing devices by many orders of magnitude."

As artificial intelligence continues to advance, BCIs are gaining momentum both for restoring lost abilities in people with neurological disorders and for potential future applications that enhance normal function through direct brain-to-computer communication.

"By combining ultra-high resolution neural recording with fully wireless operation, and pairing that with advanced decoding and stimulation algorithms, we are moving toward a future where the brain and AI systems can interact seamlessly -- not just for research, but for human benefit," Shepard says. "This could change how we treat brain disorders, how we interface with machines, and ultimately how humans engage with AI."



					



This article was downloaded by calibre from https://www.sciencedaily.com/releases/2025/12/251209234139.htm



	
	Articles
	Sections
	Next





	Previous
	Articles
	Sections
	Next



Human brains light up for chimp voices in a way no one expected | ScienceDaily
The human brain is not limited to recognizing our own voices. Research from the University of Geneva (UNIGE) has revealed that specific parts of the auditory cortex react strongly to chimpanzee vocalizations. Chimpanzees are our closest relatives both genetically and in the types of sounds they produce. The study, which appears in the journal eLife, indicates that certain subregions of the brain may be especially tuned to the calls of particular primate species. This insight offers a new way to explore how voice recognition emerged and how it may relate to the development of language.


						
Human voices play a central role in social communication, and a significant portion of the auditory cortex is devoted to interpreting them. Researchers wanted to know whether these abilities have deeper evolutionary origins. To investigate this question, scientists from UNIGE's Faculty of Psychology and Educational Sciences used a comparative approach grounded in species evolution. By examining how the human brain processes the vocalizations of closely related species, such as chimpanzees, bonobos and macaques, they aimed to identify traits shared with other primates. This approach helps shed light on how the neural foundations of vocal communication began to emerge long before language existed.

Studying How the Brain Responds to Primate Calls

In the experiment, 23 human volunteers listened to vocal sounds from four species. Human voices served as the control group. Chimpanzee calls were included because these primates are closely related to us both genetically and acoustically. Bonobo vocalizations were also tested, even though they often sound more like birdsong. Macaque calls were added because these primates are more distantly related to humans both evolutionarily and acoustically. Researchers used functional magnetic resonance imaging (fMRI) to examine activity across the auditory cortex. "Our intention was to verify whether a subregion sensitive specifically to primate vocalizations existed," explains Leonardo Ceravolo, research associate at UNIGE's Faculty of Psychology and Educational Sciences and first author of the study.

A Distinct Neural Response to Chimpanzee Vocalizations

The results confirmed their expectations. A part of the auditory cortex known as the superior temporal gyrus, which plays a key role in processing sounds related to language, music and emotional cues, showed increased activation when participants heard certain primate calls. "When participants heard chimpanzee vocalizations, this response was clearly distinct from that triggered by bonobos or macaques."

This pattern is particularly striking because bonobos are just as genetically close to humans as chimpanzees, yet their vocalizations differ greatly in acoustic structure. The findings suggest that both evolutionary closeness and similarity in sound features influence how the human brain reacts.

What the Findings Suggest About Language Evolution

This discovery offers new directions for understanding how the neural basis of communication evolved. It indicates that some parts of the human brain may have preserved a sensitivity to the calls of our closest primate relatives. "We already knew that certain areas of the animal brain reacted specifically to the voices of their fellow creatures. But here, we show that a region of the adult human brain, the anterior superior temporal gyrus, is also sensitive to non-human vocalizations," notes Leonardo Ceravolo.

These results support the idea that humans and great apes share vocal processing abilities that existed before spoken language emerged. They may also help explain how voice recognition develops in early life. For instance, this line of research could clarify how babies begin recognizing familiar voices while still in utero.
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Scientists uncover a volcanic trigger behind the Black Death | ScienceDaily

The Black Death moved across Europe from 1347 to 1353 CE, with mortality rates reaching as high as 60% in some areas. Although its impact is well documented, the precise reasons for when and how the pandemic began remain unclear.

Climate Records Reveal Signs of a Major Eruption

To explore these questions, Martin Bauch and Ulf Buntgen evaluated earlier research on tree ring growth from eight regions in Europe, measurements of volcanic sulfur preserved in Antarctic and Greenland ice cores, and written reports from the fourteenth century. Together, these records point to a significant volcanic eruption somewhere in the tropics around 1345 CE. The eruption appears to have increased atmospheric sulfur and ash, which contributed to colder and wetter conditions across southern Europe and the Mediterranean.

Historical accounts describe widespread crop failures and famine during this period in Spain, southern France, northern and central Italy, Egypt, and the Levant. These hardships prompted Italian maritime powers -- such as Venice and Genoa -- to negotiate a ceasefire in a conflict with the Mongols of the Golden Horde so they could secure grain shipments from the Black Sea region around 1347 CE.

Grain Imports and the Possible Spread of Plague

Venetian sources state that these imports helped prevent mass starvation. However, the timing of arriving grain ships and the first plague outbreaks in cities that received them raises another possibility. Fleas carrying Yersinia pestis may have traveled with the grain. As the shipments were moved to additional cities, including Padua, these fleas could have helped accelerate the spread of the Black Death throughout Europe.

The authors conclude that this combination of climatic disruption, famine, and grain transport offers a plausible explanation for how the Black Death began and spread across Europe.
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The rotten egg smell that could finally beat nail fungus | ScienceDaily
Hydrogen sulfide, a naturally occurring gas best known for its strong rotten egg odor, may offer a faster and gentler way to treat stubborn nail infections. Researchers at the University of Bath and King's College London (KCL) report that this volcanic gas could form the basis of a new therapy that works more quickly while avoiding many common side effects.


						
Nail infections are typically caused by fungi, though bacteria can occasionally be involved. These conditions are widespread, affecting an estimated 4-10% of people worldwide, with rates climbing to nearly 50% among adults aged 70 and older.

These infections can create serious complications in vulnerable groups such as older adults and individuals with diabetes. Despite their prevalence, they remain difficult to eliminate.

Why Current Treatments Often Fall Short

Standard therapies include oral antifungal medications taken as pills and topical products placed on the surface of the nail. Oral medications usually take 2-4 months to show results and are generally effective, but they also pose risks for side effects, particularly in patients with other health conditions.

Topical treatments are considered safer, but they often require very long application periods, sometimes lasting years. Even then, they frequently fail to fully clear the infection or the infection returns.

One major obstacle is that most medications struggle to pass through the dense structure of the nail, preventing them from reaching the fungi or bacteria living beneath it. Even the best topical antifungal options achieve relatively low cure rates, underscoring the need for treatments that can reliably reach microbes deep within the nail.




Hydrogen Sulfide Shows Strong Antimicrobial Potential

A research team from the University of Bath and KCL has identified hydrogen sulfide (H2S) as a promising alternative. This small, naturally occurring gas appears capable of penetrating the nail plate far more effectively than existing topical drugs.

Earlier studies already suggested that H2S travels through nail tissue with ease. The new findings show that it also has powerful antimicrobial activity, killing a broad spectrum of pathogens, including fungal species that do not respond well to common antifungal medications.

In controlled laboratory experiments, the researchers used a compound that releases hydrogen sulfide as it breaks down. They found that the gas disrupts microbial energy production and causes irreversible damage to the cells, ultimately destroying the fungi responsible for infection.

The study is detailed in Scientific Reports.

Researchers See Promise for a Future Topical Therapy

Dr. Albert Bolhuis of the University of Bath's Department of Life Sciences said: "Thanks to its ability to efficiently reach the site of infection and its novel mode of action, we believe that a topically applied medicine containing hydrogen sulfide could become a highly effective new treatment for nail infections, which avoids the limitations of current therapies.




"Our research lays the foundation for a compelling alternative to existing treatments, with the potential to improve outcomes for patients suffering from persistent and drug-resistant fungal nail infections."

Hydrogen sulfide does have a strong smell and some level of toxicity. However, researchers emphasize that the concentrations needed for treatment appear to be far below harmful levels, and the right formulation should greatly reduce any unpleasant odor.

Next Steps Toward Patient Use

So far, the research has been conducted only in vitro. Even so, the team hopes to continue development and create a topical treatment suitable for patients within the next five years.

Professor Stuart Jones, Director of the Centre for Pharmaceutical Medicine Research at KCL, said: "We are looking forward to translating these findings into an innovative topical product that can treat nail infection."
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