Letters

Vague on the plague?

How scientific is the statement in “Taking a bite out of the plague” (SN: 11/14/98, p. 316) that the Black Death killed 75 percent of Europe’s population? The standard estimate is more like one-third.

Roland Stromberg

Fair Point, Wis.

The first sweep of the Black Death did kill an estimated one-third of the population. Subsequent epidemics over the next 100 years increased that total to 75 percent, according to the texts I consulted.
       —J. Travis

That burning sensation

As soon as I saw the article “The ice that burns” (SN: 11/14/98, p. 312), I was struck with a sense of déjà vu. Today’s euphoria over methane hydrate is identical to that which surrounded oil shale (the rock that burns) and tar sands a couple of decades ago. Just because these materials are sources of natural gas or oil does not mean they are sources of energy.

Billions of American tax dollars were poured into the unsuccessful search for a practical way of extracting oil from shale. The method was not economically feasible. Almost all of this money could have been saved if the investigators had recognized the fact that the universe operates on an energy economy instead of a monetary one. After all, the criterion that separates good and bad extraction methods of any potential energy resource is not the cost of extraction but rather the amount of energy needed to accomplish it.

J. Richard Guadagno

Paonia, Colo.

Nuts to everyone

“High-fat and healthful” (SN: 11/21/98, p. 328) exposes the belief that nuts harm people as a nutty idea. Such fears are not new. There was an early English superstition, as reported in H. Friend’s Flowers and Flower Lore (1884), that maintained, “Many nits [nuts], many pits [graves].” In other words, a bountiful year of nuts presages an abundance of human deaths. Perhaps the present anxiety over the shelled fruits will not be a tough nut to crack?

William J. Scheick

Austin, Texas

The carbon till

“Where has all the carbon gone?” (SN: 11/21/98, p. 332) reports differing ideas on where and how much carbon is being sequestered on the North American continent. I think researchers will find more carbon sequestered in agricultural lands than anticipated. Economics and technology are driving conservation tillage. I have read that moldboard plowing (complete turning) releases 10 times more carbon than does burning stubble.

Ken Lehmann

Forrest, Ill.
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Male Insects Rule in a Tropical Society

Who says that males can’t amount to much, that they’re Nature’s weaklings, destined to be bullied and bitten, fed only scraps, and quickly chased out of their mother’s home by their sisters?

Now, Sean O’Donnell of the University of Washington in Seattle provides what he says is the first report of a social insect species in which guys rule.

Males of the Costa Rican wasp Mischo-cyttarus mastigophorus pounce on the queen in their nest and attack female workers, who curl into a submissive crouch or flee, reports O’Donnell. He describes this behavior in an upcoming Ethology.

“Male social insects have gotten short shrift” by researchers, laments O’Donnell. “The prevailing idea has been that they’re not very interesting.”

Among most of the wasp species studied so far, the males’ lives are nasty, beleaguered, and short. Philip T. Starks of Cornell University has even described “male stuffing” among paper wasps in the United States. When a worker brings food to the nest, other females jam their brothers headfirst into empty nest cells. “This behavior precludes the rather lazy males from consuming food” needed by the larvae, Starks says.

There’s none of this indignity among M. mastigophorus. O’Donnell and his colleagues perched on scaffolding or ladders for hours to watch 6 nests and counted males at 32 others.

“It was strikingly obvious that males were dominating,” O’Donnell says. They grabbed more food from returning foragers than workers did. Males even snatched food from their mom, the queen.

The females didn’t give up the food because the males are such handy guys to have around, O’Donnell notes. He acknowledges that males of this species “actually did a little bit of work.” They helped fan an overheated nest, bailed out a flood, and sometimes chewed food for the larvae. However, he says, “your anthropomorphic reaction is that they’re not really very good at it.”

O’Donnell proposes that male power relates to climate. Wasp colonies in temperate zones synchronize reproduction with the seasons and can wait until the end of the summer to raise males. Starting earlier just drains resources.

O’Donnell’s wasps, however, live in a cloud forest where colonies do not synchronize mating times. The males, he finds, remain in their home colony for an unusually long period. They can father a new colony—and thus prove useful—just about any time. As people check for male dominance in other tropical species, “I believe we’ll find more,” O’Donnell predicts.

Starks raises the possibility that it’s not just males who take advantage of workers, but all future players in reproduction, including females who will grow into queens. O’Donnell did see sisters tussle but couldn’t tell the princesses from the proletariat. “Without that information, it cannot be conclusively shown that males, as opposed to all reproductives, are treated especially well,” Starks says.

Male dominance in the tropics sounds like a reasonable idea to Robert Jeanne of the University of Wisconsin-Madison. He has seen rough males in another tropical wasp species. Mary Jane West-Eberhard of the Smithsonian Tropical Research Institute, who is currently working in San José, Costa Rica, also has described a tropical male paper wasp that holds its own with its sisters.

O’Donnell’s report “is the first in the sense he’s recognized it as dominance,” Jeanne says. “The rest of us said, ‘Wow, the males are aggressive.’”
—S. Milius

The two forms of this Costa Rican male wasp bully their mom and sisters.

Enzyme erases DNA’s molecular coating

For reasons that still perplex scientists, clusters of atoms called methyl groups blanket much of the DNA in humans and other vertebrates. Several years ago, investigators uncovered enzymes that could attach these methyl groups to DNA, a process known as methylation. Now, a Canadian research group reports identifying a demethylase, an enzyme able to strip those methyl groups from DNA.

The discovery has attracted considerable attention because shifting patterns in methylation seem to regulate the activity of genes, particularly during the growth of embryos. Furthermore, the genomes of cancer cells exhibit abnormal methylation, an anomaly that may fuel the runaway growth of the cells.

Moshe Szyf of McGill University in Montreal and his colleagues reasoned that any demethylating enzyme would contain an amino acid sequence capable of binding methylated DNA. By scanning a database for gene fragments encoding such a sequence, the researchers identified several candidate human demethylase genes. 

As hoped, the protein encoded by one of those genes proved able in test-tube experiments to detach methyl groups from DNA. Moreover, when the gene was slipped into cells, demethylation occurred in several stretches of DNA, the team reports in the Feb. 18 Nature.

“We have shown by a number of different assays that [the DNA] gets demethylated,” says Szyf. Additional experiments by his group suggest that the enzyme produces a reaction between methylated DNA and water that results in unmethylated DNA and methanol. 

Several other research groups have reported discovering enzymes with demethylation activity, but the claims haven’t proved compelling to many scientists. The latest announcement has also drawn some skepticism.

“They have to have genetic evidence that this [enzyme] is involved in reshaping methylating patterns,” says Timothy H. Bestor of Columbia-Presbyterian Medical Center in New York. To do that, he says, Szyf’s team should create mice that have a mutation in the gene for the putative demethylase and observe whether that mutation alters methylation in the animal.

“Is it involved in generating methylation patterns in real life? We don’t know yet, but God doesn’t put these things here for fun,” counters Szyf, who has started to generate mice lacking the enzyme.

The researchers have some evidence suggesting that the protein plays a role in cancer. Its gene is active in tumor cells. When the scientists used so-called antisense technology (SN: 8/6/94, p. 88) to thwart the gene’s activity, they produced a dramatic result. “If you knock [the gene] out, cancer cells don’t grow anymore,” says Szyf.                 —J. Travis

Martian close-up images tell a watery tale

The sharpest images of Mars ever recorded from an orbiting spacecraft suggest that two ingredients deemed necessary for life—water and a source of heat—were once plentiful on or just beneath the surface of the Red Planet. 

Planetary scientists have known since the 1970s, thanks to images taken by the Mariner 9 and Viking Orbiter spacecraft, that dried-up channels crisscross much of the Martian surface. Scientists agree that some channels are the result of flash floods, but the resolution of these images is too poor to determine whether a steady flow of water could have carved any of the features. 

The new pictures provide the first compelling evidence that in some regions liquid water flowed on the surface for an extended period, perhaps millions of years. The pictures were taken by the Mars Global Surveyor spacecraft during the past year as it descended through the planet’s upper atmosphere. Surveyor is scheduled to begin its main 2-year mission, compiling a global map of Mars, on March 8.

The narrow, wandering paths of several dry channels seen by Surveyor’s camera “are much more supportive of sustained erosion, sustained water flow” than of floods, says Michael H. Carr of the U.S. Geological Survey in Menlo Park, Calif. 

One striking example, he notes, is a 200-meter-wide trough that Surveyor spied at the bottom of a canyon called Nanedi Vallis (SN: 2/7/98, p. 84). “It certainly looks as though we have a river channel that meandered across a plane and [that] the flow was sustained so that the meander got deeper and deeper.” 

Carr and his colleagues, including Michael C. Malin of Malin Space Science Systems in San Diego, describe these and other findings in the Feb. 18 Nature.

The Surveyor pictures also indicate that the water that once filled these channels came from underground, probably frozen, reservoirs rather than rain or snow falling from the atmosphere. Precipitation would have created an abundance of tiny tributaries as well as larger channels, but Surveyor’s camera has found a dearth of the small structures.   

“It’s clear the source [of water] is beneath the surface,” comments Maria T. Zuber of the Massachusetts Institute of Technology.

Other Surveyor findings may explain how frozen water in underground reservoirs could have melted and come to the surface. Using the images to examine in unprecedented detail a 4,000-kilometer-long Martian canyon called Valles Marineris, Alfred S. McEwen of the University of Arizona in Tucson and his colleagues found that thick layers of material form the canyon’s walls. 

The researchers, who include Malin, Carr, and William K. Hartmann of the Planetary Science Institute in Tucson, suggest that the layers were mainly formed by volcanic lava. If their hypothesis is correct, Mars was much more volcanically active during its first billion or so years than scientists have thought.

Frequent and widespread volcanic activity could have melted underground deposits of frozen water that then found their way to the surface, notes Steven W. Squyres of Cornell University.

Hartmann and his colleagues also have tentative evidence that some volcanic eruptions might still be going on today. Using Surveyor images to count the number of small craters, an indicator of how long ago a volcanically active region last erupted, Hartmann finds that some places on Mars spewed lava within the past 100 million years. He describes the findings both in Nature and the March Meteoritics and Planetary Science.  

If volcanism is continuing—even in just a few small regions—it could up the odds that some places on Mars have hot springs not far from the surface, offering “nice, hot water for microbes,” Hartmann says.
 —R. Cowen

Layered material along the walls of the canyon Valles Marineris could be a sign of copious volcanic activity on early Mars.

New combination vaccine may fight malaria

The human immune system faces a losing battle in fighting off the parasites that cause malaria. The invaders metamorphose through four different stages as they assail the body—expressing different genes and surrounding themselves with different proteins at each stage. An immune-system attack against one form leaves the others unscathed. In an effort to counter this insidious disease, researchers have constructed a vaccine that could allow the immune system to find and fight the parasite on 21 different fronts.

The need for new measures has become more urgent as malaria parasites, including the deadly Plasmodium falciparum, have developed resistance to drugs (SN: 11/29/97, p. 340). Worldwide, the incidence of malaria is increasing—the World Health Organization estimates that 300 million to 500 million people fall ill each year and as many as 3 million die.

To protect the 40 percent of the world’s population living in malarial zones, a vaccine should hit P. falciparum in all its guises, says immunologist Altaf A. Lal of the Centers for Disease Control and Prevention (CDC) in Atlanta. Lal and his colleagues report their work on the new vaccine in the Feb. 16 Proceedings of the National Academy of Sciences.

“Even if you have 99 percent protection against one stage, the one or two [parasites] that escape that layer of immunity are going to cause full-blown disease,” he says. The parasites enter the body through a mosquito bite, proliferate asexually in the liver, invade red blood cells, and reproduce sexually.

Studies in western Kenya have shown that if children survive to age 10 in malaria-infested areas, they build up enough varied antibodies to resist the disease’s worst effects. These antibodies recognize short protein parts, or epitopes, that adorn different stages of the parasite.

Researchers led by Ya Ping Shi of CDC chose bits of P. falciparum DNA that encode many of these epitopes. They created a synthetic gene by stringing together 21 fragments representing all four parasite stages.

The researchers then produced the composite protein encoded by the synthetic malaria gene and immunized rabbits with it. The rabbits produced antibodies to all stages of P. falciparum. Test-tube studies showed that these antibodies fought the parasite effectively. 

Next month, CDC researchers will begin testing the vaccine’s efficacy in primates. Other vaccines targeting multiple stages are also in the pipeline, says Lal. 

Immunologist Louis H. Miller of the National Institute of Allergy and Infectious Diseases in Bethesda, Md., is cautious about the prospects for any single approach. “Malaria is getting worse,” he says.

In the 1950s, mosquitoes were felled by pesticides, and the drug chloroquine controlled malaria in people who received it. Both the insects and the disease they carry have bounced back, and the epidemic continues to grow. Future control programs will have to combine a variety of effective strategies against the disease—drug treatments, mosquito eradication, and vaccines— Miller says. 
—L. Helmuth

Skull canals spark speech-origins dispute

Fossil indications of whether Neandertals and other prehistoric populations were capable of talking have proven scarce and subject to conflicting interpretations. The hypoglossal canals, a pair of bony tubes located on the left and right sides of the skull’s base, were nominated just last year as skeletal signposts of speech.

These cranial passages carry branches of a nerve that activates all but one of the tongue’s muscles. However, they bear no telltale traces of an individual’s anatomical readiness to speak, according to a new study.

The findings challenge a proposal that relatively large hypoglossal canals in the skulls of human ancestors who lived about 400,000 years ago reflect their ability to talk much like people do today (SN: 5/2/98, p. 276). In that report, Richard F. Kay of Duke University Medical Center in Durham, N.C., and his coworkers asserted that hypoglossal canal size relative to mouth size averages about twice as large in humans, Neandertals, and some early Homo species as in chimpanzees.

Growth of the hypoglossal canals in the human lineage may have accompanied a thickening of the hypoglossal nerve to coordinate tongue movements needed for speaking, Kay’s group theorized.

David DeGusta of the University of California, Berkeley and his colleagues disagree. Many prosimian, monkey, and ape species have hypoglossal-canal­mouth ratios that reach or exceed the modern human range, DeGusta’s team reports in the Feb.16 Proceedings of the National Academy of Sciences.

Hypoglossal-canal­mouth ratios in skulls from two early species in the human evolutionary family, neither of which is thought by anthropologists to have spoken, also fall within the modern human range, the scientists say.

“I think it’s pretty clear that hypoglossal canal size has nothing to do with speech,” DeGusta says. “The date of origin for human language and the speech capabilities of Neandertals remain open questions.”

DeGusta and his team measured the  hypoglossal-canal­mouth ratios from skulls of 104 modern humans, 75 nonhuman primates from more than 30 species, and 4 pre-human australopithecines from species dating to 3.2 million years ago. Dissections of five modern human cadavers also yielded no indication that larger hypoglossal canals carry thicker hypoglossal nerves.

The new report provides interesting data on variability in hypoglossal-canal­ mouth ratios within species but leaves unexplained the canal’s larger average relative size in humans and Neandertals compared with chimps, asserts Kay.

Ranges of hypoglossal canal size vary so much that comparisons of average ratios can offer little insight, DeGusta responds. For instance, he says, some chimps have hypoglossal canals that are proportionately three times as large as those of some modern humans, although only the people speak their minds. 
—B. Bower

Partial skulls of a capuchin (left) and a howler monkey rest inside a modern human skull. Both have larger hypoglossal canals (not shown) than the human.

Decays may reflect matter-antimatter rift

The concept of symmetry lies at the heart of particle physics. Symmetry requires that interactions of particles produce the same outcomes under changed conditions—say, when reversed in a mirror or rotated in space. When breaks in symmetry occur, they speak volumes about the profound nature of the particles and their environment.

A 1964 experiment shocked physicists with its revelation that some particles known as K mesons would follow an altered pattern of decay if swapped with their antiparticles and reflected in a mirror. The unexpected outcome shattered fondly held notions that this composite symmetry always prevails.

Now, the first exhaustive analysis of decays of particles known as B mesons indicates that Ks are not alone. In the lingo of physicists, B particles, like Ks, may also “violate CP symmetry,” where C, or charge, refers to the particle-antiparticle transformation and P, or parity, refers to the reflection in a mirror. Physicists had already suspected that B mesons would show CP asymmetry because Bs and Ks are built from fundamental particles called quarks, which are thought to be the asymmetry’s source.

Differences in behavior between Bs and anti-Bs may illuminate one of nature’s most notable asymmetries: that the universe is made up nearly entirely of matter. Cosmologists believe that the universe was born with equal amounts of matter and antimatter, but a slight asymmetry in the laws of physics led to matter’s dominance. Asymmetries for K and B decay enable physicists to calculate a parameter that predicts the cosmological disparity.

The prevailing model of particle physics, which appears to account for the asymmetrical decays of Ks and calls for asymmetry in certain B meson decays as well, falls short of predicting the observed disparity. This raises the tantalizing possibility for scientists that careful studies of other modes of B meson decay might expose cracks in the so-called standard model of physics, which has held sway for 20 years.

Researchers from the Collider Detector at Fermilab (CDF) project at Fermi National Accelerator Laboratory in Batavia, Ill., announced on Feb. 5 that they have found a large imbalance in decays of Bs versus anti-Bs. They studied 400 so-called golden mode decays recorded during their 3-year experiment. Assigning the degree of asymmetry a number between 0 and 1, where 1 is maximum asymmetry, they came up with 0.79.

“That’s huge,” says Kevin T. Pitts, one of the Fermilab scientists.

In golden mode, a B or an anti-B disintegrates into two particles, one known as a J/psi and one as a K-short. The mode happens to be one for which physicists consider the standard model’s predictions robust. The measured asymmetry is “coming in right where you’d expect,” says Michael Witherell of the University of California, Santa Barbara. 

The researchers who analyzed the decays—Pitts, Nigel S. Lockyer, and Joel Heinrich of the University of Pennsylvania in Philadelphia—stress that their findings, while suggestive and encouraging, fall far short of proving that Bs violate CP symmetry. Although their data set ranks as the biggest so far, it is small for ensuring accuracy, so their measurement could err substantially.

 We found “an indication of CP violation in the B system,” says Lockyer. “The error is not small enough to say ‘discovery.’”

“It’s a good experiment, well carried out. There just wasn’t enough data,” comments Karl Berkelman of Cornell University.

Researchers are plunging ahead worldwide with large-scale B meson investigations. Given the huge commitment of money and talent, the CDF findings send a reassuring signal. Says Lockyer, “We’re getting a hint here that probably the right choice has been made.” 
—P. Weiss

Dioxin can harm tooth development

In the early 1980s, a Finnish dentist noticed that an unusually large share of her young patients had soft, discolored molars. Because the affected teeth had emerged bearing structural defects, she suspected that during infancy, when the teeth were forming beneath the gums, the children had been exposed to some toxic compound. 

The culprit now appears to be breast milk tainted with dioxins, says Satu Alaluusua of the University of Helsinki Institute of Dentistry. She explained her team’s findings in an interview this week.

Several groups of epidemiologists worldwide have reported a similar yellowish-brown discoloration of teeth in children exposed to extremely high concentrations of dioxinlike compounds. To probe whether the defects that she was observing might reflect a more moderate exposure to the same pollutants, Alaluusua began exposing adult rats to TCDD, the most potent dioxin. “We saw a similar mottling of teeth,” as well as malformations in their mineral structure, she told Science News. 

To affect human molars, exposures must begin in early childhood. So, Alaluusua tracked down children whose mothers’ breast milk had been analyzed 6 years earlier in a World Health Organization study. She correlated the incidence of the defects in children’s newly emerging molars with milk concentrations of dioxins and furans, a class of dioxinlike compounds. Overall, 17 of the 102 children studied bore soft, mottled teeth, which will remain permanently vulnerable to cavities.

In the Jan. 16 Lancet, Alaluusua’s team reports that children who had encountered the most dioxin in their mother’s milk had the highest rate of these tooth defects. Breast-milk exposure to polychlorinated biphenyls, another group of dioxinlike chemicals, played little if any role. 

The group has also homed in on dioxin’s target. The pollutant affects cellular receptors for epidermal growth factor (EGF), a hormonelike substance that contributes to development of many tissues.

The researchers removed embryonic tooth tissue from normal mice and from those lacking active genes for the EGF receptor. After exposure to high concentrations of TCDD, only the tissue able to produce EGF receptors matured into structures with the telltale defects, they reported in the December 1998 Laboratory Investigation.

The Finnish team’s new data “are very exciting in a scientific sense—and very concerning in a public-health sense—because they demonstrate effects from [dioxin] exposures at background levels,” says Linda Birnbaum, a toxicologist with the Environmental Protection Agency in Research Triangle Park, N.C.

Indeed, she notes, the average 50 parts per trillion (ppt) dioxin concentration—and the maximum of 258 ppt—that the team measured in the fat of Finnish women’s breast milk are within the range at which dioxin taints fat, including that in breast milk, in the U.S. population.

Moreover, Birnbaum notes, the EGF-receptor link to tooth defects “is perfectly plausible” given that a number of studies—including some of her own—have shown that dioxin can alter the number of EGF receptors in various developing tissues, including the tooth buds of experimental animals. 
—J. Raloff 

Dark color and broken enamel on a 7-year-old’s molar (back tooth) depict a dioxin-caused defect. Less severely affected teeth develop soft, off-white patches.

Mediterranean diet proves value again

For 2 decades, scientists have stewed over Mediterranean cuisine, wondering why the French, the Greeks, and other southern Europeans suffer from less heart disease than their northern neighbors. The discussion came to a boil with a 1994 report from French researchers concluding that former heart-attack patients on a Mediterranean diet—rich in canola oil, fish, fruits, cereals, and beans—had fewer heart attacks over 27 months than a similar group eating a diet more like that consumed in the United States and northern Europe.

In the Feb.16 Circulation, this same French team unveils what could be called Mediterranean Diet Part Deux. Combining their earlier findings with data gleaned by tracking the same groups for an additional 19 months, the researchers have bolstered the results.

Although the scientists had originally planned for the study to run 5 years, the 1994 findings were so striking that all the participants were told of the benefits of the Mediterranean diet. Nineteen months later, the researchers were able to locate 423 of the 605 people originally monitored and used data from them in a follow-up report.

The new work matched 219 men and women from the original Mediterranean-diet group with 204 from a control group of people who had eaten whatever their doctors recommended. Although the people in this study lived in the Lyon area of France, the control group didn’t tend to adhere to a Mediterranean diet.

During the nearly 4 years under consideration, 44 heart attacks occurred in the control group and only 14 among those on the Mediterranean diet. Moreover, people in the control group had recorded 90 hospitalizations for cardiac problems that fell short of a heart attack, such as steady chest pain or the need for angioplasty to open a blood vessel. In only 68 instances did the people in the Mediterranean-diet group require such hospitalization, says coauthor Michel de Lorgeril, a physician at Cardiovascular Hospital in Lyon. Even accounting for age, sex, alcohol intake, and lifestyle differences, eating a Mediterranean diet reduced the probability of heart problems.

“Our trial confirms what we have known for many years, that coronary heart disease is essentially a nutritional disease,” concludes de Lorgeril.

A comparison of eating habits showed that, even after all participants knew of the diet’s benefits, the original controls still consumed less fiber and more saturated fats than the original Mediterranean-diet group did. The Mediterranean-diet group also consumed more canola oil, which is high in alpha-linolenic, or omega-3, fatty acids. These have been associated with lower cardiovascular disease rates.

The researchers noted only a slight difference in the groups’ proportion of calories from fat—34 percent for the controls and 30 percent for the Mediterranean-diet group. Blood-cholesterol concentrations were similar in the groups. 

Frank M. Sacks of the Harvard School of Public Health in Boston says that using a combination of precise diagnosis and multiple symptoms enabled the French group to confirm the Mediterranean diet’s benefits. A heart attack is an easily measured event that doesn’t allow physicians’ opinions or patients’ complaints, such as chest pains, to cloud results, he says. “The whole thing hangs together nicely.” 

“I’m all for using diet” to control cholesterol and to limit heart attack risk, says Scott M. Grundy, a nutritionist at the University of Texas Southwestern Medical Center at Dallas. “But [at-risk] people like these should be taking cholesterol-lowering drugs. We don’t want people thinking they can get by with diet alone.”                                    —N. Seppa

A Nonconformist Compound

A material that shrinks when heated may 

keep thermal problems in check

By CORINNA WU

Wild temperature swings can crack a plate as surely as dropping it on a hard kitchen floor. A ceramic dish taken from the freezer and thrust into a hot oven splits apart because some parts heat up and expand faster than others.

This problem isn’t unique to dishes. Computer chips, fiber optic cables, and dental fillings, for example, all risk failure when they expand differently from the materials around them. 

An unusual compound called zirconium tungstate, however, might make these annoyances a thing of the past. Although most materials grow when they get hot, zirconium tungstate does the exact opposite—it shrinks.

A few other compounds have this characteristic, but they tend to shrink in one direction while they stretch out in others in order to preserve an overall volume. Zirconium tungstate, a blend of zirconium, tungsten, and oxygen, stands out from its peers because it shrinks equally in all directions. Moreover, zirconium tungstate exhibits this behavior over a huge temperature range—from near absolute zero to 777°C.

Although scientists have known about zirconium tungstate’s weird behavior for 30 years, they have only recently begun to explain why the material acts so contrarily. With this new understanding, researchers are also beginning to learn how to blend zirconium tungstate with other compounds so as to make new composite materials resistant to thermal shock.

A team of Australian researchers first synthesized zirconium tungstate in 1959. Although they determined that the atoms in the crystal were arranged symmetrically, they didn’t know the details of its structure. Eight years later, researchers at the Pennsylvania State University took another look at the compound and described how it behaved at different temperatures and compositions. 

“But even at that point, people didn’t realize that this material had this incredibly unusual behavior,” says David Johnson, head of the metallurgy and ceramics research department at Lucent Technologies’ Bell Labs in Murray Hill, N.J.

Then in 1968, Penn State scientists Floyd A. Hummel and Charles Martinek discovered the compound’s unusual property. They published their findings in the Journal of the American Ceramics Society, but chemists paid little attention. They were looking for materials that didn’t shrink or expand at all. 

Corning, for example, was selling cookware based on heat-stable Pyrex glass that could go from “freezer to oven.”

“In that era, people were scrambling to find materials that you could use in the household or laboratory without worrying about breakage. That was what Floyd was looking for,” says Johnson, who was Hummel’s student at the time. Upon discovering zirconium tungstate’s behavior, the researchers “must have said to themselves, ‘This is really weird, but it doesn’t help our cause.’” Zirconium tungstate shrinks as much as other ceramics expand, so it would be just as susceptible to thermal shock.

Not until the early 1990s did interest in the compound pick up. At that time, researchers found a new reason to pay attention to the thermal expansion of materials: Heat generated by electronic circuit boards in computers was causing them to self-destruct. During use, silicon chips get hot and expand. If the chips are mounted on material that can’t match the expansion, the silicon cracks and peels away from its foundation.

The heat problem becomes worse as computer chips get smaller and more densely packed with circuits. To achieve higher data-processing speeds, the next generation of microchips will require more effective ways to handle heat.

Chemist Arthur W. Sleight knew of this circuit board problem from his years spent at DuPont Co. He and his group at Oregon State University in Corvallis began looking for materials that could match the thermal properties of silicon. When they learned of zirconium tungstate, they suspected that the compound, if blended with materials that expand, could match silicon’s thermal expansion.

“We found that the thermal-expansion properties were much more unusual than had been previously appreciated,” says Sleight. By examining how the compound scatters X rays and neutrons at various temperatures, his team in 1996 pinpointed the atoms in the compound and thereby deduced its detailed structure.

Its structure revealed how the compound could be staging its incredible shrinking act. The atoms form a framework in which each zirconium is surrounded by six oxygens, and each tungsten is surrounded by four oxygens. Most of the oxygen atoms, in turn, share contact with one zirconium and one tungsten.

To understand what happens to the structure when the material is heated, says Arthur P. Ramirez, a physicist at Bell Labs, imagine a guitar string threaded through a ball and stretched between two posts. Plucking the string causes the ball to vibrate, and the string pulls on the posts. The more the ball vibrates, the harder the string tugs the posts toward each other.

Similarly, heat causes the atoms in zirconium tungstate to vibrate. The zirconium and tungsten atoms, bonded on all sides, don’t move much, but the oxygens, like the balls in the middle of the guitar strings, jiggle up and down and side to side, yanking on the zirconium and tungsten posts.

The secret to the compound’s shrinking is that one out of the four oxygens that surround a tungsten atom is unshared. In other words, it bonds only to one tungsten post, so “it’s more free to wobble about,” says Ramirez. 

This free oxygen allows the crystal to move in unusual ways. The clusters of oxygens around each tungsten atom form a four-sided pyramid shape called a tetrahedron. When zirconium tungstate is heated, these tetrahedra twist, moving the tungsten and zirconium atoms closer together and collapsing the crystal in on itself. If all the oxygen were fixed rigidly, the tetrahedra couldn’t rotate.

 This understanding of the structure of the compound provides a good qualitative picture, says Sleight, but it doesn’t allow researchers to predict how much zirconium tungstate will shrink. From experiments, they know the compound shrinks a minuscule one-thousandth of 1 percent per degree. Over a large temperature range, that slight change can be significant, especially for exquisitely sensitive electronic and optical applications.

 In the next step toward fully understanding the shrinking, the Bell Labs team is trying to mathematically describe the different ways the crystal can vibrate.

“What controls thermal expansion are the vibrational modes in a structure,” Ramirez says. Vibrational modes can be thought of as waves of defined energy that move through the crystal. Zirconium tungstate has 132 different vibrational modes, and the Bell Labs team has set out to determine their energies.

By shooting beams of neutrons into zirconium tungstate and measuring how the material scatters the beam, the group has measured the range of energies in which most of these vibrational waves fall. Zirconium tungstate appears to have “many low-energy vibrational modes compared to other systems with similar constituents bonded in a similar way,” Ramirez says. He and his colleagues believe that these low-energy waves are responsible for the compound’s unusual property.

Because the unbonded oxygens move with relative ease, atoms in the structure as a whole jiggle more freely. This looseness shows up in zirconium tungstate’s abundance of low-energy modes.

The big mystery is why zirconium tungstate assumes its unusual atomic arrangement. “This is an incredibly deep problem—part of a class of problems that hasn’t been discussed much in solid-state physics,” says Ramirez. “There is no good theoretical tool to deal with this.”

However, the Bell Lab researchers and their collaborator Collin Broholm at Johns Hopkins University in Baltimore are giving the problem a try by writing out the quantum mechanical descriptions of each of the 132 vibrational modes. These should lay the foundation for better models.

In addition to probing the physical properties of the compound, researchers have been working to make it easier to synthesize. The original method involved heating a mixture of zirconium oxide and tungsten oxide for several days at 1,200°C. A lower processing temperature and quicker synthesis would make the compound much more practical to produce on a commercial scale. Sleight has developed a way to make it at half that temperature and in just a couple of hours.

Glen R. Kowach, a chemist at Bell Labs, and his colleagues have taken the synthesis further by growing pure, large, single crystals of zirconium tungstate instead of a powder. With their new technique, Kowach can make thumbnail-size samples roughly half a centimeter thick. The solid is transparent and shatters when struck. 

To grow the single crystals, the researchers put a mixture of zirconium oxide and tungsten oxide powders in a crucible and cover it with a layer of pure tungsten oxide. They heat the crucible to about 1,300°C to melt the powders, then slowly cool it to room temperature. Large pieces of zirconium tungstate end up sandwiched between two layers of excess ingredients.

Most practical applications of zirconium tungstate require it to be blended with other materials. David C. Dunand at Northwestern University in Evanston, Ill., has developed a way to combine zirconium tungstate with copper to form a composite material that could match the thermal expansion of silicon computer chips.

Currently, circuit boards consist of copper and molybdenum sheets laminated together like a layer cake, says Dunand. The copper conducts heat away from the silicon chip, and the molybdenum, a metal that has a low thermal expansion, prevents the copper from swelling too much.

By mixing zirconium tungstate into copper, “you can tailor [the thermal expansion of the composite produced] from negative to zero to positive,” says Dunand. 

At first, he pressed copper and zirconium tungstate powders at a high temperature, a process used to make other metal-ceramic composites. Unfortunately, the zirconium tungstate decomposed and reacted with the copper.

Dunand has found several ways to make the composite material at temperatures as low as 250°C. He and his colleague Hermann Holzer, currently at Electrovac in Klosterneuburg, Austria, will describe them in the March Journal of Materials Research.

“The challenge is to find conditions that will prevent decomposition and reaction while still being sufficient to give you compaction,” Dunand explains. “If you go very low in temperature, you don’t destroy the material, but you end up with loose powder.” 

One of the tricks to be revealed in the March publication is to coat the zirconium tungstate particles with a thin layer of copper before the actual compaction. The copper then welds together when pressure is applied to the powder particles. Like melting chocolate-covered raisins into a single lump, Dunand explains, “it’s easier to compact chocolate with chocolate than raisins with raisins.”

After Sleight and his colleagues announced their findings on zirconium tungstate in 1996, about 70 groups requested samples so they could conduct their own studies. A company called Oremet-Wah Chang in Albany, Ore., now manufactures it and sends out the test samples.

Dunand imagines that materials with zero thermal expansion could find uses in high-precision equipment. For example, orbiting telescopes undergo large temperature fluctuations as they move into and out of sunlight, so materials that don’t shrink or swell could help in keeping the optics true. Precise measuring instruments on Earth, too, can’t afford to have their components changing size.

Bell Labs is looking at zirconium tungstate for fiber Bragg gratings—filters that pick out particular wavelengths of light from signals that travel down fiber-optic cables. If the cable expands when heated, its optical properties change and scramble the signals. Packaging the cable with zirconium tungstate could solve the problem.

One day, people might even carry around a little bit of zirconium tungstate. “The one [proposed] application that took us by complete surprise was in teeth restoration,” says Sleight.

In recent years, the cavity fillings of choice have been polymer-silica composites that match the color of teeth. Unfortunately, dentists are now finding that, because of expansion-contraction differences between the composite and tooth enamel, temperature fluctuations “from coffee to ice cream are enough to cause problems,” says Sleight.  He concludes that zirconium tungstate could play an important role.

Overall, interest is expanding for this shrinking material. 
n

When the oxygen atoms (yellow) in zirconium tungstate vibrate, they pull the surrounding metal atoms (blue) closer together.

Behavior

Neural ties that bind perception . . .

Psychologist Donald O. Hebb proposed 50 years ago that animals perceive objects and carry out actions thanks to the collective activity of huge assemblies of brain cells. Since then, however, brain researchers have tended to focus on the responses of one or a few neurons at a time.

Two new investigations, which appear in the Feb. 4 Nature, cut against that experimental grain and bolster Hebb’s notion. Both indicate that human perception and learning arise from the synchronized activity of clusters of neurons. Large numbers of nerve cells may briefly align the peaks and valleys of their electrical outbursts in order to render unified scenes and meanings from diverse sensations.

Other studies, using microelectrodes implanted in the brain, have linked synchronized neural firing in cats and other nonhuman animals to perception and memory (SN: 2/21/98, p. 120).

The new efforts rely instead on brain waves measured by electrodes placed on the scalp. Brain waves arise from synchronized neural activity. Of particular interest are gamma waves, which are the result of thousands of neurons emitting equivalent electrical signals around 40 times a second. 

In the first study, directed by Francisco J. Varela of Salpétrière Hospital in Paris, 10 adults looked at images of either human faces or abstract shapes. They pressed one of two computer keys to indicate what they saw.

Brain tissue involved in vision exhibited gamma activity for an instant when volunteers scrutinized faces but not when they viewed the shapes. These synchronized responses, which Varela’s group considers crucial for integrating related sensations into a vision of someone’s face, dissolved before any key was pressed. A second burst of gamma activity, which may have helped coordinate an appropriate reaction, arose in motor areas of the brain as participants pressed a key.

The second investigation, led by Wolfgang H.R. Miltner of Friedrich Schiller University in Jena, Germany, indicates that learning fosters synchronized neural activity.

In a series of trials, 16 volunteers saw a flash of colored light that was immediately followed by a mild shock to the third finger of either the right or left hand. Eventually, the flashing light alone evoked surges of gamma activity in brain areas devoted to vision, to integration of sensations with actions, and to representation of the finger that had been shocked.

All this gamma activity vanished when participants learned no longer to expect finger shocks after seeing the flashing lights.

Although the new studies do not demonstrate any precise functions for synchronized neural responses, gamma activity “could well be the mechanism that binds neurons into functionally coherent assemblies,” comments Wolf Singer of the Max Planck Institute for Brain Research in Frankfurt, Germany.  —B.B.

. . . and have a moving impact

The linkage of gamma activity to human perception and learning follows a report that implicates synchronized neural bursts in monkeys’ ability to carry out directed movements.

A research team led by Nicholas G. Hatsopoulos of Brown University in Providence, R.I., surgically implanted microelectrodes in the primary motor cortex of two macaque monkeys. The activity of dozens of pairs of motor neurons monitored in this way became synchronized when each animal used a joystick to move a cursor toward a blinking image situated amid seven nonblinking images on a computer screen.

Individual motor cells did not uniformly emit more electrical impulses as monkeys made their move, the scientists report in the Dec. 22, 1998 Proceedings of the National Academy of Sciences. Synchronized activity in this region, rather than increased firing by single cells, may provide pivotal information about movement direction, they suggest.  
—B.B.

Biomedicine

No genetic link to late Parkinson’s

A study of World War II veterans indicates that Parkinson’s disease that strikes after age 50 doesn’t stem from a person’s genetic make-up. Some researchers are now turning their attention to potential environmental causes.

Researchers located 161 white men with both a diagnosis of Parkinson’s disease and a twin brother who had grown to adulthood. The sample included 71 pairs of identical twins and 90 pairs of fraternal twins. In only 11 identical pairs did both men have the disease, roughly 16 percent. In only 10 pairs of fraternal twins did both brothers have the disease, about 11 percent.

Although these percentages seem to indicate that identical twins are more likely to share the disease, this was true only in men who developed Parkinson’s before age 50, says the report in the Jan. 27 Journal of the American Medical Association.

Among men diagnosed with Parkinson’s after age 50, the incidence of both twins having the disease was the same for the two groups, about 11 percent, says coauthor Caroline M. Tanner, a neurologist at the Parkinson’s Institute in Sunnyvale, Calif.

Among the 12 sets of fraternal twins in which at least one brother had Parkinson’s before age 50, in only two cases did both twins have the disease. In contrast, in the four sets of identical twins where at least one was affected by early Parkinson’s, all eight men had the disease. Tanner and her colleagues warn that findings from such a small sample need to be validated in larger studies.

The study  “suggests that research is best focused on environmental causes for typical Parkinson’s disease,” says Jeffrey L. Cummings of the University of California, Los Angeles in an accompanying editorial. Tanner plans to probe the men’s habits, occupations, diet, and possibly pesticide exposure. 

Roughly 1 in 10 cases of Parkinson’s occurs before age 50. This study’s findings indicate that researchers should seek a genetic cause for early-onset Parkinson’s, Cummings says.

The researchers identified the men by combing through records of 19,842 war veterans born between 1917 and 1927. The men were between 64 and 73 when the data were tabulated.

 Parkinson’s affects at least 1 million people in the United States. Symptoms include muscle rigidity, tremors, slowness of movement, poor balance, and walking problems. The average age of onset is about 60. 
—N.S.

Deaf people seem to hear signing

When most people hear sounds or speech, the messages are processed in the auditory cortex, a part of the temporal lobe of the brain. A portion of this auditory cortex is activated in deaf people when they interpret sign language, Japanese scientists assert in the Jan. 14 Nature.

Hiroshi Nishimura’s team at Osaka University Medical School in Suita City used positron emission tomography (PET) to measure brain activity in a person who had been deaf since birth. First, the person was shown a still picture of someone signing a word. This elicited little activity in the auditory cortex. Researchers then played a motion video of a person signing many words. A part of the auditory cortex called the secondary region was activated in the deaf person watching the video.

The individual  then underwent surgery to receive a cochlear implant, which permitted some hearing. When the researchers played a sound, PET tests revealed that the primary region, but not the secondary region, of the patient’s auditory cortex was activated. The patient was also shown a video of a person’s hands moving in a meaningless way. This activated the visual cortex, a separate area of the brain, but not the auditory cortex.

These tests suggest that a deaf person’s brain changes to make use of the auditory cortex’s secondary region for processing sign language. The primary region of the auditory cortex is reserved for hearing sounds, the researchers propose. 
—N.S.

Modus Operandi of an Infamous Drug

Mutant mice provide clues to how DES 

wreaked havoc in the womb

By JOHN TRAVIS

First, do no harm. Physicians try to adhere religiously to this creed, but sometimes the best of intentions go awry.

In the 1940s, physicians began giving diethylstilbestrol (DES) to pregnant women, several million of them in the United States alone. The first synthetic version of the hormone estrogen, DES was available as a pill, making it an eagerly welcomed drug for the physicians of the time who believed that insufficient amounts of estrogen led to a miscarriage. DES grew so popular that it was even prescribed for pregnant women not at high risk of a miscarriage and for treating conditions such as acne and cancer.

Although a study in 1953 concluded that DES didn’t reduce the miscarriage rate, and actually seemed to increase it slightly, physicians continued to give the hormone to pregnant women until 1971. That year, another study linked several young women’s development of a rare cancer of the vagina and cervix to their DES exposure while in the womb. Seven months after the study’s publication, the Food and Drug Administration warned physicians not to prescribe DES to pregnant women. Subsequently, hundreds of cases of the cancer have been attributed to DES exposure.

As researchers have followed up on the side effects of the drug, they also have found that women exposed as embryos, the so-called DES daughters, may have abnormally developed reproductive tracts, causing such problems as infertility and miscarriages. 

Although the evidence isn’t as definitive, males exposed to DES in the womb may not have escaped the drug’s wrath, either. Some research has indicated that DES sons have a higher-than-normal frequency of reproductive-tract abnormalities but no decreased fertility (SN: 5/27/95, p. 324).

Much like thalidomide, another drug that caused unexpected birth defects when given to pregnant women (see sidebar), DES has provided a sobering lesson on the importance of thoroughly testing a drug’s safety. Yet, despite realizing that DES exposes the fetus to an unintended flood of estrogen, scientists have remained at a loss to explain exactly how the compound brings about its tragic effects.

In the past decade, however, developmental biologists have made great strides in identifying the genes that drive the growth of an embryo. These insights may now have solved the mystery of DES. In the November 1998 Nature Genetics, scientists present evidence from mouse studies that the synthetic hormone suppresses the activity of a gene, called Wnt-7a, that normally plays a vital role in the development of the male and female reproductive tracts. 

“I think Wnt-7a is probably the primary target of DES,” says coauthor David A. Sassoon of the Mount Sinai School of Medicine in New York.

While DES is no longer prescribed, DES-like drugs, such as tamoxifen, are now used to treat cancers and other illnesses. Moreover, some scientists have expressed concern about estrogenlike compounds in the environment (SN: 1/22/94, p. 56). Determining DES’s modus operandi may be of more than historical interest, Sassoon argues.

Embryonic development is essentially a story of cells telling other cells where to go and what roles to take on. Cells communicate these messages by secreting proteins, and many of these signals are encoded by a large family of genes related to Wnt-7a. In vertebrates, for example, this gene family has 16 members, notes Sassoon.

To gauge each gene’s embryonic role, researchers have taken to creating mice with mutations in Wnt genes. If the gene that was mutated has essential duties in development, the mouse often dies as an embryo. If it survives until birth, biologists usually can determine the mutated gene’s role by looking for abnormalities.

Several years ago, Andrew P. McMahon of Harvard Medical School in Boston and his colleagues pursued this so-called gene-knockout strategy to study Wnt-7a. The mutant mice survive, but the absence of a working Wnt-7a gene during development leads to severe limb malformations, the researchers reported in 1995. The dorsal and ventral aspects of the limbs are confused. For example, hair shows up on the underside of paws.

 A brief remark by McMahon’s group captured the attention of Sassoon and his colleagues, who had already shown that Wnt-7a is active in the reproductive tract of embryonic and adult mice. The report “mentioned, just in passing, that the mice were sterile,” says Sassoon.

Intrigued, he approached McMahon about studying the reproductive systems of Wnt-7a-knockout mice, a contact that led to the publication of papers by each group last year. In the Oct. 15, 1998 Nature, McMahon and his colleague Brian A. Parr, now at the University of Colorado at Boulder, describe how the absence of Wnt-7a alters the earliest steps in the development of a mouse’s reproductive tissues.

Regardless of its sex, a mammalian embryo starts out with the rudiments of both the male and female reproductive system. The early embryo, for example, has Müllerian and Wolffian ducts. In females, the former develop into the oviduct, uterus, cervix, and vagina; in males, the latter give rise to the epididymis and vas deferens, tubes that carry sperm from the testes.

As development proceeds, the embryo establishes its sex, and either the Müllerian or Wolffian ducts regress. That’s one place where Wnt-7a enters the picture. “A male produces a hormone that basically gets rid of the female system. The ability to respond to that [hormone] depends upon Wnt-7a,” explains McMahon.

In male mice lacking a working copy of the gene, Müllerian ducts persist into adulthood as thin tubes paralleling the epididymis and vas deferens. Although the male reproductive system seems otherwise normal, the feminine structures block the passage of sperm in the vas deferens, causing infertility.

Both McMahon’s group and Sassoon’s, which described its results in the August 1998 Development, also looked at female mice lacking Wnt-7a. The researchers found that although the Wolffian ducts regress, the Müllerian ducts don’t develop normally, leading to dramatic abnormalities in the female reproductive system. 

The uterus, for example, doesn’t develop the glands that would normally secrete substances vital to an embryo’s survival. The animals’ oviducts—tubes that carry eggs to the uterus—are also malformed.

“The oviducts normally look like hollow springs. They’re tightly coiled,” says Sassoon. In female mice lacking Wnt-7a, however, the oviducts were abnormally short and made one or no turns instead of the normal seven or eight. Either the absence of the uterine glands or the oviducts’ abnormality would be sufficient to guarantee sterility.

As Sassoon and his colleagues pondered the developmental changes in the Wnt-7a­knockout mice, they looked for reports of similar abnormalities. “We kept pulling up papers describing the effects of DES, either in humans or in mice. We thought this was probably more than a coincidence,” says Sassoon.

An embryo normally protects itself from its mother’s estrogen by producing proteins that bind and inactivate the hormone. Unfortunately, the structure of DES differs just enough from estrogen that those protective proteins can’t grasp the drug. Consequently, a pregnant woman exposed to DES blasts her developing baby with an onslaught of synthetic hormone.

Since the maturation of the female reproductive tract occurs in response to estrogen, it’s not surprising that DES interferes with this process. It has long been recognized that DES can turn on or off some genes in cells that respond to estrogen. The mystery has been, what genes?

To test whether the drug works through Wnt-7a, Sassoon and his colleagues gave DES daily to mice during days 15 to 18 of pregnancy. They then compared the DES-exposed female mouse pups with unexposed pups missing Wnt-7a. The resulting reproductive-tract abnormalities in the two groups, such as malformed oviducts and missing uterine glands, closely resembled each other, says Sassoon.

The investigators next determined that uteri of newborn pups exposed to DES in the womb had unusually low Wnt-7a activity, although the gene’s activity returned to normal 5 days after birth. That interference apparently lasted long enough for DES to cause major problems in the maturing female reproductive system. 

“DES turns off Wnt-7a at a critical period of development,” concludes Sassoon.

The investigator cautions that a temporary suppression of Wnt-7a may not be the full explanation. The Wnt-7a­knockout females have a smaller-than-normal reproductive tract, while that of DES-exposed pups is larger than normal, for example.

Then, there’s the cancer issue. DES daughters have an increased risk of developing clear-cell carcinoma, a rare cancer of the vagina or cervix. Not surprisingly then, many mice that are exposed to DES while they are embryos later exhibit precancerous cells in their vaginas, as do most Wnt-7a­knockout mice. 

Yet a mouse study last year found that DES granddaughters—the daughters 

of female mice exposed to DES as embryos—also face an increased chance of developing cancers of the genital tract even though they are free of any reproductive-tract abnormalities.

 Since Sassoon believes DES does not mutate Wnt-7a  but only turns it off temporarily, he’s perplexed that the increased cancer risk is passed on to the next generation.

In addition to testing Wnt-7a’s connection to DES, Sassoon is examining the role of other Wnt genes in the female reproductive system. He’s created mice with mutations in Wnt-5a and Wnt-4, the other Wnt genes known to be active in the female reproductive tract.

Like people, mice carry two copies of each Wnt gene. In different mouse strains, Sassoon mutated one copy of each. By crossing those strains, he created mice with combinations of Wnt mutations. “They come down with disorders that look like much more common reproductive pathologies,” notes Sassoon, who hasn’t yet published this research.

Some people might wonder why researchers continue to investigate the effects of DES on pregnancies long after physicians abandoned its use. One motivation, argues Sassoon, is a growing concern that estrogenlike agents in the environment may alter prenatal development.

Sassoon also notes that tamoxifen, the most widely prescribed drug to prevent breast cancer recurrence (SN: 4/11/98, p. 228), is a DES-like compound that has estrogenic activity. There is evidence that tamoxifen raises a woman’s risk of developing uterine cancer (SN: 11/23/96, p. 335).

Through understanding the genes that DES affects, Sassoon believes, scientists can learn how to create a safer form of tamoxifen. “We could much more intelligently design a drug,” he says. 
n

Perhaps the only drug more infamous than DES is thalidomide, a compound that caused severe birth defects in thousands of infants when prescribed to pregnant women as a sedative and nausea medication in the late 1950s and early 1960s. Thalidomide-affected babies were born with stunted legs or arms or even with rudimentary flippers in place of hands or feet. Remarkably, as in the case of DES, scientists have yet to unravel the details of how thalidomide interferes with the growth of an embryo.

That issue has become more pressing of late, as thalidomide has gotten a new lease on life. In recent years, researchers have found that the compound may help treat conditions including  leprosy, brain cancer, AIDS, and rheumatoid arthritis (SN: 12/24&31/94, p. 424).

Investigators are now seeking safer but equally potent versions of the compound. “If we can declaw an analog [of thalidomide] so that it is nontoxic to the embryos, we will truly have a wonder drug,” says Trent D. Stephens of Idaho State University in Pocatello.

The best way to design a safe analog, however, would be to begin by explaining why the original is so devastating. Stephens has a new theory that may do just that. 

Over the years, scientists trying to explain how thalidomide causes birth defects have put forth more than 2 dozen theories, Stephens says. His own contribution, described last year at the International Limb Development and Regeneration Conference in Sun Valley, Idaho, marries many of those theories.

Although the issue remains controversial, most researchers believe that thalidomide does not directly mutate DNA. Studies have shown, however, that the compound can transiently slip in between nucleotides, the building blocks of DNA. For unknown reasons, the drug seems to prefer to move into DNA sequences rich in guanine (G) over the other three nucleotides: adenine (A), cytosine (C), and thymine (T). Other research has shown that thalidomide can alter the activity of genes encoding proteins involved in cell-cell adhesion and others that control cell growth.

Seeking to pull those pieces of data together, Stephens and his colleague Bradley J. Filmore looked at how the genes affected by thalidomide might be regulated. Every gene has its own promoters, specialized DNA sequences that, when activated by particular proteins, help determine a gene’s activity. 

“We were on a fishing expedition. We were wondering if there was anything unique about these promoters,” explains Stephens.

While the promoter sequences for many genes remain unknown, more than 90 percent of those documented have promoters containing either the nucleotide sequence GATA or CCAAT or both, notes Stephens. As he and Filmore studied the various genes affected by thalidomide, however, they noticed that many had unusual promoters. Instead of containing GATA or CCAAT, their promoters were rich in guanines. 

“The more we followed this trail, the more amazing it seemed to us,” says Stephens. Thalidomide’s well-known penchant for causing only specific kinds of birth defects could stem from its specificity for this small subset of promoters, he says.

The genes scrutinized by Stephens and Filmore as possible thalidomide targets participate in a pathway of biochemical signals leading to the growth of new blood vessels, a process called angiogenesis. Thalidomide is widely known to inhibit angiogenesis in adult humans and animals: Cancer physicians use the drug because it deprives tumors of a blood supply.

In embryos, Stephens hypothesizes, thalidomide attaches to guanine-rich promoters and interferes with the activity of genes necessary for angiogenesis. As a result, he concludes, the drug  “shuts off circulation to developing limbs.” 

“Inhibition of angiogenesis by thalidomide has never been demonstrated to occur in the embryo,” counters Diether Neubert of the Free University Berlin in Germany. His team has shown that the drug alters the distribution of cell-adhesion molecules on monkey embryonic cells.

“We are not in need of more hypotheses,” Neubert says. “There are already too many. We need good experimental data.”

Generation of such data is easier said than done. Unlike DES, thalidomide doesn’t cause birth defects in mice, making it difficult to study. Researchers must test their theories about the drug in monkeys, rabbits, or chickens.

Still, resolving this pharmaceutical mystery is vital, says Stephens. He notes that thalidomide-affected babies continue to be born in developing countries where the drug has continued to be a popular treatment for leprosy. 

Moreover, the continuing confusion over the compound stymies efforts to prevent similar tragedies. “Because we don’t understand the mechanism of thalidomide, we run the risk of a new thalidomide coming on the market at any time,” says Stephens.                  —J.T.

A 1957 medical journal ad for DES. Despite the ad’s claims, studies showed DES did not prevent miscarriages.

Food & Nutrition

Of carotenoids and diabetes

People with diabetes can produce large quantities of free radicals in their blood. Because these molecular fragments impair insulin action, researchers have wondered whether chemicals that mop up free radicals head off diabetes. Dietary antioxidants might do just that, a new study hints. 

Epidemiologist Earl S. Ford and his colleagues at the Centers for Disease Control and Prevention in Atlanta analyzed data on 1,665 adults, ages 40 to 74. These volunteers, participants in the Third National Health and Nutrition Examination Survey, had all submitted to blood-glucose tests to determine whether they had diabetes. The researchers then compared each individual’s diabetic status with his or her blood concentrations of beta-carotene and related plant-based pigments that possess antioxidant properties.

Healthy people had the highest blood concentrations of beta-carotene. Volunteers diagnosed with “impaired glucose tolerance,” which can lead to diabetes, had concentrations about 87 percent as high. Among people first diagnosed with diabetes by the study, beta-carotene concentrations were only at 80 percent that of the healthy group. Several other carotenoids in the blood exhibited a similar trend, Ford’s team reports in the Jan. 15 American Journal of Epidemiology.

What these data can’t answer is which came first: diabetes or low levels of carotenoids. If it’s the latter, Ford argues, eating more carrots, kale, and other carotenoid-rich fare might help prevent this disease. 
—J.R. 

Do carrots ward off heart attacks?

A healthy diet of beta-carotene might reduce senior citizens’ risk of heart attacks, a Dutch study finds.

Kerstin Klipstein-Grobusch of Erasmus University in Rotterdam and her colleagues analyzed diets, smoking habits, and other heart-disease risks among 4,800 men and women. Of this group, 124 experienced a first heart attack within 4 years of entering the large, ongoing Rotterdam Study of the elderly.

Relatively few of the heart-attack victims had a diet rich in beta-carotene. However, the researchers find, people who ate at least 1.6 milligrams of beta-carotene per day had only 55 percent the heart-attack risk of those whose average daily diet contained no more than 1.1 mg of the antioxidant. Overall, smokers and former smokers appeared to gain a slightly larger benefit than nonsmokers from eating plenty of beta-carotene-rich foods. 

A report of the work appears in the February American Journal of Clinical Nutrition. 
—J.R. 

Ferreting out beta-carotene’s toxicity

While it’s hard to get toxic quantities of beta-carotene from eating fruits and vegetables, one study found that high-dose supplements might be harmful. They appear to increase a smoker’s risk of lung cancer (SN: 1/27/96, p. 55). A 6-month study in ferrets, which process this carotenoid much as humans do, now indicates that excess beta-carotene oxidizes. The resulting metabolites unleash a toxic double whammy. 

Xiang-Dong Wang of the Agriculture Department’s Human Nutrition Research Center on Aging in Boston and his coworkers supplemented the animals’ diet with beta-carotene in an amount comparable to that used in the earlier human cancer study. Some animals were also exposed to cigarette smoke.

In the lung, beta-carotene’s metabolites destroyed retinoic acid, a vitamin-derived compound that suppresses cancer growth. The metabolites also activated a protein that spurs cell division, Wang’s group reports in the Jan. 6 Journal of the National Cancer Institute. While the untreated ferrets had healthy lungs, those exposed to the supplements underwent precancerous changes. The lung damage was most prevalent in the animals who were also exposed to the smoke. 
—J.R.

Paleontology

Dinosaur shifts metabolic gears

The beautifully preserved but flattened innards of a fossil dinosaur suggest that the extinct beast may have breathed much like modern mammals. Paired with other, more characteristically reptilian traits, this finding suggests that dinosaurs’ metabolism functioned unlike that of any living animal. 

In the Jan. 22 Science, physiologist John A. Ruben of Oregon State University in Corvallis and his colleagues describe a fossil of Scipionyx samniticus, a small meat-eating theropod, found in Italy. They mapped the traces of internal organs and muscles by using ultraviolet light, which makes residual liver pigments fluoresce.

The pattern supports Ruben’s earlier analysis of a Sinosauropteryx fossil (SN: 11/15/97, p. 310). In both, he says, the liver connected to a diaphragm that separated the lungs from the viscera. A muscle pulled the diaphragm back and sucked air into the lungs. Modern crocodiles have a similar structure, perhaps a remnant from more active ancestors, he says.

Most modern reptiles, cold-blooded creatures that maintain a low resting metabolic rate, breathe by expanding their rib cages. Mammals and birds use both rib-based and diaphragm-driven respiration. The diaphragm system provides extra oxygen for sustained, intense activity.

Ruben starts with the assumption that theropods were cold-blooded. While resting, their respiration and metabolism would have been as slow as a modern reptile’s. When necessary, however, these dinosaurs and ancestral crocodiles could shift gears from rib-based respiration to diaphragm-driven overdrive. “They had the best of both worlds, metabolically,” says Ruben.

The dual-metabolism theory, says paleontologist James O. Farlow of Indiana University-Purdue University at Fort Wayne, “accounts for some otherwise odd features about dinosaurs.” They were cold-blooded, he says, yet fossil evidence suggests that theropods were as active as warm-blooded animals.

The squashed, two-dimensional remains could be interpreted differently, warns paleontologist Philip J. Currie of the Royal Tyrrell Museum of Palaeontology in Drumheller, Alberta. “I think this is pushing the bounds of what can be said on the basis of the evidence.” The supposed liver in the Scipionyx fossil could be a smudge from the animal’s stomach contents. Of the dual metabolism hypothesis, he says, “It’s a nice thought experiment.” 
—L.H.

Dinosaur family hails from Texas

The oldest duck-billed dinosaur fossil has been found where it was least expected: North America. Hadrosaurs, previous paleontological findings suggested, originated in Asia and migrated to North America about 90 million years ago.

The 99.5-million-year-old fossil of Protohadros byrdi, an ancestor of other hadrosaurs, is described in the December 1998 Journal of Vertebrate Paleontology. According to the author, paleontologist Jason J. Head of Southern Methodist University in Dallas, the duck-billed dinosaurs may have originated in Asia or North America, or their ancestors may have flourished before those land masses split. 
—L.H.

Scipionyx samniticus may have breathed with a diaphragm, like birds and mammals today. This juvenile’s fossil is 24 centimeters long. 

