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Blaming the Brain: The Truth About Drugs and Mental Health—Elliot S. Valenstein. Rapidly prevailing theories suggest that emotional problems and mental disturbances are rooted in brain chemistry, not nurturing. A professor of neuroscience at the University of Michigan, Valenstein surveys evidence supporting the recent shift to a new paradigm—which he claims has holes—and its long-term effects. He also carefully reviews the rise of psychotherapeutic drugs and the conditions they treat. While he agrees that biology plays a part in behavior, he asserts that the strong trend toward treatment based solely on drugs should be resisted. Free Pr, 1998, 292 p., b&w photos, hardcover, $25.00.

Curing Cancer: The Story of the Men and Women Unlocking the Secrets of Our Deadliest Illness—Michael Waldholz. The science editor for The Wall Street Journal candidly portrays the work and politics of several researchers focused on the implications of genetics on cancer research. Bert Vogelstein, who discovered the tumor-suppressing power of the p53 gene, and Mary-Claire King, who argued that cancer is inherited, star in Waldholz’ tale. Originally published in hardcover in 1997. Touchstone, 1999, 318 p., b&w plates, paperback, $14.00. 

Dark Life: Martian Nanobacteria, Rock-Eating Cave Bugs, and Other Extreme Organisms of Inner Earth and Outer Space—Michael Ray Taylor. Some scientists speculate that lifeforms dwelling deep within the Earth or in its outer reaches greatly outnumber humans and other creatures that need air and light. With each new discovery, controversy rages about how these extreme organisms fit into the pattern of life. Afforded the opportunity to serve as a field assistant on several excavations, Taylor assesses both the trials and tribulations of reaching inhospitable regions and the subsequent wrath and fury that strange findings provoke. Scribner, 1999, 287 p., hardcover, $23.00.

The Moment of Proof: Mathematical Epiphanies—Donald C. Benson. It is Benson’s goal to convey not only the mechanics of the world’s most elegant proofs, but also to impart the thrill of these revelations. For example, upon discovering buoyancy, Archimedes ran wildly through the streets of Syracuse chanting “Eureka.” Benson illustrates hundreds of proofs defining such moments. Puzzles and conundrums such as Loyd’s Fifteen Puzzle, the Chaos Game, the Monty Hall Problem, and Russian Peasant Multiplication are just a sampling. OUP, 1999, 331 p., illus., hardcover, $30.00.

The Natural Wealth of Nations: Harnessing the Market for the Environment—David Malin Roodman. Government subsidies for environmentally destructive activities amount to $650 billion annually, Roodman asserts. He offers a plan to achieve the opposite. There should be a price to pollute, in the form of environmental taxes. This would change global economic incentives and, consequently, generate revenue from the clean-up of pollution and from the development of alternative means of transportation, energy generation, and manufacturing. This is a publication of the Worldwatch Institute, a nonprofit organization fostering environmental sustainability. Norton, 1998, 303 p., paperback, $13.00.

The Restless Sea: Exploring the World Beneath the Waves—Robert Kunzig. Beginning with thoughts of how the oceans came to be, this story fast-forwards to recent years, when deep-sea exploration became a reality. Kunzig, an editor at Discover, surveys facets of the sea from the amazing nature of hydrothermal venting to conservation issues regarding overfishing and pollution. Because this is a modern history, the story is furthered through interviews with many key players in cutting-edge research. These individuals speculate on this science and identify the hottest debates within their fields. Norton, 1999, 336 p., illus., hardcover, $24.95. 

Sierra Nevada Wildflowers—Elizabeth L. Horn. Extending along the border of California and crossing into the Lake Tahoe region of Nevada, the Sierra Nevada is a schizoid combination of diverse land types, elevations, and climates. This guide depicts 300 diverse species of wildflowers and flowering shrubs. Entries distinguish species by size, flower, color, geographic distribution, blooming period, and leaf type. Historical notes and color photos are included. Mountain Pr, 1998, 215 p., color photos, paperback, $16.00.

Skywatchers, Shamans, and Kings: Astronomy and the Archaeology of Power—E.C. Krupp. This survey of the relationship of ancient peoples to astronomy considers the shrines, temples, and texts that often stood as testaments to the heavens. Krupp imparts the wisdom and tradition of the ancients in understanding the place of humans in the universe through study of the cosmos. Krupp’s focus, however, is on the power of those who claimed to have special understanding of the heavens and their elements and on the methods by which they wielded that power. Originally published in hardcover in 1997. Wiley, 1999, 364 p., b&w photos/illus., paperback, $17.95.
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Thoughts for your pennies

The alarming article “Newer pennies pose a special toddler risk” (SN: 12/5/98, p. 358) erroneously leads the reader to the distorted conclusion that killer pennies pose an imminent and grave threat to the nation’s children.

Among the estimated 21,000 pediatric coin ingestions that lead to emergency department visits, complications remain exceedingly rare. Among coin ingestions reported to U.S. Poison Centers in 1997, 98 percent passed naturally and uneventfully through the gastrointestinal tract.

The more common problems are a coin becoming lodged in the esophagus or  a coin being sucked into the trachea. If the radiograph shows the coin to be in the stomach or bowel, then no emergency action is necessary, and the coin will routinely appear in the feces within a couple of days.

Michael E. Mullins

Oregon Health Sciences University

Portland, Ore.

Your article on the risk of ingested pennies minted after 1981 caused me to reflect on the current treatment of ingested coins, a common pediatric problem. 

Like other emergency physicians, I have considered swallowed coins to be generally innocuous. I agree with Dr. O’Hara’s speculation that small cracks in the copper skin caused the zinc to escape and cause ulceration in the patient, so as these newer pennies age we may see this syndrome with greater frequency.

Once an ingested coin is identified as a penny (easily done radiographically), daily X-rays of the coin should be taken until it passes in the stool. If the patient displays gastrointestinal problems or if the penny shows the moth-eaten appearance described by Dr. O’Hara, then aggressive retrieval is indicated. Absent these, the therapy that has served thousands of patients and their anxious parents well still applies. In any case, further study is clearly warranted.

Dennis C. Whitehead

Dickinson County Hospital

Iron Mountain, Mich.

Dr. O’Hara hypothesized that the problem described arose because newer pennies consist of copper-coated zinc and cracks in the copper “skin” could “allow the stomach’s hydrochloric acid to dissolve some of the zinc into a toxic, ulcerating soup.” The first problem with this scenario is that zinc ion is highly soluble and relatively nontoxic. It seems more likely that the ulcer was caused either by the penny’s jagged edges or perhaps by toxic copper salts. In either case, this begs the question, why would newer pennies be more dangerous than older ones? If, however, the ulcer is due to the jagged edges of a partially dissolved coin, then newer pennies may indeed be more dangerous than older ones.

Todd P. Silverstein

Willamette University

Salem, Ore.

Nuclear Fusion Flares on a Tabletop

The dream of sparking tabletop nuclear fusion has become a reality, promising not commercial energy but a promising scientific payoff.

The feat took place on a lab bench only about 1 meter wide and 3.5 meters long. There, scientists zapped clusters of atoms of deuterium, or heavy hydrogen, with brief but extremely powerful laser pulses. 

By focusing flickers of energy lasting much less than a trillionth of second into an extremely small volume, the laser beam heats atom clusters to tens of millions of degrees Celsius, report Todd Ditmire and his colleagues at Lawrence Livermore (Calif.) National Laboratory. 

The laser pulse can strip atoms of their electrons, creating a cigar-shaped speck of hot, ionized gas, or plasma. The superheated clusters explode, bashing deuterium ions together with high enough velocity to fuse into helium ions. For each helium ion formed, the fusion reaction also spits out a neutron with a characteristic energy.

The experimenters detected emission of approximately 10,000 neutrons with the predicted energy per laser pulse. Ditmire described the experiment on March 23 to a crowded session at the Centennial Meeting of the American Physical Society in Atlanta.

“It’s a great achievement,” comments Gerard A. Mourou of the University of Michigan at Ann Arbor. Mourou invented a means to amplify laser pulses to extremely high intensities, thus paving the way for lasers such as the one used by the Livermore scientists (SN: 2/10/96, p. 95).

The new fusion scheme is no energy panacea, researchers insist. The laser dumps about 10 million times more energy into the plasma than the neutrons carry back out. The lost energy goes into heating ions and electrons and producing photons that make the plasma glow.

When might the new technique yield more energy than it consumes? “The answer is never,” says Ditmire. For a fusion reactor to produce an energy gain, it must confine its fuel long enough, usually no less than a few nanoseconds, to ignite a self-sustaining thermonuclear burn. The plasma in the tabletop device disperses too quickly—after only 200 trillionths of a second.

Fusion energy powers the sun, the stars, and thermonuclear bombs. Scientists have labored since the 1950s to tame fusion reactions for commercial power, but practical reactors remain decades away, at best. 

Sustained fusion burn is one of the goals of the stadium-size laser, known as the National Ignition Facility, that Livermore is currently building (SN: 10/19/96, p. 254). Expected to be the world’s largest laser, it will hurl a mighty bolt of nearly 2 million joules of energy at a fuel capsule. By contrast, the tabletop fusion laser puts out just a tenth of a joule. 

Ditmire says, however, that his team’s technique will permit new types of laser fusion experiments and may lead to compact neutron sources for studying materials. 
—P. Weiss

Laser pulses blast clusters of deuterium atoms formed in a cooler at 100 kelvins.

Solvents’ link to birth defects bolstered

Since 1985, researchers at the Hospital for Sick Children in Toronto have offered a program called Motherisk for women in their child-bearing years who are concerned that they have been exposed to harmful chemicals or radiation.

Now, potent evidence that Motherisk researchers accumulated over 10 years indicates that many women have good cause for worry. 

Pregnant women exposed to organic solvents are indeed much more likely to have a deformed baby than unexposed women are, the scientists report in the March 24/31 Journal of the American Medical Association.

Between 1986 and 1996, the investigators tracked and recorded the outcomes of pregnancies in 125 pregnant women exposed to organic solvents at workplaces such as factories, laboratories, graphic design businesses, and print shops. The solvents included phenols, xylene, acetone, and trichloroethylene.

The women were exposed for at least 4 months of their pregnancy, including the entire first trimester, says study coauthor Sohail Khattak, a pediatrician and clinical pharmacologist at the hospital. The first trimester is a critical time during which organs form in a fetus, he explains.

Khattak and his colleagues also tracked 125 pregnant women who had sought advice from Motherisk doctors for what turned out to be harmless exposures to chemicals, such as taking acetaminophen during pregnancy. These women were matched to the exposed group by age and lifestyle.

Most of the women in both groups were referred to Motherisk by their doctors, but some came in on their own. 

Of 113 live births to the women exposed to the chemicals, 13 babies—12 percent of births—had major malformations, such as deafness or a heart defect. Five other babies had minor birth defects. Twelve of the pregnancies ended in miscarriage or abortion.

Women in the control group had 115 live births, but only one baby had a major birth defect and one had a minor deformity. 

Among healthy mothers such as these, the expected rate for major abnormalities stands at 1 to 3 percent.

One new finding might provide a warning sign. Of the 125 exposed women, 75 had complained during pregnancy that organic chemicals were giving them headaches or breathing problems. Of the 13 major defects in the exposed group, 12 occurred in babies born to these women.

 “We were quite amazed at the degree of effect we found,” Khattak says. 

The exposed women also had nine premature births, compared with three in the control group. This is the first study to measure premature births among women exposed to organic solvents, Khattak says.

Earlier tests in animals had shown that chemicals inhaled by pregnant rodents can cross the placental barrier to damage their young. Some studies of human mothers hinted that exposure to organic solvents might be to blame for birth defects, but others did not. 

Because the Motherisk researchers identified the exposed women early in pregnancy, their work avoids the errors and biases of studies that later ask mothers to recall their exposures during pregnancy, says Richard K. Miller, an obstetrician and gynecologist at the University of Rochester (N.Y.) Medical Center. 

“This paper from Motherisk is certainly the benchmark for examining the relationship between maternal toxic [exposure] and birth defects,” he says. Its results will change how doctors counsel pregnant women regarding occupational risks, especially those that cause symptoms in the women, he predicts.  
—N. Seppa

Growing nerve fibers get some guidance

In the developing human embryo, a mere wisp of tissue called the neural plate gives rise to a nervous system consisting of billions of interconnected nerve cells. To establish the trillions of connections among them, these neurons extend long fibers, or axons, that snake their way through the embryo.

Scientists seeking to understand the chemical cues that guide these fibers are now focusing on a protein called Slit. In both invertebrates and vertebrates, Slit or its relatives repel the growth of certain axons. Yet the molecules have a friendly side, too. They can encourage axons to sprout secondary branches, another feat crucial to the development of the nervous system.

In four papers in the March 19 Cell and one in the April Neuron, scientists describe the proteins’ contrasting roles. In fruit flies, for example, certain axons that try to cross the midline, which divides the insect’s developing nervous system from top to bottom, come to a dead halt and retract. It’s like hitting an “electric fence,” says David L. Van Vactor of Harvard Medical School in Boston.

The shocking element in that fence turns out to be Slit. “Slit is expressed right down the midline. It’s really potent at setting a boundary between the two sides of the nervous system,” says Corey S. Goodman of the Howard Hughes Medical Institute (HHMI) at the University of California, Berkeley, who is a coauthor of three of the papers.

The story of Slit extends into higher organisms. Marc Tessier-Lavigne, an HHMI investigator at the University of California, San Francisco, and his colleagues report that mammals have at least three versions of Slit, all of which can repel axons at the midline or elsewhere. 

For example, groups led by Yi Rao of Washington University School of Medicine in St. Louis and Alain Chédotal of Salpêtrière Hospital in Paris show that in chicks and rodents,  some of these Slit proteins repel growing axons that came from brain regions such as the hippocampus and olfactory bulb.  

Goodman and his colleagues also have evidence that the protein can repel migrating muscle-precursor cells from certain areas of the fruit fly embryo. These areas have cells that secrete Slit into their surroundings, where it sticks to other proteins or slowly diffuses to extend the repellent zone. 

The role of Slit proteins in axon branching may be as important as their ability to repel those fibers. Most nerve cells ultimately connect with multiple targets, in the brain or elsewhere, that are separated by considerable distances. An axon may grow steadily toward one main target, but secondary axons, or collaterals, can shoot off from the axon’s main trunk. Some collateral axons don’t appear until a day after a parent axon has passed by a secondary target.

“They just pop out of the axon,” notes Dennis O’Leary of the Salk Institute for Biological Studies in La Jolla, Calif.

O’Leary and his colleagues have for years studied how vertebrate axons from the brain’s cortex travel down to the spinal cord, forming branches all along the way. They’ve shown that the targets of collateral axons secrete soluble factors that penetrate the parent axon and induce it to branch at that site. 

Slit proteins emerged as candidates for such a factor when Kuan Hong Wang, one of Tessier-Lavigne’s colleagues, purified a molecule that seemed to provoke collateral branching in test tube studies. After determining the protein’s amino acid sequence, he realized it was a fragment of one of the molecules that his laboratory mates had identified as axon repellents.

“There was absolutely no reason to believe there was any relationship between the two [projects]. We were totally surprised,” says Tessier-Lavigne.

He and O’Leary stress that the mechanism behind the Slit fragment’s ability to enhance collateral branching remains unclear. It may stimulate the budding of collateral axons, notes Tessier-Lavigne, or may merely stabilize fledgling axons induced to branch by other, unknown factors.

A fuller understanding of Slit proteins, he adds, might one day allow physicians to employ them in repairing the nervous system, such as in cases of spinal cord injuries. 
—J. Travis

A protein called Slit (red) prevents growing nerve fibers (green) from crossing the center of a fly’s developing nervous system. 

China’s air pollution chokes crop growth

With China’s economy and population expanding at breakneck speed, its infamous air-pollution problems have started to claim new victims. Data collected at rural Chinese sites indicate that ozone pollution has already reached the point where it’s harming agriculture—raising questions about whether the world’s fastest developing country will be able to feed itself in the next century. 

“There has been a lot of discussion of whether China can meet its future food demands, but there has been very little discussion of how regional environmental degradation is affecting agriculture there,” says William L. Chameides of the Georgia Institute of Technology in Atlanta, who led the study.

When ozone, a highly reactive gas, builds up in the lowest layer of the atmosphere, it harms plants and animals. The pollutant forms when hydrocarbons and nitrogen oxides mingle in the air and get cooked by sunlight. Both these ingredients come from the incomplete combustion of fossil fuels. Hydrocarbons also are released by vegetation. 

In a collaboration with Chinese researchers, Chameides and his U.S. team analyzed ozone measurements made at four rural sites in China during 1994 and 1995. These are the first systematic ozone readings taken outside cities in China, according to the researchers.

They found the highest pollutant concentrations at two places: an agricultural town called Linan, near the coastal city of Hangzhou, and a part of Hong Kong Island upwind of the city. At both spots, ozone often exceeded 60 parts per billion, an approximate threshold for harmful effects. Experiments in the United States and elsewhere have shown that the range of ozone exposure at these two Chinese sites is enough to reduce crop  yields by 10 percent or more, the scientists report in the April 1 Geophysical Research Letters.

The scientists were surprised to find the highest ozone readings in fall, winter, and spring—the reverse of the U.S. pattern. In China, they say, summer storms are strong enough to clear out polluted air from the coastal sites where the measurements were made. 

The highest ozone readings in the study occurred in Linan, which sits in the Yangtze River Delta, one of China’s most important agricultural regions. The timing of the air-pollution problems threatens the delta’s winter wheat crop, which supplies 20 percent of China’s total wheat harvest, say the researchers.

Chameides’ team used a computer model to see how far the ozone problem might extend beyond the four measured spots. In the simulation, harmful concentrations of ozone blanketed much of eastern China.

The Chinese pollution measured is “what you’d see at a rural U.S. site in summer, maybe a little bit dirtier,” says Jennifer A. Logan, an atmospheric chemist at Harvard University.

Agricultural studies in the United States suggest that ozone pollution reduces U.S. crop yields by $5 billion to $10 billion annually, says Ellis B. Cowling of North Carolina State University in Raleigh. 
—R. Monastersky

Rainy night in Georgia, at least in Atlanta

Snow-globe souvenirs depict cities more accurately than most tourists recognize. A large city creates its own weather. Each sits under a dome of hot air, known as an urban heat island, that can produce clouds and thunderstorms. 

Using high-resolution measurements taken in Atlanta during the 1996 Summer Olympics and satellite data covering the past quarter century, researchers have produced one of the most detailed portraits of a city’s climatic geography. The research, presented March 24 at the Association of American Geographers conference in Honolulu, along with work on other cities, is fueling a growing area of meteorology—weather prediction for urban microenvironments.

The streets, rooftops, and parking lots that cover large cities absorb heat during the day and radiate it at night. As Atlanta has grown in the past 25 years, eating up 380,000 acres of forest, its heat island has grown with it, says Dale Quattrochi of NASA’s Marshall Space Flight Center in Huntsville, Ala.

Scientists in the 1800s noticed that Berlin, London, and Paris were warmer than the countryside, says Stan Changnon of the University of Illinois at Urbana-Champaign. In the 1970s, Changnon led a detailed study showing that St. Louis creates its own thunderstorms. 

Hot air bubbles up from the heart of a city, creating a low-pressure cell that sucks in cold air from its perimeter, he says. As this converging plume of heat rises, it cools, condenses, forms clouds, and produces thunderstorms.

During the Olympics, weather stations installed throughout Atlanta helped sports officials plan outdoor events (SN: 7/13/96, p. 29). During those 9 days, says Bob Bornstein of San Jose (Calif.) State University, six thunderstorms erupted. Four developed over the city, and two formed outside Atlanta and then moved in, perhaps drawn by the city’s low-pressure center, he reported in Honolulu.

Bornstein says that meteorologists should be able to identify storm-prone areas: “The city doesn’t change, and the mountains don’t move, and the wind patterns are generally the same.” In Atlanta, the south and southeast sides are most vulnerable to thunderstorms. In New York City, by contrast, Bornstein’s earlier work showed that rain is most likely to fall in the west, right over Manhattan.

Cities have special needs when it comes to weather, says Walt Dabberdt, associate director of the National Center for Atmospheric Research in Boulder, Colo. Transportation systems, power grids, and sewer systems are vulnerable to storms, and floods can grow rapidly where pavement covers the ground. 

Urban areas need both traditional forecasting, he says, and “nowcasting”—which provides information in the 2-hour range about thunderstorms, tornadoes, blizzards, and heavy rain. Dabberdt chaired a U.S. Weather Research Center working group that concluded that the center should support new research on urban weather prediction. The topics might range from city microclimates to improved communication between forecasters and city workers who need to prepare for weather emergencies. 
—L. Helmuth

Urban heat island: Night surface temperatures in downtown Atlanta are higher (redder), by 8° to 10°C, than in surrounding areas.

Moon’s tiny core hints at earthly origin

Two new studies support the notion that the moon is essentially a chip off Earth’s mantle, formed when a Mars-size body crashed into our planet.

Both studies, which rely on strikingly different measuring techniques, find that the moon has a tiny core, no bigger than about 400 kilometers in radius and containing less than 4 percent of the moon’s mass. In contrast, Earth’s core holds about one-third the planet’s mass.

Theorists have predicted that the moon would have at most a tiny core if it formed from the debris kicked up when a giant body plowed into Earth a few billion years ago. By that time, our planet’s iron-rich material had sunk toward its center (SN: 8/16/97, p. 107). The collision would have gouged material from Earth’s low-density mantle, providing little matter for a dense lunar core.

Had a fully formed moon been captured by Earth, or had the moon and Earth formed simultaneously from the same cloud of gas and dust, the moon would have a larger core more in proportion to that of our own planet, says Robin M. Canup of the Southwest Research Institute in Boulder, Colo.  

The idea that the moon is an offspring of Earth has been around for decades, ever since the first samples brought back from the moon revealed that lunar rocks have a composition similar to Earth’s mantle. The new findings, described last week at the annual Lunar and Planetary Science Conference in Houston, lend further credence to a terrestrial lineage.  

Lon L. Hood of the University of Arizona in Tucson and his collaborators used NASA’s Lunar Prospector spacecraft to measure Earth’s magnetic field in the vicinity of the moon. The craft’s magnetometer detected variations in the field such as would be expected if the moon has a small, electrically conducting core, perhaps made of iron. Hood and his colleagues estimate that the radius of the core is 300 to 425 km. 

These numbers agree with an earlier estimate of core size based on a gravity map of the moon, also generated by Lunar Prospector. Alex Konopliv of NASA’s Jet Propulsion Laboratory (JPL) in Pasadena, Calif., and his collaborators reported that analysis in the Sept. 4, 1998 Science. 

Recent experiments have measured minute variations in the moon’s rotation and wobble by bouncing laser beams off reflectors that were left on the lunar surface some 3 decades ago. These variations result from a loss of energy. Earth’s gravitational influence, which robs the moon of energy by flexing it, can’t account for all of the fluctuations. 

James G. Williams, J. Todd Ratcliff, and their JPL colleagues conclude that the variations can best be explained if the moon has a small, at least partially molten core that is no bigger than 374 km. Friction between a small, fluid core and an overlying layer of rock could account for the extra energy loss.

“The existence of a small lunar core favors the impact hypothesis,” says Canup. She adds that further modeling will be required to determine the size and velocity of the body that struck Earth some 4 billion years ago.                             —R. Cowen

Lunar reflecting array left by Apollo 15.

Immune response may tie stress to colds

People who feel unable to deal with life’s stresses display an exaggerated immune reaction that may intensify their sneezing, coughing, and other physical symptoms once they’ve contracted a common virus, a new study suggests.

However, the researchers have not yet confirmed whether this particular immune response—a sharp rise in the production of a chemical messenger known as interleukin-6 (IL-6)—magnifies coldlike respiratory symptoms or occurs in response to them.

“This is the first linkage of psychological stress to both an immune system change and a verified disease outcome,” says psychologist Sheldon Cohen of Carnegie Mellon University in Pittsburgh, who directed the investigation. “We’ve shown that these three factors are interrelated, but we can’t say for sure that increases in IL-6 concentration precede cold symptoms.”

Cohen and his colleagues previously found that high levels of mental stress increase the risk of becoming infected by respiratory viruses and developing cold symptoms (SN: 8/31/91, p. 132).

In the latest research, published in the March/April Psychosomatic Medicine, 55 adults who were recruited through newspaper advertisements first completed a short questionnaire. It focused on the extent to which the volunteers had felt able to cope with psychological demands and maintain manageable stress levels in the past month.

Participants then spent 8 consecutive days quarantined in separate rooms of a Pittsburgh hotel. On the first day, they underwent physical examinations and were tested for viral infections.

The next day, each volunteer received nasal drops containing an infectious dose of an influenza A virus. The researchers verified that all the volunteers developed infections from the virus during their hotel stays.

At the end of each day, participants rated the severity of their cold symptoms. These consisted of sneezing, nasal congestion and discharge, sore throat, cough, headache, chilliness, and feeling uneasy and uncomfortable.

Mucus production was assessed by collecting and weighing used tissues that had been sealed into plastic bags. IL-6 levels were measured daily in samples of nasal secretions. 

Those individuals reporting pronounced stress in their lives produced the most mucus, displayed the largest surges in IL-6 production, and cited the most-severe symptoms of respiratory infection during the course of the study, the researchers say. During the early stages of infection, increases in IL-6 concentration closely corresponded to the intensification of cold symptoms and mucus production, they add.

When a virus impinges on cells’ ability to function, IL-6 release attracts immune cells to that site. In the case of a respiratory infection, IL-6 production ignites a process that results in cold symptoms.

Psychological stress may loosen physiological controls on IL-6 release, Cohen proposes, leading to its overproduction in the face of viral infection. It’s also possible that the increase in IL-6 for stressed people reflects a larger and much more complex immune process triggered during the course of viral infections, he says.

“This is a provocative new finding, but it’s hard to know if the findings truly pick up on a biological mechanism linking stress to cold-virus activity,” remarks psychologist Janice K. Kiecolt-Glaser of Ohio State University in Columbus.

IL-6 may react with great sensitivity to psychological stress without serving as a physiological bridge to cold symptoms, she contends.

In a follow-up investigation, Cohen’s group plans to stimulate IL-6 release in immune cells grown in the laboratory. The researchers will then see if the individuals who provided the cells generating the highest concentrations of IL-6 also experience the greatest stress and respond to virus with severe cold symptoms.

Drugs that block IL-6 and could help reveal its impact, if any, on cold symptoms are not yet available.
—B. Bower  

Device eliminates wait for DNA results

Crime investigators want forensic tests to be fast and accurate. Unfortunately, such tests are often slow and prone to error. Whenever a person intervenes in the procedure, opportunities for mistakes increase.

Now, researchers have designed a machine that performs a standard DNA test on blood samples from start to finish—without human intervention. Nanyan Zhang, Hongdong Tan, and Edward S. Yeung at the Department of Energy’s Ames (Iowa) Laboratory and Iowa State University in Ames describe their prototypical device in the March 15 Analytical Chemistry. It can work on blood samples as small as 1 microliter.

Traditional DNA analysis can match bloodstains found at a crime scene, but getting results from a lab usually takes 4 to 6 weeks. The new system “would give you enough information to rule in or rule out certain people in about 2 1/2 hours,” says Yeung. 

Existing technology also permits automation of certain steps of the process, says Yeung, but a person still must transfer samples between the steps. That increases the chance of contamination and other mishaps.

The prototype carries out a sequence of several operations automatically on tiny blood samples. Each sample travels through a long, thin capillary tube. In the first section, a brew of chemicals breaks open the blood cells. The chemicals amplify the minuscule amount of DNA to a measurable quantity via a process called the polymerase chain reaction, or PCR (SN: 10/23/93, p. 262). 

The second section of the tube separates the amplified DNA fragments. The pieces of DNA are then identified by beaming a laser at them and detecting their fluorescence.

In order to use PCR on whole blood, rather than on isolated DNA, Yeung and his coworkers had to modify the standard procedure. 

“Blood is one of the worst materials because it contains a lot of proteins, and proteins affect the enzymatic reactions in PCR,” he explains. The Ames group, therefore, chose enzymes that work in the presence of various blood proteins.

The researchers’ prototype analyzes and compares 8 DNA samples simultaneously, although it could easily handle 100 without major changes in design, Yeung says. 

Many companies are developing miniature chemistry labs on microchips so that forensic- and environmental-test devices can be portable (SN: 8/15/98, p. 104). Unlike these other miniaturized instruments, the Iowa system “does a lot of samples in parallel. That’s what’s unique about it,” says Steven A. Soper of Louisiana State University in Baton Rouge. In a clinical setting, the Iowa device could screen many blood samples for diseasecausing genes, reducing delays and cost, adds Soper.

Though not as small as a lab-on-a-chip, the Ames group’s prototype could fit in the back of a van, says Yeung. Taken to a crime scene, the machine could examine evidence on the spot. 
—C. Wu

A prototypical system performs automatic DNA analysis on blood. To control the fluid flow, the device shuts the tubes by freezing them with liquid nitrogen, then opens the tubes by thawing them with a blow dryer.

The Sun 

Also Writhes

Laboratory solar physics sheds 

first light on Sol’s seething sinews

By PETER WEISS

Paul Bellan creates tiny solar eruptions in his laboratory. He admits that they’re not true miniatures of events on the sun. Yet they are faithful enough, he believes, to provide new clues to some important solar mysteries.

The sun is a huge ball of gases—but not electrically neutral gases as in Earth’s atmosphere. Nuclear fusion at the core of the sun creates conditions of astounding heat, fast-moving particles, and mighty electric and magnetic fields. These forces shear the electrons from atoms in ordinary gases, transforming the gases into clouds of charged particles called plasmas.

Plasmas exhibit extraordinarily complex behavior not seen in other fluids. Scientists have been studying them in the laboratory for decades in pursuit of nuclear fusion as a commercial energy source. Recently, Bellan, who is at the California Institute of Technology, and a small cadre of other plasma physicists have begun to apply their laboratory methods to the study of the sun.

Many intriguing solar features arise from plasma’s peculiar behavior. Tumultuous conditions sculpt the plasma at the sun’s surface into huge arches of fluid flame known as solar prominences. In the intensely hot outer atmosphere, or corona, collisions of huge blobs of plasma fuel enormous jets of energy called solar flares, which often fire far into space.

In other spectacular discharges called coronal mass ejections, the corona sloughs off not just energy but also huge billows of hot plasma, sending billions of tons of the sun itself into space. These ion clouds sometimes crash into Earth with sorry consequences for satellites and power grids (SN: 3/6/99, p. 150). One such speeding plasma bomb hammered Earth’s magnetic field in March 1989, causing electromagnetic disruptions that blacked out the Canadian province of Quebec. Another January 1997 mass ejection may have fried an AT&T satellite (SN: 2/1/97, p. 68). 

These and many other features of the sun are poorly understood because solar measurements are sparse and theories of plasma physics are imperfect. “Often in solar physics, you are stuck trying to infer from an incomplete set of measurements why things occur,” says Richard Canfield of Montana State University in Bozeman. 

The only tools available for solar study have been ground-based telescopes and satellites. Canfield and his fellow observers “can’t stick in a probe and actually make a measurement like you could in a laboratory,” he says.

Skeptical at first that a device that fits in a laboratory could yield anything meaningful about a realm as vast as the sun, many solar observers are now finding themselves pleasantly surprised.

They admit that such laboratory experiments are yielding new insights into solar phenomena on multiple levels—from the looping plasmas on the sun’s face to the rushing torrents of plasma believed to flow in its depths. The lab scientists are also tackling fundamental aspects of plasma behavior that may have a bearing on a range of solar features.

“I believe [the laboratory experiments are] going to lead eventually to a much clearer understanding of solar activity,” says David Rust, a solar observer at Johns Hopkins University Applied Physics Laboratory in Laurel, Md.

During an experiment in Bellan’s lab, the naked eye sees a single pink flash. A high-speed camera, however, shows a miniature, glowing arch expanding from the end of a horseshoe-shaped magnet. The curve builds, wavers, twists, and then dissipates into the surrounding vacuum—all in a matter of microseconds.

There’s no comparison in grandeur between such pip-squeak arcs and the mighty solar prominences that Bellan is trying to replicate. The sun’s contorted arches of plasma as hot as tens of thousands of degrees Celsius can tower up to 100,000 kilometers above the churning solar surface (SN: 1/4/97, p. 4). They also can linger for days or weeks. Nonetheless, a variety of shared characteristics makes the resemblance good enough, Bellan says. 

In his experiments, Bellan zaps puffs of hydrogen gas with hundreds of megawatts of electricity to transform the gas into plasma and to make the arcs twist in response to their own magnetic forces, as many of their big solar cousins do.

 “We can actually duplicate something going on in the sun that people thought [was explained by] a very different physics,” he says.

The simulations may shed new light on how prominences arise, contort, and erupt, Bellan explains. He and his colleague Freddy Hansen reported their work last November at the American Physical Society’s Division of Plasma Physics meeting in New Orleans.

The simulations have already led them to a new, well-received model for the formation of bright, S-shaped features on the solar surface that appear to lead to solar eruptions within hours or days  (SN: 3/13/99, p. 164). In a 1996 study of some 50 such filaments seen in satellite observations, researchers led by Rust concluded that the S shapes were top-down views of extraordinarily hot, twisted prominences. Some scientists suspect that if prominences get too twisted, they become unstable and erupt.

In a model developed by Bellan, a plasma’s own magnetic forces produce the S shapes, which also appear in computer simulations of his lab arches. The magnetic forces twist the plasma until its current flows parallel to its magnetic field lines, Bellan explains.

Some researchers, such as John T. Gosling at Los Alamos (N.M.) National Laboratory, however, don’t agree that the S is a contorted prominence. Data collected from erupting solar plasma ejected into space have shown that prominences within it remain at their typical temperatures, he says. The S shapes, however, appear to reach coronal temperatures of 1 to 2 million degrees. In observing the S’s, “I think we’re probably looking down at material surrounding the prominence, rather than the prominence itself,” he comments. 

Whether on the sun or in a laboratory, plasmas flow in a complicated manner that taxes the ability of scientists to model and predict their course. The complexity arises from the fundamental interdependence of electricity and magnetism. When a plasma moves, an electric current flows—by definition—because the particles of the plasma are charged. But current flow creates a magnetic field, and magnetic forces act on moving charges. So, a moving plasma pushes itself around and by doing so creates new forces that push it yet some more. 

In the sun’s deep interior, scientists believe, such turbulence somehow generates a huge, orderly river of current—the solar dynamo—that creates the star’s magnetic field. Variability in this dynamo probably also drives the 11-year cycle of surface activity.

Researchers at the University of Wisconsin-Madison have reproduced that smooth stream of charge in a laboratory plasma. When they create a hydrogen plasma held by magnetic forces inside a doughnut-shaped vessel, tumultuous magnetic fluctuations “like splashing in a bathtub” arise spontaneously, says Wisconsin’s Stewart C. Prager. 

To measure the fluctuations, the Wisconsin researchers salt their plasma with carbon atoms that they use as tracers. Then, by observing shifts in the wavelength of the radiation emitted by the plasma-heated tracers, the scientists determine plasma motions. Magnetic sensors studding the outside of the vessel, which is about 5 meters in diameter, also reveal the shifting magnetic-field directions inside. 

“These magnetic fluctuations, we believe, lead to the dynamo effect in our laboratory and in the sun,” Prager says. Both the reasons for the turmoil and the way it produces an orderly electric flow are the quarry of the research group he leads.

For solar science, deeper understanding of plasmas is the ultimate aim. For fusion energy research, however, the scientists also hope to find a way to banish the dynamo effect from reactors because it diverts energy that could otherwise heat the plasma and sustain fusion reactions.

Even a plasma in the lab remains difficult to study. Developing the technologies for measuring their hot, highly charged, magnetized plasma has proven challenging and time-consuming. Five years ago, the researchers were able to take readings only at the fringes of the plasma. In the May Physics of Plasmas, they will describe finally probing the 5-million-degree core.

Another fundamental solar mechanism yielding to laboratory study is magnetic reconnection, which is the breaking and reattaching of magnetic field lines that have snapped after twisting, stretching, or crossing other lines. To observe reconnection, Masaaki Yamada and his colleagues at the Princeton Plasma Physics Laboratory in New Jersey are slamming together pairs of doughnut-shaped plasma clouds known as spheromaks.

The phenomenon is attracting interest from solar and fusion researchers because it may be accompanied by powerful energy releases and therefore play a key role in features of the sun. Some scientists suggest that reconnection accounts for the mysteriously high temperature of the corona. At  more than a million degrees, the corona blazes at 200 times the temperature of the solar surface (SN: 11/8/97, p. 295). Reconnection may also energize solar flares, which explode from the corona. They typically attain temperatures in the tens of millions of degrees. 

Fusion researchers—Yamada’s group counts among them—also recognize magnetic reconnection as an important aspect of reactor plasmas that may be useful in boosting plasma temperatures.

Although suspecting that reconnection plays a leading role in the solar drama, theorists have struggled for decades to explain how. Plasmas, especially on the sun, are wispy gases, but the magnetic fields threading through them make them behave as if they were viscous fluids, flowing and intermingling slowly. According to the classical theory of plasmas, magnetic field lines cannot reconnect or, at best, can do so only at a stately pace because of this viscosity. This model is obviously incomplete because it would require millions of years for solar flares to release the energy they expel in minutes or hours.

To resolve the dilemma, researchers have proposed revisions to the classical picture. They postulate that the reconnections occur under extraordinary conditions of electric current flow, perhaps accompanied by shock waves, at the narrow boundaries where magnetic fields with opposite directions clash. Until Yamada’s group began its experiments 3 years ago, no one had attempted to detect such conditions.

The results of the Princeton experiments don’t quite match any of the theories of reconnection advanced so far, Yamada explains. As described in the April 13, 1998 Physical Review Letters, he and his colleagues see reconnection taking place at a pace much faster than classical theory would allow but still only a hundredth of the rate required to explain solar flares. Also, within the turmoil of the spheromaks’ collision, they see no evidence of shock waves.

Uncertain how to explain their findings, the Princeton researchers suggest that they may have discovered a new phenomenon that none of the previous theories included. It’s a turbulence in the plasma that would increase interactions between plasma particles and thereby promote reconnections.

The researchers have recently enjoyed some confirmation of the relevance of their lab work to actual circumstances in space. They measured the thickness of the narrow boundary where two, magnetically opposite plasmas collide and cancel each other’s magnetic fields. The as-yet-unpublished measurement is in keeping with satellite readings from the region of space where the magnetic fields of the sun and Earth meet, Yamada says.

As the fields of solar physics and fusion research meet and begin to blend, both disciplines are getting a shot of energy. Fusion scientists are awakening to the sun as a place to test the theories developed for their reactors. And, for solar observers, lab experiments are filling in details lost across the 150 million km of space between sun and Earth.

“The laboratory work brings an air of reality,” solar observer Canfield says. “It really holds your feet to the fire.” 
n

A laboratory-simulated solar prominence the size of a teapot handle wells up from the end of a horseshoe-shaped magnet. Electric currents going through this plasma, which is at roughly 150,000°C, generate repulsive forces that  make the arc swell and then fly apart.

At high electric currents, arches in these computer-simulated plasmas project in two dimensions as S-shapes or mirror-image S shapes, indicating severe twisting caused by self-generated magnetic fields.

Strands of solar plasma contort into bright, hot S shapes before eruptions. The Yohkoh satellite snapped an X-ray picture of this S on April 24, 1993.

Glowing pink plasma rapidly heats as invisible magnetic field lines break and reconnect around current-carrying coils (darker bands) in a laboratory chamber.

The thick metal walls of vacuum vessels like this one make it possible for scientists to study plasmas heated to solar temperatures in the laboratory.

Astronomy

Trying to avoid Hubble trouble

Hoping to replace failing gyroscopes on the Hubble Space Telescope before the orbiting observatory develops a bad case of the jitters, NASA is planning to launch an emergency repair mission this October.

Two of Hubble’s gyros no longer work, and a third has recently proved unreliable. That leaves three of the devices operating—the minimum required to keep the telescope focused on a celestial target. If another gyro fails, the telescope will automatically shut down.

“We are one failure away from losing science,” said NASA scientist Edward J. Weiler, based in Washington, D.C., during a March 12 briefing.

A shuttle mission to replace the gyros, originally scheduled for June 2000, has been advanced 8 months to try to avert what Weiler calls a “science emergency.”

NASA estimates that there’s a 20 percent chance another gyro will give out before the October mission. Four of the devices were last replaced during a 1993 repair mission and were expected to last an average of 4 to 5 years. 

Weiler notes that the craft is not in danger of wobbling out of its orbit even if all of the gyros fail before repairs succeed. Hubble can still rely on other instruments—a sun sensor, star trackers, and a device that senses the craft’s position relative to Earth’s magnetic field—to stabilize its path. None of these devices, however, can keep the telescope steady enough to do observations, Weiler adds.  

In addition to replacing the gyros, astronauts will patch insulation damaged by radiation, install a faster main computer, and replace Hubble’s aging reel-to-reel tape recorder with a solid-state device. In late 2000 or early 2001, another shuttle crew is scheduled to install a high-resolution, wide-field camera and attempt to revive Hubble’s near-infrared camera, which recently ran out of coolant, with a new cooling system.
—R.C. 

Hubble captures a burst’s afterglow

The Hubble Space Telescope has imaged the fading fireball from the most energetic gamma-ray burst ever detected (SN: 1/30/99, p. 70). The image, taken Feb. 8 and released March 11, clearly distinguishes the dying ember from the burst’s home galaxy, which lies some two-thirds of the way to the edge of the observable universe.

 The image reveals a galaxy of highly irregular shape, with finger-like filaments extending above the bright white blob of the fireball. The galaxy might have been distorted by a collision with another galaxy, says Andrew S. Fruchter of the Space Telescope Science Institute in Baltimore. A collision could have heated and compressed gas within the galaxy, precipitating a massive wave of starbirth. Indeed, the galaxy’s very blue appearance—also noted by the Keck I Telescope atop Hawaii’s Mauna Kea—is an indication of recent star formation.

An increase in star formation would lead to a high frequency of stellar explosions and collisions of stars, including neutron stars and black holes. The observations dovetail with the theory that massive exploding stars and colliding dense objects produce gamma-ray bursts.

—R.C.  

Image, taken Feb. 8, of the fading visible-light ember (arrow) of a gamma-ray burst that was observed on Jan. 23. Finger-like projections characterize the burst’s home galaxy.

Behavior

Friendly peril for disaster workers

Tragedy struck the USS Iowa naval ship on April 19, 1989, as it sailed north of Puerto Rico. A gun turret exploded, killing all 47 men working within its steel-encased walls. At Dover Air Force Base in Delaware, 71 members of the local community—mostly enlisted men in the U.S. Air Force—volunteered to help mortuary officials in grueling duties that included identifying the dead sailors, conducting autopsies, and sorting personal belongings.

Over the next 13 months, volunteers who had felt that one or more victims reminded them of a friend were particularly likely to exhibit a severe trauma reaction known as post-traumatic stress disorder (PTSD) or other signs of mental turmoil, according to a study in the March American Journal of Psychiatry. PTSD symptoms include re-experiencing a traumatic event, avoiding reminders of it, emotional detachment, and heightened physiological arousal. 

Disaster workers who had personally identified with the dead (noting, “It could have been me”) or who had thought of them in regard to a family member (“It could have been my son”) experienced fewer subsequent trauma-related problems, about the same number as their counterparts who had not identified in any way with victims, reports a team led by psychiatrist Robert J. Ursano of the Uniformed Services University of the Health Sciences in Bethesda, Md.

The researchers assessed 54 volunteers a month after the disaster. Of that group, 41 were contacted 4 months later and 44 were questioned about 13 months after the fatal explosion.

Nearly three-quarters of the original 54 volunteers said that they had identified with victims as friends, family, self, or in more than one of those ways. Aside from their elevated PTSD rate, workers who had identified with victims as friends also cited higher levels of anger, anxiety, depression, and physical complaints of undetermined cause.

Those who had identified with the dead as friends—and later encountered more trauma-related problems—averaged 25 years of age, about 5 years younger than the volunteers who did not associate friends with victims. 

Reasons for the link between identification with the deceased as a friend and ensuing psychiatric symptoms are unclear. Further work needs to examine whether this type of identification by itself triggers trauma-related problems or instead reflects deeper concerns, such as unresolved grief for friends’ deaths or the loss of past friendships.  
—B.B. 

Criminal links to prenatal smoking

Violent crime rates rise sharply among men whose mothers smoked cigarettes during pregnancy and also experienced delivery complications, a new analysis finds.

The link appeared most striking for men into their mid-30s who repeatedly committed violent crimes, report psychologist Patricia A. Brennan of Emory University in Atlanta and her coworkers. No such association emerged between mothers’ cigarette smoking and teenage criminal activity.

Brennan’s group examined extensive data through 1994 on 4,169 Danish men born from September 1959 to December 1961 in Copenhagen. During the third trimester of pregnancy, their mothers had reported the number of cigarettes smoked daily. The researchers statistically accounted for social, familial, and maternal factors thought to increase criminal behavior.

Maternal cigarette smoking may damage the fetal brain in ways that later promote criminality, the researchers theorize in the March Archives of General Psychiatry. However, it’s still unclear whether a mother’s smoking during pregnancy directly affects her child’s propensity for lawbreaking, cautions psychologist David M. Fergusson of Christchurch (New Zealand) School of Medicine in an accompanying comment.  
—B.B.

Why AIDS?

The mystery of how HIV 

attacks the immune system

By DAMARIS CHRISTENSEN

Over the past 15 years, governments and institutions have poured millions of dollars into AIDS research. Researchers and doctors have dramatically improved treatments for the disease and gained new understanding of how HIV, the virus that causes AIDS, infects cells. Nevertheless, scientists still understand relatively little about how HIV causes the immune system to collapse, the ultimate consequence of infection.

Most researchers have held that HIV directly kills the immune cells called helper T cells, or CD4 cells, eventually exhausting an immune system that is frantically making replacements. The latest studies, however, suggest that different pathways of CD4 cell disruption may be more important. 

Some researchers now suspect that the virus chokes off the supply of new immune cells. Still others are beginning to suggest that HIV changes the signals that send immune cells migrating through the body, directing CD4 cells away from the blood where they normally circulate and toward sites where they may be destroyed. 

The disagreement is more than an academic issue. Understanding how HIV triggers immune-cell depletion may eventually enable researchers to block its devastating effects. Also, new knowledge could reveal strategies for AIDS therapies that go beyond the drugs that patients now take to slow replication of HIV.

Without knowing more about how HIV ultimately destroys the immune system, however, it is unclear whether drug treatments alone will be enough to restore a person’s immune system and perhaps eventually cure the disease.

Early infection with HIV is marked by symptoms similar to mononucleosis: fever, enlarged lymph nodes, rash, muscle aches, and headaches. Within 1 to 3 weeks, the immune system gets some control over the virus by producing antibodies and cells that recognize and kill some of the infected cells.

HIV reproduces itself quickly, however, and continues to replicate throughout the course of infection. Because HIV contains RNA and uses it as a template for DNA during reproduction, the agent is classified as a retrovirus.  Six months or so after infection, HIV reproduction reaches a set point, which varies from patient to patient. In this stage of disease, a person is unlikely to notice any symptoms. However, the higher the set point, the greater the amount of virus carried, and the faster a person is likely to develop AIDS.

Over the next 8 to 10 years, the virus slowly overwhelms the immune system, eventually causing a catastrophic decline in the number of CD4 cells. When the concentration of CD4 cells drops below one-quarter the normal concentration, a person is said to have AIDS. The ensuing immune deficiency renders the person vulnerable to the opportunistic infections that mark the disease, such as tuberculosis and the rare cancer known as Kaposi’s sarcoma.

Exactly how HIV eludes the immune system so long and effectively is unclear. Researchers suspect that part of the virus’s elusiveness lies in its tendency to infect the very cells that are activated to fight off the infection. CD4 cells, the white blood cells that HIV primarily targets, marshal responses from two other kinds of immune cells: those that produce antibodies and those that destroy infected cells directly. 

Only a small proportion of a person’s CD4 cells are typically dividing—posing a problem for HIV. The virus can’t replicate efficiently without hitching a free ride on the protein-making machinery of a T cell that is already reproducing. However, when researchers began to measure how much virus infected people typically carry, concentrations of HIV were higher than would be expected given CD4 cells’ reproduction rate.

In 1995, David D. Ho of the Aaron Diamond AIDS Research Center in New York and Alan S. Perelson of Los Alamos (N.M.) National Laboratory calculated that HIV infects and destroys several billion CD4 cells each day throughout the course of disease.

 That rate of cell destruction would lead to AIDS more quickly than has been observed unless the immune system increases CD4 cell production above normal, they said. While replenishing the population, rapidly dividing CD4 cells present additional targets for the virus. 

 The stresses of initiating massive production of new cells in response to depletion of CD4 cells must be what eventually triggers the especially marked decline in CD4 levels, asserted Ho and Perelson. Just as an ovary can only produce so many eggs over a woman’s lifetime, so can the immune system manufacture only a certain number of new cells, they reasoned. 

This model accounts for several characteristics of HIV treatment, says Ho. These include the rapid drop in HIV concentration and the quick rebound in CD4 cell counts detected in blood samples after a person begins antiretroviral therapy and the rapidity with which drug-resistant viruses develop.

On the other hand, Ho’s theory fails to account for the observation that CD4 cells move from tissues and lymph nodes to the blood soon after antiretroviral therapy begins. The model also assumes that the dynamics of CD4 cell turnover are similar in both early and late HIV infection, which may not be the case, according to Mike McCune of the Gladstone Institute of Virology and Immunology at the University of California, San Francisco. 

 If Ho’s model is correct, antiretroviral drugs, which slow the destruction of helper T cells, reduce the need for production of CD4 cell replacements. A study by McCune and his colleagues, however, indicates that antiretroviral therapy actually allows the immune system to boost its production of new T cells above normal levels. This suggests that HIV acts, in part, by inhibiting the production of new CD4 cells, the scientists propose in the January Nature Medicine.

If HIV blocks the production of new helper T cells, then “to treat the disease, not only do we need potent antiretroviral drugs to stop the virus from spreading and destroying T cells, we may also need additional therapies to ensure that T cell production starts anew,” says McCune.

Using a new technique that biochemically labels dividing T cells, including CD4 cells, the researchers compared the blood of HIV-positive patients who were not yet receiving antiretroviral drugs, HIV-positive patients who had just completed a 12-week course of antiretroviral therapy, and volunteers not infected with HIV.

They found much higher concentrations of new CD4 cells in the blood of patients who had received antiretroviral therapy than in HIV-positive patients yet to receive drugs and in uninfected volunteers. The studies also indicated that CD4 cells actually survive longer in HIV-positive patients who had not been given antiretroviral drugs than in patients who had been given the drugs. These findings suggest that the net gain in CD4 cell count during aggressive antiretroviral therapy results from an increase in CD4 production rather than a decrease in CD4 destruction, McCune said.

McCune’s study “puts an end to 4 years of exciting debate” and confirms that HIV’s effect on CD4 cell production is at least as important as its effect on CD4 cell destruction, says Giuseppe Pantaleo of the University Hospital of Lausanne in Switzerland. Pantaleo, who has used a different technique for estimating CD4 cell production, has likewise found that HIV inhibits CD4 cell production.

Further confirmation of the observation that HIV limits the production of new CD4 cells came last month from research in the Netherlands. Scientists there isolated precursors of CD4 immune cells from blood samples of HIV-infected patients and then cultured these cells in the laboratory to see how they developed.

The initial blood samples were taken soon after the patients learned they were infected with HIV. Six months later, blood samples taken from patients who went on to develop AIDS had lost about 90 percent of their ability to develop new CD4 cells compared with the initial sample, according to Frank Miedema of the Sanquin Blood Supply Foundation in Amsterdam and his colleagues. In contrast, blood from HIV-positive people who had not progressed to AIDS had retained about half of its original ability to grow new CD4 cells, he found.

This suggests that HIV blocks the ability of the immune system to produce new CD4 cells, he said last February in Chicago at the Sixth Conference on Retroviruses and Opportunistic Infections.

Not everyone agrees that Ho’s model of immune system exhaustion is on the way out. A team of German researchers reported at the same conference that among 13 HIV-positive patients, the concentration of actively dividing CD4 cells in their lymph nodes dropped during 9 to 12 months of therapy. This suggests that in the absence of treatment, HIV replication in the lymph nodes causes CD4 cells to divide more rapidly than normal, says H. J. Stellbrink of the University Hospital Eppendorf in Hamburg.

There’s yet a third way that HIV might reduce the number of CD4 cells in the blood. The virus might redirect many of these cells to tissues and lymph nodes, where they may be destroyed. A paper published in the January Journal of Immunology supports the idea that HIV—at least in immunodeficient mice—commandeers a natural immune process known as homing, which causes CD4 cells to flood out of the bloodstream and into the lymph nodes.

Immune cells, including CD4 cells, constantly patrol the body for invaders and move along a daily route from the lymph nodes, through tissues, into the blood, and then back to the lymph nodes. In February 1997, virologist Miles W. Cloyd of the University of Texas Medical Branch at Galveston and his colleagues showed that when HIV binds to any of several types of immune cells, including CD4, those cells produce higher than normal amounts of a protein known as CD62L and then move directly into the lymph nodes.

“It appears that once HIV-exposed helper cells are triggered to leave the blood, they are programmed to self-destruct,” says Cloyd, who noted that about half of the HIV-infected CD4 cells entering the lymph nodes were destroyed in his experiments on mice. 

Cloyd’s newly published research confirms that HIV infection triggers the molecular homing signal. It also indicates that after being infected with HIV and moving into the lymph nodes, CD4 cells are more likely to die than are another type of infected T cell called CD8 cells. Cloyd says that this finding could explain why the number of CD8 cells does not dramatically decline during HIV infection.

Although Cloyd’s theory remains to be tested in humans, he suggests that enhanced homing might explain several apparent quirks of HIV infection. For instance, homing could underlie the disappearance of  immune cells from the blood and their accumulation in lymph nodes in HIV-infected people, he says.

The theory could also explain how so many CD4 cells could die during HIV infection although they are not actively dividing and producing the virus. According to his model, such HIV-infected cells may self-destruct, says Cloyd.

As research progresses, the picture of HIV infection seems to become even more complicated. McCune suggests that none of these models is exclusive. HIV may destroy many CD4 cells, block the production of new cells, and also redirect the movement of immune cells throughout the body. “Data gathered during the next few years will give us a much better picture about what is happening,” he says.

So, are there any clear answers about how HIV causes the drastic drop in CD4 counts seen in AIDS patients? “It’s still an open question,” says Anthony Fauci, director of the National Institutes of Allergy and Infectious Diseases in Bethesda, Md. 

The need for more data is pressing. “We need to understand more and more how the [immune] system is working so that we can develop different treatment approaches,” Pantaleo says. 
n

T cells infected with HIV.
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New support for echinacea’s benefits

In last year’s movie Celebrity, Woody Allen satirized echinacea’s trendy status by showing a panicked supermodel who, feeling the first hints of a cold coming on, demanded a middle-of-the-night search for the herbal remedy. She shouldn’t have had to look far. Today, even many supermarkets carry this botanical derived from the purple coneflower (Echinacea purpurea). Less easy to find have been scientific studies that back up echinacea’s reputed infection-fighting powers. 

Now, a nutritionist at the University of Florida in Gainesville has preliminary data to suggest that anecdotal claims for this herbal remedy hold merit. 

Susan Percival administered a commercial over-the-counter echinacea supplement to 10 male college students for 4 days. According to the label, each pill contained 150 milligrams of active ingredients, known as echinosides. On the first and last day of treatment, Percival drew blood from the volunteers and separated out the neutrophils, a type of white blood cell. These cells respond to infectious agents by generating superoxide anion, a highly reactive and biologically damaging oxidant.

Percival stimulated the students’ cells using a technique that mimics an encounter with germs. Neutrophils collected after the echinacea treatment produced triple the amount of superoxide anion as did those gathered at the start of the test. Percival plans to report her new data next month at the Experimental Biology meeting in Washington, D.C.

“Our studies so far have shown only that we could enhance certain functions of the immune system,” she notes. Echinacea might suppress other, as yet unexamined aspects, she adds. At a minimum, she argues, “it’s very important that we find out exactly what the active compounds are,” how they work, and their optimal doses.

Her current findings argue against taking the supplement on a regular basis, she says, because “a stimulated immune system produces a lot of [oxidizing] free radicals,” which can damage healthy tissue. This therapy “is meant to treat something,” she stresses, “not to prevent disease.”
—J.R. 

Some herbals may threaten fertility

Herbal remedies are hot. Concerned because many of his patients with infertility problems admitted to using these products, Richard R. Ondrizek decided to investigate their potential to affect reproduction. His research team at Loma Linda (Calif.) University School of Medicine now reports that some of the more popular botanical therapies appear capable of inhibiting conception or damaging sperm.

The scientists began by incubating hamster eggs for an hour with preparations of echinacea, saw palmetto (Serenoa repens), ginkgo biloba, or St. John’s wort (Hypericum perforatum). The saw palmetto had no effect, but high concentrations of the others impaired human sperm’s ability to penetrate the eggs. In the absence of any herbal remedy, the sperm penetrated 63 to 88 percent of the eggs. That proportion dropped to 13 percent in the eggs incubated with echinacea and to 0 in those exposed to ginkgo or St. John’s wort, Ondrizek’s group reports in the March Fertility and Sterility. 

In a second set of experiments, the researchers bathed sperm for 1 week with dilute solutions of the herbal preparations. Echinacea and St. John’s wort damaged the sperm’s outer membrane. St. John’s wort also produced mutations within the sperm in BRCA1, a gene in which mutations have been linked to breast cancer. 

Ondrizek cautions that his tests were preliminary but says his findings—especially those documenting mutations—”warrant some attention.” Certainly, he explains, “if something is able to change BRCA1, you have to assume that it has the ability to change DNA,” perhaps even leading to cancer.
—J.R.

PhysicsIcy observatory launches neutrino hunt

Locked in crystal-clear ice more than a kilometer below the South Pole’s surface, an array of glass bulbs the size of bowling balls watches for telltale flashes of blue light.

The photomultiplier tubes—422 of them so far—are the eyes of the Antarctic Muon and Neutrino Detector Array (AMANDA), an instrument whose mission is to detect elusive subatomic particles known as neutrinos arriving from space (SN: 10/5/91, p. 219).

“The news is that, after 30 to 40 years of people dreaming about a large neutrino telescope, it finally exists, and it works, and it can be expanded to a kilometer cube,” says Francis Halzen of the University of Wisconsin-Madison. He came up with the idea of the ice-bound telescope a dozen years ago.

When neutrinos strike the nuclei of atoms in ice, they can spawn muons and other particles, which emit light as they speed through the frozen mass. Since the 1960s, neutrino detectors consisting of underground tanks of liquid surrounded by photomultiplier tubes have observed tracks of neutrinos from the atmosphere and sun. These tanks can’t detect the rare, high-energy neutrinos that the ice may capture.

AMANDA’s cylindrical array of tubes already exceeds 120 meters in diameter and 400 meters in depth, dwarfing other neutrino detectors, and tubes are still being added. Because of its large volume, scientists expect AMANDA to detect significant numbers of the high-energy neutrinos that theorists suspect are generated by cosmic sources, such as black holes.

On March 3, the University of Wisconsin reported that—after 7 years in construction, including a year of tuning and testing—the $7 million telescope has begun its hunting. 
—P.W.

Light crawls through cold-atom cloud

A bunch of cold atoms are dragging down light’s speedy reputation. While many materials retard the velocity of a beam, a new experiment has slowed a traveling light pulse to an unprecedented crawl. It was sodium atoms fine-tuned by a laser and chilled to less than 50 nanokelvins that put on the brakes.

Usually, a light pulse rockets through space at 300 million meters per second. Passing through the laser-influenced atom cloud, it pokes along at just 17 meters per second. At that pace, it would hardly keep up with a hard-pumping bicyclist.

 “This experiment is the stuff that Nobel prizes are made of,” comments Marlan O. Scully of Texas A&M University in College Station. “It’s a giant step in quantum control.”

Lene Vestergaard Hau of the Rowland Institute for Science in Cambridge, Mass., and her colleagues report the slowdown in the Feb. 18 Nature. “It’s really opening up a lot of new exciting things you can start doing,” she says.

For instance, it raises the prospect of using a few photons to control optical properties of materials, optics experts say. The new technique may also lead to novel telecommunications components, such as optical delay lines and switches.

To achieve the slowdown, Hau’s team first induced the sodium atoms to form a superatom, or Bose-Einstein condensate (SN: 11/28/98, p. 342). The condensate is as opaque as lead until interaction with a specially tuned laser makes the cloud transparent by preventing the traveling light pulse from permanently losing energy to the atoms’ electrons. The laser-atom system saps the pulse’s energy in such a way that the pulse recovers its energy, and its speed, upon exiting the cloud, Hau explains. 
—P.W.

A photomultiplier tube begins its descent into the Antarctic ice.

