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INTRODUCTION TO THE TWENTY-FIFTH ANNIVERSARY EDITION


  In the mid-1970s, the discovery of a family of molecules in the body called endorphins, which behaved exactly like narcotic drugs, captivated the popular as well as the scientific imaginations. Yet, it wasn’t just what was discovered that made it remarkable; it was how the discovery was made. The work by Hans Kosterlitz and John Hughes, in a small, dusty laboratory in Aberdeen, Scotland, was great science but hardly big science. It evolved not from massive funding or modern laboratories filled with high-tech equipment but from single-minded dedication, keen intelligence, and the ability to make the most of limited tools. Their discovery epitomized the same kind of low-budget, garage-style innovation that would lead to the computer revolution a decade later.

  Twenty-five years have passed since this book was published, and so have some of the central figures. Hans Kosterlitz, chief of the Aberdeen lab, died in 1996 at age ninety-three. He was already seventy-three when his assay, using a tiny bit of twitching nerve tissue from the lower intestine of guinea pigs, demonstrated that there was opiate activity in a chemical fragment distilled from pig brains by his colleague John Hughes. And Avram Goldstein, the discoverer of dynorphin, the most powerful endorphin, died in 2012. He was ninety-two. But, the “younger” generation of endorphin investigators are all still at work. Solomon Snyder was only thirty-six when he and his twenty-nine-year-old postdoc Candace Pert discovered molecular receptors in the brain that fit opiates exactly like a lock fits a key. Today, at seventy-one, Snyder continues his research juggernaut at Johns Hopkins, where, with more than a thousand publications to his credit, he’s investigating the effects on memory of a brain-produced gas called nitric oxide. Always unconventional, Candace Pert, meanwhile, is the only one of the original endorphin researchers with a Facebook page and a blog devoted to a new age theme of Healing the Hurting, Shining the Light. She’s also working in private industry on an AIDS vaccine. John Hughes was thirty-five when he identified the formula for Met-enkephalin, the first of the endorphins. Now seventy-one, after retiring as director of the Parke-Davis Neuroscience Research Centre, he continues his scientific work at Wolfson College, Cambridge, when he’s not in his garden or on the golf course.

  The word “endorphins” has entered the common vernacular, meaning any one of a number of mood-related chemicals that have been found in the body. But the style of science that brought this deeply hidden secret of human nature into the light may indeed be a thing of the past.

  Today, big science is the standard: big budgets, big staffs, big equipment. With the ability to exchange data instantly over the Internet, collaborations between dozens of scientists in multiple research centers (often scattered over the globe) are the norm and are considered necessary to gain ever-tightening research funding. It would be almost impossible for the small, slow, and steady to win any scientific race in 2013.

  A case in point is the discovery of a sodium ion channel in nerve cells called NaV1.7 in the mid-1990s by a small group of researchers at Stony Brook University. NaV1.7 appeared to be a crucial gateway for pain signals. It was an intriguing finding, but it took a massive collaboration between nineteen scientists in five countries, funded by the drug giant Pfizer Pharmaceuticals, to reveal the molecular gate’s true potential. The multinational research team analyzed the DNA of children born with a congenital insensitivity to pain. These children, who typically suffer severe burns and other grave injuries without knowing it, had once been thought to have a defect in their endorphin pathways. Instead, they were discovered to have nonfunctioning NaV1.7 channels. As a result, pain messages were completely shut down; the children were in a permanent state of local anesthesia.

  Imagine if pain could be blocked as effectively in people suffering from disease or injury. Pfizer and Icagen, a rival pharmaceutical company, are hard at work developing drugs based on this discovery, in hopes of finding a non-addictive painkiller—the holy grain of a “stingless bee” that was also one of the underlying motivations of endorphin researchers. That is, until hopes for an endorphin pill evaporated within a few years of the initial discovery.

  While Pfizer and Icagen battle it out for the next blockbuster analgesic, other drug companies are instead spending millions of dollars frantically looking for ways to make conventional narcotics uncrushable, unsnortable, uninjectable, and generally unlikeable when tested on drug addicts. Clearly, big science doesn’t always yield big results, especially in drug research. And when big science comes up short, who knows? Maybe that’s when the next John Hughes will again peddle his push-crate bicycle through the predawn streets in quest of fresh pig brains.


  
SLAUGHTERHOUSE DAYS


  In Aberdeen, on the northeast coast of Scotland, winter begins in early October and does not let up until May, or so it seems. On most days it rains.

  In the fall of 1973 the old fishing and textile manufacturing city was being transformed into a kind of American frontier town by the discovery of offshore oil. Texas oilmen roamed the streets in ten-gallon hats and cowboy boots, and the young men who worked the rigs came into town on the weekends like western movie extras, their pockets stuffed with cash, to drink and brawl themselves into oblivion. Oil was bringing prosperity and development to Aberdeen; new office buildings and shops were springing up among the grim granite edifices.

  All the buildings in and around Aberdeen were made of granite mined from a nearby quarry—the building code of the “granite city” is still very strict in this regard. The stone sparkled with silica when the sun was shining, but on Union Street, Aberdeen’s historic main street, it was dull, dark, and gray at four o’clock in the morning.

  The sidewalks were wet and empty, the store windows unlit and gated, as John Hughes rolled through the predawn blackness, pedaling a push-crate bicycle that resembled an ice cream vendor’s.

  Hughes was thirty years old, a short, slight, bespectacled man, who was booking-looking except for his swollen hands, which looked like the hands of a boxer or a murderer—flecks of blood had crusted under the cuticles and faintly stained his knuckles and fingertips. Most of his head was obscured by an orange woolen balaclava helmet that his wife, Mandy, had given him on the Christmas past.

  Hughes turned left on Broad Street into the shadows of Marishal College, where he stopped, slipped into the building, and silently made his way to his third-floor laboratory to collect what he needed: a supply of small plastic ziplock bags, a white lab coat, a gore-splotched hacksaw and hatchet, a short wooden-handled knife purchased at Woolworth’s, and a bottle of Scotch whisky.

  With everything safely stowed in the crate on the front of his bicycle, he pedaled toward the Market Street docks. The wind bit at his face, and his glasses misted as he jolted over the wet cobblestones. The fishing fleet was casting off, so Prince Edward quay was a site of bustling activity in the otherwise sleeping city. Gulls swooped in the wake of the boats and fought over the leavings of yesterday’s catch.

  Hughes stopped his bike at a warehouse, the owner of which reluctantly sold him a single block of dry ice, which normally could only be purchased in lots of ten. Hughes loaded the dry ice into the crate and pedaled slowly uphill, back past the Marks & Spencer department store on George Street. His final destination was still a mile away.

  In 1908 the “killin” house on the corner of George and Hutchinson streets first opened for business. The date was inscribed in the high granite walls above a wooden gate, along with the crest of the Butchers Guild—an axe, three knives, a castle—and its motto, Virtute vivo: “I live virtuously.” This was the place where local farmers brought their pigs and sheep for slaughter, and the place John Hughes had come to collect his pig brains. The stone holding pens, pits, and the shelters for the workers had been constructed at the turn of the century, as had the floor of stone tiles—which covered part of the open field—and the system of drains and sewers beneath them, which washed away the blood. The chains and pulleys and meathooks on overhead tracks were a more recent addition. There was no roof, and from the second floor windows on George Street the slaughtering process, as it proceeded through the morning, was inescapably visible.

  Animals shuffled restlessly inside their wooden stalls while the butchers stood in groups near the warming wood fires, on which cauldrons of water boiled. They talked in thick Scots accents, smoked cigarettes, and drank coffee; Hughes knew he must have seemed a weird bird to them: the little man who arrived every couple of days on a push-crate bicycle, put on a white lab coat, and spent the morning packing pig brains in dry ice.

  To Hughes the pig brains were an absolute necessity. He needed a lot of them, and here they were free. He had tried explaining to the butchers that he was looking for a chemical in those pig brains, a chemical that resembled drugs derived from the opium poppy—a natural “morphine” produced from within the animal’s own body that might, someday, unlock the mysteries of safe relief for human pain. A few of the butchers pretended to catch on, but Hughes quickly realized that gifts of whisky and a little money proved more effective tools of diplomacy than all his mad-sounding explanations.

  He had been more successful communicating with the local veterinarian, the health inspector, and the supervisor of the abattoir, who were required by law to approve of the project before Hughes could begin work. Not that they really understood what he was talking about either, but they were willing to waive the meat-packing laws of the city in the interest of providing a few pig brains for science, especially since Scottish cuisine, for all its odd turns, did not run to pig brains.

  When the killing started, Hughes stationed himself near the area where the pigs were corralled, on a stone bench under one of the shelters, out of the perpetual rain. One by one the animals were driven with sticks and electric prods into a narrow stone enclosure where a man stood poised, slightly above them, with a rifle. The huge, grunting creatures snorted menacingly at first, but as panic began to take hold, their squeals became high-pitched, human-sounding. A single bullet exploded down and through the frontal lobes of each animal’s brain and out the throat, dispatching it almost instantly. Fortunately for Hughes, the likeliest sources of the chemical he was after, the mid and back portions of the brain, were left intact.

  The dead animals were hoisted up on pulleys, plunged into a vat of boiling water to loosen their hides, then fastened by their hind legs to a hook on a moving track. One of the men worked a chainsaw as the bloody carcasses clattered down the line, spilling guts in the mud, toward the bench where Hughes sat.

  If Hughes’s bribes had been successful—and if there was enough time—the butcher sliced off the pig’s head with a single swipe of the chainsaw and nonchalantly brought it over. If the butcher was too busy, Hughes hacksawed the head off himself, carrying the grisly prize back to his bench. Seated again, he hatcheted the head open, reached in, and severed the brain with his Woolworths knife. It took about ten minutes of manipulation to free the grapefruit-sized brain from the thick, sharp bone fragments of the skull, and by the time he finished, his hands were covered with grazes and cuts.

  He dropped each brain into one of his plastic bags, placed it on the dry ice in the crate of his bicycle, and returned to his bench to repeat the procedure. The butcher lined up fresh heads, which Hughes would toss aside when he finished with them. By the end of the morning a pile of twenty or so would accumulate at his feet.

  The sky lightened gradually. The sun, an unwarming, pale disk, rose at about eight, and all work came to a halt shortly after ten. Hughes collected his equipment and washed his hands at a cold water faucet. As the men began to leave for the Butcher’s Arms or some other nearby pub, rats came out to scavenge the bloody refuse in the slaughterhouse’s open field.

  Hughes pedaled back through the monstrous Gothic archway of Marishal College at about ten-thirty. The sprawling building reminded him of the setting for a Frankenstein horror film: four prison-like wings—stark and gray as the rest of the city—enclosing a guardhouse and parking lot, dominated by the sooty clock tower, rising above the Michael Hall commissary. He parked his bicycle in a rack by the gate and lugged his bulky crate of brains and dry ice over to a small wooden door in the south wing, then up a winding staircase to the third floor.

  John Hughes’s morning routine was part of a risky scientific project on which he was gambling his entire career. That fall he was just beginning to isolate a crude chemical from his pig brains that was quite unlike anything scientists had ever seen. It was a naturally occurring compound, produced by cells within the brain, and yet in laboratory tests it behaved with an uncanny similarity to morphine—the narcotic drug derived from the opium poppy.

  Eventually, a number of chemicals in the brain and body would be found to have properties so akin to morphine that they would be given the name endorphins (“the morphine within”), but in the fall of 1973, Hughes’s crude compound had no name. His coworkers in the lab were calling it “substance X”—and very few people in the world, apart from Hughes, believed such a chemical even existed. If it did exist and if Hughes could get it pure enough, however, substance X was bound to be of tremendous importance.

  Drug companies were sure to be interested. There were still only two kinds of medicine available to treat the full gamut of human aches and pains in 1973: aspirin—and its close relative acetaminophen, the chief ingredient in Tylenol—and the family of opiates. Opiates were strong but addictive; aspirin was safe but not strong enough to effectively treat migraine, arthritis, or the little understood syndrome of chronic pain.

  There was a good chance that substance X might provide a unique alternative. In fact, since it originated in the body and because animals are not born addicted to narcotics, there was even a possibility that it might be the pot of gold at the end of the rainbow: the non-addictive painkiller—a narcotic-strength drug that was at the same time as safe as aspirin—that pharmaceutical company chemists had been seeking since the 1930s, the elusive treasure they had playfully dubbed the “bee without a sting.” If so, its commercial potential was vast, in the hundreds of millions of dollars—which was not to discount the purely scientific value of substance X. If, as Hughes suspected, substance X was part of a fundamental mechanism in the brain regulating the perception of pain, it was possible that it might capture the attention of the Nobel prize committee, and it was probable that competing researchers were going to be very, very interested as well.

  The opiate field had not yet become glamorous in 1973, but the brain was one of the last great unexplored frontiers of science. How the three-pound mass of tissue, composed of some one hundred billion nerve cells—the same number as stars in the Milky Way—worked to coordinate not only the basic machinery of creatures as complex as humans but memory, learning, and perception was still largely a mysterious puzzle that scientists were eager to solve.

  Some pieces of the puzzle had been in place since earlier in the century, when the discovery that nerve cells exchange messages in the form of chemical transmitters created the basis of modern neuroscience. By the early 1960s, four primary neurotransmitters, linked to diverse behaviors—acetylcholine, norepinephrine, dopamine, and serotonin—had been identified. Although the precise way that neurotransmitters worked was not yet fully understood, researchers believed that these tiny pieces of protein were fired across the synapse, the microscopic gap between nerve cells, and that like molecular “keys” they fit into protein “keyholes”—called “receptors”—which, in turn, triggered the next cell to fire. Tiny shifts in the balances of these molecular human components governed not only our physical sensations, but also our mental state—who we are—at any given moment.

  An additional array of chemicals called “neuromodulators” was thought to work at synapses arranged along the nerve before it reached the main synaptic junction at its terminal. These chemicals had a fine-tuning effect, altering primary transmitter chemical levels to speed up or slow down nerve impulses as they flashed down the fiber. Only a few neuromodulators had been positively identified. One of them, angiotensin, an important regulator of the heart, had been John Hughes’s specialty while he was a postdoctoral researcher at Yale, and he, like many scientists, assumed that there were others. Substance X might possibly be one of them. Its precise role in pain perception was something Hughes was still trying to figure out.

  Pain signals, in the form of nerve impulses, traveled along neural pathways from the surface of the body to the brain. There, pain centers—clusters of nerve cells which, when electrically stimulated, produced painful responses in laboratory animals—had been identified. However, scientists also suspected that the nervous system contained “descending” pain pathways, which enabled the brain itself to modulate, and in some cases deaden, the perception of pain. The existence of such “descending” pathways might help to explain a number of medical anomalies, ranging from Henry Beecher’s famous case studies of severely wounded soldiers in World War II who were completely anesthetized to their serious injuries, to firewalkers who felt no pain and sustained no injury while dancing on red hot coals.

  So far, scientists had made little progress in mapping these pain pathways and identifying the chemical transmitters involved with them. Was John Hughes’s substance X the pain-modulating chemical key that would unlock a deeper understanding of the nature of physical and, perhaps, emotional pain? And, since narcotics also produced euphoria, could it also be linked to the brain’s chemical code of pleasure? The prospects were tantalizing. For Hughes to claim any real success, though, and for the compound ever to be of use clinically, he not only would have to extract it but also purify it and identify the protein substance’s amino acid composition. The formula was the ultimate goal, but to begin to approach that objective, fresh animal brains were needed.

  Hence, on cold and wet mornings in the fall of 1973, Hughes sat in the public slaughterhouse of Aberdeen amongst a pile of pig’s heads, packing away what was left of their brains into the crate on the front of his bicycle, far from scientific glory and, indeed, very much alone. Even his boss, Hans Kosterlitz, was not entirely convinced that Hughes would be able to succeed at his ambitious task, and Kosterlitz had originated the idea of the “morphine within.” Kosterlitz was the source.


  
BRAIN SOUP


  Hans Kosterlitz’s battered Ford Anglia was parked in its usual spot near the archway in the courtyard of Marishal College when Hughes rolled in. Kosterlitz was seventy-one years old, short, gnome-like, and nearly blind in one eye as the result of a childhood shooting accident. His thick-lensed glasses exaggerated the owlish expression that contributed to his reputation at Aberdeen as a patriarchal sage. Unfortunately for pedestrians, despite his poor eyesight he still drove his car with the same enthusiasm that he showed in pursuing his research.

  The Anglia always had a few new dents in it and when people from the Unit went out for dinner or drinks to Muldrum House or the Old Mill, there was a lot of jockeying over who would have to drive with Kosterlitz. John Hughes half-jokingly claimed that he had acquired his own Cortina so as not to keep having to refuse Kosterlitz’s offers of a lift.

  Kosterlitz was amazingly energetic for a septuagenarian. Alan North, an electrophysiologist in the Unit—who was a mountain-climbing enthusiast—would often meet him on the way to work, and the two would race up the spiraling staircase to the third-floor labs. Somehow, Kosterlitz always managed to keep up with the younger, more athletic man, even though he took several minutes in the privacy of his office to recover from the workout. “Work hard, play hard” was one of his pet expressions. “A day not spent in the lab is a wasted day” was his other familiar motto.

  Hans Kosterlitz arrived at work promptly at nine each morning, rarely left before six-thirty in the evening, and seemed to spend most of that time zealously spying on his staff. Once, a staff member kept a tally of the number of times Kosterlitz barged into the lab: In the course of a single day, he made thirty-eight appearances.

  Kosterlitz’s assistant for ten years was Angela Waterfield—whom he spent the first part of each morning contentedly pestering in her circular turret lab. A reserved, heavyset woman who eventually married a petroleum engineer and moved to the United Arab Emirates, she usually endured Kosterlitz’s nagging and tantrums when his instructions were not followed to the letter, although everyone could remember the occasions when she rushed into the hall in tears with Kosterlitz storming and fuming behind her, shouting “This data is no good!”

  He had a temper, and while he may not have subscribed to the Teutonic tradition of his own university days at Heidelberg, Germany, where one bowed obsequiously to “Herr Professor,” he was still hard on his people, and he knew it.

  “I won’t be kind to you,” he remembered telling one former associate when they started working together—he was not. That was the way he got his people “not to be stupid.”

  For those who possessed the curiosity, courage, and patience to join Kosterlitz’s small band of researchers, however, “the Prof,” as he was fondly called, usually managed to endear himself even as he tyrannized them. “He was formal, precise, domineering, but he inspired a sense of loyalty,” one ex-Unit staffer remarked. “There might be trials and tribulations, but in the end you were a Kosterlitz person.”

  No one who knew him questioned his wisdom. He was a trained physician, versed in physiology, neurology, and pharmacology, who had studied at both Heidelberg and the University of Berlin before leaving Germany in 1933, the year Hitler consolidated power. Kosterlitz, a Jew, had been fired from his post at the Charity Hospital in Berlin. Foreseeing even more ominous events ahead, he left for England, then Scotland, followed by his mother, his brother, and his fiancée, Hanna. “I had to begin completely over,” he once remarked. “The affair struck me so deeply, it took ten years just to feel safe again, to feel I had a home.”

  His work in the 1930s on the body’s chemical breakdown of carbohydrates and its relation to diabetes provided a key contribution to the 1947 Nobel prize-winning research by the Argentinian, Bernardo Houssay. The work also earned Kosterlitz a Ph.D. from Aberdeen University and enough of a reputation to enable him to marry Hanna, who by then had been resettled in Glasgow by the immigration authorities. She had spent the next thirty-five years putting up with his obsessions.

  Hanna was a small, wispish woman whose attitudes and opinions were for the most part old-fashioned. The subject of serious scientists, however, provoked an outspoken feminist response. “Never marry a dedicated scientist,” she advised girls who came to their parties. “A dedicated scientist is married to his work—if I’m ever born again, I’ll never marry a scientist. In fact, I’ll never marry at all!”

  In the early 1940s Kosterlitz’s research had shifted to the influence of dietary protein on the composition of the liver, in the hope that this work would help provide a solution to the serious food shortages during the war, but it had finally proven less than successful. Now it was his research into the effects of opiates on the peristaltic reflex of the intestine that consumed him.

  In particular, Kosterlitz was an expert on the myenteric plexus of the guinea pig ileum, the ileum being that portion of the large intestine which spurts waste matter into the colon. When dissected and rigged in a beaker, the isolated tissue resembles a worm on a fishhook. Stimulated with an electric current, the ileum twitches, and those twitches can be counted by recording devices.

  Kosterlitz found that morphine and similar drugs would quell this spasm to a degree directly corresponding to their painkilling potency in humans. As a result, Kosterlitz’s guinea pig ileum had become widely used in the research community as a tool to predict how effective new narcotic drugs would be in clinical practice.

  It was not, however, the sort of work that made one famous. In fact, to all but a small circle of serious drug researchers in Great Britain and America, his twenty-year romance with the guinea pig ileum was something of a joke, a throwback to turn-of-the-century methods. Medical students at the university had nicknamed him “Mr. Guinea Pig,” and in the eyes of the scientific world generally, circa 1973, Hans Kosterlitz remained, as one scientist bluntly summed it up, “an almost unknown pharmacologist doing pedestrian research in an obscure medical school in Scotland.” The typical response to his work, Kosterlitz would often reflect, was “Well, it’s all very nice, but what does it mean?”

  What it meant was so startling that even Kosterlitz still distrusted his conclusion, which remained known only to his closest colleagues. In the early 1960s—ten years before Hughes’s trips to the slaughterhouse began—Kosterlitz had predicted that morphine worked by imitating a chemical already in the body, an endogenous opiate.

  He had observed that opiates seemed to produce their twitch-quelling effects in a unique way. Their depressant action, he suggested, was “presynaptic” and “neuromodulating”—the drugs acted before the nerve impulse reached its terminus at the end of the cell, slowing it down and reducing the release of acetylcholine, the transmitter he found to be primarily responsible for passing the twitch response along the nerve fiber. The data supported another farfetched idea, proposed by other scientists, that specific opiate receptors, where morphine and similar drugs were combined, existed on nerve cells. Kosterlitz himself felt strongly that this was the case, though he could not prove it.

  He was certain that opiates were activating some sort of receptor, though, and tested all the known neurotransmitters to see if they would stop the ileum twitch in the same manner as morphine. None of them would. “That was the decisive point,” Kosterlitz recalled, “where you had to look for another transmitter.”

  Despite the rather insalubrious atmosphere of the “frog” room—Kosterlitz’s dank, dingy lab in the Marishal College basement, where the frogs had once been stored for student dissections—David Wallis, a senior research fellow at the time, recalls that work was proceeding in a good-natured fashion in 1963, when Kosterlitz first began to talk about the possibility that the body might contain its own opiates, which worked to slow down the digestive spasms in living animals, the same way morphine did on the ileum. “I had a feeling,” Wallis said, “he had been thinking of this for some time.”

  Given the source, it did not seem so very unusual to Wallis that there could be such a thing as an endogenous opiate. At any time—in a pub, at his home in Cults, or in the frog room—Kosterlitz might begin talking, out of the blue, about a new scientific problem.

  When, however, during the summer of 1963, he sprang the same idea on Andrew Wyllie, a medical student who was struggling without success in the frog room to measure the electrical effects of opiates on the rabbit vagus nerve, Wyllie found it quite nonsensical. “I was not big enough to take it,” he recalls, “and remember going home thinking, ‘what an odd man he must be!’”

  Discussions about endogenous opiates took place in a fragmented fashion, in the frog room and elsewhere, over the next several years; but they never extended beyond Kosterlitz’s small Aberdeen circle. It was certainly a logical deduction, but there was absolutely no way to prove it. “If you say such things in public,” Kosterlitz avers, “you risk making yourself foolish. It could cost grants.” He wrote nothing down, and he discouraged his coworkers from making any notes about such unproven theories, lest someone see them.

  Gordon Lees, who is currently a reader in the Aberdeen University Department of Pharmacology, also began his association with Hans Kosterlitz in the frog room. “The idea was so highly speculative that Hans was not at all keen to speak about it, except privately,” Lees recalls. “Not because he was formulating a secret plan to look for such a substance but because he was dead set against public speculation. While the idea of an endogenous compound might be true, there was no idea of how to go about looking for it, not enough evidence to even start. Until there was firmer evidence, the idea was to be enjoyed . . . and forgotten.” John Hughes had not only refused to forget about it, he had begun doggedly mashing brains in search of literal proof.

  Kosterlitz had gone through the formality, at least, of retiring from his post as professor of clinical pharmacology in 1972 before opening his independent Unit for the Study of Addictive Drugs at Marishal. Now, a year later, there were half a dozen people working under his supervision in the small set of labs on the third floor of the college’s south tower, with John Hughes acting as the Unit’s deputy director.

  Hughes was a young man and Kosterlitz an old man, and their working relationship was often characterized by emotional storms common between sons and fathers—which is to say that they argued a lot about everything. Hughes thought Kosterlitz overly cautious, Kosterlitz thought Hughes impetuous, and each thought the other eccentric. “They would never have chosen each other for friends,” a close colleague remarks; and yet, they were friends, Hughes recalls, “though it may not have been obvious to the casual observer.”

  They were an odd couple right from the start of their work together four years earlier, when Hughes had joined the Aberdeen pharmacology faculty. Hans Kosterlitz was an Old World patrician intellectual, cautious in his approach to both science and university politics, and decorous to other faculty members even when they snubbed him. He had not openly complained when in the 1960s, despite his outstanding qualifications, he had been passed up for the chair of pharmacology. Aberdeen University was not yet ready to award professorships to foreigners and Jews. As a result, Kosterlitz had served many of the intervening years in the middle level position of “reader” in the pharmacology department. John Hughes, on the other hand, was, well, John Hughes.

  There was nothing complex about him, nothing hidden, no secrets. He was up-front—abrasive, always convinced he was right—and more than willing to make his opinions known to one and all. Although no traces of a South London accent remained, Hughes was a true-born Elephant and Castle cockney—a “cheeky cock sparrow,” who had done extremely well for himself.

  Hughes’s mother was still alive while he was in Aberdeen, but his father—a “sanitary inspector” who ran a “cleansing station” to delouse bedding, belongings, and people—had died when Hughes was fifteen years old, which might account for some of the extremes—good and bad—in his relationship with Kosterlitz. Undoubtedly, some of his precociousness stemmed from the fact that he was the youngest by ten years of two brothers and three sisters who had also done well for themselves. One sister, for instance, was head mistress of a girls’ school in Finchley, and a brother, David, sold medical equipment; but John Hughes’s talents were exceptional.

  Everyone in the lab respected his scientific capabilities, and to a certain degree his lofty self-image was appropriate to his accomplishments as a postgraduate at Yale, where he had coauthored two impressive papers on the manufacture and release of angiotensin in the heart. There was even something undeniably refreshing about his youthful ebullience and ambitious self-assertion—so perfectly normal by American standards but so heretical in Aberdeen, where people tended to think it better to put oneself down.

  He might have seemed more charming if only he could have kept a lid on it. “To put it nicely,” one coworker said, “he was brusque. To put it not so nicely, he was contemptuous of people he did not consider his equals.”

  Aberdeen University was by no means a place renowned for successful scientists. The faculty members were solid and respectable, but—to Hughes’s way of thinking—they did not work very hard; in many cases, they did no original research at all and were in some ways as archaic as the academic gowns many still wore to their lectures. More than once—and in no uncertain terms—he had told some distinguished senior faculty member simply to “stuff it,” and Kosterlitz, although he could be almost as temperamental in the privacy of the lab, often found himself publicly in the long-suffering father role, making excuses for his younger colleague.

  Arguments between the two often erupted over morning coffee, to the amusement of the rest of the staff, and frequently continued after the break—with the older man chasing him up and down the third floor corridor while haranguing Hughes.

  “John would argue with anybody,” Alan North remembers, “but Hans was just as intransigent.” The outcome was usually the same: Hughes, with a gesture of futility, would walk out of the fray, muttering in frustration, “I don’t know how your wife puts up with you,” and retreat into his lab.

  They had been arguing about brain-produced opiates for eighteen months, long before the Unit for the Study of Addictive Drugs had opened. Although the idea of an endogenous opiate had surfaced in his own mind first, Kosterlitz still wondered how Hughes—given the complexity of the brain and the rather limited techniques at his disposal—would be able to isolate such a chemical. He would listen and, typically, dismiss Hughes’s ideas—as he did most ideas forwarded by his younger associates—saying, “Oh, I thought of that years ago,” shooting them down with a long list of tough objections. “You know, John, the chances of isolating something are pretty slim. . . . You must be very careful, John . . .”

  Kosterlitz had only reluctantly given him the go-ahead on the project several months earlier and then because Hughes made it a condition of accepting the job as the Unit’s deputy director.

  Aware of the risks involved, and given what he saw as Kosterlitz’s reluctance to do new things, Hughes was surprised that in the end Hans Kosterlitz went along with the project at all. The funds were approved later that winter; space at Marishal was allotted to Kosterlitz, and Hughes began some preliminary experiments. Kosterlitz had provided an idea, Hughes was going to provide the muscle, and as far as Hughes was concerned, it had now become his project.

  John Hughes’s laboratory—a small, dilapidated room—fit perfectly into his horror-film vision of Marishal College. The walls were lined with old wooden cabinets, and the floors, stained with burn scars from thousands of past experiments, were covered with a snake pit of wires.

  When the once-derelict wing had been taken over the previous summer by the Unit, they were unaware of the building’s antique electrical wiring system, which required plugs made in Aberdeen and designed sometime before the turn of the century by the Northern Electrical Company. The entire third floor became precariously connected by circles of extension cords. If one fuse blew, they all went—a constant reminder to Hughes of the limitations of his facilities there compared with the proper resources and equipment he had used in American labs.

  The room was sparsely furnished with a used red carpet, Hughes’s big oak desk and chair, and another chair for visitors next to the door alongside the refrigerator. The ceilings were twenty feet high, and the four tall windows offered an excellent view of the city: One could see the turrets of Provost Skene’s House, as well as the green copper domes of the library, St. Mark’s Church and His Majesty’s Theatre—a trio of buildings known locally as “Education, Salvation, and Damnation.”

  Hughes also shared a larger lab down the hall with Frances Leslie, whose workbench frowns could not completely obscure the fact that she was a petite, attractive woman, and Graeme Henderson, a young Scotsman from Glasgow completing his Ph.D. in the Unit, who had spent the past two years working under Hughes in the department of pharmacology and who had the longest hair and was the most left-wing of any of Kosterlitz’s young protégés. Henderson had his own horror-film vision of the situation as he attempted to cope with what he saw as Hughes’s “Jekyll and Hyde” personality. The smaller room—and the view—were Hughes’s exclusively, and the door was usually shut.

  Hughes worked with the Unit’s only technician, Helen Anderson, who—apart from being generally helpful in the lab—claimed the added distinction of having a brother-in-law who tossed the telephone pole-sized log called a caber in the Highland games. After one visit to the George Street slaughterhouse, she refused to go back, and her principal tasks became the preparation of solutions and washing up—jobs Hughes hated but which, with Anderson assigned to them, left him little in the way of skilled assistance for the major work. Graduate students like Henderson and Leslie could not be assigned to his project, for if it failed, it might endanger their Ph.D.’s.

  Hughes’s equipment, in the initial stages, was hardly the last word in technological sophistication: a steel rod, a large glass jar, funnels, paper filters, and assorted test tubes. Even the Joblin rotary evaporators—the most advanced of his tools—had a basic, arcane appearance: The pear-shaped glass vials, connected by coils, looked like pieces of alchemical apparatuses that Paracelsus might have used—or more aptly like something from the Glenfiddich distillery a few miles away, near the ruins of Balvenie Castle in Dufftown.

  Hughes liked what scientists since the days of alchemy had fondly dubbed the “bangs and stinks” of their profession, but eleven o’clock in the morning was an hour dreaded by those in the south wing of Marishal who thrived on peace and quiet. During the next two hours, between eleven and one, Hughes would pulverize frozen pig brains into an icy mush with his steel rod. It was hard, physical labor, something Hughes respected, and he performed the task with such relish that, one colleague recalled, “the whole floor would shake.” This noise particularly disturbed a professor of petroleum geology in the room directly below Hughes, who eventually registered a formal complaint that permanently banished Hughes’s brain-mashing operation to the “gents” room in the basement.

  Having mashed the brains, Hughes had to dissolve and filter them to obtain a fraction of brain chemicals containing, he hoped, the one he wanted. He made a “soup” of pulverized brains using liters of acetone, an organic solvent which destroyed fats but left proteins and salts—the most likely constituents of a brain-produced opiate-like neurotransmitter—intact. These “bucket extractions” did nothing to enhance Hughes’s popularity; the smell of pig brains and acetone that drifted from his lab (a reek of rendered fat and airplane glue) was remembered as “extraordinary” even by one seasoned colleague.

  Having lived on coffee and a bowl of cornflakes since four in the morning, by one o’clock Hughes was usually famished and left his “brain soup” to have lunch in the Michael Hall commissary, where a motherly old woman cooked and served hot meals for very little money.

  By midafternoon he had converted his supply of brains into about five liters of “soup” and began to filter it until all that remained was a small, moist, gray mound of brain substance, which Hughes then redissolved in acetone and dripped bit by bit into his rotary evaporators. The glass coils and vials of the evaporators were pressurized to create a partial vacuum, so that—at the very low temperatures necessary to avoid the risk of ruining his mixture—he could “flash evaporate” any unwanted materials as well as the excess acetone. Hughes sat for hours on a stool, with two or three evaporators going at once, gazing intently at the equipment, his unlit pipe in his mouth, as the material from the bottom of the pear-shaped vials bubbled into the coils.
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