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Critical Acclaim for

INTOXICATION

“Siegel’s book will be controversial, but his perspective on intoxication as a fact of nature and not just of culture cannot be ignored. INTOXICATION should be required reading for the nation’s drug czar.”

—LOS ANGELES TIMES BOOK REVIEW

“Siegel’s book may draw spirited attacks . . . but his ideas are respected by drug authorities.”

—TIME

“A rich feast of material . . . ”

—KIRKUS REVIEWS

“[Ronald K. Siegel] knows more about how drugs work than anyone else alive. . . .

an intrepid researcher [and] cartographer of consciousness.”

—OMNI MAGAZINE
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Preface

There is a silent spring of intoxicants that flows through our lives and bodies. Whether we wake up with a sip of coffee or a sniff of cocaine, take a break with a cigarette or a beer, relax with a cocktail or marijuana, drift to sleep with a pill we purchased at the pharmacy or from our neighborhood dealer, we use drugs to change the way we feel. Nobody wants this to be unhealthy or dangerous. Nobody wants people to live out their lives inside crack houses, to die from tobacco cancer, or to be killed by drunk drivers.

Over the years since I wrote the first edition of this book, most governments of the world have continued to wage a war on drugs. The strategy has been to reduce supply and demand, a policy established by President Richard Nixon when he declared the first war on drugs in 1971. His idea was hardly original but reminiscent of every failed attempt to prohibit intoxicating drugs throughout the history of civilization.

History shows that we have always used drugs. In every age, in every part of this planet, people have pursued intoxication with plant drugs, alcohol, and other mind-altering substances. Surprisingly, we’re not the only ones to do this. As you will see in the following pages, almost every species of animal has engaged in the natural pursuit of intoxicants. This behavior has so much force and persistence that it functions like a drive, just like our drives of hunger, thirst, and sex. This “fourth drive” is a natural part of our biology, creating the irrepressible demand for drugs. In a sense, the war on drugs is a war against ourselves, a denial of our very nature.

The inherent futility of this war is illustrated by the very nature of the warfare itself. Our major drugs and medicines were originally produced millions of years ago by plants as chemical defenses against animals and pests that could browse them. Our brains—three pound sacks of sophisticated chemicals with molecular structures and pharmacological actions similar to the substances found in the plants—gave us an affinity for these plant compounds. As intelligent primates we evolved the ability to extract the plant compounds, synthesize their chemical relatives, and develop ways to introduce highly concentrated forms directly into our bodies. It is not surprising that we continue doing so for it is our nature as chemical beings.

All of our wars against drugs, like all our wars against each other, pit enemies using one set of drugs against those using the same or different sets. German and Japanese soldiers used amphetamines for energy and alertness during World War II just as allied soldiers and pilots took them before battle. In recent times pilots flying missions against illegal narcotic operations in South America and Southeast Asia have used amphetamines for staying awake and alert while the targets of their operations fought back with “narcoterrorism” fueled by their own drugs of choice: cocaine or opium. In Hawaii and California marijuana growers high on their own harvest have fought against coffee guzzling police. Chechen terrorists in the Russian town of Beslan used heroin and morphine as they held more than a thousand hostages in a school for three days while fighting against Russian forces who took their own breaks with tobacco, coffee, and, allegedly, vodka. U.S. jet fighter pilots used amphetamine “go pills” in Operation Desert Storm to fly longer hours as did those responsible for at least ten deadly “friendly fire” accidents in the Afghanistan war. The pilots were then given sedatives or “no-go pills” to help them sleep when they returned to base. Yet invading armies have always been at risk of returning home with local drug habits. American veterans of the Vietnam conflict came back with opium and heroin addictions so it was not surprising that soldiers returning from the war in Afghanistan acquired similar dependencies. And drug trafficking has been used for financial benefit by both sides of armed conflicts in Cambodia, Colombia, Mexico, Nicaragua, Peru, Thailand, and Yemen. It is clear that the fourth drive influences the behavior of nations as well as individuals.

Of course, sometimes this fourth drive runs amok and overshadows the other drives, as when animals and people alike pursue a drug such as cocaine to the exclusion of everything else in their lives. This tells us that we are doing the right thing when we try to curtail the use of certain drugs like cocaine. But the attempt to dam up supplies has never stopped the flow and new sources always emerge to bring the forbidden fruit of intoxicants within our reach.

When I first sat down to write this book the silent spring had become a river of cocaine. Today it has turned into the speeding white water of the methamphetamine epidemic that I predicted would come. Methamphetamine has now become the number one enemy in the war on drugs. More than any target of the war on drugs this one illustrates how the face of the enemy is our own. Unlike most other intoxicants, methamphetamine (also known as crystal or speed) has both medically approved and proven beneficial effects as well as nonmedical uses. It does not stupefy and impair like alcohol or heroin but clarifies and improves. Medical science has discovered that methamphetamine-like drugs are indeed wonder medicines while nonmedical users have discovered they are wonderful euphoriants and empathogens (chemical agents that induce feelings of empathy). In a word, they work. They deliver the benefits of the desired effects but not without costs. Yet, according to the tilted economic scale that governs both medical and nonmedical drug use, when even a few benefits seem almost too good to be true, they tip the balance in favor of continued use despite heavier costs.

Methamphetamine appears in a variety of molecular disguises as prescription drugs to treat fatigue, depression, obesity, and even attention deficit disorders in children. It masquerades as over-the-counter medications promoted to treat asthma and the common cold, or in herbal preparations marketed to boost energy or help weight loss. In less visible yet highly effective forms we find it on athletic fields and battlefields, on long-distance trucking missions and space missions, and in classrooms and work places everywhere. It has been used for fueling the brain with energy and ideas or helping to spill secrets from the brains of POWs who cannot stop talking. And variations on the molecular theme have produced chemical cousins that are used for everything from parties to psychotherapy, from sexual encounters to spiritual quests, from dancing with friends to dancing with the gods. While young people dance and “rave” in a sensual paradise of hip hop music, and hopped up terrorists rant and rave to enter the gates of another paradise, the production, trafficking, and use of methamphetamine and its crystal cousins have created a worldwide epidemic that touches us all. It has changed the war on drugs from one against a specific drug to an absurd war against specific patterns of drug use.

And if that wasn’t enough, clandestine designer drug labs are turning out still more intoxicants, some with deadly hallucinogenic properties, while users continually prowl through exotic gardens searching for sources of new chemical delights. When these new drugs become fashionable if not problematic, they, too, will be declared illegal as recently happened to MDMA (Ecstasy) and the Chinese plant Ephedra (the source of amphetamine). Prohibition, however, will never work. Users have already developed potent genetic variants of traditional mind-altering plants such as marijuana that are suitable for indoor or backyard cultivation while methods for cultivating homegrown opium poppies, Ephedra, the Middle Eastern stimulant khat, hallucinogenic mushrooms, and several other plants are being promoted. New epidemics are looming on the horizon. And so the war on drugs will continue as it has throughout history.

Some people want to stop the war, and put an end to its enormous societal costs, by legalizing drugs such as cocaine or heroin. Legalization is a risky proposal that would cut a major drug-crime connection and reduce many social ills, yet it would invite more use and abuse, thereby increasing treatment costs. Saying “Yes” to a drug and calling it legal doesn’t change its basic pharmacology or safety any more than saying “No” changes our basic drive to pursue intoxication. Can you imagine the public health crisis that would ensue if a drug such as cocaine, which ignites the fourth drive better than any substance known, was suddenly stamped with the legal equivalent of the Good Housekeeping Seal of Approval? The consequences would be even more severe if cocaine prohibition was totally successful and all cocaine users switched to legal drugs such as alcohol and tobacco.

Outlawing drugs in order to solve drug problems is much like outlawing sex in order to win the war against AIDS. We recognize that people will continue to have sex for nonreproductive reasons despite the laws and mores. Therefore, we try to make sexual practices as safe as possible in order to minimize the spread of the AIDS viruses. In a similar way, we continually try to make our drinking water, foods, and even our pharmaceutical medicines safer.

The ubiquity of chemical intoxicants in our lives is undeniable evidence of the continuing universal need for safer medicines with such applications. While use may not always be for an approved medical purpose, or prudent, or even legal, it is fulfilling the relentless drive we all have to change the way we feel, to alter our behavior and consciousness, and, yes, to intoxicate ourselves. We must recognize that intoxicants are medicines, treatments for the human condition. Then we must make them as safe and risk free and as healthy as possible.

Dream with me for a moment. What would be wrong if we had perfectly safe intoxicants? I mean drugs that delivered the same effects as our most popular ones but never caused dependency, disease, dysfunction, or death. Imagine an alcohol-type substance that never caused addiction, liver disease, hangovers, impaired driving, or workplace problems. Would you care to inhale a perfumed mist that is as enjoyable as marijuana or tobacco but as harmless as clean air? How would you like a pain-killer as effective as morphine but safer than aspirin, a mood enhancer that dissolves on your tongue and is more appealing than cocaine and less harmful than caffeine, a tranquilizer less addicting than Valium and more relaxing than a martini, or a safe sleeping pill that allows you to choose to dream or not? Perhaps you would like to munch on a user friendly hallucinogen that is as brief and benign as a good movie?

This is not science fiction. As described in the following pages, there are such intoxicants available right now that are far safer than the ones we currently use. If smokers can switch from tobacco cigarettes to nicotine gum, why can’t crack users chew a cocaine gum that has already been tested on animals and found to be relatively safe? Even safer substances may be just around the corner. But we must begin by recognizing that there is a legitimate place in our society for intoxication. Then we must join together in building new, perfectly safe intoxicants for a world that will be ready to discard the old ones like the junk they really are.

This book is your guide to that future. It is a field guide to that silent spring of intoxicants and all the animals and peoples who have sipped its waters. We can no more stop the flow than we can prevent ourselves from drinking. But, by cleaning up the waters we can leave the morass that has been the endless war on drugs and step onto the shores of a healthy tomorrow. Use this book to find the way.

LOS ANGELES, CALIFORNIA
 NOVEMBER 2004


Prologue

From the pit I could almost touch the sun. At 3,800 meters in the Andes it seemed more like a hellfire than the benevolent god the Indians worshiped as Giver of Heat, Light, and Life. Layers of sunscreen, sweat, and dust covered my swollen face. Even after weeks in Peru I was not fully adapted to the altitude. The pangs of soroche racked my body: shortness of breath, dizziness, nausea, vomiting, diarrhea, blurred vision, and fatigue. My constant headache pounded as I chipped away at dirt and rock. The pit in which I was digging had once been a grave for ancient Peruvian Indians.

The pit was round and approximately three meters in diameter. A previous expedition had removed the pile of stones and dirt that guarded it through the centuries. The interior was lined with clay and limestone and resembled a huge mushroom with a center stem protruding downward. The cap of the mushroom dropped to two and a half meters below the surface, and I was digging near the stem, which ran another meter straight down. I had been working the stem all day and had advanced only a few centimeters. One can’t dig quickly with a toothbrush and dental tools, unlikely instruments for solving the puzzle of why we pursue intoxication with drugs. My mind, searching for the missing oxygen, wandered easily. I pretended I was Rodin chipping away at the unfinished Gates of Hell to expose a part of our nature that lay hidden in the stone below.

It was almost sundown. Although it was the middle of summer, the cold winds from nearby Lake Titicaca would soon make further digging impossible. There was a faint scratching noise as my pick uncovered a shard from a ceramic pot. I plucked it loose from the dirt with surprising ease. The unique oval shape suggested it was from the pre-Inca Tiahuanaco Empire, perhaps one thousand years old. I brushed the dirt away from the sides to reveal a painted scene. In the center was a cluster of coca branches and leaves. On one side stood a large llama eating the coca. The animal’s swollen cheek pouch pictured the ingestion in no uncertain terms. This was Napa, the legendary llama honored in coca ceremonies. On the other side of the coca leaves was an Indian, watching the llama and beginning to reach for the coca with open hands and mouth. Was this the story of coca’s discovery in 5000 B.C. by early Andean man? He had apparently observed his pack animals foraging on the plant and perhaps noticed a certain friskiness to their movements. He copied the coca-eating behavior and soon discovered both the stimulating and nutritious properties of the plant. What a surprise that must have been!

No wonder the Indians celebrated coca with ritual and magic. They even burned coca leaves as gifts to the gods. Later that evening, when no one was watching, I threw a few coca leaves on the evening campfire. Thanksgiving had come to the Andes early that year.

I couldn’t sleep that night. I was eager to return to Lima and report my find to César at the museum. César was a dark, mustached, pearshaped man who reminded me of a child’s punching toy that always bobs up after you knock it down. César’s blood was half Indian, his muscles solid steel, and his luck that of a cat who had survived more than a few falls from the Andean burial sites he uncovered. He had removed the mummies and most of the pottery from this pit and had shared its location with me only when he was satisfied that it was empty save for some odd chips of pottery or small ceremonial stones. He was humoring me. When I told him my theory of how early man learned most of his pharmacology by watching animal reactions to plant drugs, he rolled and tipped in laughter. No proof, he said. The proof would be very old, I argued, and probably recorded by people who lived very close to their animals and plants. It would predate the highly civilized cultural and religious themes depicted on most Indian pottery. Hunting and gathering groups would have been in a good position to observe and record such events. I needed an archaeological site where people had once hunted animals and gathered coca. César graciously permitted me to dig in this pit, which had contained a few pots with animal and plant motifs. He tittered as I left the museum with map in hand. I now pictured a celebration with him at the elegant Hotel Bolívar, where we would toast my find. It would be my secret laughing place.

Dawn came as I was still counting the other bits and pieces of folklore that matched the picture on the shard. According to these tales, animals have guided us to a variety of drugs throughout the ages. In A.D. 900 an Abyssinian herder noticed that his animals were energized after eating the bright red fruit of a tree that would later be named coffee. A shepherd in Yemen discovered the popular Middle Eastern stimulant khat, similar to amphetamine, by watching goats run wild after chewing the leaves. Natives in Australia found powerful anesthetics after observing how fish were stunned and rose to the surface when certain leaves fell into the water. Animals visiting snakeroot plants in tropical Asia were quieted by reserpine, a tranquilizer that, when isolated by an Indian psychiatrist in 1947, would revolutionize the treatment of mental illness.

As I looked at the shard in the morning light, I wondered how many other discoveries of plant drugs had been illuminated by this same sun. Do we thank this Giver of Heat, Light, and Life for the photosynthetic powers of plants and for the tempting drugs those plants release to lure and otherwise enmesh our species? Or, since intoxication was a fact of natural life long before man, do we curse the time when it all started, some 250 million years ago, when the sun was a proud yellow giant and the reptilian giants roamed the earth?

The Mesozoic era began in the black and white of disappearing coal swamps and ice fields. Continents were still close together, volcanoes were building mountains, and the reptiles had only begun their slow evolutionary advance among the ferns and conifers. And so had the angiosperm plants that begat flowering seeds during the Cretaceous period, 135 million years ago. Carried by the winds and rains, these plants spread throughout the land. Under a canopy of sunlight and rising temperatures they started making complex alkaloidal drugs. Ingenious in design, plant alkaloids had the effect of bestowing on hungry animals a bitter taste, dizziness, sickness, or death. As if to signal their unique arrival, angiosperms covered the planet in a Technicolor explosion of tempting fruits and flowers.

Since the land was brimming over with animal life, close encounters between browsing beasts and poisonous plants were inevitable. Some animals, unable to taste the bitterness, probably succumbed to the stress of cumulative toxic effects. With superior sensory skills and hardy livers, birds and mammals survived these bitter lessons. The physiology and behavior of their modern descendants suggest that they survived by developing biochemical mechanisms to detoxify plant drugs and feeding strategies to minimize intake of dangerous amounts. By treating new foods with extreme caution and quickly rejecting specific plants, surviving animals learned to seek out and eat plants rich in nutrients and low in psychoactive drugs. Through trial and error, a number of animals learned to survive the use of plant drugs by ingesting them in only small amounts while preferentially feeding on more familiar and safer foods. Millions of years later, animals behaving in similar ways became man’s first teachers.

Wandering in his primordial classroom, early man watched and hunted the teachers. He licked and cleansed his wounds after watching his prey do the same. He sat down in cold rivers to relieve fever after seeing deer do so following the attack of poisonous snakes. He copied the movements of animals in dances of homage and gratitude to greater teachers in the sky. He climbed great mountains while chewing coca just as animals did before him. And there on the mountaintops, closer to the Giver, he offered the smoke of incense and intoxicating plants such as coca.

By the time of the Neolithic revolution, man’s brain and tools had allowed him to move to the head of the class, domesticating his former teachers, cultivating his drug plants, and transforming the Giver’s garden into a laboratory. Wandering passed into wonderment as further experiences exposed man to the medicinal and intoxicating properties of narcotics. Over the next ten thousand years he learned to sniff, smoke, and inject the drugs. These achievements bypassed the tongue, which would have cried out “no” to the bitterness, and the stomach, which would have rejected an equivalent amount of the plants. Humans abandoned the control that feeding strategies had provided for other surviving species. Equipped with a ferocious curiosity but a fragile physiology, humans faced new experiences with faster, stronger, and more dangerous intoxicants. It was the first day of school.

Sitting on the edge of the pit with my newfound shard, I was as excited as a schoolboy. At sunrise I made a sketch of the shard, then wrapped it in layers of native manta cloth. It went into my pack along with my camping gear. Into my mouth I pushed enormous quantities of coca leaves sprinkled with a sweet-tasting ash to help liberate the cocaine. Although I would not normally use drugs outside of a medical setting or authorized experiment, coca was legal in these highlands. Coca blew like a fresh wind through my tired body. I raced the midday sun down the mountain to the airfield below.

Back in Lima I checked into the Bolívar and soaked in an oversize bath until my skin wrinkled. César didn’t answer his telephone, so I took a walk around the city. Coca now seemed mild compared to my body’s joy in the oxygen-rich atmosphere of Lima’s near sea level location. A tall thin youth with acned skin fell in beside me and matched my gait. It sounded as if he were practicing his English as we exchanged the usual tourist–native pleasantries. He said his name was Roberto and he sold cocaine. So it was a hustle. I quickly explained I was an American scientist studying coca; I would love to talk with him; I didn’t want to buy cocaine, but I was willing to buy him dinner. I showed him my passport and assured him the interview would be confidential. His tense face relaxed into a smile only when I deliberately sniffled and started rubbing my nose in a user’s gesture of recognition. Roberto led the way to the restaurant.

He claimed cocaine gave him a natural energy and made him feel good. He demonstrated this fact by inhaling some of the sparkling powder from the back of his hand before we entered the restaurant. Did he ever chew coca? No, that was a disgusting Indian habit, he explained, as he twisted his face in mock horror. The Indians in the mountains had told me the same thing about cocaine. They claimed that chewing coca was natural, whereas stuffing your nose with that white powder was an unnatural, disgusting, even dangerous, practice. For the Indians, coca was a natural dietary supplement that supplied needed calories, proteins, and carbohydrates, as well as vitamins and minerals. Coca contained less than 1 percent cocaine, a drug that alleviated hunger and fatigue for human chewers and at the same time repelled most insects and herbivores.

The Indians took things as they were, heeding the bitter warnings of the more concentrated powder, respecting the natural packaging in the leaf. Coca became a useful medicine, and as far as we know no Indian ever died or even had a serious medical problem from eating the leaves. Could Roberto say the same for cocaine? After all, could anyone survive snorting purified nicotine from the tobacco leaf, a plant that contains a similar percentage of a bitter drug to keep pests away? Chewing, snuffing, or smoking tobacco may be unhealthy, but pure nicotine is lethal. By liberating cocaine from the protective envelope of the leaf, wasn’t Roberto concentrating the problems as well as the promises, turning a medicine into a poison?

Roberto answered by pouring another white pile on his hand, snapping it reflexively to his flaring nostrils. To quell my own paranoia about this blatant act, I politely volunteered that the most serious problem with snorting cocaine was getting caught with it. I should have known from his furtive glances that I had said the wrong thing. Roberto bolted upright and excused himself to go to the rest room. He never returned. Nor did the silverware he discreetly rolled in his napkin and took with him.

On the following day I found César standing among the narrow rows of bottles and pottery in the museum, an improbable bull in a china shop. In the shadowy distance his unique frame resembled a large whiskered gourd. We went to his worktable where I took my time unwrapping the shard. He made a squealing sound and slapped my back over and over again. I dared not admit it hurt. We talked for hours and hours, working ourselves up into an ecstasy. We spoke of the thrill of digging into the past, the exhaustion of the Andes, and of science and serendipity. I was hushed when César told me that on the eve of my discovery he saw the bright star Spica in the constellation Virgo. The Incas called the star Mama Coca, a deified name for coca as well as an ancient Inca queen who was its mother. I was almost excited enough to believe there was a connection.

César confirmed that the shard was from a pre-Inca culture but thought it might have been made 4,000 years ago, just as culture was evolving from hunting and gathering activities. A time of innocent use, I said, when coca chewing was acceptable and problem-free. I thought of Roberto and told César that coca never caused the dysfunction that has followed the use of cocaine. César pursed his lips and shook his head so hard I could imagine seeds rattling around in the gourd of his body below. Grabbing my fingers in his, he led me into another section of the museum. His grip tightened as we approached a roped-off room.

An enormous penis saluted as I entered the room. César’s face disappeared into a smile and he giggled again. My eyes took in several other erect phalluses, couples in coital positions, scenes of bestiality, sodomy, and homosexuality. A dog was masturbating in the corner, and nearby a parrot wearing a strange headdress held a toad in a compromising position.

The pottery was clearly from the Moche period, far later than my find, dating hundreds of years after coca chewing was established in ancient Peru. Arranged in chronological order, the bottles and vessels reflected an increasingly sexual theme, which César called abnormal. He recounted the opinion of several scholars that constant coca use led to a psychosis affecting the libido centers. Noting that not one single sexual perversion was lacking in the collection, César explained this as evidence of brain damage. I disagreed. Perhaps it was a celebration of reproduction with little or nothing to do with coca. Or perhaps coca, like cocaine, facilitated sexual performance by alleviating fatigue and thus encouraged experimentation But César viewed art with X-rated eyes, and I couldn’t change his mind. I remembered that Roberto said he had become disinterested in sex. While I could imagine efforts to rekindle desire with pornography, it was difficult to believe coca chewing was responsible for all these clay follies. Several figurines were playing primitive musical instruments. Sex, drugs, and now rock and roll? César yelped and yawed a yes. Still, long after I left César bobbing among the icons, I was haunted by the image of one particular bottle. It showed death in the form of a living skeleton with a bare head and protruding ribs. The eyes were large dark pits and the teeth, perfectly formed, were clenched in a sinister smile.

I spent the next two days trying to get out of Peru. All flights to Los Angeles were booked for several weeks. I camped out in the Braniff office hoping Elizabeth, the attractive attendant, would take pity and find a seat for me. Peru is a poor country, and despite Elizabeth’s Halston-designed airline attire I was sure she could use some extra money. I pushed one thousand soles emblazoned with coca leaves and psychedelic patterns across the counter. She looked me straight in the eye as she pushed it back. Her eyes were like wishing wells, the result of pupillary dilation from cocaine.

The money was unnecessary, she said, as there was a cancellation on a flight that night. As she prepared the tickets, I studied her eyes, knowing that their sparkle betrayed the electricity within. Cocaine’s primary action is to create a “fire in the brain” of electrical and chemical excitation. Current research suggests that this action occurs in the fore-brain, where cocaine prolongs the action of the neurotransmitter dopamine, thus firing reward and euphoria circuits in the brain. Cocaine also appears to increase the effects of the neurotransmitter norepinephrine, thereby stimulating the sympathetic nervous system. The combined effect warms the brain but chills the body. Elizabeth’s conversation was spirited as cocaine kindled its subtle fire in the brain. But the words slurred past her perfect teeth and there was a slight tremor in her hand as she passed the tickets over the counter.

My brief expedition was ending, but Elizabeth’s eyes showed that the odyssey of life in pursuit of intoxication that began with the shard had never stopped.


Introduction

A poppy flowers in Asia, and a junkie dies in New York. Coca leaves bend in a Peruvian sunshower as bullets hail down on a dealer in Miami. A kitchen chemist brews a designer drug as disease eats away a user’s brain. A physician injects himself with a painkiller as a mother gives birth to an addicted baby. At work and at play people use uppers and downers, even drugs that seem to turn them upside down, while governments search for direction in controlling an overwhelming number of chemical recreations that keep flowing through our lives and bodies politic.

These scenes from the modern drug world are neither new nor unique events in history. Old World explorers, medieval herbalists, ancient Greeks, Neolithic shamans, beasts, and bugs everywhere have had accidental or intentional encounters with drugs. Since most drugs are manufactured by chemical processes hidden within “narcotic” plants, these plants have held a universal, almost evolutionary, attraction for humans and other animals throughout history. In every age, animals, including man, have pursued plants that have been designed to defend themselves with narcotic chemicals.

Intoxication has been the inevitable result of these clashes between the animal and plant kingdoms.

The clashes have become drug wars that shake the globe so incessantly that even those who seek intoxication with drugs are beginning to ask the ageless question of the nonuser: Why? Why do people want to do this to themselves? Why do we seek intoxication with drugs? Why are we so uniquely prone to the use and the abuse of intoxicants? Until we answer these questions, Homo sapiens will never understand how to deal effectively with the individual and societal problems that have resulted from his status among animals as the king of intoxication.

We’re neither the first nor the most experienced species to develop a passion for drugs, yet, in mimicking the behavior of other animals through the millennia, we have become the most eager and reckless explorers of intoxication. Now, like children who have stolen matches from their elders and discovered the magic of fire, we face the puzzling question of why we are drawn to such an endangering enlightenment. This book answers that basic question of why we pursue intoxication. All the animals that fly and crawl and swim through its pages reveal the reasons and rules for this basic and ancient habit.

Recent ethological and laboratory studies with colonies of rodents and islands of primates, and analyses of social and biological history, suggest that the pursuit of intoxication with drugs is a primary motivational force in the behavior of organisms. Our nervous system, like those of rodents and primates, is arranged to respond to chemical intoxicants in much the same way it responds to rewards of food, drink, and sex. Throughout our entire history as a species, intoxication has functioned like the basic drives of hunger, thirst, or sex, sometimes overshadowing all other activities in life. Intoxication is the fourth drive. It is as bold and inescapable as the drug stories that dominate today’s headlines. Individual and group survival depends on the ability to understand and control this basic motivation to seek out and use intoxicants.

Herein are scores of stories of animals and forgotten human cultures that have been driven by this same pursuit yet managed to distinguish between use and abuse. Most important, ways were established of dealing with intoxicated and abusing individuals. Indeed, these stories will show what intoxication is, why we seek it, its amazing benefits, its destructive consequences when abused, and why we have much to learn from other animals and people who have survived these experiences for generations.

When we watched Dorothy succumb to the magic of opium as she reeled through the poppy fields in The Wizard of Oz, we may have been unaware that she was following in the footsteps of other creatures. Like Dorothy, many animals have accidental encounters with narcotic plants. Some engage in deliberate, even ritualized interactions. Why? For many animals the answer lies in the search for specific effects of stimulation or sedation. In a sense, intoxication allows animals to be in a different state, to act differently and to feel different.

After sampling the numbing nectar of certain orchids, bees drop to the ground in a temporary stupor, then weave back for more. Birds gorge themselves on inebriating berries, then fly with reckless abandon. Cats eagerly sniff aromatic “pleasure” plants, then play with imaginary objects. Cows that browse special range weeds will twitch, shake, and stumble back to the plants for more. Elephants purposely get drunk on fermented fruits. Snacks on “magic mushrooms” cause monkeys to sit with their heads on their hands in a posture reminiscent of Rodin’s Thinker.

The pursuit of intoxication by animals seems as purposeless as it is passionate. Many animals engage these plants, or their manufactured allies, despite the danger of toxic or poisonous effects. The stupefied bees quickly become victims of predation. The carcasses of “drunken” birds litter the highways. Cats pay for their addiction to pleasure plants with brain damage. Cows poisoned with range weeds may eventually die. Inebriated elephants destroy much property as well as the lives of other animals. Disoriented monkeys ignore their young and wander from the safety of the troop. Human beings are no different.

Experiences with plant drugs have puzzled and fascinated our species for millennia. They have revealed substances powerful enough to heal or to kill. Yet, whether they help or hurt, these plants are also pursued for their power to intoxicate with stimulating, inebriating, tranquilizing, or hallucinogenic properties. We search our planetary garden for these mind-altering delights with a passion so blinding that the garden becomes a labyrinth, the search becomes the goal, and our passion becomes addiction.

Intoxication has also given humans sights to see, voices to listen to, thoughts to ponder, and altered states of consciousness to explore. It has generated conditions that can only be described by such global and imprecise terms as ecstasy or madness. Some feel closer to an understanding of themselves. Others feel a unity with everything in their environment. Still others look for a rainbow, an Emerald City, a wizard’s powers. But for all of us the experience is a rite of passage that takes us into a state of toxicity, hence the word intoxication.

In this state, we find ourselves playing the hunters and gatherers of plants that fight back by producing defensive narcotic drugs. We consume drugs “to ape the angels,” as Baudelaire described life in this Artificial Paradise, “only to become animals.” When we experience the subsequent intoxication we are touching a part of our being that we share with many other animals who want to steal the powers from the plants but so often become their victims. At these times it seems that the mythical protector of animals, the Roman goddess Fauna, has been seduced by Morpheus, Greek god of sleep and dreams and namesake of morphine. We wander through a waking dream, wondering if we will be kissed by enlightenment or entombed by blackness. In order to ensure that we will find our way through the labyrinth, we must study the roles played by narcotic plants and intoxicated animals and act our own part intelligently and seriously.

Many of the stories presented in this book were uncovered by my research teams studying the drug-using habits of animals, people, and cultures in selected and sometimes previously unvisited areas of the planet. Our own firsthand observations found many entertaining examples, including ducklings who were too busy feeding on narcotic plants to respond to their mother’s calls; pigeons who were secretly gobbling behaviorally effective doses of marijuana seeds unknown to their master, psychologist B. F. Skinner; reindeer who fought deer and man over limited supplies of intoxicating mushrooms; and, in a remote Mexican Indian village where no one could afford television, young children who drank hallucinogenic peyote tea, fed the leftovers to their dogs, then curled up with the animals to watch “pretend TV.” The children giggled and the dogs twitched.

The research also had a darker side: one of the chimps living on a game preserve became enraged by a powerful stimulant and fought a battle to the death with my team; I was captured and interrogated by marijuana farmers who refused to believe I was a scientist interested only in animals; I became the target of death threats—and one shooting—by patients and prisoners I was trying to study; and team members were often overcome by toxic reactions when they dared to ingest the strange drugs used by their animal and human subjects.

It is easy to view these cases as quirks of animal behavior. After all, animals often engage in bizarre and deviant behaviors. My own initial reactions on finding animals high on natural and man-made drugs was exactly the same. At first the animal stories seemed as rare as the bullets fired by hopped-up patients. Then a consistent pattern of behavior emerged. In every country, in almost every class of animal, I found examples of not only the accidental but the intentional use of drugs. The thousands of cases I investigated convinced me that the action of an animal in seeking out intoxicants was a natural behavior in the animal kingdom.

Over a period of twenty years, from my base as a research psychopharmacologist at UCLA’s Department of Psychiatry and Biobehavioral Sciences, I collected thousands of anecdotal accounts that described intoxicated animals who behaved just like the people we studied. I culled other stories from the archival literature, and the major ones are cited in the Bibliography, which includes a complete list of references used in the book. Using a worldwide network of field stations and laboratories, my teams sought further understanding of the most promising cases through systematic observations and experiments. They had at their disposal an arsenal of futuristic techniques, including computerized tracking devices, night-viewing cameras, and biomedical recorders. And to trace the consumption and metabolism of substances, they labeled plant drugs with radioactive markers and performed blood and urine tests for days, weeks, and months after ingestion. In addition, because drug metabolites remain permanently embedded in hair, the researchers obtained samples of animal and human hair. They could thus trace patterns of drug ingestion to within a billionth of a gram for years, even decades, back. Finally, controlled experiments were conducted with both animal and human subjects and the results compared with detailed long-term studies of human users and abusers.

The research often called for innovative designs in order to verify and further explore what I had seen in the field. In a controlled game park I provided an island of monkeys with free access to a garden of psychoactive plants. In the laboratory I taught pigeons how to tell us what they were seeing while under the influence of LSD and gave monkeys an opportunity to pick and choose their own diet of intoxicants, including cocaine chewing gum. I trained a group of human subjects—the media dubbed them psychonauts—to take controlled trips with LSD and other drugs while making precise psychophysical reports about their hallucinations. I studied the problems of abuse in the many clinical patients I saw in hospitals and private settings. Then I went to the streets and recruited users who were not having problems and studied them to find out why. I learned about the disastrous consequences of misuse from my forensic practice, where I was called on as an expert witness in hundreds of murder trials in which defendants were reportedly under the influence. And I was exposed to the war on drugs firsthand as a consultant to two presidential commissions and the World Health Organization, traveling to many countries, where I interviewed drug kingpins and pawns.

We begin our examination in Part I in an evolutionary Eden, at the very dawn of the drug wars, when plants started to produce chemicals as defenses against herbivores. The chemicals repelled many animals yet attracted others, who managed to circumvent the poisonous effects by developing safe feeding strategies. This opened the door for animals to minimize aversive effects while maximizing desirable effects, turning poisons into intoxicants and forming the new chemical bond we call addiction.

Our ancestors learned much about the nature of these chemicals and bonds by watching animals, an activity that led to the discovery of many useful substances. The poisons that killed animals were easy to find. So were strong intoxicants like the hallucinogens, which dramatically altered behavior. Neither the animals nor the humans who copied them seemed to have difficulty in learning how to use these intoxicants for specific purposes. For example, monkeys and baboons, which share our tastes and temperaments, learned to use hallucinogens and tobacco to relieve boredom with all the shrewdness and zest of human users.

Next we examine the other major drugs and find that you don’t have to be a primate to appreciate them. Many creatures follow paths to natural and artificial sources of intoxicants. But alcohol found in fermented fruit, grain, or sap has almost universal appeal. Animals use it for food, for fun, for medicine; yet they avoid the human problems of abuse because the availability of alcohol is regulated by seasonal fermentations or other acts of nature. Nonetheless, groups of captive animals subjected to humanlike conditions of overcrowding will use it to relieve stress and they develop patterns of alcohol drinking just like our own. And when we look at animal reactions to opium, hashish, marijuana, or cocaine, we can see other reflections of our own behavior. Yet there is little abuse among animals who use the low doses found in the natural plants and who avoid participating in social behavior while they are intoxicated.

In Part II, we look at ourselves, and America itself, as the inheritors of this long natural tradition. The human pursuit of intoxication is motivated by a strong biological drive that pits individual needs against those of society. The struggle to satisfy our psychological and physical demands with drug supplies creates a neurochemical war within our brains, and, outside, a more deadly war on the drugs themselves. The lessons gleaned from the animals show how we can come to peace with this natural force through the education and technology that is our human distinction.

From the flowering of narcotic plants millions of years ago came the seeds of intoxication. The seeds were sown throughout history, in the stomachs of poisoned animals—perhaps dinosaurs—by birds and beasts who carried the seeds across the planet, and in the rain forests and jungles that nurtured them. From accident to addiction; from goats foraging on coffee beans to humans drinking their daily, stimulants; from bees revisiting opium and marijuana flowers to humans looking for their daily “buzz”; from the baboons of South Africa that crave tobacco in imitation of man, to those Homo sapiens who smoke cigarettes in order to be more like the Marlboro man; from elephants who seek out fermented fruit to alleviate stress to stressed humans who drink and see pink elephants; from the great herbals of the Middle Ages that described the inventiveness of animals in seeking natural cures for their ailments to the science fiction story by Doris Buck, who envisioned escape from twenty-first-century life with a designer drug that gives the user the illusion of being a dinosaur in the Mesozoic era—the history of life in pursuit of intoxication has repeated itself.

If we can understand intoxication as a universal and totally natural phenomenon, if we can apply the teachings of plants and animals to the questions raised by our own pursuits, then we can free ourselves from repeating past history and move on to design a new future.
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War in Eden

ORIGINS OF PLANT DRUGS

In the infrared eyes of a Landsat satellite, the giant sequoias and pines of California are thin red hairs. From the perspective of a young man whom I will call Daniel, they were on fire. Daniel and his friends were camping on the edge of a national forest. As they huddled around the evening campfire, he started to tell them about a book he had just read. The book described the adventures of a young anthropologist who had studied the mind-altering plants used by a Yaqui Indian shaman. Daniel decided to prepare one of the shaman’s recipes, a tea brewed from wild thorn apple. He gathered a few nearby plants, boiled the leaves, then passed around steaming cups of tea. His friends were hesitant to sip the bitter green syrup, so with a chef’s bravado Daniel gulped down the entire pot.

The world was on fire. It began with a fever in his body, quickening the pace of his heart and lungs. It moved up his parched throat, past his dry mouth, over reddened lips, finally erupting into a bloodcurdling scream. Daniel looked to a girlfriend for help, but she changed into a tree. He moved toward the others, but they too changed into trees. Panicked, he ran into the woods. Now the trees were talking to him, warning him to keep running before the demons caught him and turned him into a tree. He ran for eight kilometers, unaware that his bare feet were being shredded by the razor-sharp edges of stinging nettles. A river blocked his escape. He turned. The demons were almost upon him. He tried to light a match. The first one crumbled in his hand. The second one turned into something wiggling and alive. The third one ignited and he managed to start a forest fire that stopped the demons. Then he dove into the cool water.

He was rescued by a forest ranger, hospitalized for several days, then tried for arson. At the trial, he told the judge that it all seemed like a mad dream, but he had learned his lesson and would never again take any drugs. Privately, Daniel told me how the experience changed his view of life. During his hallucinatory delirium, as animals and plants were transformed into one another, he had seen a harmony in nature, a oneness with the experiences of all living things. He felt older and wiser.

Was Daniel just a wayward youth from the 1960s who was looking for a new drug trip? Did he somehow think he was unique in being part of a culture that was searching for meaning in life by freaking out with mind-altering substances? No. Daniel was not thorn apple’s first victim but simply part of a continuum of aeons. He had picked a plant to eat that was prepared to fight back with mind-altering chemicals, and he became its victim. He had joined the ranks of countless people and animals throughout time.

Daniel’s ordeal with thorn apple was as old as the trees. If those ancient redwoods could really speak, they would tell a history of thorn apple that stretches back to the biblical Eden and the very dawn of creation. Thorn apple, a ubiquitous plant with a green thorny seed capsule resembling a small apple, belongs to the genus Datura (pronounced dah´tura). It may not have been the fruit from the tree of knowledge sampled by Adam and Eve, but it is old enough to fit the biblical description. Since Genesis gives no clear botanical identification, artists have shown the tree as an apple, a fig, a pear, and even a banana. And the earliest paintings show Eden as a garden, a paradise watered by rivers, rich in fruitful and flowering trees, and inhabited by angels.

The Eden that spawned Daniel’s thorn apples was not the beatific paradise of the Old Testament. Nor was it anything like the divine gardens of life and immortality found in Persian, Hindu, Buddhist, Egyptian, Norse, or countless other mythologies. Rather, the picture of the garden in which apple trees have reddish stems, purple-veined leaves, and green fruits covered with thorns would show a very different landscape. We would see cages full of terrified little boys, altars on which men carve out the beating hearts of other men, women buried alive, strange beasts that are half man and half wolf, children playing with flowers that kill them, animals writhing and dying in grotesque postures, and, overhead, flying through the sky where the angels should be, we see witches on broomsticks. It is a picture that might have been inspired by Hieronymus Bosch’s Garden of Worldly Delights rather than the Creator’s hand. And the story it tells is not just of one man’s fall but of a world at war.

The tree in the middle of the Garden of Eden was the tree of the knowledge of good and evil. The ancient Chinese considered Daturas sacred and believed that when Buddha spoke the heavens sprinkled them with dew. The Chinese used the flowers and seeds to treat colds and nervous conditions. But in India Datura was called the tuft of Shiva, the god of destruction. Liquid extracts were used by Thugs—worshipers of Kali, the goddess of fertility and death—to stupefy sacrificial victims. It was later used to drug young girls and render them powerless to resist a life of prostitution. The girls sometimes drugged customers’ wine with Datura seeds and whoever drank this potion would lose control of both his will and memory, then his money.

Women of late medieval Europe found another use that earned the plant a more disturbing epithet—devil’s weed. These women, dubbed witches, rubbed their naked bodies with a hallucinogenic ointment containing Datura and related plants belonging to the so-called nightshade family. The ointment was readily absorbed through the skin and also applied to the vaginal membranes with a staff or handy broomstick. Then, the women straddled the broom and pretended to ride it to the Sabbat party. Some simply smeared themselves with the cream and climbed aboard a large basket for the imaginary trip. There they remained comatose for several hours, only to recover and describe travels to strange lands.

According to experiments carried out in the sixteenth century by Andrés Laguna, physician to Pope Julius III, the young girls anointed with thorn apple fell into an “iron” catatonic state and their journeys were only the dreams produced by the ointment. But they were unable to awaken from the satanic dreams, Snow Whites trapped in a medieval mind. Giovanni Battista Porta, a colleague of Galileo who conducted the experiments with Laguna, described how men would drink a potion made from the same plants in order to create the illusion of being a bird or beast. By covering themselves with a wolf’s skin and running about on all fours, the men created their hallucinations of turning into an animal, thereby giving us the basis of our modern were-wolf stories.

Native Indians in the New World found other names and uses for Daturas. The Aztecs called it toloatzin and valued it as a painkiller. It was one of the drugs given to sacrificial victims to make them drowsy and oblivious to their fate. Most prisoners captured in Aztec wars were kept in wooden cages and fattened. Later, at temple pyramid sacrifices, the priests would tear out the victim’s heart and offer it, along with some blood, to the sun-god. Sacrifices were frequent and sometimes endless. In 1487 at the dedication of the main temple in Tenochtitlán, over eighty thousand victims were sacrificed. The line of sacrificial victims stretched for miles, and it took several days for those at the end finally to climb to the top of the pyramid for their turn under the obsidian knife.

Themes of death surrounded other ritual uses of Datura. Ancient Colombian Indians offered beer and Datura drinks to the wives and slaves of a departed husband or master. In the resulting stupor, the victims were buried alive along with the deceased. In parts of the western Amazon, young boys were given a Datura tea for the purpose of gaining wisdom from a near-death experience. If a boy had difficulty swallowing it, the elders inserted a hollow bone or horn into his rectum. The tube was attached to a pouch of the tea which was squeezed until the boy became comatose.

The belief that the Datura experience had much to teach the young was widespread throughout the Americas. In Virginia, where the Algonquin Indians called it wysoccan, boys were taken into the forest and imprisoned in specially constructed latticework cages, where they were forced to take the drug. The Algonquins believed that the violent intoxications would wipe out all memory of youth and initiate the boys into manhood.

For the very young, a single intoxication could produce a quick end to a short life. Children have been attracted by the sweet scent of Daturas, the large flowers that look like toy trumpets, the young fruits that have not yet acquired their defensive thorns, and the small dark seeds that make wonderful objects for play. Many children have inhaled the pollen, swallowed the seeds, or chewed on the leaves; a few have even survived. The intoxications have been dramatic. One five-year-old boy, after playing with the flower and trying to blow it like a trumpet, crushed it against his forehead, chewed on the petals, then began masturbating while barking like a dog.

Adults were not immune to such accidents, especially when traveling in unfamiliar terrain. In 1676, Nathaniel Bacon had just barely left his own youth when he was named to head a militia of Virginia colonists in defiance of British rule and heavy taxes. A group of British soldiers was sent to quell Bacon’s rebellion. Bivouacked at Jamestown, the troops made a salad of boiled thorn apple and ate heartily. An account from the time describes how the men made intoxicated fools of themselves for eleven days. Since that time, thorn apple has been known in the United States as “Jamestown weed,” commonly shortened to “jimsonweed.”

Man is not alone in this landscape of thorns and nightshades. In 1975 I visited a ranch on the idyllic island of Maui where there had been several recent Datura deaths in a herd of cattle. Within a few hours after eating the plant, the animals started shaking and wobbling. Then they fell down. Loud noises or sudden movements sent them into seizures. A few could be seen dragging their collapsed hind legs behind them as they “crawled” along on their forelegs. After two days they died.

I walked among the bloated corpses, horribly twisted and contorted in the telltale postures of seizures and convulsions. The bent legs and neck of one corpse made it appear as if it had fallen from a skyscraper rather than knee-high grasses. Another was held in an eerie upright position by several fence posts. The animal had tried to escape to another pasture only to become entangled in the barbed wire. Swarms of flies now filled the cut and rotting flesh. The head was fixed in a mournful bellow at the sky. Something hard and black was coming out of its mouth. This portrait of death in Eden seemed as horrifying as the memorial sculpture of Holocaust victims entangled in barbed wire at Dachau.

I felt I was walking into just such a nightmare when I visited the scene of Daniel’s accident a few months after he had recovered. The ground was black and charred. Sections of a hill had turned to mud and slid like some giant primeval slug into the river below. The trees were mere skeletons. Yet the Datura was flowering. Unlike its many victims, Datura has survived the war on drugs.

As I collected several plant specimens I noticed a few beetles and grubs nibbling the leaves and flowers. Because there were very few other plants emerging from the burned ruins, the insects may not have had a real choice in their diet. Yet the bugs seemed very normal. I suspected that there were other, more disturbed animals in the vicinity. I decided to set up a camp in the burned area where I had a clear view of the Datura and the surrounding area.

Several bees made regular visits to the Datura flowers. They collected the pollen in the early morning hours and appeared unaffected despite the fact that such close contact could kill a child. I turned my attention to a cluster of seed capsules rotting on the ground. Birds have been known to eat Datura seeds, later regurgitating or evacuating them and thereby facilitating dispersal. However, none of the local avians seemed interested. A few ants scurried over the capsules and carried away some of the seeds to their nest. This phenomenon has been observed worldwide, from Africa to the Andes, yet no one knows what the ants do with them. In the Amazon these plants sometimes appear black when covered by swarms of beetles. The beetles, which developed biochemical defenses against the potent chemicals, feed on the seeds. Perhaps the ants have similar mechanisms and use the seeds for food.

I discovered that hawkmoths feed on Datura flowers at night. Afterward, these large, sturdy creatures behave as if intoxicated. The moths are normally great flyers but after drinking Datura nectar they have difficulty landing on flowers and often miss their target completely, falling into the leaves or onto the ground. They appear to have trouble getting up again, and when they resume flight, their movements are erratic and disoriented.

The next morning a bird arrived in a shower of brilliant jeweled colors, the feathers iridescent like prisms in the morning sun. The violet band separating its black chin from a white collar identified it as a black-chinned hummingbird. Hovering in the air over a Datura flower, it extended its long slender bill to feed on the nectar. It sampled two other flowers, then disappeared in a blur. I watched for it to reappear, hoping to see some change in behavior. Sometimes hummingbirds feed on Datura, perch, fluff their feathers, then freeze like stiff corpses for several hours. No one knows if this is a drug effect like the iron catatonia of the witches, or simply a way of conserving fuel reserves. But the hummer failed to return, and the question must remain unanswered. I decided to end my vigil and take the plant specimens back to the laboratory for analysis.

I identified Daniel’s Datura as belonging to the species stramonium, although all Daturas, some shrubs and some trees, contain the same principal chemicals. From my analysis I calculated that Daniel had ingested ten to fifteen milligrams of a mixture of chemicals, chiefly hyoscyamine and scopolamine with a little atropine. This was a minute amount, but these chemicals, known as alkaloids, were powerful enough to explain Daniel’s experience with Datura—an experience that traces its history throughout the evolution of plant life.

From the infrared perspective of Landsat, most of the planetary land-masses are flushed with the signs of plant life. The waters of the world appear black, but the satellite’s sensors can also see down to a depth of at least ten fathoms and detect evidence of widespread marine life, including the minute plankton, the drifting microorganisms that form the basis of life in the sea. Landsat has even spotted plant life under the Arabian desert in a “fossil river” that some archaeologists believe once fed the real Garden of Eden.

That proposed site for the biblical Eden is now covered by the Persian Gulf, just as the ocean waters once covered the planet before the first algae started to develop in the pre-Cambrian era, about two billion years ago. Even in these simple beginnings, plants were bearing chemical wonders, substances that gradually evolved into sources of drugs.

By the beginning of the Paleozoic era, 600 million years ago, with the appearance of lowlands and mild climates, marine algae were prominent while plant-eating animals and wormlike creatures were starting to evolve. Modern algae include several allegedly intoxicating lichens and seaweeds. The fungi also evolved during this era, and today’s fungi contain a number of important intoxicants, including hallucinogenic mushrooms, puffballs, and mold.

Millions of years later, as arid continental areas developed, along with fishes and amphibians, the ferns appeared; the chemicals found in their modern descendants have strong pharmacological actions. The earliest seed-bearing plants, along with reptiles, insects, and spiders, started to appear in the late Paleozoic. The cone-bearing plants, or gymnosperms, which developed 345 million years ago, were hardy survivors and many, such as the conifers, are still with us today. They include several species that yield important drugs such as ephedrine.

It is the flowering of the angiosperms, however, that brought the more numerous plant drugs into the world. They evolved quickly and by the middle of the long Cretaceous period of the Mesozoic era they were dominant. They succeeded by developing a variety of defenses, including an arsenal of chemical weapons and drugs. They represent the source of most intoxications found throughout the animal kingdom as it was forced, and is still being forced, to live in a world in which food and drugs literally grew on the same trees.

The Cretaceous was a time when great swamp deposits were replacing deserts, when the Rocky Mountains and the Andes were born, and when climates started to cool. Some creatures of the Cretaceous could not adapt to the changing climate and rapidly evolving habitat of the planet. Many families of reptiles, including the dinosaurs, disappeared suddenly during this period.

Did the appearance of plant toxins have anything to do with their demise? This possibility has been depicted in several contemporary cartoons, where most scientists feel such notions belong. One drawing depicted a long-necked Brontosaurus, a gentle herbivore, happily browsing a bunch of angiosperm flowers, but getting ready to burp and fall. Another showed a flesh-eater, the ferocious Tyrannosaurus, which was lying in convulsive seizures after devouring a smaller reptile that had just finished a meal of toxic plants. Still another artist finished the job of cartoon overkill by depicting a group of juvenile dinosaurs slyly sneaking a smoke behind some Cretaceous rocks, with a caption telling the reader this was the real reason dinosaurs became extinct.

Despite the humor in such images, a few geologists and botanists have argued that since the majority of the giant reptiles were herbivores, the appearance of a new class of plants in their diet could have had significant effects. Accordingly, they noted that in the evolutionary race to survive, the angiosperms developed the ability to produce a variety of feeding deterrents, first a group of chemicals called tannins, and later, alkaloids. These chemicals helped the plants survive animal predation. But the dinosaurs, perhaps unable to detect such compounds or to render them physiologically harmless, might have eaten enough to suffer severe disturbances, even death.

These arguments seek to make some sense out of the coincidental rise of the most powerful drugs on the planet and the fall of the most dominant animals. For more than 135 million years the dinosaurs were enormously successful in adapting to and dominating the Earth. However, these and other herbivorous reptiles did not survive the Cretaceous. The Mediterranean tortoise is one of the few remaining plant-eating reptiles, and feeding studies have found that this creature will not be deterred by the taste of certain plant chemicals and will continue eating even as the chemicals approach toxic concentrations. When the tortoise’s ancestors were overlords of the planet, they may not have been able to detect the taste of such incipient poisoning.

Such arguments do not prove drugs were responsible for the whole-sale cold-blooded murder in the Cretaceous. The more plausible explanations mention a massive meteorite impact that propelled tons of the Earth’s crust into the upper atmosphere in the form of a sun-blocking cloud of dust. As day became night, photosynthetic plants starved to death. Left without a food supply, many plant-eating reptiles would have died, as well as those meat-eaters dependent on them.

However, the poison argument emphasizes that plants are powerful enough to cause an accidental overdose. As dinosaurs plodded through antediluvian swamps and shallow coastal waters, they succumbed to many hazards; getting stuck with a bad meal may have been just as deadly as falling into a tar pit. However cartoonlike the notion of even one dinosaur becoming intoxicated and dying may seem, it is no more impossible than a creature that existed millions of years ago, walked on seven pairs of pointed stilts, and had seven tentacles rising about its body, dubbed by paleontologists the “Hallucingenia.” Whether behemoths such as these were betrayed by their palates or their planet, many were just too large (up to the one hundred-ton Brachiosaurus) or too long-lived (some lived a century or more) to evolve fast enough to escape extinction.

Then, as now, there was just no place where hungry animal life could avoid bumping into struggling plant life. Consequently, the plants developed an elaborate system of physical and chemical defenses in the war for survival. These physical defenses include stiff tough leaves, spines, thistles, bristles, and barbs. Some plants just make themselves difficult to find by using shade, mimicking the appearance of pebbles or stones, or growing in ecological niches where they are unlikely to be found and eaten. A few plants may even band together into defensive guilds. For example, many unprotected grasses grow intermingled with noxious-smelling weeds that mask their presence.

By far the most formidable plant defenses are chemical weapons. Chemical defenses are found throughout the plant kingdom, from fungi to flowers, and these pose different types of barriers. These chemicals are called secondary substances or secondary compounds because most do not have a primary role in plant metabolism. A few secondary substances are storage compounds and regulators of plant growth, but the great majority have no known metabolic function. The adaptive significance of these substances lies in their repellent properties to insects and other herbivores.

Plants that are easy for herbivores to find are defended by tannins. Tannins are the most ancient defensive compounds and they are present in the leaves, bark, wood, and fruit of certain ferns, gymnosperms, and angiosperms. When animal skins and hides are soaked in water extracts of tannins, they are transformed into leathers that are resistant to bacterial disease, heat, or abrasion. In a similar way, the major role of tannins is to protect plants against fungal and bacterial attack. They also defend plants by making them taste bad. Tannins impart astringency to the mouth, and most animals will pucker and spit after a single unpleasant taste. Once ingested, tannins continue to have a cost for herbivores. Along with lignins, unpalatable secondary substances that provide strength and support in wood tissues, tannins reduce the availability of carbohydrates and proteins, interfere with enzyme activity, and have an overall deleterious effect on digestion. Not surprisingly, plants with high tannin concentrations are rejected by most animals as well as insects.

If tannins don’t deter you, there are flavonoids. These two-faced secondary substances attract pollinators and repel pests. Together with carotenoids, which appear with the ripening of fruit, they have a role in providing attractive colors to flowers in order to promote pollination and seed dispersal. But some colorless flavonoids aid plant defenses with astringent and bitter tastes. They are also effective natural insecticides for the plants. A commercial contact insecticide, rotenone, is obtained from one of them. Other flavonoids inhibit enzymes, interfere with vital processes within the cells of animals, and disturb the reproductive capacity of birds and mammals, lowering their fertility and fitness to survive.

A similar group of chemicals, terpenoids, is so effective at keeping away unwanted insects that it is used as a fast-acting knockdown agent in commercial insect sprays. These substances also deter mammals by giving them allergic dermatitis or causing them to vomit. In hungry east Africa, where there never seems to be enough to eat, plant terpenoids can check the voracious appetite of armyworms, desert locusts, or starving humans.

For some creatures, eating even a tomato or potato can be problematic. The leaves of these plants contain proteinase inhibitors, chemicals that defend against insects by inhibiting their digestive enzymes. After a single severe wound, these inhibitors start concentrating in the leaf and stay at high levels for about five hours. A second wound releases a hormone that tells the plant to triple the concentration of the inhibitors. But several insects have developed ways to handle these defenses. When ladybug beetles feed on Mexican squash, they will rapidly cut a circular trench in a leaf. The leaf is almost completely cut through and only a few bits of tissue hold the encircled leaf section in place. The beetle then feeds on the encircled material. Chemical deterrents will be mobilized by the plant but cannot cross the trench to get to the site of the insect feeding. Since the chemicals show up in a widespread region surrounding the trench, when the ladybug finishes eating a section of leaf, it has learned to move at least six meters away to take its next meal.

Lush green pasturelands may be equally unsafe. Forage plants like alfalfa and clover have to defend against grazing animals as well as insect pests. Such plants utilize secondary chemicals called saponins. In water solutions, saponins form a soaplike foam, but inside animals they will break down red blood cells. Small amounts deter insects and kill their larvae. When taken in great quantities by sheep and other grazing animals, saponins cause bloat, decrease food consumption, and depress growth.

Many plants that rely on animals to disperse their seeds must limit feeding rather than kill the animal directly because it might lose a valuable seed carrier. Lipids, found in plant seed oils and some leaves, perform this function. The most interesting lipids are terpenes, which have a strong aromatic flavor. For example, myristicin, found in nutmeg and many other spices, prevents animals from seasoning their diet too heavily with these plants. If taken in sufficient quantities, myristicin causes dizziness and loss of motor coordination.

In the ceaseless war between plants and pests, plants’ defensive chemicals and animals’ counterdefenses have become ingenious. Plants such as wild parsnips and daisies contain naturally occurring photosensitizers. When ingested by insects that are then exposed to light, these chemicals become highly reactive and literally burn up insect tissues. In hard-bodied insects like boll weevils, they interact directly with the insect’s DNA and form lethal chromosomal abnormalities. A few insects have evolved defenses for even these penultimate weapons. Certain larvae, for example, have learned to roll themselves in the leaves while they are eating the plant. The plants fight back in subtle ways. Pulps and saps from several trees contain juvenile hormones that prevent caterpillars from maturing. Like Peter Pan, these creatures never reach adulthood and never reproduce.

Equally ingenious are a group of palatability agents known as taste-distorting factors. Whereas other secondary substances affect palatability by just tasting bad, taste-distorting factors modify the perceived taste of whatever the animal eats with them. Many of these factors are saponins, which can suppress the perceived sweetness of sugars, thus enabling plants to camouflage themselves against mammalian herbivores. Gymnemic acid in tropical Gymnema sylvestre does more than simply depress the perceived sweetness of its sugary leaves, it distorts as well. After a human chews Gymnema leaves, an orange will taste like a lime. Similar effects keep browsing herbivores away from the plant. Another factor, miraculin, works in the opposite way. In the berries of an African shrub, Synsepalum dulcificum, miraculin causes acidic substances that ordinarily would taste sour to seem sweet. Chew a Synsepalum berry, for example, and a lemon tastes like an orange. For plants that depend on fruit eaters for seed dispersal, it is clearly adaptive to provide sweet-tasting fruit even if it is only an illusion.

The best illusions are created by the secondary substances known as alkaloids. Alkaloids, which include the major hallucinogens and mind-altering drugs, are synthesized in the plants from other chemicals such as amino acids and terpenoids. Nearly one-third of the angiosperm families contain alkaloids. They are by-products of primary metabolic pathways and tend to accumulate in the peripheral parts of the plant such as the bark, leaves, and fruit.

Alkaloid accumulation may be useless for plant metabolism and growth but it confers a selective advantage for survival in the war against insects and herbivores. Caffeine literally knocks out mosquito larvae by disrupting their nervous systems. In the laboratory, water-borne mosquito larvae that ingested caffeine became so confused that they drowned. Other alkaloids protect plants by reducing insect populations, not by deterring individual predators. For example, tomatine will not deter the grasshopper from tomatoes but the grasshopper may eventually die as a result of long-term feeding. In small amounts, several alkaloids, such as nicotine, have marked pathological effects on insects as demonstrated by retardation of growth, development, and reproduction. Higher dosages will paralyze and kill.

Some insects developed the ability to take alkaloids from the plants and sequester them in their body tissues. Thus they could acquire toxic properties that provide a passive defense against their own predators. For example, the tiger moth feeds on yellow Senecio flowers found in western grasslands and stores the toxic alkaloids, a defensive practice that renders the moth unacceptable to a variety of potential predators. Even the voracious larva will gorge itself on toxic plants, ensuring that it will be able to turn into a little tiger. Yet most insects and other herbivores were forced to develop different mechanisms for survival.

Because feeding is a necessity for herbivores, they expose themselves to the hazard of being poisoned by every meal. Most survive their meals, thrive, and reproduce because of two successful developments: biochemical adaptations to plant chemicals and feeding strategies that minimize risks of toxicity.

After a toxic chemical has found its way into an animal, a sufficiently large fraction of it has to get to a critical target site such as a key junction in the nervous system or life-support system. Biology and chemistry have provided many obstacles along this path. The compound may be stopped by special barriers, such as the type surrounding the brains of higher mammals, which blocks or slows down the passage of many compounds. It may be channeled away for storage into specialized tissues or body parts as in the tiger moth. The toxin may also undergo rapid metabolic degradations by an arsenal of enzymes. These enzymes change the chemicals into products that can be rapidly excreted. Such enzyme systems have been found in organisms throughout the animal kingdom from the house cricket to humans. They are so efficient that many animals can survive the small amounts of cyanide produced by over one thousand plants as they break up in the body. If deactivation doesn’t work, repeated exposures to a toxin may give animals protection in the form of an acquired resistance, a state known as tolerance. Despite the advantages of these biochemical systems, herbivores must be careful not to overload them.

Survival depends not only on the detoxification mechanisms but also on feeding strategies. Therefore, it is of vital importance that animals be able to perceive the presence of alkaloids and other secondary compounds. Perception is the process by which an organism receives or extracts information from the environment. The perception of secondary substances is usually handled by the chemical senses of olfaction and gustation. Some secondary substances, such as the urticating compounds from stinging nettles, can be detected by pain and irritation. Many insects and herbivores have sense cells that respond to these chemicals, resulting in acceptance or avoidance. Several alkaloids, such as quinine in Cinchona bark, function as repellents for certain insect species and limit their food consumption by stimulating insect taste receptors that tell the insect the plant is bitter and unpalatable. Although such sensory and behavioral responses are often innate, they can also be modified by experience. Accordingly, as a result of earlier experiences, many animals learn to avoid ingesting secondary substances. The learning can be surprisingly rapid and robust.

Herbivores who are faced with the problem of assessing both nutritional value and potential toxicity of foods almost have to be fast learners. Terrestrial snails and slugs may be slow movers, but they are quick to recognize potentially toxic plants and learn to avoid them. It is not unusual to find garden snails traveling a distance of six meters or more from poisonous plants to areas with more suitable vegetables, although the journey may take two hours. Slugs have the ability to sense unsafe dishes on the basis of a single exposure, an experience they can remember for several weeks. Other animals with more advanced nervous systems can do even better.

When especially dangerous plants are recognized, sometimes animals will risk starvation rather than potential toxicity. The common English garden snail, a close cousin to the edible snail, feasts on almost everything the gardener tries to grow. Yet when confined to boxes with only toxic plants such as tobacco, it will withdraw into its shell and close off the opening by secreting a crusty membrane of hard minerals. The snail can remain behind this closed door in a state of estivation, or hibernation, for as long as six months.

But snails cannot hide forever and they will eventually emerge to resume a search for more palatable food. I decided to test their resolve against the bitter-tasting leaves of Daniel’s thorn apple. Although snails often damage drug plants such as coffee, they tend to favor the leaves and avoid the beans and other parts where alkaloids are most concentrated. However, all parts of Datura, including the leaves, are rich in the bitter alkaloids. What would happen if snails lived in a world full of Datura leaves?

Because garden snails use chemical receptors, I first had to determine how they might react to bitterness. Snails will normally climb up plants in order to eat the younger and less bitter leaves at the top. When placed against a vertical glass rod in the laboratory, these snails automatically creep to the top. They use their foot, which is like a pad that moves along under the shell. The climbing is facilitated by a copious secretion of slime that spreads out a smooth bed of lubricating fluid, along which the snail glides. A series of rippling waves of muscular contraction along the bottom of their foot sends them on their way. When I tied a small cotton thread soaked in bitter quinine solution at the top of the glass rod, snails would taste the quinine with their tentacles or foot, then retreat down the rod. After a few more trials, the snails refused to climb at all.
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