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PRAISE FOR DRUNK FLIES AND STONED DOLPHINS

“Oné Pagán is a brilliant biologist and a charming storyteller. Just like his other works, Drunk Flies and Stoned Dolphins will make you look at the world with awestruck eyes.”

—Matthew D. LaPlante, author of Superlative

“Drugs—illicit or otherwise—have an impact on us. From coffee to cocaine, drugs affect our thinking, our moods, and our actions. But is this a uniquely human trait? In Drunk Flies and Stoned Dolphins, Oné Pagán explores the impact of our pharmaceutical cocktails on the natural world and in so doing teaches us a little more about ourselves. As remarkable as humans are, we’re not distinct from animals. We are an intricate part of the animal kingdom. Our experience with drugs is not that dissimilar to those of other animals and sometimes the results are quite hilarious. Santa Claus and magic mushrooms? Squirrels on amphetamines? Dolphins on LSD and the Search for Extraterrestrials? Birds grabbing cigarette butts for their nests? Drunk Flies and Stoned Dolphins has it all! If you’re looking for a great science read, I highly recommend Drunk Flies and Stoned Dolphins.”

—Peter Cawdron, author of 3zekiel

“Drunk Flies and Stoned Dolphins was an absolute joy and pleasure to read. This book is the whole package, it has incredible science, unexpected concepts, fun facts, great personal stories, and awesome dad jokes that had me interested and laughing throughout the book (please don’t miss the footnotes). Dr. Pagán is an extraordinary science communicator and I love how meticulous he is on his writing, delivering a compelling story; it actually feels like having a conversation with him. If you are interested in how animals and other living creatures behave around drugs, this book is for you.”

—Sofía Villalpando, biologist, science communicator, entrepreneur, and blogger at The Biologist Apprentice

“With a down-to-earth conversational style and witty sense of humor, Dr. Oné Pagán brings the quirks of the animal kingdom to life with his writing. Drunk Flies and Stoned Dolphins showcases the fascinating world of psychoactive substances as experienced by organisms ranging from tiny microbes to humans.”

—Marie McNeely, PhD, host of The People Behind the Science podcast

“With endless stories of animals—from fruit flies to elephants—reacting in such human-like ways to intoxicating substances, Pagán makes good on his promise to show that animals are not so different from us when it comes to the desire to alter our minds. Pagán presents what could be dense material (including plenty of chemistry) in easy to digest explainers and anecdotes, yet keeps the book tethered to the hard-nosed scientific literature in a way that will satisfy the most curious—and skeptical—of minds. Pagán’s writing style is breezy and conversational, which makes for a pleasurable read. And please don’t skip over the footnotes: Pagán’s playful personality shines through in these hidden gems!”

—Justin Gregg, PhD, senior research associate with the Dolphin Communication Project, adjunct professor in the Department of Biology at St. Francis Xavier University, and author of the book Are Dolphins Really Smart?

“Dr. Oné Pagán is one of those few brilliant modern science writers and educators who can capture the charm and curiosity of yesteryear, yet whose writing is imbued with the poise and sensitivity requisite of the 21st century, all crafted through the lens of purely masterful storytelling. While illuminating the murkier areas of biology, Drunk Flies and Stoned Dolphins also provides ample evidence that the future of science writing is in very good hands.”

—Micah Hanks, writer, journalist, podcaster, and creator of The Debrief
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AUTHOR’S NOTE

I would like to begin by thanking you, dear reader, for choosing to read this book. As an avid reader myself, I know only too well that there are “so many books, so little time.” And yet here we are!

Most of us have direct knowledge or experience of the effects of psychoactive substances—drugs—on people. What’s more, there are a plethora of stories on the subject. For that very reason, I wanted to explore the topic from a different angle: the premise that, when it comes to psychoactive substances, we humans are merely the supporting cast. This is what Drunk Flies and Stoned Dolphins is about.

The stories I will tell you in this book are by turns surprising, revealing, odd, and thought-provoking, and yet many are also, frankly, quite funny. Therefore, I want you to know two important things: First, I in no way intend to ignore, dismiss, minimize, or make a mockery of drug abuse and addiction, or the considerable pain and suffering these phenomena cause in our society.1 Second, I am in no way, not even a little, advocating for the consumption of drugs, whether they be legal or otherwise. And please note that I am a scientist, not a physician!

I do indeed hope to entertain you with interesting stories of animals and drugs, but I also hope to make you think, to contribute to our collective knowledge on this topic, and perhaps even help people along the way. Sometimes, by looking at animals, we find it a bit easier to retain the distance needed for logical consideration of a subject, especially when the subject is one (like drug use) that is controversial or emotionally fraught. Information really is power. The more we know about the causes of drug abuse and related behaviors, the better position we are in to understand them and to help alleviate their negative effects.

I’ve written this book in a particular style, as if you and I were having a conversation. In other words, I will be talking with you, not at you or past you; certainly I will never (God forbid!) lecture you. But despite this, and the fact that I include anecdotal stories, I do not engage in tall tales; I’ve documented these stories to the very best of my abilities. To do so, I used published, verified sources such as personal communications from qualified scientists, scientific books, scientific reviews, and original scientific papers.* An invaluable resource in many things psychopharmacological (in human and nonhuman organisms alike) was the late Dr. Ronald K. Siegel’s book Intoxication: The Universal Drive for Mind-Altering Substances.2 (Dr. Siegel was an interesting character to say the least, and we will hear more about him and his work later on.) Another important and very entertaining resource was the book Animals and Psychedelics: The Natural World and the Instinct to Alter Consciousness, written by Dr. Giorgio Samorini, a prolific researcher and writer on the ethnobotany and anthropology of psychoactive drugs.3 These are only two resources out of many, and I have included a comprehensive bibliography at the end of the book should you wish to know more about any particular topic. You see, as much as I would like to tell you everything, no book can do that. Any honest scientist will admit as much; this is one of the most endearing characteristics of nature as seen through the lens of science. If a scientist, no matter how distinguished, tells you that a particular book is absolutely complete or the definitive account of a particular topic, such a claim usually reveals a profound misunderstanding of what science is—and of what nature can have in store for us.

Now, I invite you to join me on a journey into the minds of some of the myriad species who share this marvelous earth with us, a journey that I firmly believe is no less awe-inspiring than a journey to the stars.

—Oné R. Pagán

Somewhere in Pennsylvania

June 2021



* A note on websites: The internet is a dynamic “place.” Links are activated, deactivated, and changed every single day. Any links that I refer to in this book were active and displayed the intended information at the time of this writing. That is all anyone can say!




INTRODUCTION

One memorable gift of the early 1980s is the movie Caveman, released in 1981 with an iconic cast that included Ringo Starr, Shelley Long, Dennis Quaid, and Barbara Bach. Although not favorably reviewed by film critics, it is one of my favorite movies. The very best part (in my opinion) is when some of the story’s heroes are stalked by a hungry-looking dinosaur that very much resembles a Tyrannosaurus rex.* This is the most amusing dinosaur I have ever seen on film, bar none—truly, his (or her†) facial expressions are priceless. (In fact, at least one critic at the time of the movie’s release considered the dinosaur the real star of the show.1) Anyway, our heroes try to fend off the terrible lizard with a large, weird shrub that looks like a cross between a poppy and a marijuana plant.‡ Strangely enough, especially in light of the fact that T. rex was without a doubt a meat-eater, the dinosaur eats the shrub. And after a few short moments, the big guy’s mood noticeably . . . mellows. In fact, he gives the distinct impression of being intoxicated, and of course, hilarity ensues. The mighty king of the Cretaceous stumbles around for a bit, and eventually falls off a cliff. Fortunately, he is apparently unharmed by this, as in a scene of denouement we see the dinosaur (who by now feels like an old friend) sitting on some rocks, displaying a contemplative—almost philosophical—demeanor. I was about sixteen years old when I saw this movie for the first time, and while I loved it all, I found this part especially hilarious. I am most certainly not a teenager anymore, yet the memory of this scene still cracks me up.

A few decades after the release of Caveman, scientists found real-life, if circumstantial, evidence suggesting that dinosaurs most likely coexisted with psychoactive drug-producing organisms, raising the possibility that they might have crossed paths. This evidence appeared in a 2015 paper published in the journal Palaeodiversity, which described the discovery of some grass encased in amber2 and dating back to almost one hundred million years ago, right in the middle of the Cretaceous period.3 Finding a one-hundred-million-year-old plant inside some amber was not so extraordinary in itself; plants have been around for far longer than that, and we have many such specimens. The remarkable detail was that this grass specimen was infected with a type of fungus—and not just any fungus, but a species recognizable as belonging to the modern genus Claviceps, also known as ergot. These fungi are well known for producing (among other things) ergotamine, a medicinal compound with known psychoactive properties and a precursor to lysergic acid diethylamide (LSD), a well-known and very potent hallucinogen.

The authors of the Palaeodiversity paper speculated that certain species of herbivorous dinosaurs might have fed on these fungus-contaminated grasses and therefore could have experienced psychoactive effects. The paper references an earlier record that provides hard evidence that herbivorous dinosaurs did indeed feed on grasses, based on their presence in dinosaur coprolites (fossilized dung*).4 It is possible, even likely, that the physiology and behavior of dinosaurs as well as their reactions to hallucinogens were similar to the physiology, induced behavior, and sensitivity to hallucinogens displayed by modern animals. Thus, it is not so far-fetched to imagine that, from time to time, a dinosaur might have eaten Claviceps-infected grass and suffered (or enjoyed) the usual consequences. As entertaining as this image is, I must reluctantly note that for a dinosaur to get high in this way, it seems probable that the behemoth would have to consume an awful lot (I mean, a lot) of psychoactive fungi–infected grass. Then again, we know absolutely nothing about the pharmacology of dinosaurs, so who can say? Perhaps dinosaurs were unusually sensitive to hallucinogenic drugs and just one small nibble of Claviceps would have done the trick.* It would be interesting to observe such effects in a dinosaur; alas, we will most likely never see an intoxicated dinosaur in real life. Happily for us, we do not have to rely so heavily on our imaginations when it comes to other kinds of animals—the animal kingdom is full of examples of creatures displaying intoxication-like behaviors when they consume certain plants and fungi. What’s more, just as in the case of many humans, this consumption of psychoactive plants and fungi is often intentional, and has little to do with nutrition and everything to do with “self-medication,” whether for health, recreation, or both.

[image: images]

There are three types of characters in virtually every story you will read in these pages, and when available and practical, I will include information about them all. The first is humans, from the ancient peoples who provide us with the earliest evidence of human chemical use, to the philosophers, scientists, and other thinkers whose curiosity led them to ponder and probe nature and later systematically develop our knowledge of drugs. Science is a human endeavor, and as such, human nature plays a central role in how science works and grows. The individual personalities of the humans involved in research are invariably reflected in their discoveries, and that is part of their charm.

A second set of characters in these stories is the chemicals themselves. The only way to truly understand why a certain plant is psychoactive or medicinal is to have some understanding of the workings of the chemicals it produces. The characteristics of these chemicals often hold the key not only to how a substance affects various creatures, but also to the question of why a certain substance is produced in the first place. A confession: I love chemical structures, and I have included a variety of illustrations to share with you my fascination with their beauty.

The third, final, and perhaps most important cast of characters you will meet is made up of the nonhuman living organisms that make, obtain, use, and consume chemicals, whether for their advantage or leisure. These organisms include both members of the animal and plant kingdoms. The idea of animals engaged in active cooperation or competition with plants is not as familiar as their most direct relationship (namely, one eating the other), but it is at the center of the evolution of many psychoactive substances and their use. The animal characters we meet will range from the seemingly foreign to the actually domestic, but I will tell you in advance that the underlying assumption in this book is that even the strangest or smallest of our animal cousins is more like us than we might think.

While most of the stories we’ll hear on our journey deal with animals (including humans) seeking or being exposed to psychoactive substances made by plants or microorganisms, it bears mentioning that our vegetal and microscopic friends do not have a monopoly on the production of psychoactive chemicals. Some animal species synthesize such compounds as well, and with a degree of chemical expertise that has nothing to envy in the synthetic abilities of plants and microbes. Moreover, some other members of the animal kingdom actively seek these animal chemists with the apparent purpose of experiencing the psychoactive states their chemicals induce.5 Alas, although psychoactive animals are fascinating, space considerations preclude me from covering the topic here. This is a matter better left to a future book.*

[image: images]

In this book, our conversation will take place over the course of six chapters. The first four cover the scientific foundations that inform our journey, discussing some of the main players and most pressing questions and using examples from the plant, animal, and human kingdoms to illuminate these concepts. Do not fear, my intrepid reader! These chapters are full of scintillating stories (and hilarious history) that help put the three main characters we talked about above in their proper context. The last two chapters are more like a safari of sorts, two collections of tales (one covering invertebrates and one those with spines) of animals under the influence, whether naturally or through the auspices of experimentation. I will tell you a little more about what’s to come in each chapter now, with the unapologetic hope of piquing your curiosity.

Chapter one begins with “liquid gold”—yes, good old alcohol, a substance that has undoubtedly shaped human history and, of course, remains popular in countless versions today. We will learn a bit more about alcohol itself, and encounter examples of animals imbibing, including some adorable little creatures with seriously massive tolerances. We’ll also take a look at an ingenious contraption that measures drunkenness in fruit flies, and raise some questions, including that of how we came to consume psychoactive substances in the first place.

Chapter two gives us a brief grounding in pharmacological principles—including what constitutes a drug, and the fine line between medicine and poison. It also introduces the rest of our cast of psychoactive substances, and we’ll hear about some of the brave and/or foolhardy scientists who used themselves as guinea pigs in studying these compounds (and the long naps and terrifying bicycle rides that ensued). Along with discovering the connection between a Jesuit priest, a barber, and cocaine—and exploring an out-there theory about the evolutionary significance of psychedelics—we’ll also see how to keep your llama alert, and what some clever birds do with tobacco.

Chapter three explores the medicinal use of drugs, bringing us to the fascinating topic of animal consciousness—do animals “mean” to use these substances, and how can we know what they experience when they do? We’ll travel deep into the mountains of ancient Iraq, where scientists discovered possibly the earliest evidence of the human use of medicinal substances. But while we humans have indeed been at this a long time, we’ll see that our animal cousins got there first and (as in the case of a certain adorable porcupine) taught us by example. Prepare to be amazed by the sheer ingenuity of animals who use naturally occurring products to self-medicate.

Chapter four reveals the secrets of plants and fungi, who produce most of the staggering variety of psychoactive substances we find on this planet. They do not make these mind-bending chemicals as a gift for us; if you were surprised at how cleverly animals use psychoactive substances, wait until you read about how plants use them to compete in the game of life. We will untangle some remarkable relationships between plants and animals, and between insects and us, including a few fascinating hypotheses that try to explain why humans crave psychoactive substances.

Chapter five—part one of our closing safari—traverses the world of invertebrates small and large. We’ll see what killer bees are like when they’re drunk, and what happens to the webs spiders build under the influence of various drugs. We will drop in on the best-known insect alcohol enthusiast, the humble fruit fly, to see how alcohol affects their, well, “romantic” behaviors, and encounter possibly hallucinating sea slugs and the scientifically useful anxiety of worms. We’ll end with what happens to octopi on ecstasy, and by the time the chapter is finished, I can guarantee that you’ll see the spineless world in a whole new light.

Chapter six moves on to vertebrates, with tales of the drinking songs sung by zebra finches, elephants drunk on fruit and felled by LSD, and more. We’ll cover both the well-documented and some interesting apocrypha (ahem, squirrels on speed), and encounter a variety of relationships between familiar animals and psychoactive compounds, including cats and catnip, horses and locoweed, and reindeer and . . . fungus-contaminated urine. I’ll also take a moment to explain how goats (of all creatures) led us to the discovery of that most heavenly of beverages, coffee. The book closes with a look at one of the most intelligent mammals on Earth—dolphins, including the tantalizing possibility that various dolphin species engage in recreational intoxication using a substance that, as far as anyone knows, is not sought by any other animal for that purpose (porpoise?). We’ll also see how a scientist who gave LSD to dolphins sold the idea of studying dolphin communication to astronomers hoping to search for extraterrestrial intelligence. Science is full of these unexpected connections—and unexpected connections are at the very heart of this book.

[image: images]

So let’s get to it.



* Here I must emphatically state that dinosaurs and people never coexisted in real life!

† There is nothing in the movie indicating the sex or gender of the dinosaur; for simplicity’s sake, I hope you won’t mind if I refer to this wonderful character as he/him from here on.

‡ I said that the movie was funny, not that it was scientifically accurate.

* Who says science is not glamorous?

* In fact, over the years, there have been several satirical cartoons proposing in one way or another that the dinosaurs’ demise was because of drugs, so this is hardly a new notion.

* Wink, wink.




CHAPTER 1

GETTING INTO THE SPIRIT OF THINGS

All animals are charmed by opium. Addicts in the colonies know the danger of this bait for wild beasts and reptiles.

Flies gather round the tray and dream, the lizards with their little mittens swoon on the ceiling above the lamp and wait for the night, mice come close and nibble the dross . . . The cockroaches and spiders form a circle in ecstasy.

—JEAN COCTEAU, OPIUM: THE DIARY OF HIS CURE

I’m no wildlife expert, but I think this monkey might be drunk.

—ANONYMOUS MEME*



To the question “Do animals have minds like ours?” the short answer, alas, is, “Who knows?” For one thing, it depends upon what you mean by “like ours,” but even when we get more specific, various caveats leave us with shades of “maybe” (though if you ask me, I vote for “likely”). What we can say is that many behaviors we think of as exclusive to humans are in fact also expressed by our animal cousins. In these pages, we will explore one particular category of behaviors that animals share with us (or us with them): the consumption of psychoactive substances. That animals engage in this practice is no secret; ancient societies have known and commented on this for centuries, perhaps millennia. For those of us in modern societies who live in predominantly urban areas, however, it may come as a surprise to hear just how far beyond your feline companion’s love for catnip this tendency extends. Take, for example, that lovable mascot of the land down under: the koala.

The koala (Phascolarctos cinereus) is a marsupial bearing a general resemblance to a small bear, and in fact, Phascolarctos cinereus literally means “ash-colored pouched bear.”1 Koalas are undeniably endearing and generally pleasant, but they are wild animals nonetheless, and there are documented cases of koalas attacking people and their pets; these furry little bears may be nice, but they are not pushovers. (They are also an endangered species, a situation that has become even worse due to the forest fires that devastated large areas of Australia as I was writing these words.) Koalas feed exclusively on several species of eucalyptus trees, a risky choice of meal made possible by the unique microbiome of the koala’s digestive system—eucalyptus plants produce a plethora of toxic chemicals that the plant uses for protection against its predators. Of course, as with all mammals (and especially marsupials, which are born in an undeveloped state), a baby koala’s first food is its mother’s milk. As a baby koala grows, it graduates to solids: specifically, its mother’s feces (a practice present in other mammalian species as well, though happily not our own). Eating mom’s poop helps the babies acquire the various bacterial species that will eventually aid them in digesting an all-eucalyptus menu.

Some accounts describe the smell of koalas as reminiscent of cough drops, for obvious reasons. Given the opportunity, however, it is entirely possible that koalas would smell instead like a cross between Captain Morgan and the Marlboro Man. You see, as it happens, the cute and cuddly koala has a taste for alcohol and tobacco.

I first learned about this through the work of Charles Darwin (a man who surely needs no introduction). In writing his books, Darwin often relied on information and specimens sent to him by various pen pals over the years—a prolific writer, he kept up an impressive amount of correspondence with many like-minded people. Remarkably, he was able to do so solely through what we know today as “snail mail” and without even the option of a telephone call. I often wonder what he might have done had he lived in our era of social media and instant communication. I think that at the very least he would have been a popular blogger, perhaps a podcaster, even.2

One of Darwin’s correspondents was Robert Arthur Nicols, a Fellow of the Royal Geographical Society. He wrote at least eighteen letters to Darwin, sometimes with questions, sometimes with information he thought Darwin might find useful. In a letter dated March 7, 1871, Nicols wrote about our friend the koala:


While in the Colony of Queensland some years ago, I kept as pets, at different times, three individuals of Phascolarctus [sic] cinereus, each of which manifested an inordinate love of tobacco and rum. I never in any case invited the desire: it appeared always to originate in their sense of smell. Thus, sitting on my shoulder, his usual place in the evening, Phascolarctus [sic] would reach forward and clutch my pipe, sucking the saturated wood or clay with avidity, and licking even the bowl regardless of heat: when denied this luxury he would sit and inhale the smoke with closed eyes, licking his lips the while, and appearing to be in a state of dreamy enjoyment. When the taste was once established he would seek out and chew every pipe he could find, thus imbibing an amount of oil, which, I confess, would have killed me. The three cases were substantially the same. And I have heard on reliable authority, of others.



Nicols continued:


It was the custom to have a glass of rum in the evening and each of these animals, by first licking the spoon probably, got a taste for the liquor after which it was impossible to prevent them from seizing upon any utensil containing it, and finally they were allotted a small quantity, neat as they preferred it, when they would retire to the rafters and sleep. Occasionally they would become excited and bite severely, their usual disposition being extremely mild, when under the influence of the spirit.3



The koala is not alone, and Darwin documented similar instances in several of his books. In the first few pages of The Descent of Man (the main message of which is similar to that of this book—namely that animals are not so different from us), he discusses disease states that occur in both animals and people; he follows his thoughts on disease by making a point about medicines, namely that medicines “produced the same effect on them [animals] as on us.”4 To further get this point across, he gives a few examples of animals that took, well . . . not medicines:


Many kinds of monkeys have a strong taste for tea, coffee, and spirituous liquors: they will also, as I have myself seen, smoke tobacco with pleasure. Brehm5 asserts that the natives of north-eastern Africa catch the wild baboons by exposing vessels with strong beer, by which they are made drunk. He has seen some of these animals, which he kept in confinement, in this state; and he gives a laughable account of their behaviour and strange grimaces. On the following morning they were very cross and dismal; they held their aching heads with both hands and wore a most pitiable expression: when beer or wine was offered them, they turned away with disgust, but relished the juice of lemons. An American monkey, an Ateles [a spider monkey], after getting drunk on brandy, would never touch it again, and thus was wiser than many men. These trifling facts prove how similar the nerves of taste must be in monkeys and man, and how similarly their whole nervous system is affected.6



THE SUBSTANCE THAT STARTED IT ALL

It seems only right that we begin our journey with the molecule that very likely introduced humans to the phenomenon of the psychoactive: this chemical is, of course, alcohol—specifically ethyl alcohol, or simply ethanol (Figure 1.1).* An ancient companion of humanity, I think it likely that no other chemical has contributed more to our collective history. Alcoholic beverages were and still are an integral part of a variety of cultural practices; they’re used in social, ceremonial, celebratory, and religious rituals, or simply to keep us warm on cold winter nights. Unsurprisingly, the manufacture of alcohol is one of the largest (and oldest) industries worldwide.

[image: images]

Figure 1.1. Ethanol. Drawn by the author.

Despite its influence and importance, ethanol is a simple substance, naturally produced by a diverse group of organisms. Curiously, however, the best available evidence tells us that its formation and/or synthesis do not necessarily require any kind of biological process. There are many examples of chemical reactions having nothing to do with living organisms that are capable of producing ethanol. Ethanol is also curious because, in contrast with other psychoactive compounds (the usual suspects: nicotine, morphine, cocaine, etc.), ethanol does not seem to have a well-defined receptor target* that accounts for its biological properties. Yet alcohol is undeniably a psychoactive substance—there is good reason that ethanol has been called the “universal intoxicant.”7


IT CAME FROM OUTER SPACE

It is not hard to find ethanol in nature; moreover, as alluded to previously, ethanol can be of nonbiological origin. In fact, ethanol is so common that there are significant amounts—and by that I mean a lot—in, of all places, interstellar space. This is hardly newsworthy; astronomers have known for about fifty years that there is ethanol in space. In 1975, a study of the astronomical object Sagittarius B2 (Sgr B2—essentially a huge space cloud) determined that it would yield approximately 7,500,000,000,000,000 cubic kilometers of pure ethanol. This is much more than the total amount of ethanol produced by us throughout history so far (and likely ever).8 To get some additional perspective on just how much ethanol there is in Sgr B2, the volume of all the water within our seven seas is only about 1.4 billion cubic kilometers, give or take, meaning that the alcohol in Sgr B2 would fill about 53 million Earth-size oceans.

That’s a lot of margaritas.



Ample evidence indicates that humans have had a close relationship with alcoholic beverages for at least the last hundred thousand years (and in all likelihood much longer than that), but the available historical record of this relationship is no more than ten thousand years old.9 While the conventional wisdom about humanity’s decision to get into the grain business has generally held that we did it for food, in a paper published in the 1950s, an intriguing idea was proposed by Dr. Robert J. Braidwood, then an archaeologist at the University of Chicago. His paper—charmingly titled “Did Man Once Live by Beer Alone?”—proposed that the original motivation behind our cultivation of cereal-producing crops was not exactly nourishment related. In a nutshell, Dr. Braidwood’s thesis was that while our ancestors did indeed eventually select agricultural crops for nutritional purposes, they first selected and experimented with particular crops not for their ability to produce food, but for their ability to produce fermented beverages (specifically beer).10 My own guess—admittedly just that—is that the truth about what nudged us to practice agriculture is somewhere between food and booze, as it were. Alas, this development predates written records, and it is very hard to figure out which came first by other means; this is yet another aspect of our collective history that will likely remain a mystery. One thing is certain, however: nowadays, as before, we cultivate grains for both nutrition and for use in alcoholic preparations.11

Interestingly, it seems that at least part of the motivation our forebears had for preparing alcoholic solutions and beverages in the first place went beyond the desire to experience their psychoactive effects, showing the chemical versatility of ethanol. Starting around the thirteenth century, early pharmacists began preparing solutions containing various concentrations of ethanol, ostensibly for medicinal purposes. Depending on the specific alcohol strength, these liquids were referred to as aqua ardens (burning water), aqua flamens (flaming water), or aqua vitae (water of life).12 This last moniker made a lot of sense for people living in those times, since contaminated water was a significant health hazard. This reality was especially relevant in light of our medieval ancestors’ lack of knowledge about microorganisms and their role in disease. They may not have understood why, but people did not fail to notice that, all else being equal, they rarely got sick when drinking “spiked” beverages versus water from the local well. Our forebears also noticed that rubbing alcohol–rich solutions on damaged skin prevented and even cured infections. In time, alcohol became one of the main ingredients of multiple remedies. (I strongly suspect that the accompanying “buzz” must not have been terribly unwelcome.)

But grain on its own does not contain ethanol. And while, as described previously, ethanol is abundant in the universe, we cannot—yet—“go get it” from outer space. So where does the alcohol that humans use come from? As it happens, we’ve long relied on the help of microscopic friends in this matter, by obtaining ethanol courtesy of the humble yeast.13

The Yeast Among Us

Some of the best-known alcohol-producing organisms are a series of yeast species belonging to three main genera: Saccharomyces, Dekkera, and Schizosaccharomyces; probably the best-known member of the bunch is the common baker’s (and brewer’s) yeast, Saccharomyces cerevisiae.* These three yeast lineages have been evolving away from each other for at least two hundred million years, yet they’ve all retained the capacity to engage in alcoholic fermentation, suggesting these biochemical pathways are not only ancient in nature, but useful in some way.14 When a particular biochemical trick is conserved widely, it is bound to be important.†

So perhaps you are wondering: What’s in it for the yeast? In other words, from the yeast’s perspective, why make ethanol at all? This is an important question because ethanol exposure is potentially dangerous to yeast; let’s not forget that alcohol is a well-known disinfectant: disinfectants kill microorganisms, and yeasts are, well, microorganisms.

Ethanol kills microorganisms via osmotic stress (briefly, disturbances in water transport), the generation of noxious forms of oxygen (yes, oxygen can be toxic),15 and the disruption of membrane structures, among other quite nasty effects, nearly all of them lethal to most microbes. As you can imagine, this is why we use alcohol against microbes in the first place. So, again, why would yeasts make ethanol? Part of the answer to the yeast/ethanol riddle is that many species use ethanol as a source of energy; it turns out that many yeast species are no exception. However, it is unlikely that this was the original purpose of the evolution of ethanol production in these organisms, precisely because of its aforementioned toxicity. No, the key piece of information was the discovery that S. cerevisiae and related species have evolved unusual resistance to relatively high ethanol concentrations. Thus, the current understanding of the yeast-ethanol relationship is that yeasts produce ethanol to use for fuel, but also as a defensive strategy against other microbial competitors. In other words, yeasts produce ethanol at concentrations that will kill off the competition but that are not high enough to harm themselves. The unusual resistance of yeasts to alcohol is due largely to the molecular machinery inside their cells that gives them the ability to detoxify ethanol by transforming it into less toxic chemical species.16 Thus, using a neat series of biochemical tricks, yeasts are able to generate energy from alcohol while also using it as a chemical defense. Many naturally occurring compounds produced by living organisms were evolved to be used by them as chemical weapons: alcohol is no exception. (We will explore this concept in more detail in chapter four.) More likely than not, the bioenergetic advantage of ethanol resistance was a happy evolutionary accident that was dutifully picked up and taken advantage of by natural selection.


AN ANCIENT PARTNERSHIP

Biological life as a phenomenon has three nonnegotiable imperatives—information an organism requires in order to survive: what to eat, what to avoid, and what to mate with. I stated it this way in my 2018 book, Strange Survivors, but I am by no means the first to articulate this idea; some version of it is at the heart of all biology, and it is perhaps the closest we get to a universal “biological law.” The first piece of the puzzle (what to eat) refers to the acquisition of energy from the environment. The very idea of metabolism (the summary of all the chemical reactions in an organism) pretty much boils down to acquiring food from one’s surroundings and transforming this food into chemically useful energetic molecules, predominantly adenosine triphosphate (ATP), which is the universal chemical fuel for all biological life on this planet. A few paragraphs back, we mentioned that ethanol, albeit potentially toxic, is also an energy-rich molecule. As a result, during the course of evolution, many different yet related metabolic pathways have strived to squeeze energy from ethanol to make a bit of precious ATP. The main enzymes at work in virtually all organisms capable of metabolizing—that is, consuming and making use of—ethanol are alcohol dehydrogenase (ADH) and acetaldehyde dehydrogenase (ALDH). These two enzymes work in tandem (for a reason we will see in a moment); there are versions of this team in every known species on Earth, from bacteria to blue whales. Further, these two enzymes have been working—and evolving—together for a long time.17 Depending on the specific method of analysis, evidence suggests that the ADH/ALDH pair has collaborated for the better part of the last three billion years.18 In humans alone, there are between twelve and seventeen sets of genes that codify these enzymes, each one with various alleles (alternate gene forms).19 And as we’ve alluded to once already, if a system is ancient and conserved throughout evolutionary time frames (millions of years or even longer), this system is bound to be important; there is no plausible alternate interpretation.

The reason organisms need both ADH and ALDH working together in order to effectively metabolize ethanol is quite interesting. Technically speaking, it is ADH, not ALDH, that metabolizes ethanol. So ethanol comes in and ADH goes to work. The main product of the reaction catalyzed by ADH is a molecule called acetaldehyde, which is a problematic molecule in itself because at high enough concentrations it becomes toxic, causing genetic mutations and wreaking miscellaneous havoc. For example, acetaldehyde is one of the main factors in the liver damage that can occur from excessive alcohol consumption. Admittedly, at first glance, converting one toxic molecule (ethanol) into another toxic molecule (acetaldehyde) does not seem like much of an improvement. Happily, this is when ALDH swoops in and comes to the rescue. ALDH metabolizes acetaldehyde into acetic acid, a (pretty much) harmless molecule that can go straight into ATP-producing pathways, albeit a tad less efficiently. In short, the ADH/ALDH duo not only detoxifies ethanol and acetaldehyde, but also uses them as precursors to make ATP; in this proverbial one-two punch, everybody wins. Not surprisingly, the function (or dysfunction) of the ADH/ALDH gene pair affects virtually every aspect of ethanol metabolism in nature. Moreover, it seems that the evolution of fruit-eating behavior (fermented fruit being a common source of naturally occurring alcohol) closely followed the evolution of the activity of the ADH/ALDH gene pair; as this optimized the activity of these enzymes, it resulted in better handling of ethanol at the organism level (that is, the development of higher alcohol tolerance and so on).

Biochemistry may not seem like a topic appropriate to a night at your favorite watering hole, but next time you’re out, try sidling up to the bar and asking a fellow patron: “Metabolize here often?” You just might make a new friend!



When Your Favorite Brewery Is Within You

An unusual medical condition results in some humans appearing to produce ethanol on their own. It is characterized by the appearance of ethanol in a person without any apparent alcohol ingestion, resulting in the well-known symptoms of ethanol intoxication (namely, apparent drunkenness).20 This condition goes by various names, including gut fermentation syndrome, endogenous ethanol syndrome, and drunkenness disease, but the most common—and my favorite—is the apt auto-brewery syndrome (ABS).

Although it stands to reason that this must be an ancient disease, the earliest circumstantial reporting of an ABS-like case in medical literature is generally said to date from 1948, in a paper describing the sad story of a five-year-old child who died from a ruptured stomach. In this case, the autopsy indicated an abnormal amount of gas in the GI tract as well as a pervasive ethanol smell; however, blood ethanol was not measured. The physicians in charge speculated that ethanol had been produced in the boy’s GI tract via bacterial fermentation of sweet potatoes the child had ingested. The first formal medical report that described ABS dates from 1952 and details the case of a forty-six-year-old man who became inexplicably intoxicated after exploratory surgery. The attending physicians identified Candida sp. (yeast) as the likely origin of the ethanol causing the patient’s intoxication.21

A set of collected cases describing ABS was published in 1972, and from then on the syndrome became slightly better known, although to date it is still considered a widely underdiagnosed condition.22 The degree of intoxication that results can vary widely based on a number of factors, as you might imagine. But there is no doubt that there have been a significant number of people throughout history mistakenly perceived as being “drunk” because of this syndrome.

We’ve developed a more complete historical perspective of ABS only recently, thanks to Dr. Barbara Cordell, an expert who has published academic papers on ABS and, in 2019, a popular science book on the topic, My Gut Makes Alcohol!: The Science and Stories of Auto-Brewery Syndrome. Dr. Cordell notes that research suggests the phenomenon of “gut fermentation” was somewhat in vogue among the physician set in the 1930s and ’40s, and while the 1948 case is often referenced as the first in the literature, a 1913 article by a Dr. Robert Saundby in the Proceedings of the Royal Society of Medicine mentions “auto-intoxication” in describing an eighteen-year-old boy who presented as intoxicated due to intestinal fermentation, which then resulted in acetone poisoning. Says Dr. Cordell:


[I]n fact, Charles Bouchard, a professor of Pathology and Therapeutics in Paris, authored a 368-page tome in 1894 titled “Auto-Intoxication in Disease,” that was translated to English in 1906. In short, it appears science had well-accepted Auto-Brewery in the early 20th Century.



We humans, of course, lack the proper biochemical pathways to produce ethanol—most of us can eat all the sweet potatoes we like without fear of them fermenting unexpectedly. In patients with auto-brewery syndrome, the likely culprit is just what the physicians in the 1952 case suspected: yeast. In most patients the fermentation comes courtesy of Saccharomyces cerevisiae, a common yeast that naturally colonizes our bodies (though other microorganisms can also contribute to the development of this disease, including Candida albicans, Candida krusei, Candida glabrata, and even a non-yeast, Klebsiella pneumoniae). The available evidence seems to indicate that individuals affected by this syndrome tend to be immunocompromised and therefore less able to withstand and/or eliminate yeast overgrowth. In these individuals, ABS may flare up when consuming high amounts of carbohydrates. Studies indicate that not just nutritional habits but antibiotic use and general health are linked to ABS.23 In general, this syndrome is responsive to fungicides and diet changes, but some sufferers have multiple relapses and the condition can become chronic.

In affected patients, the concentration of ethanol in the blood gets close to (or often exceeds) the legal limit for a person to be considered intoxicated, and so you may not be surprised to hear that people have attempted to use auto-brewery syndrome as a legal defense to get out of DUI charges. These attempts have usually been unsuccessful, however in a recent case a woman was indeed able to satisfactorily demonstrate that her high blood-alcohol level (reportedly four times the US legal limit) was due to ABS, and hers is unlikely to be the only such instance.24

The condition has gained popular notice as it has begun to pop up on medical shows like Grey’s Anatomy, and variations of this syndrome are appearing in the popular as well as the medical literature. One recent case tells the tale of a woman with a rare version of ABS in which she produced ethanol in her bladder, leading to the detection of alcohol in her urine.25 In some patients, other diseases like diabetes and Crohn’s disease can coincide with auto-brewery syndrome, but this is not always the case, and the connection is still being investigated.26 Sadly, it seems that auto-brewery syndrome may even rarely contribute to cases of sudden infant death syndrome.27 There is much we still don’t know, but I am sure that as these words are being written, there are biomedical scientists furiously researching this disease in all its variants.

ABS requires the work of unicellular tagalongs, like yeast; virtually no multicellular organisms can naturally produce ethanol. The exceptions are rare: certain plants and (even more rarely) some species of fish, and in the case of the fish, this ability usually only presents in very cold environments. The hypothesis that certain fish might produce metabolic ethanol in response to freezing temperatures in their environment has been around since the late 1980s, based on some odd metabolites noticed by researchers.28 However, it was less than three years ago that it was discovered that at least two species of fish (oddly, one of these is the common goldfish, a fish that certainly does not hail from the Arctic) do indeed synthesize ethanol under these extreme conditions.29 But nature is prolific; I suspect we are bound to discover many other ethanol-producing animal species sooner rather than later.

TOUGH LITTLE DRINKERS

One of the “themes” of this book is that evolution is economical; it tends to keep what works reasonably well and avoid reinventing the wheel. Prime examples of this are certain species of mammals who count flower nectar as part of their diet. Scientists have long speculated that mammals who feed on nectar are bound to cross paths not infrequently with fermented nectar, with the obvious pharmacological consequences. And, as it happens, a few of the mammals who regularly pay visits to flowers with fermented nectar display an unusual characteristic. They are unusual mammals to begin with, mind you. Two of them are primates, though not typical primates at that; the third one is “kind of” a primate. The two primates in this story are the slow loris (Nycticebus coucang), which hails from Southeast Asia and nearby archipelagos, and the aye-aye (Daubentonia madagascariensis), a type of lemur from Madagascar. The third mammal—the “kind of” primate—is the pen-tailed tree shrew (Ptilocercus lowii); these little fellows live in regions of Malaysia, Borneo, and nearby islands. Do not tell my zoologist friends, but it does not matter to us whether these fascinating organisms are primates, kind of or otherwise; what interests us is their common claim to fame. We’ll get to that in a minute, once they have been properly introduced.

The slow loris is exceptionally cute, even for a mammal—among the cutest, depending on who you ask. Small and sweet looking, slow lorises are between eight and twelve inches long, with big eyes that make them appear worried or sad. One of their signature features is their tongue: one of the longest (proportionally) in the animal kingdom, they use it to get at the nectar in flowers. An excellent reminder of the inadvisability of judging a book by its cover, these adorable creatures are also poisonous (in fact, lorises as a group are the only poisonous primates known so far), and vicious to the point that they must be kept separated when in captivity; otherwise, they will literally kill each other.*

The aye-aye is, well . . . not as cute as the slow loris. In fact, it is difficult to imagine anyone (with the exception of another aye-aye) describing them as cute at all. To get a general idea, picture a long-tailed scruffy squirrel with outsize ears, a prominent nose, and perpetually round, wild-looking “crazy dude” eyes. The best description of the aye-aye I have heard—bar none—comes from my friend Mr. Micah Hanks, an accomplished journalist, writer, and podcaster, who remarked that the aye-aye “looks more like a chupacabra than like a lemur.”30 Alas, the aye-aye is a type of lemur, one with an interesting anatomical feature: a very long middle finger on each hand. (Admittedly, this does nothing to increase their visual appeal.) Aye-ayes use this long, thin finger to tap on wood to locate the hiding places of wood-boring insect larvae, and then to “fish” the grubs out from their nest, consuming the nutritious snack with gusto—they also use this finger much as the slow loris does their tongue, to fish out nectar. Aye-ayes are the largest native primate in their stomping grounds of Madagascar and the largest nocturnal primate in the world, though they clock in at about twelve inches, tops. Although they possess a timid temperament consistent with their solitary lifestyle, when they encounter each other in a “non-procreative” context, they can get aggressive.

Our third creature of interest is the pen-tailed tree shrew: about five inches long, these wee creatures get their name from their beautiful tails, which look very much like the feather of a quill pen. Not your typical shrew, this species diverged from the rest of the tree shrews some twenty million years ago. The pen-tailed tree shrew is especially interesting to evolutionary biologists as a hypothetical model for an “ancestral primate,” in part because it has evolved little in the last twenty to thirty million years.31 On the other hand, many in the scientific community contend that pen-tailed tree shrews are not true primates, since they are descended from another mammalian branch (but remember, just between us, this does not really matter for the purposes of our chat).

Aside from their mammalian nature, at first glance you might not think that slow lorises, aye-ayes, and pen-tailed shrews have very much in common, and you would be—mostly—right. However, they share an interesting behavioral “superpower”: their ability to tolerate significantly higher amounts of alcohol than other mammals. Scientists have observed these creatures feeding on flowers with fermented nectar without apparent intoxication—for example, they remain equally agile and alert before and after their nectar consumption. The secret behind their alcohol tolerance is still not completely clear, but it likely owes a debt to some unusual biochemistry.

Take the recent research of Drs. Samuel R. Gochman, Michael B. Brown, and Nathaniel J. Dominy of Dartmouth College in New Hampshire, scientists who became curious about a certain genetic oddity—a mutation in a version of one of the enzymes we met recently: alcohol dehydrogenase (ADH)—that is in charge of metabolizing ethanol in most organisms. This mutation is present in the great apes (including us) and increases the efficiency of ethanol processing in that specific ADH type by about fortyfold;* it was also discovered to be present in another, evolutionary distant primate . . . the aye-aye. This got Gochman and his fellow scientists at Dartmouth thinking. Organisms possessing this or similar variants might be capable of better metabolizing ethanol and consequently better able to take advantage of its high caloric content while minimizing its harmful effects, including intoxication. Based on this reasoning, such organisms would tend to feed on fermented fruit (and nectar) with few or no consequences. Aye-ayes, along with fellow primates the slow lorises, were speculated to consume “non-trivial” amounts of fermented nectar as part of their diets, and were at least known to come in contact with the stuff. Could this constellation of information be used to better understand our fermentation-friendly pals?

Admittedly, Gochman
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