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    Praise for This Is Your Brain on Sex





“Science journalist Sukel is certainly intrepid . . . Her spicy mix of

tongue-in-cheek wit and hardcore neuroscience, which is still in its

infancy, makes science fun.”


—New York Post, Required Reading




    “Journalist Kayt Sukel delves into the latest neurobiological research to

explore what, exactly, love is and why it makes us do crazy things. This

is no self-help book, however. In exploring such topics as monogamy,

the parent-child bond, pheromones, and male and female responses to

pornography, Sukel reveals just how complex and mysterious our brains

really are.”


    —Scientific American, Recommended Reading




    “Remarkable for the breadth of ground it covers in exploring this stillrelatively-

new area of study . . . a terrific introduction to the hard sciences’

approach to sex research. Readers need not have any pre-existing

knowledge of the subject, only an appetite for information and an openness

to questioning convention. Highly recommended.”


    —The Book Lady’s Blog




    “Sukel leaves no stone unturned as she delves into the complex, cerebral

world of relationships. . . . [Her] background in psychology allows her to

discuss highly technical topics in a way that will be accessible to a broad

audience, including armchair scientists and sociology buffs.”


    —Publishers Weekly




    “With humor and flair, Sukel takes us through the whole human

drama—loving, hating, cheating, losing, orgasming, parenting, punishment,

and reward—and at the end we realize something truly startling:

it’s all in our minds.”


    —Jena Pincott, author of Do Chocolate Lovers Have Sweeter

Babies?: The Surprising Science of Pregnancy




    “Fascinating.”


    —Kirkus Reviews




    “Kayt Sukel’s [Dirty Minds] merges the bracing realities of science with

the mysterious thrill of love and attraction. Provocative, well-researched,

and compulsively readable, this book opens the mind (dirty or otherwise)

and stirs the soul.”


    —Lily Burana, author of Strip City, Try, and

    I Love a Man in Uniform




    “Love and sex are two of the eternal mysteries of the human experience—

but in her compelling new book . . . Kayt Sukel lifts the curtain

to give us a fresh and fascinating look at our intimate lives. Sukel shows

us how neuroscientists are venturing into the realm once reserved for

poets and songwriters, and returning with bold new knowledge about

the brain in love and in the throes of pleasure. After reading this seductively

interesting book, you’ll never think about a date or a kiss or a

breakup the same way again.”


    —Annie Murphy Paul, author of Origins: How the Nine Months Before

Birth Shape the Rest of Our Lives
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To Chet, my mother, and all those cheeseburgers




A Note about Illustrations
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    The brain is an organ with an intricate biological architecture. When discussing the results of neuroimaging studies, I have used illustrations to help point out the approximate location of key areas in the brain. However, due to the brain’s complexity, it can be difficult to differentiate all the areas of interest in a single study from the same visual perspective. In some cases, only the most significant regions are highlighted, or two images are used. In addition, laterality (whether the activation occurred on the left hemisphere, the right hemisphere, or both hemispheres of the brain) is often ignored for simplicity’s sake. For those interested in the areas not illustrated or in more exact positioning, I recommend visiting the Whole Brain Atlas, a detailed online neuroimaging primer created by Keith A. Johnson, MD, and J. Alex Becker, PhD, www.med.harvard.edu/AANLIB/home.html


    


     


What is this thing called love?


—COLE PORTER




Introduction


[image: image]


We all know what love is. Or at least we think we do. Love is a rock, a drug, reciprocal torture, and an exploding cigar. Love is all you need—yet it’s a cold and a broken Hallelujah. It is a many-splendored thing, a battlefield, and a river. Love stinks. It’s divine. It is never having to say you’re sorry. Or perhaps having to say so much more than you ever thought you would. Love is a bitch. It’s like a disease. It’s a trap. Ted Nugent, in one of his more romantic moments, even likened love to a tire iron. There are plenty of metaphors out there, and many ring true, but there is still no great, all-encompassing definition. Perhaps that is why someone thought it necessary to create a bumper sticker that simply says, “Love is . . .” and avoid the specifics altogether. Try it yourself some time—explain the concept of love. Surely something comes to mind. Now make it applicable to everyone in every potential love-related situation. It isn’t easy, is it?


“It’s like what the Supreme Court said about pornography—I know love when I see it!” a friend of mine suggested. “Or feel it, as it were.”


He definitely had something there. I think most of us innately know what love is. We can recognize it and feel it. We just cannot translate it into words. Love is simply too abstract, too elusive, and too bizarre to explain. The same is true of love’s partners in crime: sexual attraction, lust, monogamy, and hate. Anything as complicated as love is outside the realm of simple description—and best left to philosophers, novelists, and boy bands.


The lack of a clear-cut definition has not stopped folks from offering advice on how to attract, nurture, and prolong love. Moms, friends, even total strangers are happy to tell you all about the right ways to handle your love life. They are usually tips bearing the promise of relationship rescue through better understanding, better communication, and better sex. Never mind that far too much of this guidance falls into the “Take my advice, I’m obviously not using it” category. Anecdotal evidence of the communication strategies (or crazy bedroom antics) that fixed Aunt Deirdre and Uncle Mike’s marriage just do not cut it anymore. In this day and age we want our advice—even for something as intangible as love—backed by cold, hard science. Instead of Mom’s shoulder, Freud’s couch, or the pastor’s office, we now look for answers in genetic profiles and brain scanners.


I once saw a television commercial for an acne drug. The tagline was “Blame biology.” Forget diet, proper hygiene, or a good bar of soap (my own dermatologist’s go-to solution): this commercial insinuated that acne was solely a biological issue and that perfect skin was only a doctor’s prescription away. Advances in research mean that previously inexplicable phenomena like depression, obesity, and a whole host of other genetic disorders can now be examined within the realm of biology and are mostly treatable by this or that new pill. These pharmacological treatments are a boon for those of us who feel we are working too hard (and without much effect) to maintain some semblance of balance in our body and mind. We are made to believe that these sorts of problems are not our fault, that the blame falls squarely on that blasted biology. So biology should give us a way to fix it.


Intuitively it feels as though we should view love through the same sort of lens. Though some might argue the point, I consider myself a relatively intelligent person. Despite several long-term relationships (and more than a few short-term ones), a failed marriage, and a child, as I get older I realize that I do not know much about love. Some days I’m fairly certain I know absolutely nothing about it. And I do not seem to be alone in this. Start a conversation with someone falling in or out of love and nine times out of ten you will eventually hear the words “I should know better.”


Most of us, if we’re being honest, will admit we are a tad clueless when it comes to love, no matter how experienced we think we are. With that backdrop in place, blaming biology doesn’t seem like such a bad option. Certainly we would not keep making the same silly mistakes if biology weren’t urging us on.


Technology and science have now advanced to the point that disciplines like biology, genetics, epidemiology, evolutionary science, psychology, philosophy, computer science, and medicine have converged into the catchall field of neuroscience. More and more, neuroscientists are demonstrating that the brain is behavior—the two simply cannot be teased apart. Our brains are the seat of the biology that is directing every move we make. (I realize there are many who believe there is some kind of spiritual hand guiding our love lives, perhaps even influencing our brains. Given that it is a controversial argument that science can neither prove nor refute, I consider it outside the scope of these pages. But I will discuss some of the neuroscientific studies examining religious devotion and the brain in chapter 16.)


The latest neuroscientific discoveries provide a better understanding of the brain and its role in disease and behavior, including complex behaviors like attachment, romantic love, and sexual decision making. Researchers have now identified specific brain areas involved with love, different neurochemicals that may make us confuse love and lust, and genetic and environmental factors that may interact to change the way we approach our relationships. With these findings, the old-school debates about love framed in nature-versus-nurture scaffolding (that we can simply decide to change the way we act, as many self-help and dating manuals claim) are being countered by a new perspective suggesting that we humans may be more enslaved by our biology than was previously thought.


Of course, it is not quite as simple as that. Current research also points to complex ways in which our DNA is directly influenced by our environment. Epigenetics, a blossoming new field in neurobiology, is demonstrating that environmental influences can actually alter gene expression during development and beyond. As technology advances to allow a more focused examination of this intricate dance between our brains and our environment, we can pose new questions about the nature of love—questions drawn solely from neuroscience, the science of modern human biology—and shed old assumptions based on self-help, sociology, and spirituality.


With innovative, cutting-edge methods like neuroimaging, genome-wide association studies, and transgenic animal models, scientists now have the ability to observe love-related phenomena at the molecular level. Forget person-to-person communication and its importance in relationships; we can now measure the communication between brain cells.


“We’re starting on a whole new world of research here,” says Helen Fisher, an evolutionary anthropologist at Rutgers University who studies love from a scientific perspective. She has even shared some of her insights on the brain and love as a consultant to the online dating company Chemistry.com. “It is just beginning—the brain scanning, the epigenetic studies, tracing the molecular signaling pathways involved with love. There’s so much here to help us answer the questions we’ve asked for centuries. We’ve only just begun to find out how love can turn off decision-making areas, how childhood may affect our emotional control, and for what kind of people love can become an addiction. Really, we’re just beginning to truly understand the nature of love from a neurobiological perspective. It’s tremendous.”


This is certainly a novel way to look at a universal, enigmatic phenomenon. Many of us hope that these studies can provide the answers we have always sought concerning love: What is it, exactly? How can I make it last? Is monogamy natural, or even possible? What is it about that person—that person who is so not right for me—that I find so utterly irresistible? Why has my love for my child changed the way I care about everything and everyone else? There are many perplexing issues to choose from, and because love also has the power to make most of us feel like utter fools, a few good answers would be welcome. But can the examination of hormones, neural pathways, and epigenetic regulation of genes really give us the answers to the desperate queries of our insecure hearts?


To date there have been thousands of scientific inquiries about the nature of love. There are probably just as many love-related advice books that have had their tenure on self-help shelves in bookstores across the globe. These days many of those books (as well as the magazine articles and talk show themes based on them) claim to draw their advice from the newest neuroscientific evidence. They tell us that men and women have different kinds of brains and that we’re hardwired for specific love-related behaviors. They say certain chemicals (some available on the Internet for only $19.95 plus shipping and handling) can help us attract the right mate. They suggest that our biology dictates everything and that heredity plays a huge role in whether we will find success in love. What’s more, if we are willing to follow some simple guidelines based on the hottest brain research, we too can achieve relationship nirvana. The fact that the research findings cited in these books are often generalized, misinterpreted, or taken a wee bit out of context in order to promote a particular point of view does nothing to dampen their fans’ enthusiasm. It’s not such a surprise, really. These books tell us that if we follow the rules and approach our relationships in the “right” way, true love is within our reach. Some of these findings support ideas you may have had about love all along. Others seem wrong, dead wrong, in terms of both accuracy and appeal. They go against everything you were raised to believe about relationships. You read about those studies and find they have blown your mind (and heart) right out of the water, because if they are right, you are even more screwed than you thought: that true love thing is never going to happen for you. Headlines, guidelines, rules, lists, directions, and sound bites abound, but what can they really tell us about the nature of our hearts?


In fact neuroscientists offer no surefire way to avoid a broken heart or to make your marriage last. More often than not, they are far more interested in questions involving cognitive perception, consciousness, reward processing, or the behavior of previously uncharacterized genes. Some are looking at treatments for disorders like autism or cancer. The love stuff is important, yet somewhat tangential to the kinds of results scientists are really after.


Given the complex interplay between genes and environment in these behaviors (as well as the fact that most of these interactions are tested on animals and not people), any specific advice probably wouldn’t do you much good even if it were offered. Neuroscience, particularly epigenetic inquiries into the brain, suggests that although people’s brains have much in common, they may be just different enough to require individual treatments for their myriad diseases. By extension, there may be some individual differences in the ways we approach love, lust, and relationships.


“Behavior is a really complicated thing,” says Alexander Ophir, a researcher at Oklahoma State University who studies mating and sexual behaviors in prairie voles, a breed of small rodent that forms the foundation of most monogamy research. “There are major differences between us and the voles. We humans have consciousness and culture that affect our behaviors. Taken all together, those things make the study of these behaviors quite messy.”


More and more it is looking as if there is no one-size-fits-all approach to successful relationships. If we can, indeed, “blame biology,” we can look only as far as our own. This idea is terrifying but liberating. Our complicated behaviors make for complicated minds—I’d even go so far as to say “dirty” minds, with so many variables muddying the proverbial waters—and make for complex study.


The following pages will provide no advice or guidelines regarding love. This book will not tell you how to become more attractive to the opposite (or same) sex, how to become a better parent, or even how to make your mate stay with you. And though I may want to tell you to drop the hot new relationship book, throw out those brain chemistry supplements you bought, or change the channel when Dr. So-and-So’s syndicated advice show airs, I’ll refrain.


What I will do is try to explain what neuroscience has actually learned about the various ways our brains can affect our hearts—and what those findings mean within the context of human behavior. Even without the inclusion of five steps to staying faithful or ten ways Mom can benefit from Dad’s biological parenting style, it may put what you are reading or watching on television into the right context. I hope it will steer you away from picking up a pill or spray (or, if not, at least give you a better idea of what such a concoction might actually do). If nothing else, I hope to offer you a better understanding of why we humans act so strangely when it comes to that crazy little thing called love.




Chapter 1
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The Neuroscience of Love: A History


(Theirs and Mine)


In 1994 a scientist named Sue Carter submitted a grant application to study a hormone called oxytocin (not to be confused with the narcotic Oxycontin, aka hillbilly heroin) in a small rodent called the prairie vole.
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A prairie vole family. Photo by Todd Ahern, University of Massachusetts.


A prairie vole (Microtus ochrogaster) looks a lot like your garden-variety mouse, but scruffier and with a shorter tail. Happily burrowing under gardens and meadows in a large stretch of central North America, these small rodents might completely escape our notice except for one special trait: they are monogamous.


Socially monogamous, that is. Unlike most other rodents—or most other mammals, for that matter—prairie voles form lifelong pair-bonds, or lasting social and sexual relationships with a single member of the opposite sex. Both males and females are also directly involved with the parenting of offspring. Because of the rarity of such habits in the animal kingdom, many animal behaviorists have become exceptionally interested in the prairie vole. One such researcher was Carter.


A professor of psychiatry at the University of Illinois at Chicago, Carter hypothesized that oxytocin, which is linked to childbirth and breastfeeding, could increase social attachment. She had already conducted research to support the idea and hoped that this grant would allow her to continue studying the hormone and its relationship to social behaviors in the prairie vole. In her application she did not mention love, marriage, or even humans. Somehow the grant review committee decided she was studying the little four-letter-word that begins with an l—love, that is—which was considered a serious no-no in the hard science climate of the day.


“I was trying to get federal grant funding to continue my work, and suddenly I was accused of studying love,” she said when I visited her lab in Chicago. Petite, white-haired, and a little bohemian in style, Carter somehow managed the feat of being both incredibly welcoming and intellectually intimidating at the same time. “Honestly, it was a shock to me. I would not have used the word love—I never used the word love. I didn’t think about the work in terms of love. I was simply talking about a preference of one animal for another—not some human construct that seemed to have little to do with what we were actually studying.”


Carter told me she was unsure of how to respond to the review. She conferred with Kerstin Uvnäs-Moberg, a fellow scientist also interested in oxytocin who was working at Stockholm’s Karolinska Institute. Could it be that their work was related to something as messy and indefinable as love? Might there be a neurobiological basis for the future study of love? Looking at newly published research by various labs concerning oxytocin, social attachment, and pair-bonding in prairie voles and other mammal species, the answer seemed to be yes. Carter and Uvnäs-Moberg thought it was time to stop ducking the topic and admit that their work did have implications for human behavior.


“It seemed like the time to really try to articulate and explain the idea that social bonds were critical to human love,” Carter said. While sex was, is, and will be of the utmost importance to propagating our species, Carter and Uvnäs-Moberg were convinced that love needed to be articulated in the context not only of genetic propagation but also of survival—specifically, the ways social bonds can help people thrive in the face of stress and other complexities of life on a daily basis. Perhaps our brains promote social relationships in order to ensure that more than one person is on tap to avoid dangers, to make sure there is enough food around to feed the family, and to help raise the young’uns. Investigating how the neuroscience underlying social bonds might promote these behaviors seemed a pertinent line of study.


Though this line of inquiry seemed very clear to Carter and Uvnäs-Moberg, it was difficult to get respect (and, perhaps more important, funding) to study such ideas experimentally. There was already ample evidence in neuroscience literature to suggest that love was a worthy topic of research. But the scientists never called it such, avoiding it like the dirty word it is. Instead they referred to the related topics of pair-bonding, monogamy, attachment, and mating behaviors. If you read between the lines, there was a lot of information out there, perhaps even enough to make the neuroscientific study of love its own field. Still most professional scientists were afraid to call love by its true name.


There was no sense in talking about the neuroscience of love without a proper working definition—a common standard that scientists across disciplines could use to test and validate hypotheses. Sadly, as fitting (and poignant) as Ted Nugent’s “tire iron” characterization might be as a song lyric, it would be limiting to use as the basis for a credible, replicable scientific study. To that end Carter and Uvnäs-Moberg invited thirty-eight prominent scientists in the field of neurobiology to a meeting at the 1996 Wenner-Gren Symposium in Stockholm titled “Is There a Neurobiology of Love?”


One of the products of that meeting was a definition. Instead of going with Merriam-Webster’s basic statement about love being a case of “strong affection for another,” the group consensus was that love is “a life-long learning process that starts with the relationship of the infant to his or her mother and the gradual withdrawal from the mother with a search for emotional comfort and fulfillment.” This definition was included in the summary report written by the prominent neuroscientist Bruce McEwen.1 It offers more detail than the definition of love as strictly an emotion or a basic mammalian drive, like hunger or thirst—even if it is less romantic than “sweet surrender” or “my first, my last, and my everything.” Though a mouthful, this definition would serve as the standard to which future studies across the neurobiology field could refer.


The meeting also started a renaissance of sorts, a green light for neuroscientists, neurobiologists, and neuroendocrinologists to finally call love, well, love. This allowed them to start studying the nuances of this human phenomenon from the perspectives of brain and biology. Two years later many of the meeting’s prominent attendees published studies in a special issue of the journal Psychoneuroendocrinology on topics ranging from the evolutionary antecedents of love to the physiological consequences of withholding it. With such respected scientists backing the concept, researchers could more easily study the l-word within the space of the brain and neurobiology.


Sexy Baby Banning


Fast-forward ten years. Many great studies concerning neuroscientific aspects of that “life-long learning process” we call love were published in the late 1990s, with a great number appearing in high-profile journals like Nature and Science. Brains, it seemed, have quite a bit to do with love—certainly far more than do our proverbial hearts. While working on a story for a neuroscience website, I accidentally stumbled across McEwen’s meeting report. A simple misclick on a library database brought me to it, and even though it was completely off-topic I was compelled to read it.


Maybe I was drawn to the question raised in the title, “Is there a neurobiology of love?” It was not a subject I’d had occasion to study before. Maybe it was the fact that it was written by McEwen, an acclaimed neuroscientist from Rockefeller University. His work had impressed me since I was a graduate student. Maybe I was just procrastinating. I might well have read the phone book as an excuse to take a break that muggy afternoon. Or maybe it had something to do with my sleep deprivation. Did I mention I had recently become a mother?


If there is a stereotype of a new mom—think bedraggled, beleaguered, and baggy-eyed—I fulfilled it, and then some. From the stains on my shirt to the state of my house, there was not one part of my life left untouched by the effects of motherhood. As much as I do not subscribe to the notion of “mommy brain,” or the idea that motherhood makes you stupid, I have to admit that I sometimes wondered what was going on upstairs. But honestly, what had changed the most—somewhat inexplicably—since becoming a mother was my marriage.


The arrival of my son had completely altered my relationship with my husband. Though I certainly expected my marriage to change once we had children, I was not prepared for a complete loss of intimacy. We had been a tight-knit team, albeit a motley one, but now we were satellites in separate orbits, crossing paths only when it came to our child. My friends with kids assured me that the situation was natural and would right itself over time, after the shock of our new addition wore off. One friend, a mom of three, went beyond that: “You can’t expect to feel the same way about your husband now. Your relationship needs to change so your son can be your focus. Our brains are wired so our kids can come first. It’s an evolutionary thing.”


Her statement stuck with me. I could not understand how an “evolutionary thing,” as she had so eloquently put it, would rule out a nurturing, loving relationship between two adults or an active sex life. Now that I had checked into the breeder category, wasn’t I supposed to keep popping out kids to guarantee propagation of the ancestral line? Sex, if not a little passionate love, was required to fulfill that goal. Perhaps I had missed something.


It was a conundrum. Like most new moms, I was bone-tired. Yet I was enthralled by this small baby boy who somehow managed to brighten each moment of my life as he sucked the energy out of me. Like my friend’s puzzling evolutionary edict, it was a contradiction I could not quite figure out.


As someone who wrote about neuroscience for a living, I began to wonder what role the brain played in what was happening to me. Maybe all of it—my crazy love for my son and my imploding marriage—could be explained by changes in my brain that occurred during and after childbirth. I remained convinced that my husband’s brain may have been altered a little too. Picking up a copy of a meeting report about the neurobiology of love seemed as good a place as any to start learning more.


Reading McEwen’s report, I was immediately struck by a single line, a quote McEwen added from British researcher and fellow Symposium attendee Nicolas Read: “If we realized how sexy babies are they would have been banned.”


Frankly, that kind of sentence is an anomaly in the scientific literature. You do not find lines like that in many research papers. Trust me on this one. Most of the papers I read when I’m working on a neuroscience story include lines like, “Aβ deposition stimulates a local immune response by the microglia, which become macrophagic.”2 Though fascinating (once translated into plain human English, that is), it’s not exactly the kind of stuff that makes you laugh out loud.


“It was a quip, obviously,” McEwen said when I asked him why he decided to include it. “But the mother-child bond seems to be such a strong, remarkable phenomenon.” What might researchers learn if they studied such things from a biological and mechanistic perspective? That is exactly what the attendees of the symposium wanted to start doing—as well as take a more mechanistic and biological approach to the study of monogamy, sex, and other love-related behaviors.


Even at such an early juncture in the neuroscientific study of love, McEwen had me at sexy baby banning. It has a certain perverse poetry to it. Not to mention that it resonates strongly for a new, sleep-deprived, and biologically curious mom like myself. To nonparents out there (and admittedly some of the parents too), I am sure this line sounds pretty creepy. Context is everything, after all. But to my mind, it fit. My baby was pretty sexy—much more so than I’d been prepared for. Not in a sweaty, naked-hot-guy kind of way, but in an irresistible, compelling way that had altered my body, my mind, and my life from top to bottom. I had no idea if these changes were due to evolution, neurobiology, or my particular situation, but I wanted to know more about how motherhood—and, yes, love—was facilitating them. So while I became more infatuated with my son each day, I was also just as intrigued by neuroscientific studies that gave me more insight into motherhood, monogamy, sex, and love.


Learning the In’s and Out’s of Love


I have already confessed that I know nothing about love. I’ve learned that you become much less reluctant to say so as soon as you are familiar with the inside of a divorce lawyer’s office. The disintegration of my marriage was not sudden; it took years and years to circle the drain. You’d think there would have been ample opportunity to correct course during those few years when our unhappiness became apparent. But no matter how deeply I wanted to fix things, I just never found a chance. I doubt my former husband did either. Even in hindsight I cannot tell you where my husband and I went wrong. Just when I knew it would never again be right.


Apparently I have not mastered that “life-long learning process”; despite the fact that my baby, now a charming and curious kindergartener, remains as “sexy” as ever, my search for emotional comfort and fulfillment with a partner continues. Might it have something to do with my hormones? The way my brain is wired? My choice of partner? The length of time we were together? How often we had sex? The way my body, including my brain, changed after having a child? All of the above? It was something I needed to figure out in order to truly move on after my marriage fell apart, not to mention bolster me as I reentered the dating realm.


Like most, I hoped to find some easy answers, some actionable advice that might help me understand my past relationships and, more important, avoid making the same mistakes in the future. With the dating pool beckoning, I hoped that acquiring the right knowledge would make up for developing crow’s feet, a postchildbirth figure, and postdivorce gun-shyness.


My quest to better understand the scientific nature of love started when I stumbled on a research paper and continued as I read all I could find on love, sex, and the brain. It was not enough to satiate my curiosity—I needed to talk to these scientists about their work and the different ways their findings might be interpreted. I had to visit a few labs and see some of the science in action. And surely it couldn’t hurt to participate in a few studies myself.


I learned a lot over the course of this journey. I discovered that the study of love—in any manner, neuroscientific or otherwise—is a tricky, complicated thing, more so than a natural skeptic like me had ever realized. But despite many enlightening discussions and personal adventures, nothing I experienced offered any surefire intelligence on what the majority of us are hoping to figure out: how to find love and then keep it around for a while. As it so happens, there is no magic formula, no rule book for understanding the brain’s role in love. There are no hard and fast answers. However, there are plenty of interesting surprises to be discovered about our “dirty” minds, both in animal models and in the fMRI scanner. To start I need to provide a little background, a taste of the brain areas and chemicals that fuel this most intoxicating of human emotions. This tale of brains in love begins with a bit of scientific history and the region of the brain responsible for reward processing called the basal ganglia.




Chapter 2
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The Ever-Loving Brain


Could anything represent love better than a big red heart? Probably not. Even outside Valentine’s Day (or rather, the six weeks of frenzied mass marketing that precede it) this particular image is omnipresent. So much so that replacing it with a brain, even now that we know the heart has little to do with emotion, seems just plain wrong. Can you imagine someone giving you a box of candy or an anniversary card shaped like a brain? It doesn’t quite work. The idea is a bit disturbing even to a brain nerd like me.


Why is that one little symbol, a cardiovascular organ that we have now learned is basically just a blood pump, so pervasive? Perhaps it is because for the better part of a thousand years many of the best thinkers believed the heart was not only the seat of emotion, but also the center of rational thought and cognition.


We humans have wanted to differentiate ourselves as logical, reasonable beings since the earliest years of our history and have sought to denote a part of the body responsible for controlling this rationality. Aristotle believed that the heart was the source of human intelligence and vitality due to its heat and movement. (The brain, he believed, was responsible for cooling the passions created by said heart.) Plato, a teacher of Aristotle, disagreed with his student about the center of thought and emotion. He postulated the brain as the rational organ because it was the part inside the body closest to the heavens.


For years philosophers, theologians, and physicians volleyed back and forth about whether the heart or the brain was the most important organ (with the liver, of all things, occasionally making an appearance in the debate). But without access to scientific methods and the technologies with which to observe how these organs worked within the living body, there could be no definitive answer.1


Claudius Galen of Pergamum, a second-century Greek physician and philosopher, was one of the first to give more credit to the brain based on actual biological observations. This was likely due to his job: before he became the most influential physician of his time, he worked as a surgeon to the gladiators, where he surely witnessed ample evidence of what a good blow to the head could do to personality, movement, and behavior. In his treatise De usa partium corporis humani (On the Usefulness of the Parts of the Body), he argued that the encephalon (that’s Ancient Greek for brain) must be responsible for both movement and perception. Otherwise it would not be attached to the sources of the senses (eyes, ears, nose, and mouth) as well as to the major motor nerves. He did not think the brain had anything to do with intelligence, per se—after all, plenty of stupid animals had fairly developed brains—but it was the organ that helped us process sensory input and respond to it with the appropriate bodily movements. Even with this focus on the brain, Galen still had room in his theories for the heart. He believed it was the seat of our “vital spirit,” a vapor that traveled through the veins and arteries and powered the “animal spirit” in our brains.2


Localizing Function in the Brain


Over the next several centuries theories on what the brain does and how it does it proliferated. Through the careful study of patients with brain damage, scientists eventually came around to the idea that mental functions originate in the brain. It took a while, though; the idea did not really catch on until the nineteenth century. By then most scientists conceded that different areas of the brain were responsible for specific and localized functions. The next logical step was to determine which bit of brain was responsible for what.


One of the first to take a stab at making a functional map of the brain was Franz Joseph Gall, a German physician and anatomist who examined both the cream and the dregs of society in order to understand brain organization. By looking carefully at the skulls of poets, politicians, mothers, murderers, thieves, philosophers, prostitutes, and scientists (and probably anyone else willing to sit for him), he and Johann Gaspar Spurzheim created the theory of phrenology—often referred to by the slang term “bumpology.” It may sound more like the name of a quirky hip-hop song than a respectable theory of science, but it was all the rage in the mid-1850s.


The theory was fairly simple. Gall postulated that the brain had distinct parts, regions that he referred to as “organs,” where qualities like wit, memory, courage, destructiveness, mirthfulness, and even metaphysical ability were localized. The bigger the organ (the size of which directly correlated with one’s propensity for the associated quality), the more it would protrude, pushing out the skull. If you lacked a certain faculty, there might even be a small hollow in the cranium to show this. According to the theory, a good student should have buggy, protuberant eyes to make room for the larger memory and language organs behind them. A violent criminal would have a series of distinctive bulges directly behind the ears. And a venerable man should show some size right on the top of the crown—perhaps on which to better rest a halo.


In a practical manual of phrenology originally published in 1885, the president of the American Institute of Phrenology, Nelson Sizer, and his colleague H. S. Drayton wrote, “Phrenology teaches that every sentiment, every element of taste and aversion, of hope and fear, of love and hatred, as well as the intellectual faculties and memory, have their special seats in some part of the brain.”3 By simply running a deft hand over the topography of the cranium, you could learn all you would ever need to know about a person.


This theory included love. Place the palms of your hands over your ears. Reach back with your fingertips and feel the back of your head. In Gall’s day this part of the skull, the occiput, was considered the location of a person’s “domestic propensities,” that is, the distinctive brain organs responsible for amativeness (physical love), conjugal love, parental love, friendship, and inhabitiveness (a love of home). Phrenologists believed a well-rounded person should possess a smooth, elongated, and broad occiput—a balanced grouping of these various love-related organs. Sizer and Drayton explain:
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The back of a phrenology model, highlighting the areas thought to be responsible for “domestic propensities” such as amativeness, conjugality, and friendship. Photo by the author.


[Individuals] may be intellectually wise; they may be technically honest as to property and social rights, but if they lack Parental Love they will not want children; if they lack Conjugal Love they will not want marriage. If they have strong Amativeness, they may desire society through action of that faculty. . . . Free love animals and free love men lack something which does them no credit. Conjugal Love, the special, life-long, individual and exclusive mating, is human, honorable, natural, and the only sound philosophy of sexual mating.





Basically, if you were looking for love in the Victorian age, you had better hope to have your chaperone distracted long enough for you to get a good feel of a potential mate’s occiput before committing to anything permanent. According to phrenologists, one misplaced lump or chasm could make all the difference to your future happiness.


No matter that the spot that Gall and Spurzheim denoted as the seat of that dratted amativeness is not even adjacent to the brain. It lies next to some sinuses and veins, a good distance away from any gray matter. This little inaccuracy illustrates one of the many problems with phrenology. While Gall and Spurzheim’s basic idea that bits of brain underlie different functions fits right in with today’s neuroscientific theories, their focus on both expansive, ill-defined traits (just what might an organ for “firmness” or “sublimity” refer to?) and the exterior as opposed to the interior of the skull means it is not a scientifically sound theory.


Although phrenology eventually crashed and burned in both the popular and scientific dominions, the concept of function localization managed to stick around. For the next two centuries scientists focused on trying to pinpoint areas of the brain associated with memory, language, attention, and movement by observing patients with brain damage and animal models as well as using a variety of electrophysiological techniques. Even these “simple” concepts were difficult to study in the brain. Something like love, with its associated erotic, cognitive, and goal-directed behaviors, was too much for many researchers to even consider studying, especially since it was unclear what love might be. Was it an emotion, like sadness or fear? A drive, like hunger or thirst? A human construct to justify sex that had no basis in biology whatsoever? No one knew for sure. The fact that scientists could not pin it down made love seem impervious to serious scientific inquiry—and put it on the research back burner for more than a century.


Scanning Love


In the late twentieth century advances in technology enabled researchers to transcend one of phrenology’s biggest failings. Neuroimaging techniques like computerized axial tomography (CAT) scanning, single photon emission computed tomography (SPECT), and positron emission tomography (PET) allowed scientists to look inside the skull and observe the living, working brain instead of relying on cranial bumps, autopsy specimens, or animals. These new approaches provided more detailed analysis of localized brain function. But it was not until the early 1990s, when a new technique called functional magnetic resonance imaging (fMRI) hit the scene, that neuroscientists could look deeper and attempt to localize something as shambolic as love.


How does fMRI work? It is all about the blood flow. Like all organs in the body, the brain needs blood in order to work. Even the smallest area of neural activity is accompanied by an influx of oxygenated blood. The brain uses that oxygen to facilitate function and then sends it on its way. This point is key for measuring activation using the fMRI. Oxygenated blood has different magnetic properties from deoxygenated blood. A large spinning magnet in the fMRI can track where the blood goes and how that blood flow changes over time. By following that track, neuroscientists can see what areas of the brain are active in response to different stimuli and tasks.


Who first thought to try to map the neural correlates of love is up for debate. In the late 1990s both Andreas Bartels, a newly minted PhD at University College London, and Helen Fisher, that savvy evolutionary anthropologist from Rutgers University, believed there must be some neurobiological evidence of love in the brain. It just had to be tested. But since the days of phrenology, no one had really tried.


Fisher had been studying the anthropological aspects of human sexuality, monogamy, and love for decades. Her research convinced her that romantic love was not an emotion, as so many others had postulated, but an actual physical drive like thirst or hunger. “It just came to my mind that romantic love was a very powerful physical experience,” she said when we discussed her first study about the brain and love. “And that if I looked at brain functions, I might be able to establish what was going on in the brain when someone falls in love.”


After speaking about this idea at several conferences, Fisher linked up with Lucy Brown, a neuroanatomist at the Albert Einstein College of Medicine; and Arthur Aron, a social neuroscientist from the State University of New York at Stony Brook. The group hypothesized that there were three distinct brain systems for love: one for sexuality and sexual behavior, a second for feelings of deep attachment, and a third for romantic love.4 “It seemed to me that there were three basic feelings that go with love, and all others sort of derive from them,” said Fisher, her voice thoughtful and calm. “I thought romantic love would be the easiest one to measure. It’s such a dramatic feeling, with strong elements of focus, energy, and motivation.”


Fisher is right; love’s symptoms are both physical and dramatic. Those afflicted by it are often distracted, constantly daydreaming about their intended. They are emotional, too, prone to exaggerated laughter, tears, and fears. One cannot forget the actual physical manifestations of this condition: new lovers may feel butterflies in the stomach and experience an elevated heart rate, sweaty palms, and weakness in the knees. These individuals may exhibit signs of anxiety, loss of appetite, and slight obsessive-compulsive tendencies, as well as poor decision-making ability. They may sneak out of the house at night, be consistently late for work, drop out of college, or move to a new city for no other reason than to be with their lover. In my case, I blame my irrational purchase of an obnoxiously purple couch solely on the fact that I was head over heels with the object of my affection while shopping for it. Fisher was strongly convinced there was a biological explanation underlying these extreme changes in behavior. She and her colleagues set out to find it.


But before the group completed their testing, Bartels and his former advisor, Semir Zeki, a professor of neuroaesthetics (a department of Zeki’s own design focusing on the neural basis of aesthetics) at University College London, published their own study comparing passionate love and friendship in the fMRI scanner in the November 2000 issue of Neuroreport. Zeki was inspired by mentions of love in art. How often, in the throes of passionate love, have you thought that Rumi poem or Elvis Presley song must have been written for you? How many times have you looked at a painting and thought it represented a deep and true feeling you experienced? Think about all the descriptions of love that are out there—I mentioned quite a few in the introduction. Zeki believed that if the feeling could be captured and understood in these artistic contexts (or as a tire iron, as the case may be), there must be something common about love and other emotions inside each of us. Something that is an intrinsic part of our makeup, passed from generation to generation, that allows us to share similar emotional experiences. Otherwise we would not be able to recognize or connect with so many artistic expressions of love. He makes a compelling point.


There is no question that the right visual image can elicit an emotional response. I’m only slightly embarrassed to admit that I am a reliable sucker for cute baby photos, AT&T commercials, and romantic comedy film trailers. And I am not the only one. The right picture, smell, or song can evoke commanding memories, along with any emotion behind them. Banking on that kind of power, Bartels and Zeki scanned seventeen folks who declared themselves to be passionately in love, eleven women and six men, while viewing facial photos of their significant other as well as photos of three other friends who shared the same sex as their beloved. The researchers instructed the study participants to simply look at each photo, think of the person in the photo, and relax. When they compared brain activation while viewing a lover and viewing a friend, they found two areas of the brain that reacted strongly: the left middle insula, an area implicated in emotion, self-awareness, and interpersonal relationships; and the anterior cingulate cortex, linked to reward anticipation, decision making, and emotion. And when they slightly lowered the threshold of activation, they also saw elevated blood flow in the hippocampus, the caudate nucleus, and the putamen, all areas involved with learning and memory, as well as the cerebellum, involved with the fine-tuning of motor control. It was a unique pattern, they argued, that could not be accounted for by anything but passionate love (though, Zeki quipped later, the brain activation pattern did look an awful lot like what you see in a brain after a hit of cocaine). What it meant, exactly, required further study.5


A Separate System for Romantic Love


Fisher, Brown, and Aron used a similar photo viewing task in their fMRI study. Instead of asking participants just to think of their beloved, however, they also asked participants to think about specific events relating to the person, such as a romantic dinner or a recent trip to the beach—any situation in which they were together, excluding those of a naughty nature. Despite this slight change in focus, their results showed quite a bit of overlap with the Bartels and Zeki study. Fisher took these findings and suggested a coherent theory of love: three distinct yet intersecting brain systems that correspond to sex, romantic love, and long-term attachment (like a mother-child bond or the comfortable relationship you might see in a couple who have been married for sixty years). These three separate systems, she argued, could cover all facets of love: romantic, parental, filial, platonic, and that old bugger, lust.
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Areas activated in the original neuroimaging study of love by Semir Zeki and Andreas Bartels. This study also found a significant decrease in prefrontal cortex activation. Illustrations by Dorling Kindersley.
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Helen Fisher and her colleagues hypothesize that there are three distinct systems involved in love: the hypothalamus for lust, the caudate nucleus and ventral tegmental area for romantic love, and the ventral pallidum for attachment. Illustration by Dorling Kindersley.


Scientists have long known that the seat of the sex drive is the hypothalamus. When it is removed, folks lose all interest in sex, as well as the ability to perform sexually. This almond-size brain area is linked to the pituitary gland, which produces the hormones necessary to fuel the desire to “get it on.” Humans are more than just their sex drives, however. With romantic love, Fisher and her colleagues observed brain activity in areas outside the hypothalamus, including the right ventral tegmental area (VTA) and the right caudate nucleus. These are both part of the basal ganglia, a brain area connected to both the cerebral cortex and the brain stem. The basal ganglia, along with the hypothalamus and amygdala, is implicated in reward processing and learning. It’s a little like bribery: when we experience something that feels good, such as satiating our hunger, having a sexy romp, or spending time with the object of our affections, these areas of the brain give us a little extra boost to encourage us to do it again. If we are talking about deep emotional attachment, the ventral pallidum, a different part of the basal ganglia circuitry, is activated. All these areas are very sensitive to the neurochemicals dopamine, oxytocin, and vasopressin, which are thought to be pleasure-inducing and critical to forming pair-bonds in socially monogamous animals (to be discussed in more detail in chapter 3). But they each work a little differently.6


The two regions that seemed most important to romantic love in the Fisher study were the caudate nucleus and the VTA. These areas reside in what is called the “reptilian brain”—a cluster of subcortical regions near the brain stem that have existed since before we evolved to walk upright—and are strongly implicated in both reward processing and euphoric feelings. They are also part of an important dopamine-fueled circuit called the mesocortical limbic system, a pathway critical to motivational systems; unsurprisingly it’s a circuit that has been implicated in addiction. These study results led Fisher, Aron, and Brown to conclude that romantic love is not an emotion, but a drive. According to Brown, “Love is there to help fuel reproduction, to help us psychologically by connecting with others. It is distinct, yet related to lust and attachment.”


Think of it this way: Lust may be the simplest of the three hypothesized systems, an almost reflex-like process that keeps us getting busy. Certainly if it were a more involved process, we would not find ourselves so interested in individuals like Pamela Anderson in all her Baywatch glory or, like one of my girlfriends who is too embarrassed to be named, totally hot for the Jersey Shore’s resident Lothario, Mike “The Situation” Sorrentino, right? At the same time we also have a system for attachment. Feeling connected to someone is a rewarding behavior, hence that ventral pallidum activation; it is nice to have someone to come home to, even if you are no longer inclined to jump his or her bones 24/7. Somewhere in the middle is the romantic love system, connected to both lust and attachment. It hits on areas involved in attachment and lust, as well as those implicated in reward processing and learning. It is no surprise that romantic love feels good and helps us to bond with another person (and consequently promotes procreation).


“These brain systems often work together, but I think it’s fair to say they often don’t work together too,” Fisher told me when I asked whether these three systems overlapped in other ways. “One might feel deep attachment for one partner, be in romantic love with another partner, and then be sexually attracted to many others. There’s overlap, but like a kaleidoscope, the patterns are different.” It is also possible that these systems work on a bit of a continuum: one’s physical attraction for a person can develop over time into romantic love and then into a deep-seated attachment. It might even work the other way: a good friend to whom you are deeply attached may one day, inexplicably, seem physically irresistible. A quick flick of the wrist, a change in circumstance or age, and the kaleidoscope may offer you a completely different configuration.


Love Also Deactivates


At times active brain areas are not the only ones that are important to understanding function; deactivated areas can tell us something too. These neuroimaging studies have also shown decreased activation, which may be related to decreased function, in certain brain areas. The frontal lobe, the parietal lobe, and the amygdala show diminished blood flow in love and attachment. They say love is blind, and if you’ve ever been in love with the wrong person, you know it to be true. Zeki argues that the lack of blood flow to these areas suggests reduced function in judgment, decision making, and the assessment of social situations.


You Were Always on My Mind


A picture may be worth a thousand words, but you do not need explicit visual stimuli to activate the brain’s romantic love system. Stephanie Ortigue, a neuroscientist at Syracuse University, noticed that people in love are very quick to make associations between the object of their affection and certain words and concepts. If a place, word, situation, or song has the slightest thing to do with their sweetheart, they will make all kinds of interesting connections. People in love cannot stop thinking or talking about their boo. This priming effect, the strength of connections between your beloved and everything related to him or her, may facilitate that kind of quick recall. Ortigue decided to take a look.


Ortigue and her colleagues scanned the brains of thirty-six women who were passionately in love while they were subliminally presented with the name of their significant other. It would seem that, even implicitly, love really has a strong hold on the passionately in love individual. Even when words were used instead of photos, many of the same subcortical reward-related brain areas fired up in this study, as in previous neuroimaging studies: the caudate nucleus, insula, and VTA. But these researchers also documented activation in higher-order brain areas, parts of the cortex involved in attention, social cognition, and self-representation: the angular gyrus, middle frontal gyrus, and superior temporal gyrus.7
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Stephanie Ortigue’s study using names instead of photos found activations similar to those in the Zeki and Fisher studies. She also found higher-level activation in the angular gyrus, superior temporal gyrus, and middle frontal gyrus. Illustration by Dorling Kindersley.


“Our findings suggest not only that these reward systems are important in love but also more cognitive areas related to decision-making and the representation of self and body image,” said Ortigue. “It’s quite interesting—it suggests that love may be an extension of oneself. Or rather, people in love really put themselves into others. It changes the way we conceptualize passionate love.” If my love object can change the way I internally view myself, what else might change? This research brings a whole new meaning to the line “As your lover sees you, so you are.”


Putting the Pieces Together


Though Fisher postulates that romantic love is a drive—one that has been evolutionarily selected in order to motivate us to have babies and raise them as pair-bonded couples—Ortigue cautions that it is dangerous to simply classify love as a basic instinct. There are too many different brain areas implicated.


She has a point. No part of the brain area is an island; all of these regions are interconnected and send signals to and from one another. What’s more, one area is not limited to a single function. One of my neuroscience professors once joked that the brain is the “ultimate recycler” because it has evolved over the past hundred million years to be superefficient. After all, it takes a lot of blood and energy to run a brain. It would be a serious waste of resources if single regions couldn’t help facilitate a variety of tasks. The brain frowns on redundancies—and with good reason.


In an analysis of all neuroimaging studies done on love (a whopping six in the past ten years), Ortigue identified twelve distinct regions that were activated across different types of tasks, such as viewing photos or watching videos of a loved one or being subliminally presented with a lover’s name.8 Given current limitations in neuroimaging technology, including measurement timing, which may not be able to keep up with the lightning speed of neural signaling, it is unclear which of these areas lights up first in romantic love, let alone how and when the different areas may interact. Nor is it apparent how our subcortical brain regions, the so-called reptilian brain implicated in reward processing and euphoria, may be influencing the higher-level cognitive areas involved in attention, self-representation, and decision making and vice versa. There is still quite a bit to learn.
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