Love's all in the brain: fMRI study shows strong, lateralized reward, not sex, drive

Links seen to stalking, suicide, clinical depression, even autism

BETHESDA, Md. (May 31, 2005) – You just can't tell where you might find love these days. A team led by a neuroscientist, an anthropologist and a social psychologist found love-related neurophysiological systems inside a magnetic resonance imaging machine. They detected quantifiable love responses in the brains of 17 young men and women who each described themselves as being newly and madly in love.

The multidisciplinary team found that early, intense romantic love may have more to do with motivation, reward and "drive" aspects of human behavior than with the emotions or sex drive. Brain systems were activated that humans share with other mammals. So the researchers think "early-stage romantic love is possibly a developed form of a mammalian drive to pursue preferred mates, and that it has an important influence on social behaviors that have reproductive and genetic consequences."

Diverse emotions occur, but reward response primary
"It's a stark reminder that the mind truly is in the brain," noted Lucy L. Brown of the Albert Einstein College of Medicine. "We humans are built to experience magical feelings like love, but our findings don't diminish the magic in any way. In fact, for some, it enhances the experience. Our research also helps to explain why a person in love feels 'driven' to win their beloved, amidst a whole constellation of other feelings."

The study, entitled "Reward, motivation and emotion systems associated with early-stage intense romantic love," is available online and will be in the July issue of the Journal of Neurophysiology, published by the American Physiological Society. The research was conducted by Arthur Aron, Helen E. Fisher, Debra J. Mashek, Greg Strong, Hai-Fang Li and Lucy L. Brown. Aron, Fisher and Brown contributed equally.

"Most of the participants in our study clearly showed emotional responses," noted Arthur Aron of the State University of New York-Stony Brook, "but we found no consistent emotional pattern. Instead, all of our subjects showed activity in reward and motivation regions. To emotion researchers like me, this is pretty exciting because it's the first physiological data to confirm a connection between romantic love and motivation networks in the brain.

"As it turns out, romantic love is probably best characterized as a motivation or goal-oriented state that leads to various specific emotions, such as euphoria or anxiety," Aron noted. "With this view, it becomes clearer why the lover expresses such an imperative to pursue his or her beloved and protect the relationship."

Sexual arousal 'very different'; confirmation of questionnaire methods
Aron added: "Our participants who measured very high on a self report questionnaire of romantic love also showed strong activity in a particular brain region – results that dramatically increase our confidence that self-report questionnaires can actually measure brain activity."

Aron also noted that the research answered the "historic question of whether love and sex are the same, or different, or whether romantic passion is just warmed over sexual arousal." He said, "Our findings show that the brain areas activated when someone looks at a photo of their beloved only partially overlap with the brain regions associated with sexual arousal. Sex and romantic love involve quite different brain systems."

fMRI confirms major predictions, yields "remarkable implications"; autism link
Aron reported that, using functional magnetic resonance imaging (fMRI) and other measurements, he and his colleagues found support for their two major predictions: (1) early stage, intense romantic love is associated with subcortical reward regions rich with dopamine; and (2) romantic love engages brain systems associated with motivation to acquire a reward.

Brown explains some of these findings, commenting that "when our participants looked at a photo of his/her beloved, specific activation occurred in the right ventral tegmental area (VTA) and dorsal caudate body. These regions were significant compared to two control conditions, providing strong evidence that these brain areas, which are associated with the motivation to win rewards, are central to the experience of being in love."

Brown noted that "an important concept is that the caudate probably integrates huge amounts of information, everything from early personal memories to one's personal notions of beauty. Then, this brain region (and related regions of the basal ganglia) helps to direct one's actions toward attaining one's goals. For neuroscientists," she said, "these findings about the diverse regional functions of the basal ganglia in humans have remarkable implications."

"Our data even may be relevant to some forms of autism," Brown added. "Some people with autism don't understand or experience any sort of emotional attachment or romantic love. I would speculate that autism involves an atypical development of the midbrain and basal ganglia reward systems. This makes sense, too, because other symptoms of autism include repetitive thoughts and movements, characteristics of basal ganglia function. "

Surprise discovery: romance is on the right, 'attractiveness' to the left
Another important discovery, Brown said, was that "to our surprise, the activation regions associated with intense romantic love were mostly on the right side of the brain, while the activation regions associated with facial attractiveness were mostly on the left.

"We didn't predict such a striking lateralization," Brown reported. "It is well known that speech is largely a left-sided cortical function. But our data indicate that lateralization also occurs in lower parts of the brain. Moreover, different kinds of rewards (in this case, the "rush" of romantic love, compared with the pleasing experience of looking at a pretty or handsome face) is also lateralized. These results give us a lot to think about how the normal human brain learns and remembers and functions in general," Brown added.

Love physiology changes over time; 'Romantic love more powerful than sex'
Another breakthrough, Brown noted, was that "we found several brain areas where the strength of neural activity changed with the length of the romance. Everyone knows that relationships are dynamic over time, but we are beginning to track what happens in the brain as a love relationship matures."

Helen E. Fisher, a research anthropologist at Rutgers University, New Jersey, noted that not only did the brain change as romantic love endured, but that some of these changes were in regions associated with pair-bonding in prairie voles. The fMRI images showed more activity in the ventral pallidum portion of the basal ganglia in people with longer romantic relationships. It's in this region where receptors for the hormone vasopressin are critical for vole pair-bonding, or attachment.

"Humans have evolved three distinct but interrelated brain systems for mating and reproduction – the sex drive, romantic love, and attachment to a long term partner," Fisher said, "and our results suggest how feelings of romantic love might change into feelings of attachment. Our results support what people have always assumed – that romantic love is one of the most powerful of all human experiences. It is definitely more powerful than the sex drive."

Depression, murder/suicide, demonstrate strength of romantic drive
For instance, Fisher point out, "If someone rejects your sexual overtures, you don't harm yourself or the other person. But rejected men and women in societies around the world sometimes kill themselves or someone else. In fact, studies indicate that some 40% of people who are rejected in love slip into clinical depression. Our study may also suggest some of the underlying physiology of stalking behavior," she added.

Fisher noted that their study, which took barely an hour for each participant but many years for the researchers to process and interpret the data, also found a "fascinating continuity between human romantic love and the physiological expressions of attraction in other animals. Other scientists," she said, "have reported that expressions of attraction in a female prairie vole are associated with a 50% increase in dopamine activity in a brain region related to regions where we found activity. These and other data indicate that all mammals may feel attraction to specific partners, and that some of the same brain systems are involved."

Study explains second half of Darwin's puzzle, sexual selection & 'eyes of the beholder'
"Darwin and many of his intellectual descendants have studied the myriad physiological ornaments that one sex of a species have evolved to attract members of the opposite sex, like the peacock's fancy tail feathers that attract the peahen," Fisher noted. "But no one has studied what happened in the brain of the viewer, the individual that becomes attracted to these traits. Our study indicates what happens in the brain of the viewer as he or she becomes physiologically attracted to these traits."

She added, "This brain system probably evolved for an important reason – to drive our forebears to focus their courtship energy on specific individuals, thereby conserving precious mating time and energy. Perhaps," she hypothesized, "even love-at-first-sight is a basic mammalian response that developed in other animals and our ancestors inherited in order to speed up the mating process."

Einstein's Brown concluded, "Our results suggest that romantic love does not use a functionally specialized brain system. It may be produced, instead, by a constellation of neural systems that converge onto widespread regions of the caudate where there is a flexible combinatorial map representing and integrating many motivating stimuli.

"This passion may be an excellent example of how a complex human behavioral state is processed. Moreover, taken together, our results and those of Andreas Bartels and Semir Zeki, who studied men and women in longer love relationships, show similar cortical, VTA and caudate activation patterns, suggesting that these regions are consistently and critically involved in this aspect of human reproduction and social behavior, romantic love."
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The Science Of Love 

Matthew Herper,

NEW YORK - Four years ago, Andreas Bartels had just finished a Ph.D. on the neurobiology of vision and had some time to kill. Over dinner and after a few glasses of wine, he decided to use science to tackle a question that has stumped poets for centuries. What, he asked, is love? 

"We said, 'why not do a fun project?'" Bartels remembers, "and we thought about romantic love. We were surprised that nobody had addressed this in the human at all." 

Bartels reasoned that romance is a physiological phenomenon. Cornell University economist Robert Frank had pointed out that people would leave their mates the first time a more attractive partner walked by if love were not a pretty powerful force. To find this glue, Bartels and his adviser, Semir Zeki of the Imperial College of London, used a machine called a functional magnetic resonance imaging (fMRI) scanner to peer into the brains of 17 people who had been madly in love for an average of about two years--around when other research had suggested commitment and devotion were at their peak. By comparing the brains of these people as they looked at loved ones and then as they looked at friends, Bartels and Zeki produced what they believe are the first pictures of the brain in love. 
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Your brain on love: Areas of the brain are turned off in both romantic and maternal love. 

Such pictures can be a revelation. Helen Fisher, a Rutgers University anthropologist who has taken similar pictures in experiments of her own, says her images have convinced her that love is a primal drive, more akin to hunger or lust than mere emotions such as happiness. "All over the world, people fall in love," says Fisher. "They have love magic and love myths and love legends and love suicides and love murders." 

Others are more skeptical. John Allman, a Caltech neuroscientist, says the areas that lit up in Bartels' work are not as specific as he would like. "The problem is distinguishing between love and lust," he says. 

Bartels, now doing a fellowship at the Max-Planck Institute of Biological Cybernetics in Germany, begs to differ. "Maybe they feel we invaded their field," he says of his critics. His work in the neurology of vision has given him faith in the pinpoint accuracy of fMRI, and he says the areas activated in love differ substantially from those in other people's studies of lust. (In those studies, subjects were shown porn.) However, in a second study published last year, Bartels compared the brains of mothers looking at their infants to those of lovers looking at their significant others. Except for activity in the hypothalamus--located at the base of the brain--that seems to be linked to sexual arousal, the intense devotion of a mother and a lover are indistinguishable to an fMRI machine. 

So which brain areas are active during love? FMRI works by measuring blood flow in the brain. As with muscle, brain cells need more blood when they work and less when they're inactive. Putting someone in an fMRI machine, a giant clanking cylinder, tells scientists which parts of the brain are working and which aren't, but it gives no direct evidence of which neurotransmitters are coursing about. Still, certain brain areas are thought to have particular functions, and researchers can see which ones are working and which are shut down. 

One active region is a reward center that also lights up after the subject makes money or wins a videogame. (Pac-Man, Lotto and love all seem to switch on the same brain system.) Another area lights up in response to any pretty face. Also lit--brightly--are areas that produce two brain chemicals called vasopressin and oxytocin, which are known to be involved in forming attachments. When small mammals called prairie voles are injected with these chemicals, they become more social and more likely to have sex. 

Equally interesting is what's turned off. Three regions generally used in moral judgment go dim. "It struck me as quite a coincidence to say people are blind when they're in love," says Bartels. Also turned down are areas thought to be used in producing serotonin, the chemical increased by antidepressants such as Prozac, Paxil and Zoloft. Fisher, the anthropologist from Rutgers, whose results have not been published in a scientific journal but are described in her book Why We Love, worries that these drugs may actually keep people from falling in love. That, however, seems a big leap from the available data. But what is certain is that the field is beginning to heat up now that data are available. Scientists may even be able to figure out which genes are involved in the process. For love and science, this could be the beginning of a beautiful relationship.
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