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I could begin this article by catching your attention with
vivid, love-associated sensory details. I could describe the palm
sweating nervousness of one’s first kiss or I could describe the earth-
shattering heartbreak when your first crush likes someone else, but
these details would do just that: catch your attention. These are de-
tails people unsurprisingly find interesting. In order to believe the
details in this article, I need to make it clear that love is mostly con-
trolled by responses in the brain rather than cupid throwing arrows.

Research on prairie voles has shown significant support in the
idea that love is dictated by neurotransmitters and the reward center of the
brain. There are two species of prairie voles used in this research that are
completely identical aside from one detail: one species is monogamous
while the other species is polygamous. The monogamous species, as com-
pared to the polygamous species, has been found to have many recep-
tors for love associated neurotransmitters in the reward structures of the
brain—structures that are activated by the same rewarding effects as things
like food and drugs. It has also been found that if the polygamous species
is injected with vasopressin (a hormone associated with communication
and sexuality) and oxytocin (known as the bonding hormone), then those
polygamous voles become monogamous and pair bond. The degree of this
pair bonding is determined by the amount of hormone the vole is given.!

Monogamy and love in humans has also been linked to oxy-
tocin and vasopressin as well as the reward structures of the brain.
Because love and pair bonding can be mostly demonstrated neuro-
logically in the prairie voles, then one can believe that, given that
humans are similar, you can learn a lot about love and heartbreak
by assessing what happens in the brain during these stages in life.

Backing up to the palm sweating and the jitters of falling in
love; that’s where the brain changes first start. First of all the concentration
of oxytocin and vasopressin increases as already described. At the same
time, dopamine is secreted by cell bodies in the hypothalamus (a portion
of the forebrain), and this dopamine floods the brain.? Dopamine is con-
sidered a feel good neurotransmitter, and this flooding causes a feeling of
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euphoria in the lovebirds. This euphoria is similar to the euphoria cocaine
addicts feel when they have a high, and love and cocaine surprisingly
tend to have similar mechanisms. Where love floods the brain with dopa-
mine, cocaine blocks DAT. DAT is a transporter that takes up dopamine,
which leaves the neurotransmitter in excess in the extracellular space of
the brain just as love does.* Similarly, nicotine creates a surge of dopa-
mine that makes the individual feel satisfied and even euphoric.® Just as
cocaine and nicotine addiction potential, does this mean love could, too?
Surges of dopamine put the drug users into a “goal-oriented mo-
tivational state” where the person’s next goal is to get their next hit.?
Love creates the same reward seeking state: people in love crave be-
ing with their partners much like junkies crave their drug because
their partner’s presence causes a high level of emotional reward.*
However, it is a particular type of love that creates this goal-ori-
ented motivational state. Some research has been done on the difference
between selfless love and romantic love. Where selfless love is bound-
less, romantic love has been shown to have the same addictive effects
as drugs—particularly cocaine. Romantic love, like a drug leaves you
wanting more; as Judson Brewer, an associate professor at UMass Medi-
cal School, states, “You want that next date, you want that next tweet,
you want that next text”.> Humans are clearly addicted to immediate
reward, and falling in love is no exception. People in love are addict-
ed to love. People in love seem to act like drug addicts: the obsessive-
compulsive behavior, the need for another ‘hit’ of their significant other.
Another change in the brain that occurs as you enter a new
romantic endeavor is a massive serotonin depletion.® Serotonin is a
neurotransmitter that reduces anxiety and gives one a sense of be-
ing in control. Once serotonin is depleted, an individual will develop
a loss of control and begin displaying obsessive-compulsive behav-
ior particularly toward their relationship.® Interestingly, the drug
MDMA (ecstasy) produces an acute and huge release of serotonin
that breaks down tissue and, like love, results in serotonin depletion.’
Love also displays the same effects as cocaine’s medici-
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nal uses. Cocaine, unknown to many, can be used as a local anes-
thetic because it blocks sodium channels necessary for a cell to
fire, so cocaine can be used to prevent pain.® By using a heated
probe and an fMRI for imaging, studies have shown that love can
lessen physical pain by inducing activation in the same areas of
the brain as cocaine.® These are the same brain areas activated
when administering other painkillers also, such as morphine.?
Not only are the neurotransmitter mechanisms and brain
activation between drug use and love extremely similar, but the
mechanisms between drug addiction or craving and love also co-
incide. When an individual is shown pictures of their love interest,
the ventral tegmental area, the nucleus accumbens, and the caudate
nucleus are heavily activated.® These areas of the brain form a path-
way that is associated with reward and craving.'® It is prevalent in not
only love and food cravings, but also, unsurprisingly, drug addiction.'®
The comparisons don’t end there. Even after the relationship

is over, lovebirds are left addicted and craving more. After heartbreak,
it has been shown that the ventral tegmental area and the caudate nu-
cleus—those same major brain structures in the addiction and reward
pathway—are even more active than during the relationship, much
like an early abstinent ex-drug user.’ These people are going through
a craving stage similar to a drug-craving stage during a drug-users ab-
stinence period, so their orbitofrontal cortex (a part of the brain that
acts to prevent impulses and help decision making) also switches on in
order to inhibit impulses and quiet the activity of the reward pathway.’
The anterior cingulate—a structure of the brain that is associ-
ated with experiencing physical pain—is also activated.’® This ac-
tivation of structures involved in pain and addiction explains the
common manic and irrational activity that comes after a breakup
such as inappropriate amounts of texting the ex-lover, crying for
hours, and/or stalking behavior.® They do this because accord-
ing to scans of the midbrain, the person is still ‘in love’ and wait-
ing for a delayed reward even though they know that the relation-
ship is over.? This is what the over activation of the orbitofrontal
cortex is trying to prevent, but the person is so addicted and dis-
traught that they can override the brain’s attempt to block impulses.
This brain activity very well demonstrates a model of a drug ad-
dict’s brain during the withdrawal phase. Like drug addicts, the same
types of stimuli can send a heartbroken person into relapse.'> Where
a drug addict can relapse when exposed to drug related cues such as
people they used to get high with or places that they used to use the
drug, a person post-heartbreak can have feelings of relapse for their
ex when they see places they used to together or mutual friends they
used to both see.!> More obviously, a drug addict can relapse when
exposed to the drug itself, just as the heartbroken person will relapse
when exposed to their ex-lover.!* Therefore, when these people can-
not stop ruminating in their relationship it isn’t actually their fault;
there is a neurological mechanism at work that they can’t prevent.
Maybe now you're wondering if love is worth it. Why bother if you
form a codependency to the person, and then are left craving a reward
thatisn’t coming when the relationship ends. Or maybe you’re thinking
back and recognizing these behaviors, either in yourself or a friend or

a family member. You're seeing now the addiction and the withdrawal
that is so similar to a recovering or relapsing drug addict. Love is a
scary but necessary thing that we will never be able to completely neu-
rologically represent just by displaying some neurotransmitters and
brain structures. As studies show, people are overwhelmingly curious
aboutlove and how to characterize it, but maybe it just can’t be charac-
terized. Love is frightening and elusive and incomprehensible, and no
matter how much people know about it they will never know enough.
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