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Romantic love is a fundamental human experience. It is a force that provides bi-parental
care for children and can create great joy for lovers, bring peace to the heart, and inspire creation.
On an evolutionary level, romantic love has enabled humanity to survive and flourish. At the
individual level, it can create a feeling of aliveness, connection, and inspiration like no other.
Indeed, romantic love is one of the greatest natural rewards. When things are going well in
romantic love relationships individuals experience euphoria, well-being, and elevation. At the
same time, pair-bonds provide couples with support, a sense of calm, ease, and that “all is right
in the world”. However, romantic love often involves challenges, of varying degrees, which may
be associated with a host of negative outcomes including depression, anxiety, pain, intrusive
thinking about the beloved, and even suicidal tendencies; as well as being a disruptive force for
persons and family networks when it is experienced for someone other than a romantic partner.
Nevertheless, that humans experience great joy and suffering as a result of “the drive to be united
with a beloved” seems quite adaptive when we consider its involvement in reproduction,
regulatory processes related to emotions and motivation, self-expansion, and the stability of pairbonds and families.
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Humans (and other mammals) are wired for love, and although varying configurations of
attachment relationships exist (e.g., parent-infant bonds and pair-bonds) they seem to share
common behaviors and biological substrates (e.g., Hazan & Shaver, 1987; Fisher 1992; Carter,
1998; Mikulincer & Shaver, 2007). This idea has been supported by neuroimaging work showing
overlapping patterns of neural activation for an “attachment system” (e.g., Bartels & Zeki, 2004;
Acevedo, Aron, Fisher, & Brown, 2011). However, pair-bonds are unique in that they include
attraction and the drive to mate. They support reproduction and growth of the couple, familial
stability, relationship happiness, and overall well-being (Simpson, Campbell, & Berscheid, 1986;
Aron & Henkemeyer, 1995; Masuda, 2003; Riehl-Emde Thomas, & Willi, 2003; O’Leary et al.,
2011).
Increasingly over recent decades scientists have started to investigate romantic love— a
phenomenon that was once relegated to poets and mystics, and that is still deemed “mysterious”
and “magical” by many—using sophisticated methodologies. The most common methods used in
close relationships research are functional magnetic resonance imaging (fMRI) and evoked
response potentials (ERP). Other methods involve use of neurobiological markers (e.g.,
hormones) and animal models (testing relationship processes in animals such as non-human
primates and rodent mammals (e.g., Bales et al., 2007).
In this chapter we will review research using fMRI methods to examine romantic love
and human pair-bonds. We will discuss findings in relation to the brain’s mesolimbic dopamine
system, involved in reward processing and implicated in a variety of behaviors from feeding, to
responding to monetary rewards, and addictive compulsions. Finally, we discuss how integrating
knowledge of reward system processes that mediate romantic love and addiction may elucidate
applications for substance abuse.
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Research on the Neural Correlates of Romantic Love
In recent decades human studies investigating the neural basis of romantic love and
related relationship processes have increased rapidly. Studies utilizing fMRI have consistently
shown that romantic love—both early-stage and long-term, and even in the context of love
remaining after being rejected—is associated with activation of the brain’s dopaminergic reward
system (e.g., Aron et al., 2005; Bartels & Zeki, 2000, 2004; Ortigue et al., 2007; Acevedo et al.,
2011; Fisher et al., 2011; Xu et al., 2011).
In one of the first fMRI studies to investigate the neural correlates of early-stage romantic
love, researchers in London examined brain activations of 17 female and male participants
intensely in-love with an opposite-sex partner of about 2.4 years on average (Bartels & Zeki,
2000). Participants were shown face images of their romantic partners and three friends matched
to the partner on gender, age, and relationship length as comparisons. The results showed
activations specific to viewing the partner in key areas of the brains dopaminergic reward system
(the caudate nucleus and putamen) and an area commonly involved in memory (the posterior
hippocampus). A few years after, the same team published a re-analysis of the data (Bartels &
Zeki, 2004), but adding a comparison to a study on maternal love. Results from the 2004 study
revealed neural activations specific to romantic love in key areas of the brain’s dopamine reward
system (in the mid-brain regions of the ventral tegmental area region, caudate nucleus, and
putamen). Additional activations were found in the globus pallidus, an important reward center
rich in opiate receptors that mediates the “liking”and pleasure associated with rewards (e.g.,
Smith et al., 2010); an area important for emotional functioning (the mid-insula); areas involved
in attention, arousal, and pain regulation (anterior and posterior cingulate), (e.g., Brooks et al.,
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2005; Petrovic et al., 2002; Logno et al., 2012), memory (the hippocampus), and hormonal
behaviors and functions, such as sex, stress, and feeding (the hypothalamus).
The second study published on early-stage romantic love, was conducted by our group in
the US (Aron et al., 2005; Fisher et al., 2005). We investigated the neural activations of 17
female and male participants in-love for about 7 months on average while viewing face images
of their beloved. The controls included a familiar, neutral person (such as the local drycleaner or
grocer) and a numerical countback task as an attentional control for thinking about the beloved
(individuals report this is a very desirable experience and often have a hard time stopping). Our
results showed significant activations in key areas associated with the dopaminergic reward
system (the ventral tegmental area (VTA) and several sites of the caudate), and the posterior
cingulate (implicated in attention and autobiographical memory).
In yet another fMRI study of early-stage romantic love, Ortigue and colleagues (2007)
measured the brain activity of 36 heterosexual female participants in the US reporting intense
passionate love (confirmed with interviews and scores on a standard passionate love
questionnaire measure) for romantic partners of about 15 months on average (Ortigue et al.,
2007). However, this study employed a different paradigm. While being scanned, participants
were shown subliminal stimuli representing their beloved, a life passion (e.g., a hobby), and a
male friend (of around the same age and relationship length as the partner). Results showed
activations specific to viewing the partner (versus the friend) in major reward centers of the
VTA, and caudate nucleus. Additional activations included the insula (important for emotional
and visceral processing), occipitotemporal/fusiform region (involved in face processing),
parahippocampal gyrus (involved in memory), and the angular gyrus (involved in self-processing
and representation). Neural activations in response to beloved primes (versus the passionate
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hobby primes) were found in the angular gyrus and the occipitotemporal/fusiform region. It is
important to note the activation of the VTA and caudate (key areas of the dopaminergic reward
system) replicated results from the other studies of early-stage intense romantic love utilizing a
different experimental procedure. Moreover, Ortigue et al. (2007) displayed stimuli subliminally,
suggesting that processing of information related to the beloved may occur rapidly and below
awareness
The fourth study to investigate early-stage romantic love (Xu et al, 2010) was led by a
researcher from our team and in collaboration with researchers in Beijing, China. In the study, 18
females and males in relationships of about 7 months on average (ranging from 1 to 13 months)
underwent fMRI scanning, replicating procedures used by Aron et al. (2005) where participants
viewed face images of their beloved and a familiar, neutral person. Once again, the data showed
activation of the VTA and caudate tail in response to the beloved (versus the familiar, neutral
acquaintance). Additional activations were seen in the mid-orbitofrontal cortex and areas of the
cerebellum in response to the beloved.
In a fifth study of early-stage romantic love researchers at Stanford University in the US
investigated the neural activations of fifteen individuals in relationships of nine months or less
undergoing periods of moderate and high thermal pain while they viewed images of their
partners, a familiar acquaintance, or a word task (Younger et al., 2010). Results showed that even
in the context of thermal pain, viewing images of a romantic partner was associated with greater
analgesic effects reflected by activation of reward systems (such as the caudate, nucleus
accumbens, orbitofrontal cortex). Additional activations were found in areas involved in
emotion-processing and emotion regulation, namely the amygdala and dorsolateral prefrontal
cortex.
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In yet another study of early-stage romantic love researchers in Germany compared brain
activations of twelve individuals in-love for about 6 months on average with those of twelve
individuals experiencing grief from a recent break-up with a romantic partner (Stoessel et al.,
2010). Participants were shown face images of the beloved, erotic pictures, autobiographical
pictures, and neutral pictures (e.g., landscape). When viewing face images of the beloved (versus
erotic images), the happily in-love group showed significant neural activation in areas found in
other studies of romantic love such as the caudate (associated with the dopaminergic reward
system) and the posterior cingulate, implicated in autobiographical memory of socially relevant
stimuli such as partner names (e.g., Maddock et al., 2001). Other activations were shown in areas
related to retrieval of memories (such as the precuneus and parahippocampal gyrus). Also,
findings showed that unhappy lovers showed less activation in areas related to emotion,
attention, and reward circuits (insula, anterior and posterior cingulate). Unlike previous studies
of early-stage romantic love, this study did not report on activation of the VTA.
In addition to romantic love in its early stages, our team in the US also investigated brain
activations for long-term relationships. We sampled a group of 17 individuals from the New
York City area reporting intense romantic love for a spouse of around 20 years (Acevedo et al.
2011). We implemented the paradigm as in Aron et al. (2005), Fisher et al. (2011), and Xu et al.
(2010) where participants were shown face images of a beloved, a familiar neutral acquaintance,
and a numerical countback task. Using the same procedures was beneficial for directly
comparing results as we were mainly interested in whether long-term romantic love would show
the same pattern of neural activation found for early-stage romantic love. This was important for
sorting out differing theoretical perspectives about the course of love over time, but also for
therapists and lay people that often question, “Can love last?”.
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In addition, in the study of long-term romantic love we included a control for closeness (a
close friend of the same-sex and known about as long-term partner), an important component of
established and lasting bonds (Aron, Mashek, & Aron, 2004). We compared our results (brain
responses to the partner images versus neutral acquaintance and the close friend) with previous
studies of early-stage romantic love and maternal love (e.g., Aron et al., 2005; Bartels & Zeki,
2004). Activations common with early-stage romantic love were found in dopaminergic reward
processing regions of the VTA and caudate nucleus; the mid-insula (involved in emotion and
visceral processing); and the posterior hippocampus, and area implicated in memory of primary
rewards, hunger and satiation (e.g., Fernandez & Kroes, 2010). Activations common with
maternal love were found in key areas of the reward system, including the substantia nigra (a site
of dopamine production ) caudate, putamen, and globus pallidus; an area rich in serotonin
receptors (dorsal raphe region) important for mood regulation (such as anxiety, stress, and
intrusive thinking); areas involved in emotion and visceral processing (the mid-insula and
insular cortex); and areas important for attention, arousal, and pain regulation (the anterior and
and posterior cingulate).
Acevedo et al. (2011) also conducted correlations with several relationship measures and
found that a standard measure of closeness, the inclusion of other in the self scale, IOS) was
associated with dopaminergic reward system activity in neural regions of the VTA and SN. Also,
consistent with the definition of “including the other in the self,” IOS scores were positively
associated with activation in areas reflecting self-referential processing, emotions, and attention,
namely the middle insula and anterior cingulate (e.g., Craig, 2009; Kurth et al., 2010, metaanalysis; Enzi et Northoff et al., 2006, meta-analysis).
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Zeki and Romaya (2010) investigated neural activations of 24 individual in same-sex and
opposite-sex relationships reporting intense romantic love for their partners of about 3.7 years,
ranging from 4 months to 23 years. Participants underwent fMRI scanning while viewing images
of their beloved and a neutral friend. Two major activation patterns were reported in response to
the beloved (versus neutral), in the tegmentum, caudate, hypothalamus, hippocampus, the
superior parietal lobe, and in the cerebellum. Results did not reveal differenced by gender or
sexual orientation. PLS scores were found not correlated to subject age or relationship length;
however, there was a significant negative correlation found between loved>neutral condition and
relationship length due to an outlier, the participant with a relationship length of 23 years, the
correlations was not significant when the subject was excluded.
In addition to individuals in romantic love within an established pair-bond, researchers
have also investigated the neural correlates of lovers that had recently experienced a break-up
(e.g., Najib et al., 2004; Fisher et al., 2011). We will not go into these studies into great deal.
However, what is important to note is that even in the context of dissolved relationships some
individuals continued to show neural activation of the dopaminergic reward system. This is
consistent with common knowledge and case studies showing that even in the context of
rejection or loss, humans may experience continued “longing for union” with the beloved, they
continue to crave their presence, hear their voice, and feel their touch. This is often associated
with suffering and dysregulated mood, emotions, and physiological states as the systems
involved in reward and social bonding (the “attachment” system) readjust to the absence of the
beloved (e.g., Sbarra & Hazan, 2008). In some cases when loss is unresolved, suffering and other
psychological complications may arise (such as depression). We will discuss this in greater depth
in sections that follow integrating it with research on addiction.
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Romantic Love, Dopamine, and Reward
As outlined above, numerous studies examining the neural basis of romantic love have
shown evidence of activation of the brain’s reward system. Our reward system orchestrates
behaviors needed for basic needs and survival—such as feeding and sex (e.g., Camara et al.,
2009). The mammalian reward system is also involved in processing of other types of rewarding
stimuli, such as monetary rewards, food intake, and addictive substances such as alcohol and
cocaine (e.g., Pfaus et al., 1990; D’Ardenne et al., 2008; Dominguez & Hull, 2005; Heinz et al.,
2004; Matthew et al., 2010; Risinger et al., 2005; Saal et al., 2003; Xue-Ying et al., 2011).
Dopamine release in the reward system is associated with rewarding and approachrelated behaviors associated with stimuli (e.g., Schultz, 2010). This involves a variety of
processes such as learning associations between stimuli and responses, and motivation to seek
out a given reward and work for it regardless of whether it is affectively pleasant or unpleasant.
Research by Berridge and Robinson (1998, 2003) suggests that brain mechanisms involved in
“liking or disliking” something (implicit emotion) and “wanting” something (implicit
motivation) are distinct, and that “liking” is not necessary for “wanting.” Thus, even when lovers
experience obstacles, challenges, or rejection, they may keep coming back for more, continuing
to crave and work to be united with their beloved.
Areas implicated in learning and memory, such as the hippocampus and parahippocampal
gyrus, were also recruited in most of these studies. The hippocampus is involved in the encoding
and retrieval of memories and is linked with motivation, emotion, executive, and sensorimotor
functions through connections with other brain regions. Specifically, the intermediate and
temporal areas of the hippocampus are linked to the VTA, via projections to the prefrontal cortex
and subcortical sites (e.g., Bast, 2007).
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Finally, the insula (activated in numerous fMRI studies of early stage romantic love, the
study on long-term romantic love, and in the fMRI studies of the buffering effects of romantic
love to pain and marriage to stress) is involved in processing pain and caress-like touch between
individuals (Olausson, et al., 2002). Studies have confirmed the insula as a visceral sensory area,
visceral motor area (autonomic), motor association area, vestibular area, and language area (e.g.,
Klein et al., 2007; Craig, 2009). The middle insula has been found in numerous studies involving
emotion and is thought to be important for social behaviors, emotional and social behaviors (e.g.,
Dapretto et al., 2006; Kurth et al., 2010, meta-analysis).
Correlations with Measures of Passionate Love
Aron et al. (2005) found that intensity of consciously experienced passionate love
correlated significantly with activation of the right antero-medial caudate body and the
septum/fornix. Self-reported passionate love was assessed with the standard, well validated
questionnaire measure, the Passionate Love Scale (PLS: Hatfield & Sprecher, 1986). Ortigue et
al. (2007) also conducted correlations of PLS scores and found activation in response to the
beloved (versus a friend) in the VTA, caudate nucleus, angular gyrus, insula, parahippocampal
gyrus and frontal gyrus. Acevedo et al. (2011) found that greater ratings on PLS scores were
positively associated with activation in medial caudate body, septum fornix, putamen, posterior
cingulate and poster hippocampus. Fisher et al. (2011) also found a correlation between
passionate love scores and activation of the caudate and septum/fornix. The correlations found
in these studies were substantial, which is especially striking given the limited range of PLS
scores (in each study, participants were selected being highly in love and all had very high scores
on the PLS).
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Activation of the septum/fornix activation, found in three of the four studies, provides
good evidence that it is important for passionate love. Acevedo et al. (2011) carried out further
analyses, separating obsession-related items (e.g., “I feel I can’t control my thoughts, they are
obsessively on my partner.”) from romantic love items (“I will love my partner forever.”) and
found that activation of the septum-fornix was distinctly related to obsession-related items of the
PLS. Lesion studies with rats suggest that it is implicated in anxiety reduction (e.g., Decker et al.,
1995; Degroot & Treit, 2004).
Romantic Love, Dopamine, and Oxytocin
Findings from diverse fMRI studies of romantic love we have reviewed here— across
different samples, relationship stages, heterosexual and homosexual relationships, and paradigms
(ranging from face images, name primes, hand-holding procedures, and responses to pain)—
provided strong evidence that the dopaminergic reward system, namely the regions of the VTA
and caudate, is associated with romantic love. Additional evidence that dopaminergic reward
areas are implicated in romantic love was provided by several studies correlating standard
measures of romantic love, such as the PLS and Eros subscale scores, with brain activations
(e.g., Aron et al., 2005; Ortigue et al., 2007; Acevedo et al., 2011; Fisher et al., 2011). All studies
correlating the PLS with brain activity found activation of the caudate, and some found
activation of the VTA.
Numerous studies have shown the important role of the VTA and caudate nucleus in
motivation, reinforcement learning, and decision making (e.g., Carter et al., 2009; Delgado et al.,
2003; O’Doherty et al., 2004). The VTA is centrally placed in a wider motivational/reward
network associated with behaviors necessary for survival (e.g., Camara et al., 2009). It is widely
accepted that activation of dopamine-rich sites, such as the VTA and caudate, are evoked in
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response to rewards such as food (e.g., Hare et al., 2008), monetary gains (e.g., Carter, Macinnes,
Huettel, & Adcock, 2009; Delgado et al., 2003; D’Ardenne et al., 2008), cocaine and alcohol
(e.g., Heinz et al., 2004; Risinger et al., 2005), and overall highly motivational stimuli (e.g.,
Carter et al., 2009; Knutson & Greer, 2008). Recruitment of the mesolimbic dopamine reward
system is consistent with notions of romantic love as a “desire for union with another.”
The caudate (or dorsal part of the striatum) is a key structure in the mesolimbic dopamine
system, associated with motor and cognitive control, and goal-directed behavior (e.g., Doherty et
al., 2004). Goal-directed behavior, necessary to attain rewarding stimuli, is consistent with
characteristics of pair-bonds and romantic love as being a motivational associated with a specific
set of behavioral characteristics, such as proximity-seeking, working to make the partner happy,
and rejection of unfamiliar conspecifics state (e.g., Fisher, 1998; Aron et al., 2005). These
behaviors serve to initiate, maintain, and protect the pair-bond as eveidenced by research using
animal models (e.g., Aragona et al., 2003; Carter, DeVries, & Getz, 1995; Wang, Hulihan, &
Insel, 1997; Winslow et al., 1993).
Caudate response has been linked with expecting monetary rewards, showing increased
dopamine release in response to the monetary reward (e.g., Zald et al., 2004; Knuston et al.,
2001). Release of dopamine is associated with euphoric states, ingestion of drugs such as
cocaine, and monogamous pair-bonding in non-human mammals (e.g. Curtis et al., 2006; Young
et al., 2001; Young & Wang, 2004). Dopamine is produced mainly in the VTA and SN of the
brain and it has many functions ranging from reward learning, motivation, movement, attention,
sleep, and mood.
The caudate also responds to information regarding visual stimuli (e.g., Hikosaka et al.,
2000; Lauwereyns et al., 2002). This is particularly important for romantic love as the beloved
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takes on special meaning with focused attention and attraction, particularly for the face (e.g.,
Fisher 1998; Zeki, 2007). Research with rodent mammals has also shown that monogamous
prairie voles versus promiscuous ones (montane voles) have greater densities of oxytocin
receptors in the caudate. Oxytocin is stored in the pituitary gland and released during orgasm in
both sexes (e.g., Burri et al., 2008; Blaicher et al., 1999; Carmichael et al., 1987; Murphy et al.,
1987) and during childbirth and lactation in females (e.g.,Bosch, 2011; Kendrick et al., 1997).
Oxytocin has come to be known as the “trust” hormone as it has stress and fear-reducing effects
(e.g., Knobloch et al., 2012) and has been linked with increased trust in humans (e.g., Keri &
Kiss, 2011; meta-analysis, VanIzendoorn & Bakermans-Kranenburg, 2012).
Correlations with Marital Satisfaction
Numerous studies carried out over the past few decades have shown significant links
between relationship/marital satisfaction and health (e.g., Kiecolt-Glaser et al., 1998; Proulx,
Helms & Buehler, 2007, meta-analysis). Responsiveness to a close other’s needs involves
attending to and empathizing with them; approaching them; responding appropriately to their
emotional or cognitive states; and deriving a sense of reward from such interactions (this enables
learning and continuation of the behavior).
Imaging research has started to show how brain processes may mediate the various
functions needed to respond to a relationship partner’s needs. For example, in a study of giving
support to a loved one twenty racially diverse females in long-term were scanned using fMRI
while their male partners stood beside them while receiving periodic signaled electric shocks.
The female subjects were also given shocks at the start of the experiment to familiarize them
with the level of shock their partner would receive. The results showed that participants
providing support to their loved one showed greater activation of the ventral striatum region of
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the reward system. Additional analyses showed that activation of the ventral striatum was
positively correlated to higher reported support effectiveness.
Studies have shown how the perceived quality of a relationship, generally referred to as
marital or relationship satisfaction in the context of pair-bonds, is actually reflected in brain
regions associated with reward and pleasure (Acevedo et al., 2011). In addition to providing a
sense of reward, perceived relationship quality also has measurable benefits for the couple. For
example, relationship quality is associated with physical health, life satisfaction, stress-buffering,
self-esteem, and psychological well-being (e.g.,Kiecolt-Glaser & Newton 2001, review; Proulx,
Helms, & Buehler, 2007, meta-analysis; Saxbe, Repetti, & Nishina; Coan et al., 2006; Riehl,
Thomas & Willi, 2003). On the negative side, discord in romantic relationships is linked with
depression, stress, negative emotions, partner aggression, and divorce (e.g., Whisman, 2001,
meta-analysis; Beach, Arias, & O’Leary, 1986; Cohen, Klein, & O’Leary, 2007; Heyman &
Slep, 2001; Kiecolt-Glaser et al., 2005).
Several studies have investigated the neural mechanisms mediating the link between pairbond quality and health, and provide a new lens to understand human health and functioning. For
example, in a seminal study researchers assessed neural activations among 16 women in highlysatisfied marriages, responding to threat cues (shocks) and safety cues while holding their
husbands’ hand, a stranger’s hand, or no hand-holding (Coan, Schaefer, & Davidson, 2006).
Results showed that responses to threat cues were significantly attenuated while holding the
husband’s hand, as evidenced by lower neural activation in the anterior cingulate, posterior
cingulate, superior colliculis, and post-central gyri. Also, wives’ with greater marital satisfaction
scores showed decreased activation of areas interpreted by the authors as reflecting the
attenuation of threat/stress (namely, less activation of the anterior insula, superior frontal gyrus,
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and the hypothalamus) while holding a partner’s hand. Thus, perceived relationship quality
moderates the stress-buffering effects provided by pair-bonds.
Acevedo, Aron, Fisher, and Brown (under review) also examined the neural correlates of
marital satisfaction among a group of 17 individuals in happy and stable marriages. They found
positive correlations with neural regions implicated in reward and motivation (e.g., the VTA),
stress control (e.g., bed nucleus of the stria terminalis), emotion regulation (prefrontal cortex),
and empathy (e.g., anterior insula), and the mirror system (e.g. inferior frontal gyrus). The idea
that relationship partners elicit activation of areas related to empathy has been observed in other
fMRI studies (e.g., Singer et al., 2004, 2006), and they appear to be moderated by relationship
satisfaction.
Acevedo et al. (under review) also reported that relationship satisfaction was negatively
correlated with brain activity in the subcallosal cingulate gyrus, an area that shows less activity
in response to satiation (e.g., Small et al., 2001) and greater activity in major depression (e.g.,
Lozano et al., 2008). This finding has been replicated in at least two other samples of pairbonded individuals, newlyweds and individuals in early-stage romantic love (Acevedo et al.,
2010; Xu et al., under review).
Neural Correlates of Pair-bonding Over Time
Several studies of romantic love have reported correlations with relationship length,
reflecting the establishment and maintenance of pair-bonds. Aron et al. (2005) found that length
of time in-love for their newly in-love sample of 17 individuals correlated significantly with
several regions, most notably the mid-insula, the ventral putamen/pallidum, right anterior and
posterior cingulate cortex, and right posterior cingulate/retrosplenial cortex.
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Acevedo et al. (2011) found a different pattern of time-related neural activity with the
long-term romantic love sample. They reported correlations with years married in areas of the
accumbens and the periaqueductal gray. Activations in nearby regions of the accumbens were
also found in studies of individuals grieving from break-up (e.g., Fisher et al., 2011; Najib et al.,
2004) or death of a loved one (O’Connor et al., 2008). Also, activation in this area was found to
be associated with cocaine-induced “high” (Risinger et al., 2005).
It is interesting to note that Fisher et al. (2011) and Aron et al. (2005) both reported timerelated activation of the anterior cingulate associated with rejected and newly in-love individuals,
respectively. The anterior cingulate is implicated in focused attention related to cognition and
emotion (Bush et al., 2000; Rauch et al., 1999; Ursu et al., 2003) and cocaine-craving (e.g.,
Risinger et al., 2005).
In the study of rejected lovers (Fisher et al., 2011 greater number of days since the breakup was associated with less activation of the ventral pallidum s, but it was positively associated
with length of relationship for individuals in early-stage romantic love (Aron et al., 2005). The
ventral pallidum (VP) is particularly interesting as it is an area that integrates sensory, emotional,
and cognitive information and appropriate motor responses. It is rich in receptors for
vasopressin, a target site associated with monogamous pair-bonding as shown with numerous
studies with rodents (e.g., Insel et al., 1994; Young et al., 2001). It has also been linked with
ethanol consumption and cocaine-seeking behavior (e.g., Childress et al., 2008; Kemppainen et
al., 2010; Root et al., 2010); hunger and satiation signals (e.g., Berridge et al., 2010; Smith et al.,
2008); and mood disorders and dysregulated emotion regulation (e.g., e.g., Murrough et al.,
2011; Prossin et al., 2010; Zubieta et al., 2003, 2003). This suggests the VP may be a key target
site for addiction and social bonding research.
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Pair-bonding and Addiction
Collectively, the results with time-related responses are important for pair-bonding
research. They provide seeds for understanding the unfolding of human pair-bonding as bonds
are created (e.g., Bartels & Zeki, 2000; Aron et al., 2005, Xu et al., 2011), dissolved (e.g., Fisher
et al., 2011; Najib et al., 2004) and sustained over time (e.g., Acevedo et al., 2011). Moreover, by
integrating knowledge of the neural underpinnings of the human attachment system with new
discoveries in addiction research scientists gain important insights and guiding principles for
alleviating problems related to addiction and suffering from the loss of a loved one. For example,
as described above, some key neural sites—such as the ventral pallidum, accumbens, and
anterior cingulate—are both critical for attachment bonding (both romantic and parental) and
addiction functions. Thus, they may be targeted specifically in future research.
Finally, by highlighting the shared neural circuitry between attachment and addiction we
revisit a hypothesis that substance-use in mammals may be a repair attempt to replace natural
neurobiological processes provided by attachment bonds (e.g., Flores, 2004; Lewis et al., 2000;
MacLean 1990). This may explain how the in the presence of distressed attachment relationships
or insecure attachment styles, individuals may develop ineffective styles of coping to stress and
social challenges leaving them susceptible to addictive compulsions. However, by understanding
the close tie in neural circuitry for attachment bonds and addiction, program developers and the
like may utilize this knowledge to make strides in helping individuals overcome unwanted
addictions. In other words, by increasing awareness and knowledge of the close tie between
addiction and attachment, health-care providers, therapists, researchers, funding-agencies, and
intervention and treatment program developers may put “close relationships” front-and-center in
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their practices to more effectively help individuals overcome unwanted addictions and recover
from loss.
Conclusions
In the current chapter we reviewed published studies to date examining the neural
correlates of romantic love in humans. Results from a variety of studies across the globe, using
varying procedures, relationship stages, both opposite and same-sex relationships, in the context
of new love (e.g., Aron et al., 2005; Bartels & Zeki, 2000), lasting love (e.g., Acevedo et al.,
2011), and even romantic rejection (Fisher et al., 2011), all show involvement of the brain’s
dopaminergic reward system important for motivation and approach-related behaviors. This
supports the idea that romantic love is a basic human motivation, a driving force associated with
wanting and longing to be united with a beloved (e.g., Aron & Aron, 1986; Hatfield & Sprecher,
1986; Fisher, 1998; Acevedo et al., 2010). Romantic love is multi-faceted. It is associated with
behaviors necessary for survival and propagation of the species, such as reproduction and pairbonding. It also involves complex phenomenon, such as relationship-satisfaction and inclusion of
other in the self.
We also reviewed several studies examining the neural mechanisms mediating the link
between pair-bond quality and health. These studies suggest that providing support to a loved
one is associated with reward-related brain activity (Inagaki & Eisenberg, 2012), a good
indicator for continuation of the behavior. Also, receiving support from a loved one is associated
with the attenuation of stress and threat response neural responses and the effects seem to be
moderated by perceived relationship quality, such that individuals in more satisfying
relationships experience stronger buffering (e.g., Coan et al., 2006). Finally, relationship quality
is associated with brain regions involved in reward and motivation, stress, emotion regulation,
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empathy, and mood disorders (Acevedo et al., under review). These studies provide a new lens to
understand human health, and highlight mediating processes linking attachment bond quality
with physiological, emotional, and psychological health, supporting decades of research linking
marital quality and health (e.g., Kiecolt-Glaser et al., 1998) and observational research conducted
decades earlier with orphan children and primates deprived of social bonds (e.g., Spitz, 1951;
Harlow, 1965; Robertson, 1971; Bowlby, 1977).
In addition to romantic love, relationship satisfaction, and pair-bonding, the
dopaminergic reward system is also implicated in behaviors related to feeding (Hare et al.,
2008), monetary gains (D’Ardenne et al., 2008), and consumption of addictive substances such
as cocaine and alcohol (e.g., Heinz et al., 2004; Risinger et al., 2005). By highlighting and
understanding the shared neural circuitry between human attachment bonds and addiction healthcare providers, therapists, researchers, funding-agencies, and intervention and treatment program
developers may be better able to serve individuals overcome unwanted addictions and recover
from loss.
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