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ABSTRACT

Human attachment and romantic love are complicated biopsychosocial processes, which have evolved to support pair-
bonding, reproduction, and survival of offspring. This review analyses the neurochemical basis of romantic attachment
in three different phases, which are attraction, romantic love, and long-term attachment, although they overlap. The
neo-neuroimaging and neo-endocrine data have shown that the emotional and behavioural expression of human bonding
is coordinated by particular neurotransmitter systems, such as dopamine, oxytocin, vasopressin, and serotonin. The
paper summarizes the existing knowledge on the impact of these molecular mechanisms on relationship formation,
maintenance, and dissolution and addresses the topic of individual differences in attachment patterns and their
neurobiological correlates. The neurochemical knowledge of love can be used in clinical therapy of relationship
dysfunction, attachment disorders, or in the general understanding of human social behaviour.
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INTRODUCTION

In all its manifestations, love is one of the deepest
experiences of humanity, but it is also based on the
neurobiological processes that can be measured.
Scientific studies of love have advanced in leaps since
the seminal work by Fisher, who suggested that there
are different systems in the brain that are used to
attract, romantically love, and attach [1]. Modern
neuroscience also discloses how what poets have been
explaining or raving about over thousands of years
concerns the heart; it is actually complicated
neurochemical activity coordinated by the brain. In
evolutionary terms, romantic attachment capabilities
provided significant adaptive benefits. The pair-
bonding also enabled biparental care, a higher
survival rate of the offspring, and the formation of
social structures, which improved cohesion of the
groups. The neurochemical pathways of these
behaviours are strikingly similar across mammal
species, indicating ancient evolutionary roots. An

example of this is prairie voles, which have been an
essential animal model for studying monogamous
pair-bonding because of close neurochemical
parallels of their attachment mechanisms with human
attachment mechanisms [2]. In this review, the
molecular mechanisms that govern human romantic
relationships have been reviewed in an integrated
approach, and how neurotransmitters, neuropeptides,
and hormones interplay to generate the subjective
experience of love as well as stimulate the attachment
behaviours. We also take into consideration the effect
of individual differences within these systems, which
can explain the difference in attachment styles and
relationship outcomes.

The Three-Phase Model of Romantic Love

Fisher and colleagues hypothesized a theory of
romantic love according to which there are three
neurobiological systems, but each is separate yet tied
to each other: lust, attraction, and attachment. All the
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stages have various neurochemical profiles and play
different functions of evolution.

Lust: The Foundation Phase

Sexual desire or lust is mainly determined by sex
hormones, which are present in both males and
females, though in varying quantities, i.e.,
testosterone and estrogen. These hormones act on the
hypothalamus and lead to the desire of attaining
sexual satisfaction. The sexual desire level is
intertwined with the level of testosterone, and it has
been shown that testosterone can be used to boost
libido in males and females. But lust in itself is not
sufficient to explain partner preference or selective
bonding and involves other neurochemical systems

[3].
Attraction: The Romantic Love Phase

The attraction phase, which is full of excessive
attention to a particular person, euphoria when being
together with the person, and intrusive thinking about
the beloved person, is found to have a particular
neurochemical profile. The study findings of
functional magnetic resonance imaging indicate that
people who look at the pictures of romantic partners
experience greater activation of the areas of the brain
containing dopamine, especially the ventral tegmental
area and caudate nucleus, which are related to reward

processing and motivation [4]. Dopamine is very
critical during this stage. High doses of dopamine
create exhilaration, energy, concentration, attention,
and drive to seek pleasures—all the traits of early
romantic love. The dopaminergic reward system
generates some positive reinforcement to the
closeness of the romantic partner, like the processes
that take place in addiction. This analogy is the reason
why romantic love is capable of causing dependency-
like symptoms, such as tolerance, withdrawal, and
relapse patterns. Interestingly, these people in early-
stage romantic affection demonstrate a reduction in
serotonin levels, similar to that of the case of the
obsessive-compulsive condition. This decrease can
explain the intrusive, obsessive thinking of the
beloved that is a feature of new relationships. Also,
the levels of norepinephrine rise when one feels
attraction, which adds to arousal, a rapid heart rate,
and physiological thrill that is caused by romantic
interactions [5].

Attachment: The Long-Term Bonding Phase.

With the development of the relationships, beyond
attraction, attachment mechanisms dominate. This
stage is full of neuropeptides like oxytocin and
vasopressin, as it is the stage that is full of calmness,
security, and emotional connection to the long-term
partner [6].
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Fig. 1: Phases of Romantic Love
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The Oxytocin System in Human Bonding

Oxytocin, a hormone released by the posterior
pituitary and synthesized in the hypothalamus, has
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been shown to play a key role in social bonding, trust,
and attachment. Oxytocin, commonly known as the
bonding hormone, helps in bonding, social
recognition, and pair-bonding between mother and
child [7]. Sexual activity and orgasm are some
physical actions that cause significant release of
oxytocin between both partners. The release
encourages a sense of intimacy and attachment, which
essentially connects sexual activity to emotional
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attachment. Even non-sexual physical contact, like
hugging and hand-holding, also triggers oxytocin
secretion, which strengthens a collaboration by daily
interaction [8]. The effects of intranasal oxytocin
treatment on social behaviour have been shown by
research. According to research, oxytocin improves
the ability to recognize emotional facial expressions,
promotes positive behaviour, builds trust, and
increases generosity in economic games. When it
comes to romantic relationships, oxytocin use makes
the partners attractive and enhances positive
communication in  conflict  resolution. The
polymorphisms of the oxytocin receptor genes have
been linked to personal attachment security
variations. The OXTR gene variability is also related
to the attachment style, with some alleles related to
the secure patterns of attachment and higher
satisfaction in relationships [9]. This genetic effect
shows that there are inherited elements in attachment
capacity, but the environment is still a significant
determinant.

Vasopressin and Partner Preference

Vasopressin is a hormone that is structurally similar
to oxytocin, which is particularly significant in the
behaviour of male attachment but works in both sexes.
Research conducted on prairie voles has been used to
explain the role of vasopressin in pair-bonding.
Vasopressin signalling in certain areas of the brain,
and especially in the ventral pallidum, is essential to
male prairie voles developing a strong partner
preference after mating and necessitating this bonding
behaviour [10]. The level of vasopressin grows during
sexual arousal in humans, and it seems to affect
partner bonding in men in particular. Men whose
vasopressin receptor gene variants are higher have
lower relationship quality and relationship
dissolution. Also, male social recognition and
territorial behaviour are affected by the administration
of vasopressin, which implies that it goes beyond
mere attachment to partner defense and mate guarding
[11]. The oxytocin/vasopressin cross-communication
provides a neurochemical condition that supports
prolonged pair-bonding. Although oxytocin facilitates
trust and affiliation, vasopressin is seen to be more
intertwined with selective partner preference and
relationship maintenance behaviours.

Neural Correlates of Attachment
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Neuroimaging shows that long-term attachment is
associated with the contribution of areas of the brain
that are not the same as those of early-stage romantic
love, although there is some overlap. The ventral
pallidum and globus pallidus are areas of the brain
that are activated in the brains of individuals in long-
term relationships and are highly concentrated in
oxytocin and vasopressin receptors [12]. These
regions also fail to become activated as much due to
anxiety and fear, which is a pointer that safe
attachment provides stress-protective effects. The
emotional processing and empathy areas, the anterior
cingulate cortex and insula, show a higher level of
activation when the participants view pictures of long-
term partners [13]. This pattern of activation indicates
that long-term love deals with empathic concern and
emotional identification with the experience of the
partner. Amazingly, other studies show that even in
long-term relationships, people can sustain the
dopaminergic reward system activation while looking
at images of partners, which disproves the belief that
romantic feelings always decline over the time of the
relationship. The results indicate that the trends of
neurochemical profiles change throughout the course
of the relationship, but the engagement of the reward
system can be maintained in long-term relationships.

Individual Differences and Attachment Styles

The attachment theory given by Bowlby during his
observations of infant-caregiver relationships has
been applied to romantic relationships between adults.
Secure, anxious, and avoidant styles are systematic
differences in relationship expectations, emotion
regulation, and bonding behaviour. There is emerging
evidence that these patterns are neurobiologically
correlated [14]. Individuals with anxious attachment
styles are characterized by an increased amygdala
response to rejection cues and an increased stress
reactivity [15]. They might have changed the
functioning of the oxytocin system, and some
research indicates that the oxytocin reactions to the
dangers in relationships are exaggerated. In contrast,
avoidant people demonstrate less activation in the
brain regions related to the reward and social
connection when they see partner pictures, which may
indicate the suppressed activation of the attachment
system. Such neurobiological variations are probably
due to complicated environmental and gene
interactions. The stress regulation and social bonding
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circuits of the brain are patterned in early caregiving
to produce patterns of relationships during adulthood
[16]. However, these patterns can be altered, and
therapeutic interventions and corrective relationship
experiences can modify attachment representations
and neural substrates involved.

Clinical Implications and Future Directions

Neurochemistry of love has important clinical
implications. Dysfunction in relationships is
commonly associated with dysregulation of the
attachment systems, and the interventions aimed at
neurochemical processes are promising. Oxytocin
release could be used to help couples reconnect
emotionally by using couples therapy that involves
physical touch and bonding activities [17].
Mindfulness-based interventions seem to regulate the
neurochemical reactions to stress, which may increase
the resilience of relationships. Pharmacological
interventions that deal with attachment systems are
mostly exploratory, but they may be the way forward
in the future. Although the application of oxytocin or
other neurochemicals to improve relationships brings
ethical concerns, the study of these systems may guide
the treatment of attachment disorders, social anxiety
that impacts relationship, and bonding problems
related to trauma [18]. The limitations in the current
knowledge should be overcome by future research.
Majority of neurochemical research entails relatively
small samples and needs to be replicated. The
complexity of human relationships is not confined to
neurochemical processes that can be measured, but it
encompasses cultural, psychological and situational
factors. Also, studies have mostly focused on
heterosexual relationships; research on
neurochemical activities in same-sex relationship and
other forms of relationships structures remain limited
[19].

CONCLUSION

Neurochemistry of love demonstrates that the
subjective experience of romantic attachment has
actual molecular mechanisms. Dopamine mediates
the attraction euphoria and motivation of early
attraction, oxytocin and vasopressin mediate long-
term bonding and attachment security. These systems
have developed to favour the behaviours needed to
achieve reproductive success and offspring survival
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but they give rise to the rich emotional environment
of human relationships. This neurobiological
knowledge does not downgrade the great importance
of love or make it a chemistry. Instead, it sheds light
on the astounding complexity of brain mechanisms
that human beings use to develop profound and
lifelong emotional connections. With the future of
research, neurochemical, psychological and social
approaches will give more and more complete
accounts of the way human beings connect, attach,
and sustain the relationships that constitute their
emotional lives. Knowledge of the molecular
processes of love is at once both scientific and
practical in terms of facilitating healthy relationships
and handling attachment-related challenges. The
further exploration of neurochemical mechanisms
involved in human bonding is likely to enhance our
understanding of this essential phenomenon of human
experience.
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