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ABSTRACT

Romantic relationship represents one of the most intense forms of heartbreak social pain arising out of disintegration,
often leading to prolonged emotional pain. Emotional evidence from neuroimaging studies has shown that the brain
processes heartbreaking in ways that are attained by physical pain, especially the anterior cingulate cortex. This review
synthesizes the current findings of how the intervention in the attachment system activates the overlapping nervous
circuit responsible for the perception of pain, reduces the sensitivity to the reward, and increases stress reactions. There
are central neurochemical changes for this process that include dopamine and oxytocin, two major neurotransmitters
that regulate relationships, motivations and emotional regulation. We discuss personal variability in further sensitivity
and recover from heartbreak, informing why some individuals experience deep psychological wounds. Understanding
the neurobiology of heartbreak not only deepens our understanding of human attachment and social pain, but also has
important implications for developing clinical intervention targeted to reduce emotional crisis.
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INTRODUCTION relationship dissolution. Heartbreak's scientific
examination sits at the intersection of several major
neuro scientific domains, including social neurology,
emotional neurology, and stress biology. The concept
of "social pain" - as an unpleasant experience arising
out of real or potential psychological distance from
close people - has emerged as a central structure to

Romantic relations experience disintegration -
commonly called "heartbreak” - a universal human
experience that crosses cultural boundaries and
historical ages. Despite its omnipresent, the
neurobiological underpinning of heartbreak has

recently initiated a systematic examination through a
lens of modern neurology. Acute emotional pain
associated with relationship breakup is often more
than rivals or physical pain in its subjective intensity,
suggests shared neurobiological mechanisms that
have developed to induce social relations and prevent

understand heartbreak. This structure suggests that
social rejection and loss pain shares neurobiological
system with physical pain, which reflects the
evolutionary significance of social connections for
survival. Contemporary neuro scientific research
employs several functioning approaches to investigate
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heart breakdown, including functional magnetic
resonance imaging (fMRI), positron emission
tomography (PET), electroencephalography (EEG),
and biochemical analysis of neurotransmitters. These
complementary approaches have shown that

Heartbreak involves complex interaction between
brain areas associated with reward processing, pain
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perception, attachment, and emotional regulation [1,
2].

Neuroanatomical Foundations of Heartbreak

The Social Pain Network 34

Social pain

Fig. 1: Social Pain Network in our brain

Neuroanatomical base of heart -breaking centers has
called researchers a "social pain network" - a
collection of brain areas that show frequent activation
during social rejection and loss experiences. The main
components of this network include the anterior
cingulate cortex (ACC), especially dorsal anterior
cingulate cortex (DACC), and the right ventral
prefrontal cortex (RVPFC). These areas display
remarkable overlap with brain physical pain
processing systems, providing neurobiological
support for the common metaphor language used to
describe heartbreak. DACC acts as an important
center to process the affectionate component of both
physical and social pain. The region reflects an
increase in activism during the crisis related to the
relationship and corrupts with subjective reports of
the intensity of emotional pain. The role of DACC in
pain processing is complemented by its extensive
connection to limbic structures, allowing it to
integrate emotional and cognitive aspects of heart
breakage experience. In contrast, RVPFC plays a
regulatory role in social pain processing. The region
reflects an increase in activism during efforts to deal
with social disappointment and is associated with low
subjective crisis. The regulatory function of RVPFC
can explain individual differences in heartbreak
recovery, as individuals with strong prefrontal

/—1

4

1@, INTERNATIONAL JOURNAL OF SCIENTIFIC RESEARCH AND TECHNOLOGY

regulatory capacity may be better in modifying their
emotional reactions to the loss of relationships.

Limbic System Involvement ¢!

The limbic system plays a central role in the
emotional processing aspects of the heartbreak.
Amygdala, often considered the "alarm system" of the
brain, increases the activation during the acute stages
of the relationship dissolution. This activation is
associated with increased emotional reactivity, hyper
vigilance for attachment related stimuli, and strong
emotional memories related to lost relationships.
Hippocampus, important for memory formation and
recovery, becomes very active during heart break,
contributes to infiltration ideas and memories
marking this experience. The role of the hippocampus
in relevant memory may explain why some places,
songs or objects can trigger intensive emotional
reactions long after the end of a relationship. The
nucleus accumbens, a major component of the brain's
reward system, reflects the complex pattern of
activation during heartbreak. Initially, this area can
increase activation while looking at photos of the
former partner, suggests continuous prize processing
despite the end of the relationship. Over time, this
activation is usually reduced because the brain is
suitable for the absence of rewarding stimulation.
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Prefrontal Cortex Regulation 52

The prefrontal cortex (PFC) performs several tasks in
the processing of heart breaking, including cognitive
control, emotional regulation and executive decision
making. dorsolateral prefrontal cortex (dIPFC) is
particularly — important  for  cognitive  control
procedures, such as attention regulation and working
memory. During Heartbreak, dIPFC may be admitted
to suppress ideas of infiltration about former partner
and to pay attention to other activities. The
ventromedial prefrontal cortex (vmPFC) plays an
important role in emotional regulation and self-

proclaiming processing. The region reflects the
converted activation pattern during heartbreak,
potentially contributes to the self-centered rumor that
is characterized by this experience. Connections to
vmPFC's limbic structures keep it in position as a
major regulatory center for managing the emotional
intensity of heartbreak. Orbitofrontal Cortex (OFC) is
involved in prize processing and decision making,
especially in social contexts. During Heartbreak, the
OFC may show changed reactions to social awards,
possibly contributing to low motivation to social
interaction that many individuals experience during
relationship disintegration.

Prefrontal
Cortex
Dorsolateral Ventromedial Orbitofrontal
Prefrontal Prefrontal Cortex
Cortex Cortex
Cognitive Emotional Social
Control Regulation Decision
Making
Attention Working Self Social
Regulation Memory Proclaiming Reward

Processing

Processing

Fig. 2: Neurofunctional foundation of Heartbreak

Neurotransmitter Systems in Heartbreak
The Dopamine System [13-17]

The central system goes through significant
disruption during heartbreak, to reward the dopamine
system, processing and inspiration. The romantic
relationship is associated with the release of increased
dopamine in its projection goals, including nucleus
accumbens and prefrontal cortex, in the romantic
relationships and its launch goals. The sudden
absence of awards related to the relationship after the
breakup can lead to a state similar to withdrawal from
drug addiction. During the acute phase of heart break,
the level of dopamine can dramatically ups and
downs. The initial risk for the former partner's
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reminder can trigger the dopamine release, which can
create a pattern similar to the reinforcement that can
maintain attachment behavior despite their futility.
This dopaminergic reaction can explain frequent
binding behaviors during the heart break, such as
repeatedly checking social media or trying to contact
a former partner. The role of the dopamine system in
inspiration and target-directed behavior is also
compromised during heart-breaking. The prefrontal
cortex can contribute to low dopamine signalling
anhedonia and reduce motivation which is
characterized by symptoms such as depression after
dissolution. Restoration of normal dopamine function
is important for recovery from heartbreak and the
ability to create new romantic attachments.
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Oxytocin and Vasopressin (1824

Oxytocin and vasopressin, often referred to as
"bonding hormones,"” play complex roles in
heartbreak. These neuropeptides are released during
positive social interactions and physical intimacy,
contributing to the formation and maintenance of pair
bonds. The disruption of oxytocin and vasopressin
systems during relationship dissolution may
contribute to the intense longing and separation
distress experienced during heartbreak. Oxytocin
levels may initially remain elevated following a
breakup, potentially contributing to continued
attachment behaviors and the desire for reconciliation.
However, the absence of reciprocal oxytocin-
releasing interactions with the former partner may
lead to dysregulation of this system over time.
Individual differences in oxytocin receptor genetics
may influence vulnerability to heartbreak and
recovery trajectories. Vasopressin, particularly
important for male bonding behaviors, may also be
disrupted during heartbreak. The relationship between
vasopressin and territorial/protective behaviors may
contribute to the jealousy and possessiveness that
sometimes accompany relationship dissolution.
Understanding these neuropeptide systems may
provide insights into gender differences in heartbreak
experiences and recovery patterns.

Serotonin and Mood Regulation 2528

The serotonin system, crucial for mood regulation and
emotional well-being, is significantly impacted
during heartbreak. Serotonin  dysfunction is
associated with depression, anxiety, and obsessive-
compulsive symptoms—all of which are common
features of the heartbreak experience. The disruption
of serotonin signalling may contribute to the mood
instability, sleep disturbances, and cognitive
difficulties that characterize heartbreak. Serotonin's
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role in impulse control may also be compromised
during heartbreak, potentially contributing to
maladaptive coping behaviours such as substance use
or self-harm. The restoration of serotonin function
through time, lifestyle changes, or therapeutic
interventions may be crucial for recovery from
heartbreak. The interaction between serotonin and
other  neurotransmitter  systems,  particularly
dopamine, may be particularly important in
heartbreak. The balance between these systems
influences mood, motivation, and reward processing,
all of which are disrupted during relationship
dissolution. Understanding these interactions may
inform the development of targeted interventions for
heartbreak-related distress.

Stress Response Systems [2%-32]

The hypothalamic-pituitary-adrenal (HPA) axis is
robustly activated during heartbreak, leading to
elevated cortisol levels and chronic stress responses.
This activation is adaptive in the short term,
mobilizing resources to cope with the crisis of
relationship loss. However, chronic activation of the
HPA axis can have detrimental effects on physical and
mental health. Elevated cortisol levels during
heartbreak may contribute to sleep disturbances,
appetite changes, immune system suppression, and
cognitive difficulties. The interaction between
cortisol and other neurochemical systems, particularly
serotonin and dopamine, may exacerbate the negative
emotional consequences of heartbreak. The
noradrenergic system, involved in arousal and stress
responses, is also activated during heartbreak.
Increased norepinephrine release may contribute to
the hyper vigilance, anxiety, and physical symptoms
(such as heart palpitations) that accompany
heartbreak. The gradual normalization of stress
response systems is likely important for recovery
from heartbreak.
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Neuroplasticity and Recovery Mechanisms 1333
Adaptive Neuroplasticity

The brain's capacity for neuroplasticity—the ability to
reorganize and form new neural connections—plays a
crucial role in recovery from heartbreak. While the
initial neurobiological response to relationship
dissolution is largely maladaptive, the brain gradually
adapts to the absence of the former partner through
various neuroplastic mechanisms. Synaptic plasticity
in reward-related brain regions allows for the gradual
extinction of conditioned responses to relationship-
related stimuli. This process, similar to extinction
learning in addiction recovery, involves the formation
of new neural pathways that compete with established
attachment-related memories. The prefrontal cortex
plays a crucial role in this process by exerting top-
down control over limbic responses. Structural
neuroplasticity may also contribute to recovery from
heartbreak. Changes in dendritic spine density and
synaptic strength in brain regions involved in social
bonding may reflect the brain's adaptation to the
absence of the former partner. These structural
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changes may be influenced by factors such as social
support, physical exercise, and therapeutic
interventions.

Cognitive Reappraisal and Prefrontal Function

The development of cognitive reappraisal skills—the
ability to reinterpret emotional situations in less
distressing ways—is a key component of recovery
from heartbreak. This process involves increased
activation of prefrontal control regions and their
ability to modulate limbic responses. Individuals who
develop effective reappraisal skills may show faster
recovery from heartbreak and greater resilience to
future relationship challenges. The prefrontal cortex's
role in cognitive reappraisal involves multiple
subregions working in concert. The dIPFC contributes
to attentional control and working memory processes
needed to maintain alternative interpretations of
relationship events. The vmPFC integrates emotional
and cognitive information to generate new emotional
responses. The development of these prefrontal
control mechanisms may be a key target for
therapeutic interventions.

220 | Page



Arnab Roy, Int. J. Sci. R. Tech., 2025 2(7), 216-227 [Review

Memory Reconsolidation

The process of memory reconsolidation—the
updating of existing memories when they are
retrieved—may play an important role in recovery
from heartbreak. Each time relationship-related
memories are recalled, they become temporarily
labile and subject to modification. This process
provides opportunities for therapeutic interventions

that can help individuals develop more adaptive
memories of their past relationships. Memory
reconsolidation involves complex interactions
between the hippocampus, amygdala, and prefrontal
cortex. Understanding these mechanisms may inform
the development of interventions that can help
individual’s process relationship memories in more
adaptive ways, reducing the emotional intensity
associated with these memories over time.

Adaptive Neuroplasticity

The brain's ability to reorganize and form new neural
connections

Cognitive Reappraisal

Developing skills to reinterpret emotional situations

Memory Reconsolidation

Updating existing memories to reduce emotional
intensity

Fig. 4: The brain’s Journey through heartbreak recovery

Individual Differences and Vulnerability Factors
[36-38]

Genetic Influences

Individual differences in heartbreak vulnerability and
recovery are influenced by genetic factors affecting
neurotransmitter systems, stress responses, and
attachment behaviors. Polymorphisms in genes
encoding dopamine receptors, serotonin transporters,
and oxytocin receptors may influence how individuals
respond to relationship dissolution. The dopamine D2
receptor gene (DRD2) has been associated with
differences in reward sensitivity and addiction
vulnerability. Individuals with certain DRD2 variants
may be more susceptible to the addictive-like aspects
of romantic attachment and may experience more
difficulty during relationship dissolution. Similarly,
variants in the serotonin transporter gene (5-
HTTLPR) may influence vulnerability to depression
and anxiety during heartbreak. Oxytocin and
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vasopressin receptor genes may influence attachment
style and bonding behaviours. Individuals with certain
genetic variants may form stronger attachments and
experience more intense distress during relationship
dissolution. Understanding these genetic influences
may help identify individuals at risk for complicated
grief following relationship loss.

Attachment Style

Attachment style, formed through early caregiving
experiences, significantly influences how individuals
respond to relationship dissolution. Individuals with
secure attachment styles generally show more
adaptive responses to heartbreak, with better
emotional regulation and faster recovery. In contrast,
those with insecure attachment styles may experience
more intense and prolonged distress. Anxious
attachment is associated with heightened activation of
the attachment system during relationship threats.
Individuals with anxious attachment may show
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increased amygdala reactivity and decreased
prefrontal control during heartbreak, contributing to
more intense emotional distress and slower recovery.
The fear of abandonment central to anxious
attachment may also lead to maladaptive coping
behaviors. Avoidant attachment is characterized by
suppression of attachment-related emotions and
behaviors. While individuals with avoidant
attachment may appear less distressed during
heartbreak, they may actually show altered neural
responses  suggesting  suppressed  emotional
processing. This suppression may interfere with the
natural grieving process and lead to delayed or
complicated recovery.

Psychological Factors

Several psychological factors influence vulnerability
to heartbreak and recovery trajectories. Rumination—
the tendency to repetitively focus on negative

thoughts and emotions—is associated with prolonged
distress and delayed recovery. Neuroimaging studies
suggest that rumination involves increased activation
of the default mode network and decreased prefrontal
control. Emotional regulation skills are crucial for
adaptive responses to heartbreak. Individuals with
better emotional regulation abilities show more
effective prefrontal control over limbic responses and
faster recovery from relationship dissolution. These
skills can be developed through therapeutic
interventions and mindfulness practices. Self-esteem
and self-concept clarity also influence heartbreak
responses. Individuals with lower self-esteem may
experience more intense distress during heartbreak,
particularly if their self-concept was heavily
dependent on the relationship. The process of
rebuilding  self-identity  following relationship
dissolution may be particularly challenging for these
individuals.

Heartbreak: More Than Meets the Eye

Heartbreak Distress

Visible emotional and behavioral
reactions

Attachment Style

Early caregiving shapes
relationship responses

Psychological Factors

( Rumination, regulation, and self-
esteem impact recovery

Fig. 5: Individual differences and vulnerability factors

Therapeutic Implications and Interventions (63!
Pharmacological Approaches

Understanding the neurochemical basis of heartbreak
has led to exploration of pharmacological
interventions for severe cases of relationship-related
distress. Selective serotonin reuptake inhibitors
(SSRIs) may be beneficial for individuals
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experiencing depression and anxiety following
relationship dissolution. These medications can help
restore serotonin function and improve mood
regulation. Dopamine-modulating medications may
be useful for addressing the addictive-like aspects of
romantic attachment. However, care must be taken to
avoid interfering with the natural grieving process or
the ability to form future attachments. The use of
medication should be considered in the context of the
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individual's overall mental health and functioning.
Oxytocin-based interventions are being explored for
their potential to facilitate healthy attachment and
social bonding. However, the complex role of
oxytocin in heartbreak means that such interventions
must be carefully designed to promote healing rather
than maintaining maladaptive attachment behaviors.

Psychotherapeutic Interventions

Cognitive-behavioral therapy (CBT) has shown
promise for addressing heartbreak-related distress.
CBT techniques can help individuals identify and
modify maladaptive thought patterns, develop better
coping strategies, and improve emotional regulation
skills. The focus on cognitive reappraisal in CBT
aligns well with the neurobiological understanding of
prefrontal control mechanisms. Mindfulness-based
interventions may be particularly beneficial for
heartbreak recovery. Mindfulness practices can help
individuals observe their thoughts and emotions
without being overwhelmed by them, potentially
strengthening prefrontal control mechanisms. These
interventions may also promote neuroplasticity and
adaptive brain changes. Attachment-based therapies
focus on understanding and modifying attachment
patterns that contribute to relationship difficulties.

SSRIs

Improves mood regulation

MHaalthy Attarhmant
Heaiiny Attacnment

Facilitates future
relationships

General interventions for
distress

These approaches may be particularly beneficial for
individuals with insecure attachment styles who
experience more intense or prolonged heartbreak.

Lifestyle Interventions

Physical exercise has been shown to promote
neuroplasticity and improve mood regulation through
multiple mechanisms. Exercise increases the
production of brain-derived neurotrophic factor
(BDNF), which supports neuronal growth and
survival. It also promotes the release of endorphins
and other neurotransmitters that can improve mood
and reduce stress. Social support is crucial for
recovery from heartbreak. Strong social connections
can help buffer the stress response and provide
alternative sources of oxytocin and social reward.
Encouraging individuals to maintain and develop
social connections may be an important component of
heartbreak recovery. Sleep hygiene and stress
management techniques are also important for
recovery. The disruption of sleep and stress systems
during heartbreak can perpetuate the cycle of distress
and interfere with natural recovery processes.

Addressing these basic health factors may be crucial
for promoting healing.

(4 Oxytocin-based
Interventions

Promotes social bonding

Dopamine-modulating
Medications

Addresses addictive
attachment

Fig. 6: Pharmacological Interventions for Heartbreak

Future Directions and Research Opportunities -
44]

Technological Advances

]
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Advances in neuroimaging technology continue to
provide new insights into the neurobiology of
heartbreak. High-resolution fMRI techniques allow
for more precise mapping of brain activation patterns,
while connectivity analyses reveal how different brain
regions interact during heartbreak. These advances
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may lead to more targeted therapeutic interventions.
Real-time neurofeedback technologies may allow
individuals to gain direct control over their brain
activity patterns during heartbreak. These approaches
could help individuals develop better emotional
regulation  skills and  promote  adaptive
neuroplasticity. However, more research is needed to
determine the effectiveness and safety of such
interventions. Wearable devices that monitor
physiological markers of stress and emotional distress
may provide new opportunities for early intervention
and personalized treatment approaches. These devices
could track markers such as heart rate variability,
cortisol levels, and sleep patterns to provide real-time
feedback on recovery progress.

Precision Medicine Approaches

The development of precision medicine approaches to
heartbreak may involve genetic testing to identify
individuals at risk for complicated grief or prolonged
distress. Understanding individual genetic profiles
could inform personalized treatment
recommendations and help optimize therapeutic
outcomes. Neuroimaging-based biomarkers may also
be developed to predict recovery trajectories and
treatment responses. Patterns of brain activation or
connectivity could help clinicians identify individuals
who may benefit from specific interventions or who
may be at risk for complicated recovery.

Longitudinal Studies

Long-term longitudinal studies are needed to better
understand the natural course of heartbreak recovery
and the factors that influence outcomes. These studies
could help identify critical periods for intervention
and provide insights into the development of
resilience. Prospective studies that follow individuals
before, during, and after relationship dissolution
would provide valuable insights into the
neurobiological changes that occur during heartbreak.
These studies could help distinguish between adaptive
and maladaptive responses and identify early warning
signs of complicated grief.

CONCLUSION

The neuroscience of heartbreak represents a rapidly
evolving field that has provided important insights
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into the biological basis of social pain and attachment.
The convergence of evidence from neuroimaging,
neurochemistry, and behavioral studies has revealed
that heartbreak involves complex interactions
between brain systems involved in reward processing,
pain perception, stress responses, and emotional
regulation. Understanding the neurobiological
mechanisms of heartbreak has important implications
for both basic neuroscience research and clinical
practice. From a basic science perspective, heartbreak
research has advanced our understanding of social
pain mechanisms, attachment systems, and the neural
basis of human social behavior. From a clinical
perspective, this research has informed the
development of targeted interventions for
relationship-related distress and has highlighted the
importance of addressing the biological as well as
psychological aspects of heartbreak. The recognition
that heartbreak involves real neurobiological changes
has also helped validate the subjective experience of
relationship loss and has reduced stigma around
seeking help for relationship-related distress. This
understanding emphasizes that heartbreak is not
simply a matter of "getting over it" but involves
complex biological processes that take time to
resolve. Future research in this field will likely focus
on developing more precise models of individual
differences in heartbreak vulnerability and recovery,
as well as creating more effective and personalized
interventions.  The integration of  genetic,
neurobiological, and psychological factors will be
crucial for advancing our understanding of this
universal human experience. The study of heartbreak
also has broader implications for understanding
human social behavior and the evolutionary origins of
social bonding. The pain of relationship loss may have
evolved as a mechanism to motivate relationship
maintenance and prevent the dissolution of important
social bonds. This evolutionary perspective provides
important context for understanding why heartbreak
is such a powerful and universal human experience.
As our understanding of the neuroscience of
heartbreak continues to evolve, it is important to
remember that this knowledge should be used to
reduce suffering and promote healing. The goal is not
to eliminate the capacity for deep attachment, which
is fundamental to human well-being, but to help
individuals navigate the inevitable challenges of
relationship loss with greater resilience and hope for
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future connections. The neurochemistry of heartbreak
represents a fascinating intersection of biology,
psychology, and human experience. By continuing to
unravel these complex mechanisms, we can work
toward a more compassionate and effective approach
to helping individuals heal from one of life's most
challenging experiences. The journey from heartbreak
to healing is deeply personal, but understanding the
biological processes involved can provide valuable
insights and hope for those navigating this difficult
terrain.
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