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Abstract

Love is a complex human experience that involves a combination of emotional, psychological, neurological, and biochemical processes.
Although it is commonly described as an emotion, scientific research demonstrates that several neurotransmitters and hormones contribute
to the feelings of attraction, affection, pleasure, and attachment associated with love. Among these chemical messengers, dopamine, sero-
tonin, and oxytocin play significant roles in influencing emotional responses and interpersonal relationships. Dopamine is primarily asso-
ciated with the brain's reward and motivation systems, contributing to feelings of pleasure, excitement, and the desire to maintain mean-
ingful interactions. Serotonin participates in mood regulation, emotional processing, and cognitive functions, potentially influencing atten-
tion and thought patterns during romantic attraction. Oxytocin, often studied in the context of social bonding, contributes to attachment,
trust, and affiliative behaviours, particularly during supportive social interactions and close relationships. These substances do not operate
independently; rather, they participate in interconnected neural pathways that interact with other hormones, brain regions, and
environmental experiences. Their effects may vary according to individual differences, relationship stages, social circumstances, and per-
sonal experiences. Understanding the chemistry of love provides valuable insights into how biological mechanisms contribute to human
emotions and social connections. This article explores the physiological functions of dopamine, serotonin, and oxytocin, examines their
involvement in attraction and emotional attachment, and discusses how their interactions influence motivation, mood, attention, and
interpersonal behavior. It also highlights the importance of distinguishing simplified popular explanations from the complexity of scientific
evidence, recognizing that love cannot be explained by a single chemical or reaction. Overall, studying the biochemical foundations of
love offers a scientific perspective on the relationship between brain chemistry, emotional experiences, and human bonding, while empha-
sizing the integrated nature of biological and psychological influences in shaping meaningful relationships.
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1. Introduction

Love is one of the most complex and meaningful experiences of human life, influencing emotions, thoughts, motivation, and social behav-
ior. It can be associated with happiness, excitement, affection, emotional security, attraction, and a strong desire to maintain close relation-
ships. From a scientific perspective, love is not simply an emotion produced by a single part of the brain or a single chemical reaction [1].
Instead, it is a multifaceted phenomenon involving interconnected neurological, biochemical, psychological, and social processes. These
processes work together to shape how individuals experience attraction, develop emotional bonds, respond to affection, and maintain
interpersonal relationships [2].

The human brain plays a central role in the experience of love by coordinating several systems responsible for reward, motivation, emo-
tional regulation, memory, attention, and social interaction. When individuals experience romantic attraction or emotional closeness, par-
ticular neural pathways may become active, influencing their feelings and behavior. Chemical messengers known as neurotransmitters and
hormones help transmit signals within the nervous system and between the brain and other parts of the body. Their activity contributes to
the physiological and psychological changes that can accompany attraction, affection, and attachment [3-4]. Among the chemical messen-
gers frequently investigated in the scientific study of love are dopamine, serotonin, and oxytocin. Each has distinct biological functions,
although their effects can overlap and depend on the wider neural systems in which they operate. Dopamine is involved in reward pro-
cessing, motivation, learning, and the reinforcement of behaviors. Serotonin participates in mood regulation, cognition, and emotional
processing. Oxytocin is associated with social bonding, affiliative behavior, and aspects of interpersonal attachment. Examining these
chemicals provides a useful foundation for understanding how biological mechanisms contribute to emotional experiences and social rela-
tionships [5].
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Romantic love can involve changes in the way the brain processes rewards, interprets social information, and directs attention toward a
particular individual. For example, interactions with a loved person may become especially rewarding, encouraging individuals to seek
further contact and develop shared experiences. Emotional memories, personal expectations, communication, and environmental circum-
stances can also influence the development of relationships. Consequently, the experience of love differs between individuals and may
change over time as relationships develop from initial attraction toward familiarity, trust, companionship, and emotional attachment [6]. It
is also important to recognize that dopamine, serotonin, and oxytocin do not independently determine whether a person experiences love.
Their effects depend on interactions with other neurotransmitters, hormones, brain regions, and psychological factors. Popular explanations
sometimes describe love as a simple chemical reaction or attribute specific feelings entirely to one substance. However, such explanations
can oversimplify the available scientific evidence. Human relationships involve considerably more than biochemical activity alone, includ-
ing personal experiences, social learning, communication, cultural influences, and individual differences [7].

The scientific investigation of love therefore requires an interdisciplinary approach combining neuroscience, biochemistry, psychology,
and behavioural research. Studying its biological foundations can help explain why emotional connections may influence motivation,
attention, mood, and social behavior while also improving our understanding of human bonding [8-9]. The present article examines the
roles of dopamine, serotonin, and oxytocin in the chemistry of love, focusing on their biological functions, their involvement in attraction
and attachment, and their interactions within the nervous system. It also considers the relationship between biochemical mechanisms and
psychological experiences, emphasizing that love is a complex phenomenon emerging from the coordinated activity of biological, emo-
tional, and social processes [10-11].

2. Dopamine: The Chemistry of Reward and Motivation

Dopamine is a neurotransmitter, meaning that it helps nerve cells communicate with one another. It plays important roles in reward, moti-
vation, learning, movement, and attention. During romantic attraction, activity in brain reward pathways can increase when a person thinks
about or interacts with someone, they find important. Dopamine helps create feelings of anticipation and motivation [12]. This can partly
explain why a person may become highly interested in seeing or communicating with someone they care about as shown in Figurel.
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Fig. 1: Dopamine: The Chemistry of Reward, Motivation, and Romantic Attraction.

Dopamine is therefore associated with the “wanting” and motivational aspects of attraction. It is important to note that dopamine is not
simply a chemical that produces happiness. Its functions are broader and include learning which experiences or cues are important and
worth pursuing. Dopamine belongs to a group of compounds called catecholamines. Its molecular formula is: CsHi:NO: [13]. Its chemical
structure allows it to interact with specific dopamine receptors in the nervous system.

3. Serotonin: Mood and Emotional Regulation

Serotonin, chemically known as 5-hydroxytryptamine (5-HT), is another important neurotransmitter. It is involved in mood, sleep, appetite,
learning, and many other physiological processes. Serotonin is sometimes popularly described as the “happiness chemical,” but this is an
oversimplification [14]. Its role is much more complicated. The serotonin system interacts with many regions of the brain and influences
several aspects of emotional and behavioural regulation.
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Fig. 2: Serotonin: The Chemistry of Mood Regulation, Emotional Processing, and Romantic Love.

Research on romantic love has found differences in serotonin-related measures in some people experiencing intense early romantic attrac-
tion. However, these findings should not be interpreted as meaning that serotonin alone causes love. Human emotions arise from interac-
tions among many biological and psychological systems. Serotonin has the molecular formula: Ci0H12N2O [15]. It is synthesized from the
amino acid tryptophan through a series of biochemical reactions as shown in Figure 2.

4. Oxytocin: A Chemical Messenger of Social Bonding

Oxytocin is a hormone and neuropeptide that has important roles in social behavior, reproduction, childbirth, and lactation. It is also
involved in social bonding and interactions between individuals. Oxytocin is sometimes called the “love hormone” or “bonding hormone.”
These names are useful for introducing its role, but they do not describe the whole scientific picture. Oxytocin can influence social behavior
depending on the person, situation, and broader neural context [16-17].

@ . Oxytocin: A Chemical Messenger of Social Bonding %2

: ; ion Lines’
e A hormone and neuropeptide that promotes trust, connection and attachment Happ'ey
rough Chemistry

Production and Release of Oxytocin Chemical Structure of Oxytocin How Oxytocin Works
G BTt o OH | Oxytocin-releasing neuron
Hypolhﬂmuf ~ - 185 5N (from hypothalamus)
(produces oxytocin) \¢ D
e ] : \ 0 - o
/\ 4 \ S BN No o ontocy | TaEesin thebrain:
/ ! \ 0 N N J\ ‘o oin .« Amygdala
A4 L f HN. WA N ] oh enc « Nucleus accumbens
i 8 3 N ) " + Prefrontal cortex
R RS p ¢ LA HN + Other social behaviour
- Vi ) ° 9 networks
( 5 ) (% 0 Oxytocin is a nonapeptide OH ] 90— i
m;::gxn;m ~ (composed of 9 amino acids) o ° @ ° 003 e
into the bloodstream) TR o P 9 994 ‘\\ ~ Synaptic cleft
C,,H N0, S (< Oxytocin receptors
. 437766 "1212%2 (on target neuron)
- Also acts within the brain N 2 2 O 2 =
Oxytocin released to influence behaviour Cys) (Tyr) (e ) (GIn) (Asn) (Cys) (Pro) (Leu) (Gly) - \\
into the bloodstream and social responses L P enion S ) (m) ix gl %
Amino acid sequence of oxytocin B
Key Functions of Oxytocin Role in Relationships Important Points
.!. Social bonding - promotes trust, . Released during positive social interactions, o Oxytocin is a hormone and neuropeptide,
@AW  attachment and positive social interactions physical touch, and affectionate behaviour not a typical neurotransmitter.

' Reproduction - involved in labour and

May contribute to feelings of closeness, e Itis produced in the hypothalamus and
childbirth

connection and attachment released through the posterior pituitary.

3 . i It also acts within the brain to influence
@ éac}angn - hfelp;_sumula[e milk ejection w Important in established relationships e social bahaviour: 4 =
luring breastfeedin long-te i *
: 2 5 g 5 logg ferm bonng o Often called the “love hormone” or
Soclal behayiour - fntitiences empatiy, @ Its effects can vary depending on the “bonding hormone,” but this is an
cooperation and social recognition person, situation and broader neural context oversimplification.
@ Acts in the brain - modulates emotional Works together with other neurotransmitters o Itseffects depend on iqdi\'idqa:‘dif:"erencgs,
4 responses and social behaviour and hormones (e.g., dopamine and serotonin) snulatlons and interactions with other brain
systems.
Q “Oxytocin helps turn moments into meaningful connections.” V)

Fig. 3: Oxytocin: Its Chemical Structure, Neurotransmission, and Role in Social Bonding and Emotional Attachment.

Positive social interactions and physical affection can be associated with oxytocin release. The chemical may contribute to feelings of
social connection and attachment, particularly in established relationships. Unlike dopamine and serotonin, which are commonly discussed
as neurotransmitters, oxytocin is a peptide hormone and neuropeptide. It is produced in the hypothalamus and released through the posterior
pituitary, while also acting within the brain as shown in Figure 3.
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5. Review Methodology

This article was prepared as a narrative review examining the roles of dopamine, serotonin, and oxytocin in romantic attraction, emotional
bonding, and interpersonal relationships. The review focuses on relevant literature from neuroscience, neuroendocrinology, behavioral
science, psychology, and behavioral medicine. Literature identification should be documented using the databases actually searched, such
as PubMed, Scopus, Web of Science, or Google Scholar, together with the search date, search terms, and any applicable publication-date
or language restrictions. Relevant search concepts include “romantic love,” “dopamine and reward,” “serotonin and emotional regulation,”
“oxytocin and social bonding,” “pair bonding,” and “neurobiology of attachment.”

Studies should be selected according to their relevance to the review objectives, methodological quality, and contribution to understanding
the biological and psychological processes associated with attraction and attachment. Human neuroimaging studies, experimental investi-
gations, observational studies, animal research relevant to bonding mechanisms, and authoritative reviews may be considered, while their
different evidentiary contributions should be distinguished during synthesis. Studies should not be described as having been systematically
identified or screened unless a documented search and selection process was performed. The findings are synthesized narratively, with
attention to established mechanisms, emerging evidence, conflicting findings, methodological limitations, and implications for human
relationships and behavioral medicine [18].

6. How these Chemicals Work Together

Love cannot be explained by one molecule. Instead, several biological systems interact. A simplified model can be described as follows:
Attraction — Reward and motivation — Emotional interaction — Bonding and attachment.
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Fig. 4: Synergistic Roles of Dopamine, Serotonin, and Oxytocin in the Neurobiology of Love, Attraction, and Emotional Bonding.

Dopamine can contribute to motivation and reward associated with attraction. Serotonin participates in mood and emotional regulation.
Oxytocin contributes to social bonding and attachment. Other biological systems are also involved, including brain regions associated with
reward, emotion, memory, and social cognition. Additional chemicals, including norepinephrine and endogenous opioids, can also con-
tribute to aspects of attraction, stress, pleasure, and attachment. Therefore, describing love as simply “dopamine + serotonin + oxytocin”
would be scientifically incomplete, as shown in Figure 4. Table. 1 compares dopamine, serotonin, and oxytocin based on their main bio-
logical functions and their involvement in love. It highlights how dopamine contributes to reward and motivation, serotonin participates in
mood and emotional regulation, and oxytocin supports social bonding and attachment. Together, these chemical messengers contribute to
the complex biological processes underlying attraction, affection, and emotional relationships.

Table 1: Dopamine, Serotonin and Oxytocin Compared

Chemical  Main biological role Connection to love
Dopa- . . . . .
mife Reward, motivation, learning and movement Can contribute to attraction, motivation and reward

. . . Partici i ional lati h ied i ic at-
st [Mivedl, s, s sl e e Ao tré;l;ttlicolgates in emotional regulation and has been studied in romantic at
Social bonding, reproduction and other physiological func-

fEn Can contribute to bonding and social attachment

Oxytocin

7. Critical Evaluation of Neurochemical Evidence in Romantic Love

Although dopamine, serotonin, and oxytocin are frequently discussed in relation to romantic attraction and emotional bonding, their con-
tributions should not be interpreted as simple or independent causal mechanisms. Dopamine has well-established roles in motivation,
reward learning, and incentive salience. However, evidence that a person experiences romantic attraction does not establish that dopamine
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alone causes the associated emotional experience. Human neuroimaging findings identify activity in brain regions associated with reward
and motivation, but these findings do not directly measure the release or concentration of a specific neurotransmitter. The evidence con-
cerning serotonin and romantic attraction requires similar caution. Studies of serotonin-related measures have reported associations with
aspects of early romantic attraction, but peripheral measures, such as platelet serotonin transporter measures, cannot be assumed to repre-
sent serotonin activity throughout the human brain. Differences between studies and the complexity of serotonin signalling limit attempts
to assign a single emotional function to this neurotransmitter.

Oxytocin has been investigated extensively in relation to social recognition, affiliation, attachment, and stress-related processes. Neverthe-
less, its behavioral effects are context-dependent and may vary with individual characteristics, social circumstances, and the methods used
to measure or administer it. Findings from animal models can provide valuable mechanistic insights but cannot automatically be generalized
to human romantic relationships. Likewise, peripheral oxytocin measurements do not necessarily provide a direct indication of oxytocin
activity in specific brain circuits. Taken together, these limitations indicate that romantic love is better understood as an emergent phenom-
enon involving interconnected neural networks, neurochemical signalling, memory, cognition, individual psychology, and social experi-
ence. Future research should combine appropriately designed longitudinal, experimental, neuroimaging, and behavioral studies to clarify
how these systems interact over time [19].

8. Chemistry Behind the Feeling of Love

The experience of love involves a complex interaction between biological, neurological, psychological, and social processes. It can influ-
ence attention, motivation, emotional responses, memory, and behavior. For example, a person may frequently think about someone im-
portant to them, feel excitement before meeting them, or experience comfort and emotional security during positive social interactions.
These experiences are not produced by one chemical alone; they emerge from the coordinated activity of multiple systems in the brain and
body [20].

8.1. Neurotransmitters

Neurotransmitters are chemical messengers that allow nerve cells to communicate. Dopamine participates in reward, motivation, learning,
and attention, while serotonin contributes to mood regulation and emotional processing. Other neurotransmitters, including norepinephrine,
can influence alertness and physiological arousal. Their combined activity helps explain some of the changes in attention, excitement, and
motivation that may accompany romantic attraction [21].

8.2. Hormones and neuropeptides

Hormones and neuropeptides help regulate bodily functions and can also influence behavior and social interactions. Oxytocin, for instance,
is associated with social bonding and attachment, while vasopressin has been studied in relation to social behavior and partner bonding.
Their effects depend on the situation, individual differences, and interactions with other biological systems [22].

8.3. Brain reward pathways

Brain reward pathways help individuals learn which experiences are meaningful and motivating. During attraction, interactions or remind-
ers involving a significant person may become especially noticeable or rewarding. Dopamine-related signalling contributes to these pro-
cesses by influencing motivation, reward learning, and the anticipation of meaningful experiences. Reward activity, however, does not
explain every aspect of love [23].

8.4. Memory systems

Memory systems help individuals remember important people, shared experiences, conversations, and emotionally meaningful events. The
hippocampus and other brain regions involved in memory contribute to the formation and retrieval of these experiences. Positive memories
can strengthen feelings of familiarity and connection, while past experiences may influence how individuals interpret and respond to rela-
tionships [24].

8.5. Emotional processing

Brain regions involved in emotional processing help individuals recognize, interpret, and respond to emotional information. The amygdala,
prefrontal cortex, and other interconnected regions participate in evaluating social situations, regulating emotional responses, and making
decisions. These processes can influence how people experience affection, excitement, uncertainty, and emotional security [25].

8.6. Social experiences

Love develops within a social environment. Communication, mutual understanding, emotional support, trust, shared activities, and positive
interactions can contribute to the development and maintenance of close relationships. Social experiences may also influence the activity
of biological systems associated with stress regulation, reward, and attachment [26].

8.7. Individual psychology

Individual psychological characteristics also shape the experience of love. Personality, expectations, previous experiences, emotional learn-

ing, cultural background, and personal values can influence how individuals understand attraction and develop relationships. Consequently,
the same social interaction may produce different emotional responses in different people [27].
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8.8. Integration of biological and psychological processes

These systems interact continuously rather than operating as separate mechanisms. Neurotransmitters influence neural communication,
hormones and neuropeptides contribute to physiological and behavioural regulation, and brain networks integrate information from mem-
ories, emotions, and social experiences [28]. The resulting experience depends on the combined activity of these systems and the individ-
ual's circumstances. A simplified conceptual model of love is shown in Figure 5.

A simplified conceptual model of love

Attraction and social interaction

v

Reward, motivation, and emotional processing

¥

Memory formation, communication, and shared experiences

v

Potential development of emotional bonding and attachment

Fig. 5: A Simplified Conceptual Model of Love: from Attraction and Social Interaction to Reward Processing, Emotional Experiences, and the Development
of Bonding and Attachment.

The chemistry behind love demonstrates how biological mechanisms contribute to complex human experiences. Dopamine, serotonin,
oxytocin, and other chemical messengers participate in neural systems associated with reward, mood, motivation, and social bonding.
However, their actions are influenced by memory, emotional processing, social experiences, and individual psychology. Therefore, love
cannot be accurately described as a simple combination of three chemicals. It is better understood as a dynamic experience emerging from
the interaction of biological processes with psychological and social factors. This integrated perspective provides a more scientifically
meaningful explanation of how humans develop attraction, affection, and lasting emotional connections [29].

9. Love is Really A Chemical Reaction

Love is not merely a chemical reaction. Chemicals are essential for the brain and body to experience emotions, but love also involves
memories, experiences, thoughts, relationships, culture, personality, and social circumstances. A useful way to understand this is: Chem-
istry provides part of the biological machinery; the human experience emerges from the interaction of that machinery with thoughts, expe-
riences, and relationships. Thus, studying the chemistry of love does not reduce love to a single molecule. Instead, it helps scientists
understand how the brain and body participate in one of the most important aspects of human social life [30].

10. Consequences of Excessive Neurochemical Activity

Dopamine, serotonin, and oxytocin are essential chemical messengers involved in brain function, emotional regulation, motivation, and
social bonding. However, excessive or abnormal activity in these systems, particularly when associated with medications or other sub-
stances, can produce adverse effects. The consequences differ depending on the chemical involved, the amount and duration of exposure,
individual susceptibility, and the surrounding biological conditions [31].

10.1. Dopamine

Abnormal dopamine signalling has been associated with psychotic symptoms, including hallucinations, delusions, and disturbances in the
interpretation of information. However, dopamine activity is regulated by complex brain circuits, and excessive dopamine signalling does
not automatically cause schizophrenia. Schizophrenia is a multifactorial disorder involving genetic, environmental, developmental, and
neurobiological influences [32-33].

10.2. Serotonin

Excessive serotonin activity caused by certain medications, drug interactions, or overdoses can lead to a potentially serious condition called
serotonin syndrome. Symptoms may include agitation, confusion, sweating, tremors, increased heart rate, and muscle rigidity. Severe cases
can involve high fever, seizures, and loss of consciousness, requiring emergency medical treatment.

10.3. Oxytocin

Oxytocin is involved in social bonding and several physiological processes. When administered medically, particularly during childbirth,
excessive doses can cause dangerous uterine contractions, abnormal heart rhythms, and water intoxication. Severe complications can in-
clude seizures and loss of consciousness. These risks concern excessive medical administration and should not be interpreted as evidence
that ordinary social affection or naturally occurring oxytocin release is dangerous. The Consequences of Excessive Neurochemical Activity:
Dopamine Dysregulation, Serotonin Syndrome, and Adverse Effects of Excessive Oxytocin Administration, as shown in Figure 6.
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Consequences of Excessive Neurochemical Activity

Dopamine, serotonin, and oxytocin are essential chemical messengers involved in brain function, emotional regulation,
motivation, and social bonding. However, excessive or abnormal activity in these systems, particularly when associated with
medications or other substances, can produce adverse effects. [31]
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Fig. 6: Consequences of Excessive Neurochemical Activity: Dopamine Dysregulation, Serotonin Syndrome, and Adverse Effects of Excessive Oxytocin
Administration.

11. Strengths and Limitations of The Available Evidence

The evidence discussed in this review can be considered in four broad categories. First, established neurobiological research supports the
involvement of dopamine in reward learning and motivation, serotonin in multiple aspects of neural and behavioral regulation, and oxytocin
in reproductive physiology and aspects of social behavior. These general functions are better established than any claim that a particular
chemical independently produces romantic love.

Second, human neuroimaging and behavioral studies provide evidence of associations between romantic experiences and activity in brain
networks involved in motivation, reward, attention, and social cognition. Such associations are informative but do not, by themselves,
establish the causal contribution of a particular neurotransmitter. Third, animal studies provide important evidence concerning the neural
and hormonal mechanisms of pair bonding and social attachment. However, species differences and experimental conditions must be
considered when applying these findings to human relationships. Fourth, conceptual models that integrate neurochemistry with memory,
personal experience, and social interaction are useful for education and hypothesis generation. They should be identified as explanatory
frameworks rather than experimentally validated representations of every individual's experience of love [34]. Throughout the manuscript,
these distinctions will guide the interpretation of findings and prevent established physiological functions, preliminary associations, and
theoretical explanations from being presented as equivalent forms of evidence.

12. Clinical and Behavioral Medicine Implications

The neurobiology of attraction and emotional bonding is relevant to behavioural medicine because reward processing, emotional regulation,
stress responses, memory, and social interaction are important components of psychological well-being. Research on these systems may
contribute to a broader understanding of how interpersonal experiences influence motivation, emotional responses, and social functioning.
Alterations in reward processing and emotional regulation have been investigated across several psychiatric and neurological conditions.
However, these processes are not specific to romantic relationships, and the involvement of dopamine or serotonin in a disorder should not
be interpreted as evidence that the disorder is caused by a single chemical imbalance. Mental health conditions generally involve multiple
interacting genetic, developmental, environmental, psychological, and neurobiological factors.

Research on oxytocin and social bonding may also inform the study of affiliation, social cognition, and interpersonal stress. Nevertheless,
the relationship between oxytocin and attachment is complex, and current findings do not justify treating oxytocin as a universal indicator
of trust or relationship quality. Similarly, attachment patterns should not be treated as psychiatric diagnoses in themselves. From a clinical
perspective, the most useful contribution of neurochemical research is to provide one part of a broader biopsychosocial understanding of
human behavior [35]. The present review does not propose a diagnostic test or treatment based on measuring dopamine, serotonin, or
oxytocin. Further translational research is needed before specific findings can be converted into reliable clinical applications.

13. Conclusions

The chemistry of love demonstrates the extraordinary complexity of the human brain. Dopamine contributes to reward and motivation,
serotonin participates in mood and emotional regulation, and oxytocin plays an important role in social bonding and attachment. These
chemicals interact with numerous other biological systems rather than acting alone. Love therefore represents a fascinating connection
between chemistry, neuroscience, psychology, and human relationships. Studying these processes can help us understand how biological
mechanisms contribute to attraction, affection, attachment, and social connection. Romantic love cannot be represented by a single chem-
ical formula or a simple additive combination of neurotransmitters. Instead, it emerges from the dynamic interaction of neurochemical
signalling, neural networks, emotional processing, memory, motivation, and social experiences. The roles of dopamine, serotonin, and
oxytocin should therefore be understood as interconnected contributions to a complex biopsychosocial phenomenon rather than as inde-
pendent or sufficient explanations of love. The effects of excessive neurochemical activity depend on the specific substance, its biological
context, and the circumstances involved. It is scientifically inaccurate to claim that overdosing on dopamine, serotonin, or oxytocin
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invariably causes schizophrenia, extreme paranoia, or insanity. A more accurate explanation distinguishes abnormal neurotransmitter sig-
nalling from medically documented drug toxicity and recognizes that mental health conditions generally arise through multiple interacting
factors.
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