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Abstract—Serotonin (5-hydroxytryptamine; 5-HT) is a multifunctional neurotransmitter
that plays a crucial role in regulating physiological processes beyond the central nervous
system, including reproduction and pregnancy. The diverse actions of serotonin are
mediated through a family of S-HT receptors, comprising multiple subtypes with distinct
tissue distributions and signaling mechanisms. During pregnancy, 5-HT receptors are
expressed in maternal, placental, and fetal tissues, where they contribute to critical
processes such as implantation, placental development, uteroplacental blood flow
regulation, immune modulation, and fetal organogenesis. Emerging evidence suggests that
alterations in serotonergic signaling can influence pregnancy outcomes by affecting
trophoblast invasion, vascular adaptation, and endocrine function. Specific receptor
subtypes, including 5-HT1, 5-HT2, 5-HT4, and S5-HT7 receptors, have been implicated in
maintaining uterine quiescence, regulating vascular tone, and supporting fetal
neurodevelopment. Dysregulation of 5-HT receptor activity has been associated with
pregnancy-related complications such as preeclampsia, intrauterine growth restriction,
preterm birth, and gestational hypertension. Furthermore, the widespread use of selective
serotonin reuptake inhibitors (SSRIs) during pregnancy has intensified interest in
understanding receptor-mediated effects on both maternal health and fetal development.
This review summarizes current knowledge regarding the expression, distribution, and
functional significance of 5-HT receptor subtypes during pregnancy. It highlights the
molecular mechanisms through which serotonergic pathways influence maternal-fetal
physiology and discusses their potential involvement in pregnancy disorders. A
comprehensive understanding of 5-HT receptor signaling may facilitate the identification
of novel therapeutic targets and improve strategies for managing pregnancy-related
complications while ensuring maternal and fetal well-being.

Index Terms—Neurotransmitter, serotonin, SHT, fetal development, placental development
I.  INTRODUCTION

Serotonin, also known as 5-hydroxytryptamine (5-HT), is a biogenic monoamine that functions
as a neurotransmitter, neuromodulator, and peripheral signaling molecule. Initially recognized
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for its role in the central nervous system, serotonin is now known to regulate a wide range of
physiological processes including mood, cognition, appetite, sleep, cardiovascular function,
gastrointestinal motility, endocrine regulation, and reproduction. Approximately 90-95% of the
body's serotonin is synthesized in peripheral tissues, particularly in the enterochromaffin cells of
the gastrointestinal tract, while the remaining fraction is produced in serotonergic neurons of the
brain. The diverse biological actions of serotonin are mediated through a complex family of 5-
HT receptors, which are distributed throughout both neural and non-neural tissues [1]. These
receptors play essential roles in cellular communication and are involved in numerous
physiological and pathological processes. The serotonin receptor family comprises seven major
classes (5-HT1 to 5-HT7) and at least fourteen distinct receptor subtypes. With the exception of
the 5-HT3 receptor, which functions as a ligand-gated ion channel, all other 5-HT receptors
belong to the G protein-coupled receptor (GPCR) superfamily. Each receptor subtype exhibits
unique pharmacological properties, tissue distribution patterns, and intracellular signaling
mechanisms, enabling serotonin to exert highly specific effects depending on the target tissue
and physiological context. Through activation of these receptors, serotonin regulates cell
proliferation, differentiation, migration, vascular tone, immune responses, and neurotransmission
[2]. Consequently, alterations in serotonergic signaling have been implicated in a wide range of
disorders, including depression, anxiety, cardiovascular diseases, gastrointestinal dysfunction,
and reproductive abnormalities.

In recent years, increasing attention has been directed toward understanding the role of serotonin
and its receptors in reproductive physiology. Evidence suggests that serotonergic signaling is
involved in multiple stages of reproduction, including ovarian function, fertilization, embryo
implantation, placental development, and fetal growth. The reproductive system contains both
serotonin-producing cells and various 5-HT receptor subtypes, indicating that serotonin acts as
an important local signaling molecule in addition to its systemic functions [3]. Studies have
demonstrated the expression of 5-HT receptors in the uterus, ovaries, placenta, decidua, and fetal
tissues, supporting their involvement in the regulation of maternal-fetal interactions throughout
gestation. Pregnancy represents a unique physiological state characterized by extensive
hormonal, metabolic, vascular, and immunological adaptations that support fetal development
and maternal health. During this period, serotonin contributes to the regulation of several critical
processes required for successful pregnancy outcomes. It influences trophoblast proliferation and
invasion, modulates uterine contractility, regulates placental blood flow, and participates in
angiogenesis and immune tolerance at the maternal-fetal interface [4]. These functions are
largely mediated through specific 5-HT receptor subtypes expressed in reproductive tissues. The
coordinated activation of these receptors ensures proper communication between maternal and
fetal compartments and helps maintain the delicate balance necessary for normal gestational
progression. Among the various receptor subtypes, 5-HT1, 5-HT2, 5-HT4, and 5-HT7 receptors
have attracted considerable interest due to their prominent roles in reproductive and vascular
physiology. Activation of 5-HT1 receptors is generally associated with inhibitory signaling
pathways that regulate vascular function and neurotransmitter release [5].
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In contrast, 5-HT2 receptors are involved in smooth muscle contraction, vascular remodeling,
and cellular proliferation. The 5-HT4 and 5-HT7 receptors contribute to smooth muscle
relaxation, cyclic adenosine monophosphate (cAMP)-dependent signaling, and developmental
processes. Together, these receptor-mediated pathways influence uterine function, placental
development, and fetal organogenesis, highlighting the importance of serotonin signaling during
gestation. Dysregulation of serotonin receptor activity has been linked to several pregnancy-
related complications. Abnormal serotonergic signaling may contribute to disorders such as
preeclampsia, gestational hypertension, intrauterine growth restriction, recurrent pregnancy loss,
and preterm birth [6]. Altered receptor expression or signaling can disrupt placental vascular
development, impair nutrient transport, and affect fetal growth and neurodevelopment.
Furthermore, increasing use of antidepressant medications, particularly selective serotonin
reuptake inhibitors (SSRIs), during pregnancy has generated significant interest in understanding
how changes in serotonin availability may influence receptor-mediated pathways in both the
mother and the developing fetus. Although SSRIs are often necessary for managing maternal
mental health conditions, concerns remain regarding their potential effects on fetal development
and long-term offspring outcomes. Recent advances in molecular biology, pharmacology, and
reproductive medicine have provided new insights into the expression patterns, signaling
mechanisms, and physiological functions of 5-HT receptors during pregnancy [7]. Nevertheless,
many aspects of their roles in maternal adaptation, placental function, and fetal development
remain incompletely understood. A comprehensive evaluation of current evidence is therefore
essential to clarify the significance of serotonergic signaling in pregnancy and its potential
contribution to gestational disorders. Understanding the mechanisms through which 5-HT
receptors regulate reproductive processes may facilitate the development of novel therapeutic
strategies aimed at improving maternal and fetal health outcomes [8].

II. 5HT RECEPTORS IN PREGNANCY

Serotonin (5-hydroxytryptamine, 5-HT) and its receptors play a fundamental role in regulating
numerous physiological processes that are essential for the establishment and maintenance of a
healthy pregnancy. Although serotonin is widely recognized for its neurotransmitter functions in
the central nervous system, growing evidence indicates that it also serves as an important
signaling molecule in peripheral tissues, including the reproductive system. During pregnancy,
serotonergic signaling contributes to maternal adaptations, placental development, fetal growth,
vascular regulation, and immune modulation [9]. These diverse effects are mediated through the
activation of specific 5-HT receptor subtypes expressed in maternal, placental, and fetal tissues.
The coordinated actions of these receptors help ensure successful implantation, normal placental
function, and appropriate fetal development throughout gestation. One of the earliest roles of 5-
HT receptors during pregnancy involves embryo implantation and trophoblast development.
Successful implantation requires precise communication between the developing embryo and the
maternal endometrium. Serotonin is present in the uterine environment and influences cellular
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proliferation, differentiation, and migration through receptor-mediated signaling pathways [10].
Several 5-HT receptor subtypes have been identified in uterine and placental tissues, where they
regulate trophoblast invasion into the maternal decidua. Adequate trophoblast invasion is
essential for the establishment of the placenta and the remodeling of maternal spiral arteries.
Through these mechanisms, serotonin receptors contribute to the formation of an efficient
maternal-fetal interface that supports nutrient and oxygen exchange throughout pregnancy [11].
The placenta is a major site of serotonergic activity during gestation. In addition to transporting
serotonin between maternal and fetal circulations, the placenta possesses the enzymatic
machinery necessary for serotonin synthesis and metabolism. Various 5-HT receptor subtypes
are expressed in placental cells, including trophoblasts, endothelial cells, and vascular smooth
muscle cells. Activation of these receptors influences placental growth, angiogenesis, cellular
differentiation, and vascular development. Proper placental vascularization is critical for
maintaining adequate blood flow and nutrient delivery to the developing fetus. Serotonin-
mediated signaling through receptors such as 5-HT1 and 5-HT2 plays a significant role in
regulating placental blood vessel formation and function, thereby supporting fetal growth and
development [12]. Another important function of 5-HT receptors during pregnancy is the
regulation of uteroplacental blood flow. Pregnancy is associated with extensive cardiovascular
adaptations that increase blood supply to the uterus and placenta. Serotonin influences vascular
tone through receptor-specific mechanisms that can either promote vasoconstriction or
vasodilation depending on the receptor subtype involved. Activation of 5-HT1 and 5-HT2
receptors is generally associated with vasoconstrictive responses, whereas 5-HT7 receptor
activation promotes vascular relaxation through cyclic adenosine monophosphate (cAMP)-
dependent pathways. The balance between these opposing actions is essential for maintaining
optimal uteroplacental circulation. Disruptions in serotonin receptor signaling may impair
vascular adaptation and contribute to pregnancy complications characterized by reduced
placental perfusion, such as preeclampsia and fetal growth restriction [13].

Beyond their vascular functions, 5-HT receptors also participate in the regulation of uterine
contractility. Throughout most of pregnancy, the uterus remains in a relatively quiescent state to
prevent premature labor. As gestation progresses toward term, changes in receptor expression
and hormonal signaling prepare the uterus for parturition. Serotonin receptors expressed on
uterine smooth muscle cells influence contractile activity through intracellular signaling
pathways involving calcium mobilization and cyclic nucleotide regulation. Certain receptor
subtypes, particularly 5-HT2 receptors, have been shown to stimulate uterine contractions, while
others may exert modulatory effects that help maintain uterine relaxation during earlier stages of
pregnancy [14]. The precise regulation of these receptor-mediated responses is critical for
normal labor and delivery. The developing fetus is also influenced by serotonin receptor activity.
Serotonin acts as an important developmental signaling molecule during embryogenesis and fetal
growth. It regulates cellular proliferation, migration, differentiation, and synaptogenesis in
multiple organ systems, particularly the developing nervous system. Numerous 5-HT receptor
subtypes are expressed in fetal tissues, including the brain, heart, lungs, and gastrointestinal tract.
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During early development, serotonin contributes to neural circuit formation and brain maturation
by influencing neuronal migration and connectivity [15]. Abnormal serotonin receptor signaling
during critical developmental periods may alter neurodevelopmental processes and has been
associated with long-term behavioral and cognitive consequences. Therefore, proper regulation
of fetal serotonergic pathways is essential for healthy prenatal development. Immune adaptation
during pregnancy represents another area in which serotonin receptors play significant roles.
Successful pregnancy requires the maternal immune system to tolerate the semi-allogeneic fetus
while maintaining protection against pathogens. Serotonin and its receptors are expressed on
various immune cells, including macrophages, dendritic cells, T lymphocytes, and natural killer
cells. Through receptor-mediated mechanisms, serotonin can modulate cytokine production,
inflammatory responses, and immune cell activation [16].

These actions contribute to the establishment of immune tolerance at the maternal-fetal interface
and support placental function. Dysregulation of serotonergic immune signaling may contribute
to excessive inflammation and pregnancy-related disorders. Clinical interest in 5-HT receptors
has increased substantially due to the widespread use of selective serotonin reuptake inhibitors
(SSRIs) during pregnancy. SSRIs increase extracellular serotonin levels and may indirectly
affect the activation of multiple receptor subtypes in maternal and fetal tissues. While these
medications are effective for treating depression and anxiety, concerns remain regarding their
potential impact on placental function, fetal development, and neonatal outcomes. Current
evidence suggests that the effects of altered serotonergic signaling depend on factors such as
timing of exposure, dosage, receptor subtype involvement, and maternal health status [17].
Understanding the specific roles of 5-HT receptors during pregnancy is therefore essential for
evaluating both the therapeutic benefits and potential risks associated with serotonergic
medications. Overall, 5-HT receptors are key regulators of reproductive physiology and
contribute to nearly every stage of pregnancy, from implantation and placental development to
fetal growth and parturition. Their diverse functions in vascular regulation, immune modulation,
uterine activity, and fetal development highlight the complexity of serotonergic signaling within
the maternal-fetal environment. Continued research into receptor-specific mechanisms will
improve our understanding of normal pregnancy physiology and may identify novel therapeutic
targets for preventing and treating pregnancy-related complications [18].

1.  BIOLOGICAL SIGNIFICANCE OF SHT RECEPTORS DURING PREGNANCY

Pregnancy is accompanied by profound metabolic adaptations that ensure an adequate supply of
nutrients and energy to support fetal growth and maternal physiological demands. These
adaptations involve coordinated changes in carbohydrate, lipid, protein, and energy metabolism,
regulated by complex interactions among hormones, growth factors, neurotransmitters, and
signaling molecules. Among these regulatory factors, serotonin (5-hydroxytryptamine, 5-HT) has
emerged as an important modulator of metabolic homeostasis [19]. Although traditionally
recognized for its role in neurotransmission, serotonin also functions as a peripheral hormone
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that influences multiple metabolic processes through the activation of specific 5-HT receptor
subtypes. During pregnancy, changes in serotonergic signaling contribute to maternal metabolic
adaptations, pancreatic B-cell function, glucose regulation, lipid metabolism, energy balance, and
fetal nutrient availability. One of the most significant metabolic challenges during pregnancy is
the maintenance of glucose homeostasis. As gestation progresses, maternal tissues gradually
develop insulin resistance, allowing greater glucose availability for the growing fetus [20]. To
compensate for this physiological insulin resistance, pancreatic -cells undergo adaptive changes
characterized by increased proliferation, enhanced insulin secretion, and expanded B-cell mass.
Serotonin has been identified as a key mediator of these adaptations. During pregnancy,
increased levels of lactogenic hormones stimulate serotonin synthesis within pancreatic B-cells,
leading to activation of serotonin-dependent signaling pathways. Specific receptor subtypes,
particularly 5-HT2B receptors, promote [B-cell proliferation and expansion, while 5-HT3
receptors enhance glucose-stimulated insulin secretion [21]. These receptor-mediated
mechanisms help maintain maternal glucose control and ensure an adequate supply of glucose to
the fetus throughout gestation. The role of serotonin receptors in pancreatic function highlights
their importance in preventing metabolic disorders during pregnancy.

Impaired serotonergic signaling may disrupt B-cell adaptation, leading to insufficient insulin
production and increased susceptibility to gestational diabetes mellitus (GDM). Studies have
demonstrated altered serotonin metabolism and receptor expression in women with gestational
diabetes, suggesting that abnormalities in serotonin signaling contribute to the pathophysiology
of this condition. By regulating insulin secretion and B-cell survival, 5-HT receptors help
preserve metabolic balance and reduce the risk of maternal hyperglycemia, which can adversely
affect fetal development and pregnancy outcomes [22]. In addition to glucose metabolism,
serotonin receptors play a crucial role in energy homeostasis during pregnancy. The maternal
body undergoes substantial metabolic adjustments to meet the increased energy demands
associated with fetal growth, placental development, and preparation for lactation. Serotonin
influences appetite regulation, nutrient intake, and energy expenditure through both central and
peripheral mechanisms. Activation of specific 5-HT receptor subtypes within the hypothalamus
contributes to the regulation of feeding behavior and satiety signals. Peripheral serotonin
receptors further influence energy utilization by modulating metabolic activity in adipose tissue,
skeletal muscle, and the liver. These coordinated actions help maintain an appropriate balance
between energy storage and expenditure throughout pregnancy [23]. Lipid metabolism also
undergoes significant changes during gestation, and serotonin receptors contribute to the
regulation of these processes. Pregnancy is characterized by increased fat accumulation during
early gestation, followed by enhanced lipolysis during later stages to provide energy substrates
for maternal and fetal needs. Serotonin signaling influences adipocyte differentiation, lipid
storage, and fatty acid mobilization through receptor-mediated pathways. Certain 5-HT receptor
subtypes regulate adipose tissue function by affecting lipid synthesis and breakdown, thereby
contributing to maternal energy reserves. Proper regulation of lipid metabolism is essential for

JATIR 140361 JOURNAL OF ACADEMIC TRENDS & INNOVATIVE RESEARCH (JATIR) 706



© Volume 2, Issue 6, June 2026 | JATIR

supporting fetal growth and preventing metabolic complications such as excessive gestational
weight gain, insulin resistance, and dyslipidemia [24].

The liver serves as a central organ for metabolic regulation during pregnancy, and serotonin
receptors are involved in hepatic adaptations that support maternal and fetal health. Hepatic
glucose production, glycogen storage, and lipid metabolism are carefully regulated to maintain
nutrient availability throughout gestation. Serotonin signaling influences liver function through
multiple receptor subtypes expressed on hepatocytes and hepatic vascular cells. Activation of
these receptors can affect glucose production pathways, lipid transport, and inflammatory
responses. Through these mechanisms, serotonin contributes to the maintenance of systemic
metabolic homeostasis and helps coordinate nutrient distribution between the mother and fetus
[25]. Another important aspect of serotonin receptor function during pregnancy is the regulation
of placental metabolism. The placenta acts as the primary interface for nutrient exchange
between maternal and fetal circulations and plays a crucial role in fetal growth and development.
Serotonin and its receptors are expressed in placental tissues, where they influence cellular
proliferation, angiogenesis, nutrient transport, and endocrine activity. Receptor-mediated
signaling helps regulate the transport of glucose, amino acids, and fatty acids across the placental
barrier, ensuring adequate nutrient delivery to the fetus. Furthermore, serotonin receptors
contribute to placental vascular development, which is essential for maintaining efficient
maternal-fetal circulation and metabolic exchange [26]. Emerging evidence also suggests that
serotonin receptors participate in mitochondrial function and oxidative metabolism during
pregnancy. Mitochondria play a central role in cellular energy production, and their activity
increases substantially during gestation to meet elevated metabolic demands.

Serotonin signaling has been linked to the regulation of mitochondrial biogenesis, oxidative
phosphorylation, and cellular energy utilization in various tissues. By influencing mitochondrial
function, 5-HT receptors may help optimize energy production and protect against oxidative
stress, which is known to contribute to pregnancy complications such as preeclampsia and fetal
growth restriction. The biological significance of serotonin receptors extends beyond maternal
metabolism to fetal metabolic programming. The intrauterine environment plays a critical role in
shaping long-term metabolic health, and alterations in serotonergic signaling during pregnancy
may influence fetal development and future disease susceptibility. Changes in maternal serotonin
levels or receptor activity can affect placental nutrient transport, fetal growth patterns, and
developmental pathways involved in energy regulation [27]. These effects may contribute to
long-term outcomes, including obesity, insulin resistance, and metabolic syndrome in offspring.
Consequently, understanding the role of 5-HT receptors in maternal-fetal metabolic interactions
has important implications for both prenatal and lifelong health. 5-HT receptors are essential
regulators of metabolic adaptations during pregnancy. Through their actions on pancreatic -
cells, adipose tissue, the liver, placenta, and other metabolic organs, these receptors contribute to
glucose homeostasis, lipid metabolism, energy balance, nutrient transport, and fetal
development. Their involvement in maintaining metabolic stability highlights the importance of
serotonergic signaling in supporting a healthy pregnancy [28]. Continued investigation of
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receptor-specific mechanisms may provide valuable insights into the prevention and treatment of
pregnancy-associated metabolic disorders, ultimately improving maternal and fetal health
outcomes.

IV.  SHT RECEPTOR IN FETAL DEVELOPMENT

Serotonin (5-hydroxytryptamine, 5-HT) is widely recognized as a neurotransmitter involved in
the regulation of mood, cognition, and behavior in adults. However, increasing evidence has
demonstrated that serotonin also functions as a critical developmental signaling molecule during
embryonic and fetal life. Long before the maturation of the fetal serotonergic nervous system,
serotonin influences numerous developmental processes through the activation of specific 5-HT
receptor subtypes. These receptors are expressed in various fetal tissues and organs, where they
regulate cellular proliferation, migration, differentiation, apoptosis, and tissue organization [29].
As a result, serotonergic signaling plays a fundamental role in normal fetal growth and
organogenesis, contributing to the proper development of the nervous, cardiovascular,
respiratory, gastrointestinal, and endocrine systems. During early pregnancy, the placenta serves
as an important source of serotonin for the developing embryo. Maternal serotonin and
placentally synthesized serotonin provide essential signals before the fetal brain acquires the
capacity to produce sufficient amounts of serotonin independently. This early serotonergic
environment is critical for embryonic patterning and tissue formation [30]. Various 5-HT
receptor subtypes are expressed during these developmental stages, allowing serotonin to
regulate gene expression and intracellular signaling pathways that control cell fate decisions.
Through these mechanisms, serotonin acts not only as a neurotransmitter precursor but also as a
morphogen-like molecule that guides embryonic development. One of the most extensively
studied roles of 5-HT receptors in fetal development involves the formation of the central
nervous system. Serotonin signaling is crucial for neurogenesis, neuronal migration, axonal
growth, synapse formation, and neural circuit maturation [31].

Multiple receptor subtypes, including 5-HT1A, 5-HT2A, 5-HT3, 5-HT4, 5-HT6, and 5-HT7
receptors, are expressed in the developing brain and contribute to different stages of neural
development. Activation of these receptors influences the proliferation of neural progenitor cells
and guides the migration of neurons to their appropriate locations within the cerebral cortex and
other brain regions. Proper neuronal migration is essential for establishing normal brain
architecture and functional connectivity. Disruptions in serotonin receptor signaling during
critical developmental periods may lead to abnormal neural organization and impaired brain
function. Serotonin receptors also play a significant role in synaptogenesis and the establishment
of neural networks. During fetal brain development, serotonin regulates the formation and
refinement of synaptic connections between neurons [32]. These processes are essential for the
development of sensory, motor, cognitive, and emotional functions. Experimental studies have
shown that altered serotonin receptor activity can affect synaptic plasticity and neuronal
communication, potentially influencing behavioral outcomes later in life. Consequently,
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disturbances in serotonergic signaling during prenatal development have been associated with an
increased risk of neurodevelopmental disorders, including autism spectrum disorders, attention-
deficit/hyperactivity disorder, anxiety disorders, and cognitive impairments. Beyond the nervous
system, 5-HT receptors contribute to cardiovascular development. The fetal cardiovascular
system undergoes extensive structural and functional remodeling throughout gestation, requiring
precise regulation of cellular growth and vascular formation [33]. Serotonin receptors are
expressed in developing cardiac tissues, endothelial cells, and vascular smooth muscle cells.
Activation of these receptors regulates cell proliferation, angiogenesis, and vascular
differentiation, all of which are necessary for normal heart and blood vessel formation. Serotonin
signaling also influences cardiac morphogenesis by modulating pathways involved in myocardial
growth and chamber development. Abnormal receptor activity during critical developmental
windows may contribute to congenital cardiovascular abnormalities and impaired fetal
circulation [34].

The respiratory system is another important target of serotonergic signaling during fetal
development. Serotonin receptors are present in the developing lungs, where they participate in
airway branching, pulmonary vascular formation, and cellular differentiation. These processes
are essential for establishing the structural framework required for effective respiratory function
after birth. Serotonin-mediated signaling contributes to lung maturation by regulating epithelial
and mesenchymal cell interactions, which are critical for alveolar development and pulmonary
function. Alterations in serotonin receptor activity may affect lung growth and increase
susceptibility to respiratory complications in the neonatal period [35]. In the gastrointestinal
tract, serotonin serves as an important regulator of organ development and function. The
majority of the body's serotonin is ultimately produced in the gut, and serotonergic signaling is
involved in the maturation of the enteric nervous system. Various 5-HT receptor subtypes
influence the proliferation and migration of enteric neurons, helping establish the neural
networks that regulate gastrointestinal motility and secretion. Proper development of the enteric
nervous system is essential for digestive function after birth. Disturbances in serotonin receptor
signaling during fetal life may contribute to gastrointestinal motility disorders and other
developmental abnormalities affecting the digestive system [36]. Serotonin receptors also play a
role in endocrine and metabolic development.

During fetal growth, serotonin influences the maturation of endocrine organs, including the
pancreas, adrenal glands, and hypothalamic-pituitary axis. Receptor-mediated signaling
contributes to the differentiation and functional development of hormone-producing cells. In the
pancreas, serotonin is involved in the regulation of B-cell development and insulin-related
pathways that influence glucose metabolism. These developmental processes are important for
establishing metabolic homeostasis and may have long-term implications for the regulation of
energy balance and susceptibility to metabolic disorders later in life [37]. The placenta itself is
highly responsive to serotonergic signaling and serves as a critical mediator of fetal
development. Several 5-HT receptor subtypes are expressed in placental tissues, where they
regulate trophoblast proliferation, angiogenesis, nutrient transport, and vascular function. By
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influencing placental growth and efficiency, serotonin receptors indirectly affect fetal growth and
organ development. Adequate placental function ensures the delivery of oxygen, nutrients,
hormones, and growth factors necessary for normal fetal maturation. Dysregulation of placental
serotonin signaling may contribute to fetal growth restriction, preeclampsia, and other adverse
pregnancy outcomes [38]. Recent studies have highlighted the importance of maintaining
balanced serotonin receptor activity during pregnancy. Both excessive and insufficient
serotonergic signaling can disrupt developmental processes and alter fetal programming.
Environmental factors, maternal stress, nutritional status, genetic variations, and exposure to
medications such as selective serotonin reuptake inhibitors (SSRIs) can influence serotonin
availability and receptor activation. Because fetal tissues are highly sensitive to serotonergic
signals during critical periods of development, alterations in receptor function may produce
lasting effects on organ structure, physiology, and postnatal health. 5-HT receptors are essential
regulators of fetal development and contribute to the formation and maturation of multiple organ
systems [39]. Through their effects on cellular proliferation, differentiation, migration,
angiogenesis, and synaptic development, these receptors coordinate key developmental processes
that ensure normal fetal growth. Their involvement in neurodevelopment, cardiovascular
formation, respiratory maturation, gastrointestinal development, endocrine function, and
placental physiology highlights the widespread influence of serotonergic signaling during
gestation. A comprehensive understanding of the role of 5-HT receptors in fetal development is
crucial for elucidating the mechanisms underlying normal embryogenesis and identifying factors
that contribute to developmental disorders and adverse pregnancy outcomes [40].

V. SHT RECEPTORS IN PLACENTAL DEVELOPMENT AND HORMONE REGULATION

The placenta is a highly specialized transient organ that serves as the primary interface between
the mother and the developing fetus throughout pregnancy. It performs numerous essential
functions, including nutrient and oxygen transport, waste removal, immune regulation, vascular
adaptation, and hormone production. Proper placental development is critical for fetal growth
and successful pregnancy outcomes. Among the various signaling molecules involved in
placental physiology, serotonin (5-hydroxytryptamine, 5-HT) has emerged as an important
regulator of placental growth, vascularization, endocrine function, and maternal-fetal
communication. These effects are mediated through a diverse family of 5-HT receptors
expressed in placental tissues [41]. Through receptor-dependent signaling pathways, serotonin
contributes to the establishment and maintenance of placental function while also influencing the
hormonal environment required for healthy pregnancy progression. The placenta is not merely a
passive transport organ but also an active site of serotonin synthesis, metabolism, and signaling.
Placental trophoblasts express enzymes involved in serotonin production, including tryptophan
hydroxylase, enabling local synthesis of serotonin during gestation. In addition, maternal
serotonin can cross into placental tissues and contribute to local serotonergic signaling [42].
Various 5-HT receptor subtypes, including members of the 5-HT1, 5-HT2, 5-HT4, and 5-HT7
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receptor families, have been identified in trophoblast cells, endothelial cells, vascular smooth
muscle cells, and placental stromal tissues. The widespread distribution of these receptors
highlights the importance of serotonin-mediated pathways in regulating placental structure and
function throughout pregnancy. One of the primary roles of 5-HT receptors in placental
development involves the regulation of trophoblast proliferation and differentiation.
Trophoblasts are specialized placental cells responsible for implantation, placental formation,
and maternal-fetal exchange. During early pregnancy, trophoblast cells undergo rapid
proliferation and differentiation to establish the placental architecture necessary for fetal support
[43]. Activation of serotonin receptors stimulates intracellular signaling pathways that influence
cell cycle progression, gene expression, and cellular growth. These receptor-mediated
mechanisms contribute to the expansion of trophoblast populations and promote the development
of functional placental tissues. Proper trophoblast differentiation is essential for the formation of
both villous and extravillous trophoblast lineages, which perform distinct roles in nutrient
transport and uterine invasion. Another critical function of serotonin receptors is the regulation
of trophoblast invasion into the maternal decidua. Successful pregnancy requires controlled
invasion of extravillous trophoblasts into maternal uterine tissues and remodeling of spiral
arteries [44]. This process transforms high-resistance maternal vessels into low-resistance
channels capable of supplying sufficient blood to the placenta and fetus. Serotonin signaling
influences cellular migration, adhesion, and matrix remodeling through receptor-dependent
pathways. By regulating trophoblast invasiveness, 5-HT receptors contribute to the establishment
of an effective maternal-fetal circulation. Impaired receptor activity may lead to inadequate
placental implantation and defective vascular remodeling, conditions commonly associated with
pregnancy complications such as preeclampsia and fetal growth restriction [45].

Placental angiogenesis is another process significantly influenced by serotonergic signaling.
Angiogenesis, the formation of new blood vessels from pre-existing vasculature, is essential for
placental growth and function. Developing placental tissues require an extensive vascular
network to facilitate the efficient exchange of oxygen, nutrients, and metabolic waste products.
Serotonin receptors expressed on endothelial and vascular smooth muscle cells regulate
angiogenic signaling pathways, endothelial cell proliferation, and vascular maturation. Through
these actions, serotonin contributes to the formation and maintenance of placental blood vessels.
Balanced receptor activation ensures adequate placental perfusion and supports optimal fetal
growth throughout gestation [46]. The regulation of placental blood flow represents an additional
important role of 5-HT receptors. Serotonin exerts complex effects on vascular tone depending
on the receptor subtype activated. Certain receptors, particularly those belonging to the 5-HT1
and 5-HT2 families, can induce vasoconstriction, whereas activation of receptors such as 5-HT7
may promote vasodilation through cyclic adenosine monophosphate (cAMP)-mediated
mechanisms [47]. The coordinated balance between these opposing effects is necessary for
maintaining stable uteroplacental circulation. Abnormal receptor expression or signaling may
compromise placental blood flow, resulting in reduced oxygen and nutrient delivery to the fetus.
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Such disturbances have been implicated in several adverse pregnancy outcomes, including
placental insufficiency, preeclampsia, and intrauterine growth restriction [48].

In addition to its structural and vascular functions, the placenta acts as a major endocrine organ
during pregnancy. It synthesizes and secretes a variety of hormones that regulate maternal
physiology, fetal development, and pregnancy maintenance. Serotonin receptors play a
significant role in modulating placental endocrine activity by influencing hormone synthesis,
secretion, and cellular responsiveness. Through receptor-mediated signaling pathways, serotonin
can affect the production of key pregnancy hormones, including progesterone, estrogens, human
chorionic gonadotropin (hCG), human placental lactogen (hPL), and various growth factors [49].
These hormones coordinate numerous physiological adaptations required to support fetal growth
and maternal health. Progesterone is one of the most important hormones for pregnancy
maintenance, as it promotes uterine quiescence, supports endometrial function, and prevents
premature labor. Evidence suggests that serotonin signaling influences progesterone synthesis
through interactions with trophoblast and steroidogenic pathways. Activation of specific 5-HT
receptor subtypes can modulate intracellular signaling cascades that regulate steroid hormone
production [50]. By contributing to progesterone homeostasis, serotonin receptors help maintain
a favorable intrauterine environment for fetal development. Similarly, serotonin receptors are
involved in the regulation of estrogen production during pregnancy. Estrogens contribute to
uterine growth, placental development, vascular adaptation, and preparation for parturition.
Receptor-mediated serotonergic signaling can influence the expression of enzymes involved in
steroidogenesis and alter the production of placental estrogens. The coordinated regulation of
estrogen and progesterone synthesis is essential for maintaining hormonal balance throughout
gestation and ensuring normal pregnancy progression [51]. Human chorionic gonadotropin
(hCQ), another key placental hormone, plays a crucial role in supporting early pregnancy by
maintaining corpus luteum function and progesterone secretion. Emerging evidence indicates
that serotonin receptor signaling may influence hCG production and trophoblast endocrine
activity. Through these effects, serotonin contributes indirectly to the hormonal mechanisms that
sustain implantation and early fetal development [52].

Beyond classical reproductive hormones, serotonin receptors also regulate the production of
growth factors, cytokines, and metabolic hormones within the placenta. These molecules
influence placental growth, nutrient transport, immune tolerance, and fetal organ development.
By modulating endocrine and paracrine signaling networks, 5-HT receptors help coordinate
complex interactions between maternal and fetal compartments. Their role in hormone regulation
extends beyond simple hormone secretion to encompass broader control of cellular
communication and physiological adaptation during pregnancy. In recent years, considerable
attention has focused on the impact of altered serotonergic signaling on placental function [53].
Maternal stress, nutritional deficiencies, genetic variations, and the use of selective serotonin
reuptake inhibitors (SSRIs) can modify serotonin availability and receptor activation within
placental tissues. Such alterations may affect placental development, endocrine function, and
fetal growth. Understanding how serotonin receptors regulate placental physiology is therefore
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important for identifying potential mechanisms underlying pregnancy-related complications and
for developing targeted therapeutic interventions. 5-HT receptors play indispensable roles in
placental development and hormone regulation throughout pregnancy [54]. They contribute to
trophoblast proliferation, differentiation, invasion, angiogenesis, and vascular remodeling while
simultaneously influencing the synthesis and secretion of essential pregnancy hormones.
Through these diverse functions, serotonin receptors help establish and maintain a healthy
maternal-fetal environment that supports successful gestation and fetal development.

Continued research into receptor-specific signaling pathways will enhance our understanding of
placental biology and may provide new opportunities for the prevention and treatment of
pregnancy-associated disorders.

VI.  DISCUSSION

The available evidence highlights the critical role of serotonin (5-hydroxytryptamine, 5-HT)
receptors in regulating multiple physiological processes that are essential for successful
pregnancy outcomes. Although, serotonin has traditionally been studied as a neurotransmitter
within the central nervous system, recent advances in reproductive biology have revealed its
extensive involvement in maternal adaptation, placental function, fetal development, and
endocrine regulation. The widespread expression of various 5-HT receptor subtypes in maternal,
placental, and fetal tissues underscores the importance of serotonergic signaling as a key
regulatory mechanism throughout gestation. One of the most significant findings from current
research is the involvement of 5-HT receptors in placental development and function. These
receptors contribute to trophoblast proliferation, differentiation, invasion, and angiogenesis, all
of which are essential for the establishment of an efficient maternal-fetal interface. Proper
placental vascularization and remodeling of maternal spiral arteries ensure adequate nutrient and
oxygen delivery to the developing fetus. Dysregulation of serotonin receptor signaling has been
associated with impaired placental development, reduced uteroplacental blood flow, and
pregnancy complications such as preeclampsia and intrauterine growth restriction. These
observations suggest that balanced serotonergic activity is necessary for maintaining placental
health and supporting normal fetal growth. The role of 5-HT receptors in fetal development is
equally significant. Serotonin functions as a developmental signaling molecule long before it
assumes its classical neurotransmitter role in the mature nervous system. Through receptor-
mediated pathways, serotonin regulates cellular proliferation, migration, differentiation, and
tissue organization in various developing organs. In particular, serotonergic signaling is crucial
for neurodevelopment, influencing neuronal migration, synapse formation, and neural circuit
maturation. Furthermore, 5-HT receptors contribute to the development of cardiovascular,
respiratory, gastrointestinal, and endocrine systems. Alterations in receptor activity during
critical developmental periods may lead to long-term consequences for organ function and
increase susceptibility to neurodevelopmental and metabolic disorders later in life.
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Another important aspect of serotonergic signaling during pregnancy is its influence on
hormonal regulation. The placenta functions as a major endocrine organ, producing hormones
that support pregnancy maintenance and fetal development. Evidence indicates that 5-HT
receptors modulate the synthesis and secretion of key hormones, including progesterone,
estrogens, human chorionic gonadotropin, and various growth factors. Through these effects,
serotonin receptors help coordinate maternal physiological adaptations, maintain uterine
quiescence, regulate nutrient metabolism, and support fetal maturation. The interaction between
serotonergic and endocrine pathways demonstrates the complex regulatory network that sustains
a healthy pregnancy. The growing clinical relevance of serotonin receptor signaling is further
emphasized by the widespread use of selective serotonin reuptake inhibitors (SSRIs) during
pregnancy. While these medications provide substantial benefits for maternal mental health, they
may alter serotonin availability and receptor activation within maternal, placental, and fetal
tissues. Consequently, understanding receptor-specific functions is essential for evaluating the
potential effects of altered serotonergic signaling on pregnancy outcomes. Future studies are
needed to clarify the roles of individual receptor subtypes and to determine how genetic,
environmental, and pharmacological factors influence serotonin-mediated developmental
processes.

Overall, 5-HT receptors represent critical regulators of pregnancy physiology, linking maternal
adaptation, placental development, endocrine function, and fetal growth. Their diverse biological
actions highlight the importance of maintaining tightly controlled serotonergic signaling
throughout gestation. A deeper understanding of receptor-specific mechanisms may facilitate the
development of novel therapeutic strategies for managing pregnancy-related complications and
improving both maternal and fetal health outcomes.

VII.  CONCLUSION

Serotonin (5-hydroxytryptamine, 5-HT) receptors play a pivotal role in the regulation of
numerous physiological processes that are essential for successful pregnancy and healthy fetal
development. Beyond their well-established functions in neurotransmission, 5-HT receptors
serve as key mediators of cellular signaling in maternal, placental, and fetal tissues. The diverse
distribution and functional specialization of receptor subtypes enable serotonin to influence
critical reproductive events, including implantation, trophoblast invasion, placental growth,
vascular adaptation, hormone regulation, metabolic homeostasis, and fetal organogenesis.
Through these mechanisms, serotonergic signaling contributes to the establishment and
maintenance of an optimal maternal-fetal environment throughout gestation. The involvement of
5-HT receptors in placental development underscores their importance in supporting nutrient and
oxygen exchange between the mother and fetus. Their role in regulating angiogenesis,
uteroplacental blood flow, and endocrine activity highlights the complexity of serotonin-
mediated pathways in maintaining placental function. Furthermore, serotonin receptors
contribute significantly to fetal development by regulating cellular proliferation, differentiation,
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migration, and tissue maturation, particularly within the developing nervous system. These
actions are crucial for proper organ formation and long-term physiological health. Emerging
evidence also emphasizes the importance of 5-HT receptors in maternal metabolic adaptations
and hormonal regulation during pregnancy. By influencing insulin secretion, energy balance,
steroid hormone production, and immune responses, serotonin receptors help coordinate the
intricate physiological changes required to sustain pregnancy. Dysregulation of serotonergic
signaling has been associated with several pregnancy-related complications, including
preeclampsia, gestational diabetes, fetal growth restriction, and preterm birth, further
highlighting their clinical significance. In conclusion, 5-HT receptors are integral components of
the regulatory networks governing pregnancy, placental function, and fetal development.
Continued investigation of receptor-specific signaling mechanisms will enhance our
understanding of reproductive physiology and may facilitate the development of targeted
therapeutic interventions for improving maternal and fetal health outcomes. Such advances hold
significant promise for the prevention and management of pregnancy-associated disorders.
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