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Preface

As a hormone, oxytocin is closely related to human social behavior, and it has been
widely studied in the fields of biology, psychology, and sociology. In recent years,
with the development of research on human social behavior, the relationship between
oxytocin and social function has also attracted more and more attention. This book
provides a comprehensive introduction to the research on oxytocin and social func-
tion, including the relationship between oxytocin and human social behavior, the
mechanism of oxytocin in regulating social function, and the application of oxytocin
in improving social function. The book includes contributions from leading experts
in the field of oxytocin research, as well as relevant research results and findings. This
book will be of interest to researchers in biology, psychology, and sociology, as well as
to people who are interested in human social behavior and want to learn more about
the role of oxytocin in social function. We hope that this book will help readers deepen
their understanding of oxytocin and its role in human social behavior, promote the
research and application of oxytocin in the field of social function, and contribute to
improving human social behavior and social development.

Chapter 1 discusses the role of depolarization-induced oxytocin vs. vasopressin secre-
tion in the absence of external calcium, and calcium release from ryanodine-sensitive
internal stores as a significant physiological contributor to neuropeptide secretion from
hypothalamic neurohypophysial system terminals. This has important therapeutic
implications given that exogenous administration of oxytocin to children with autistic
spectrum disorders has shown some success in improving social behavior and lessening
anxiety.

Chapter 2 outlines the current knowledge of oxytocin and epilepsy, including the
potential mechanisms of oxytocin’s antiepileptic effects, the limitations and challenges
of clinical studies, and future research directions and implications. The chapter also
discusses the broader impact of oxytocin research on understanding social behavior
and neurological disorders.

Chapter 3 overviews studies of transcranial direct current stimulation on social cogni-
tion and discusses optimal brain regions to be targeted for ameliorating symptoms
and cognitive disturbances of schizophrenia.

Chapter 4 discusses the regulation of oxytocin on empathy and its neural mechanism.
Empathy plays a vital role in social communication, and it is very important for estab-
lishing harmonious relationships, trust, and mutual understanding. Oxytocin can
enhance emotional and cognitive empathy, as well as trust and cooperative behavior.

Chapter 5 discusses the oxytocin receptor gene polymorphisms and event-related
potentials in humans. It has been found that genetic variations of the oxytocin recep-
tor significantly influence neural activity related to emotional and social processing,
except for the early phases of face recognition.



Chapter 6 discusses oxytocin and its congeners in obstetrics practice. Carbetocin,
an analogue of oxytocin, has more pronounced pharmacological effects. Heat-stable
carbetocin is a promising alternative to oxytocin.

Chapter 7 reviews the social and behavior change communication framework in
addressing stunting. This framework integrates principles of communication theory
and social psychology to create more effective messages for behavior change. The
social and behavior change communication framework can help increase public
awareness of health issues, motivate them to change unhealthy behaviors, and
encourage healthier behavior.

Chapter 8 discusses the morphofunctional characteristics of rythmogenic regions in
the rat myometrium, as well as the identification of driver pacemaker areas under the
influence of oxytocin.

The completion of this book was supported by the National Key R&D Program of
China (2022YFC2702900), National Natural Science Foundation of China (82273662).
Many individuals made this book a reality. The completion of this book would not
have been possible without the efforts of numerous contributors. I would like to thank
Mrs. Maja Bozicevic at IntechOpen for her strong support from the inception to the
completion of this book. I would also like to acknowledge my coauthors for their
efforts.

Wei Wu

Department of Toxicology,
School of Public Health,
Nanjing Medical University,
Nanjing, China

XIvV



Chapter1

Modulation of Oxytocin Release by
Internal Calcium Stores

Cristina Veldzquez-Marrero and José R. Lemos

Abstract

This chapter elucidates the role of depolarization-induced oxytocin (OT) vs.
arginine vasopressin (AVP) secretion in the absence of external calcium, and calcium
release from ryanodine-sensitive internal stores as a significant physiological contrib-
utor to neuropeptide secretion from hypothalamic neurohypophysial system (HNS)
terminals. This has important therapeutic implications, given that exogenous admin-
istration of OT to children with autism spectrum disorders (ASD) has shown some
success in improving social behavior and lowering anxiety. However, this nonspecific
treatment has side effects, including seizures, increased heart rate variability, and
psychotic symptoms. Alternatively, facilitating the physiological neuronal release of
OT but not AVP from the HNS via modulation of ryanodine vs. inositol triphosphate
receptor (IPsR) calcium stores would specifically facilitate central vs. peripheral OT
release in ASD patients.

Keywords: oxytocin, vasopressin, neurohypophysis, ryanodine receptor, inositol
trisphosphate receptor, autism spectrum disorders, ADP-ribosyl cyclase/CD38

1. Introduction
1.1 Hypothalamic neurohypophysial system (HNS)

The main mechanism for neuropeptide release from neurohypophysial terminals
(NHT) acts via depolarization-secretion coupling. This refers to the relationship
between neuronal depolarization and the subsequent release of hormones, specifi-
cally oxytocin (OT) and arginine vasopressin (AVP), from the posterior pituitary
gland (Figure 1). This hypothalamic-neurohypophysial system (HNS) plays a
critical role in regulating various physiological processes, including social behavior,
reproduction, and water balance. Within the HNS, specialized neurons located in the
hypothalamus synthesize and package OT and AVP into vesicles. These magnocellular
neurons (MCNs) extend their axons through the pituitary stalk and terminate in the
posterior pituitary (also known as (aka) neurohypophysis) gland, where the hor-
mones are stored and released into the capillary bed for systemic delivery.

The classic understanding of neuropeptide release involves depolarization of
the hypothalamic neurons which receive excitatory input which activates action
potentials to their terminals. This depolarization leads to the opening of voltage-gated

1 IntechOpen



Oxytocin and Social Function

. Oxytocin (OT)

dzl? Ryanodine TI R-type Voltage Gated
' OT Receptor Receptor (RyR) “ ca* Channel (VGCC)
! m Ltype Voltage Gated
"L CD38 Complex ’% SNAREs Complex I ca* Channel (VGCC)
Figure 1.

Mechanisms of [Ca™]; affecting oxytocin (OT) release. 1) depolarization of L-type voltage-gated calcium channel
(VGCC) mechanically opens the ryanodine receptor (RyR), which leads to the velease of calcium from ryanodine-
sensitive stoves. 2) activation of the OT receptor (OTR) initiates cyclic adenosine diphosphate ribose (cADPr)
signaling, presumably via Gq activation of ADP-ribosyl cyclase/CD38 (cluster of differentiation 38) complex
catalyzing the conversion of NAD" into cADPy. Cyclic ADPr (cADPr) subsequently leads to the activation of
ryanodine receptors (RyRs) on neuvosecretory granules (NSGs) in the terminals. 3) inhibition of R-type VGCC.
The release of diffusible second messenger Ca®* from ryanodine-sensitive stoves subsequently results in 4) OT
release via SNARE complex activation. Notably, CD38, found only in OT terminals, facilitates hormonal
secretion by veleasing intraterminal Ca®* and Ca® -induced Ca®" release (CICR), other RyR types, and/or other
stores [1]. This would traffic more vesicles to release sites, thus, facilitating release.

calcium channels on the terminal membrane, allowing calcium ions (Ca*) to enter
(Figure 1). The influx of calcium into the neurons initiates a cascade of events that
ultimately lead to the exocytosis of OT- and AVP-containing vesicles into the blood-
stream. The increase in intracellular calcium concentration serves as a key signal
for the fusion of vesicles with the neuronal membrane, resulting in the secretion of
hormones into the extracellular space. The coupling between depolarization and hor-
mone secretion involves several important steps. When calcium enters the neurons, it
binds to proteins such as synaptotagmin, which triggers the fusion of hormone-con-
taining vesicles with the plasma membrane. This fusion process allows the release of
OT and AVP. Additionally, calcium influx also activates calcium-dependent enzymes,
such as protein kinases, which can modulate the secretion process. These enzymes
can regulate the activity of proteins involved in vesicle fusion and neurotransmitter
release, thereby fine-tuning the coupling of depolarization and hormone secretion.
In this chapter, we highlight the coupling of depolarization and secretion in the
HNS via the release of calcium (Ca®*) from intraterminal Ca**, specifically voltage-and
ryanodine-sensitive, stores as opposed to Ca®* influx via voltage-gated calcium channels
(VGCCs). In the absence of external Ca**, depolarization-induced secretion of oxytocin
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(OT) and arginine vasopressin (AVP) can still occur, albeit with certain limitations.
Recent evidence supports the hypothesis that Ca** from internal stores plays a crucial
role in triggering the exocytosis of hormone-containing vesicles from nerve terminals.
These alternative mechanisms can contribute to the release of OT and AVP in the absence
of external calcium, thereby helping to shape both the amount and frequency of neuro-
peptide release differentially from OT vs. AVP terminals.

1.2 Calcium stores

These internal calcium stores within the HNS have originally referred to the
endoplasmic reticulum (ER), which is a specialized organelle within cells involved in
calcium storage and release. When an action potential reaches the neurohypophysial
terminal, voltage-gated calcium channels on the plasma membrane open, allowing
calcium ions (Ca**) to enter the terminal from the extracellular space. This calcium
influx triggers the release of calcium from the internal stores, specifically the ER
and the granules containing OT and AVP themselves, through a process known as
calcium-induced calcium release (CICR). The released calcium from intraterminal
stores amplifies the calcium signal and contributes to the overall calcium concentra-
tion in the cytoplasm. This increased calcium concentration is crucial for the fusion
of neurotransmitter-containing vesicles with the plasma membrane, facilitating the
release of oxytocin and arginine vasopressin into the bloodstream.

Within neurohypophysial terminals (NHT), a distinct intraterminal calcium
store is characterized by local, voltage-dependent Ca®* transients, known as syntillas
[2, 3]. Syntillas are unaffected by the removal of extracellular Ca”*, are mediated by
ryanodine receptors (RyRs) within terminals, and are increased in frequency, in the
absence of extracellular Ca**, by physiological levels of depolarization. The physi-
ological role of these syntillas is under continued investigation, with recent important
findings adding to the unique mosaic of regulation for OT and AVP release.

1.3 Social behavior and OT

Autism spectrum disorders (ASDs) are characterized by defects in reciprocal social
interaction and communication and occur either sporadically or in a familial pattern
[4-6]. The etiology of ASDs remains largely unknown and pharmacological treatments
are needed. Oxytocins role in social memory and behavior, communication, and emo-
tional recognition has now been well established [7-10]. Although making inferences
about central OT functioning from peripheral measurement is difficult, the data suggest
that OT abnormalities may exist in autism and that a more direct investigation of central
nervous system’s (CNS’s) OT function is warranted [11].

2. Intraterminal [Ca?*]; stores

When oxytocin neurons in the hypothalamus are activated, the depolarization
of these neurons leads to the opening of voltage-gated calcium channels (VGCCs)
followed by a Ca®* influx through the plasma membrane. This influx of calcium ions
triggers a series of events that result in the release of oxytocin both from the dendrites
surrounding the cell bodies and the axonal terminals located in the neurohypophysis/
posterior pituitary. However, internal calcium stores play a crucial role in maintaining
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calcium homeostasis and regulating calcium signaling within the oxytocin HNS
neurons. The ER is responsible for sequestering and storing calcium ions, which are
released upon feedback stimulation in the cell bodies via activation of IP;R (inositol
triphosphate receptors). Less is known about the accumulation of Ca** in the neu-
rohypophysial granules themselves, which, when released, play a significant role

in modulating OT secretion from terminals. Research has shown that an increase in
intracellular calcium concentration acts as a signal for the secretory granules contain-
ing oxytocin to undergo “priming” characterized by the mobilization of granules
from the releasable pool to the readily releasable and subsequently, the immediately
releasable pool.

Once granules are trafficked to the immediately releasable pool, calcium influx via
VGCC binds to specific proteins, such as the synaptotagmin/SNARE complex, which
facilitates the fusion of the secretory granules with the plasma membrane (Figure 1).
This fusion allows the release of oxytocin into the extracellular space, where it can
act on target tissues and receptors. Calcium stores within terminals are activated by
three known mechanisms: calcium-induced calcium release (CICR), depolarization
via a direct link of ryanodine receptor (RyR) and L-type VGCC, and ligand-mediated
G-protein receptors leading to the activation of specific signaling cascades. CICR isan
essential step in the amplification of the calcium signal eliciting further release from
IP; and RyR-mediated internal stores while inactivating specific VGCC. Activation
of the IP;R and RyR via calcium or by second messengers, such as IP; or cyclic
adenosine diphosphate ribose (cADPr), leads to the release of further calcium into the
cytoplasm. Therefore, while calcium is key to triggering the process of secretion, the
source of calcium necessary for fine-tuned depolarization-induced OT release comes
from multiple sources that interact to optimize release.

2.1 Original findings

Previously, in experiments monitoring not only [Ca>*] but also AVP release
from HNS terminals in response to K* depolarization, it was shown that none of the
classical modulators of intracellular Ca** release, such as caffeine, affected any of
these measurements [12]. In contrast, several population (using dissociated NHTs)
release experiments have been performed [1, 2, 13, 14], assessing the effects of both
ryanodine and caffeine on basal neuropeptide release. Caffeine, a strong agonist of
RyRs [15], induces an increase in neuropeptide release from these terminals, even
in the absence of extracellular Ca** [1, 13, 14]. Ryanodine, at a concentration at
which ryanodine is known to inactivate RyRs [15], has been shown to half-block this
caffeine-induced release [14, 16]. This is similar to its effects on Ca** spark (syntilla)
frequency in these NHTs [2]. Our results indicate that depolarization-induced neu-
ropeptide secretion is present in the absence of external calcium, and calcium release
from ryanodine-sensitive internal stores is a significant physiological contributor to
neuropeptide secretion from HNS terminals.

2.2 Syntillas and calcium stores within NT

More conclusive evidence for Ca** stores in NHTs came from our studies demon-
strating the presence of spontaneous focal Ca** transients in mouse neurohypophysial
terminals [2, 17]. Since these Ca** syntillas were found in the absence of extracellular
Ca*, they had to arise from intracellular stores. Additionally, the rate of syntillas is
affected by agonists/antagonists of the RyR, a channel that is well known to control
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the release of [Ca*']. Dihydropyridine receptors (DHPRs) function as voltage sen-
sors within terminals of MCNs. The DHPRs appear to be linked to type-1 RyRsin a
manner bearing similarities to the mechanism in skeletal muscle [17, 18]. Data from
immunocytochemistry, Western blot analysis, and electrophysiology demonstrate the
existence of type-1 RyRs linking neuronal activity, as signaled by depolarization of
the plasma membrane, to a rise in [Ca*] in nerve terminals [12]. These results sup-
port previous findings [17] indicating the role of type-1 RyRs in response to depolar-
ization and imply its possible physiological significance in depolarization secretion
coupling (DSC) (Figure1).

The cyclic ADP-ribose (cADPr) signaling pathway (Figure 1) initiates a signaling
cascade leading to activation of the RyRs in vivo and subsequent release of [Ca*’]
from ryanodine-sensitive stores [19-21]. Interestingly, in NHTSs, blocking cADPr
signaling was shown to attenuate high [K'] -induced rises in [Ca*] but only inhibited
OT release from isolated terminals [22, 23]. This strongly suggests that the cADPr
pathway is present in OT terminals [1] and linked to neuropeptide release (Figure1).
Cyclic ADP ribose hydrolase (CD38) is a catalyst for the formation of cADPr and
nicotinic acid adenine dinucleotide phosphate (NAADP) by ADP-ribosyl cyclase
from nicotinamide adenine dinucleotide (NAD) and NAD phosphate [24]. Both are
known to release Ca®* from intracellular ryanodine-sensitive pools as part of a second
messenger-signaling pathway.

2.3 NH terminals compared to HNS cells

Facilitation of neuropeptide release from magnocellular neuron (MCN) somato-
dendrites can be induced by increased [Ca*] [25]. This facilitation appears to be due
to the trafficking of neurosecretory granules (NSGs) toward the cell surface [26].
Such facilitation increases the somatodendritic secretory response to signals, such
as OT, that mobilize intracellular Ca** (via IP; receptors) in ER [25]. AVP and OT
normally elicit little somatodendritic secretion, but after facilitation, each neuropep-
tide elicits enhanced somatodendritic secretion from their respective MCNs [25, 27].
This includes the response to somatodendritic action potentials, which typically do
not result in local release, but can alter facilitation by AVP or OT.

3. AVPvs. OT in terminals and HNS cell bodies
3.1 Differences in VGCC

There are subtle differences between the two types of nerve terminals concerning
the distribution of the distinct types of VGCCs. The AVP terminals show the L-, N-,
and P/Q types of VGCCs, while the OT terminals have the L-, N-, and R types [13]. In
contrast, the [Ca®*] responses induced by high K* (50 mM) involve all Ca’*-channel
subtypes in both AVP and OT somata [28]. Electrophysiological studies on the Ca**
channels in the NH nerve terminals have shown that specific types (Q vs. R) of Ca**
channels are uniquely important in AVP versus OT secretion (Figure 1).

3.2 Primed release of OT

Mechanisms involved in neurosecretion from the nerve terminals of the AVP- and
OT-containing neurons of the HNS are different between this compartment and their
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somatodendritic region. OT has positive and AVP has various (positive, negative, or
no effect) feedback on their release from somata and dendrites, but not from NHTs.
Instead, voltage is the primary regulator in terminals. Both compartments utilize
intracellular release of Ca** to regulate the release of OT but not AVP, which appears
regulated primarily by Ca** entry through VGCCs. However, MCN dendrites utilize
IPsRs in ER, while NHTs utilize RyRs in NSGs to regulate OT release. Nevertheless,
the trafficking of NSGs is the main mechanism for the facilitation of release in both
compartments [13, 25, 29]. SNARE-mediated exocytosis is also different in somato-
dendritic versus NHTs. Thus, these HNS compartments are different in their regula-
tory mechanisms for neurosecretion. Since OT and AVP are also found in CNS axons
and terminals, future experiments are required to determine if differences in the
central release (see Figure 2) of these peptides compared to the NHTSs or somatoden-
dritic regions will have subsequent consequences on their behavioral effects.

3.3 Physiological relevance (bursting, behavior, etc.)

Magnocellular neurons in the supraoptic (SON) and paraventricular (PVN) nuclei
(see Figure 2) exhibit bursting patterns leading to secretion of oxytocin in a char-
acteristic episodic or pulsatile manner rather than in a continuous or steady stream
[13, 32, 33]. The bursting pattern is regulated by various physiological and environ-
mental factors, such as sensory stimuli, including touch, suckling, and sexual activity.
These stimuli activate specific brain regions, leading to increased activity in oxytocin

Paraventricular

Nucl ’
Hypothalamus \uc eus '

A\ NH
|\ Terminals

Pars Neurohypophysis

Intermedia

Figure 2.

The diagram of hypothalamic neurohypophysial system (HNS) showing cell bodies in hypothalamic supraoptic
(SON) and paraventricular nuclei (PVN) projecting to terminals in neurohypophysis and in central nervous
system (CNS) [22, 30, 31]. The priming of rvelease takes place via IP;R (inositol triphosphate (IP;) receptors) in
oxytocin (OT) cell bodies but via RyR (ryanodine receptors) in OT terminals.
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neurons and subsequent bursts of oxytocin release [34]. The bursting pattern of
oxytocin secretion is particularly relevant during reproductive processes, including
childbirth, breastfeeding, and bonding between individuals [35-37].

The episodic nature of oxytocin release allows for precise and selective activa-
tion of oxytocin receptors, ensuring proper physiological responses. The precision
of these responses highlights the importance of linking OT release with appropriate
physiological and environmental signaling. The pattern of the electrical activity of OT
neurons exhibits a sustained outwardly rectifying potential, as well as a consequent
depolarizing rebound potential, not found in AVP neurons [38]. OT neurons further
exhibit specific voltage-gated calcium channels, R-type, which are modulated by
distinct pathways not associated with AVP neurons [39, 40]. Furthermore, in OT
neurons, but not in AVP, the activity and modulation of release are highly dependent
on the presence of the second messenger, phosphatidylinositol 4,5-bisphosphate
(P1(4,5)P2) [41], which permissively gates N-type channels that contribute to the Ca*
influx during spike trains [42] and mediates positive feedback via activation of OT
receptors (OTRs) (Figure 2) within the dendritic arborization of cell bodies in SON
and PVN [43, 44].

The oxytocin receptor and inositol trisphosphate (IP;) are interconnected in a
signaling pathway that mediates the effects of oxytocin on cellular responses. When
oxytocin binds to its receptor, it leads to the activation of a G protein associated
with the receptor. This activation causes the G protein to exchange GDP (guanosine
diphosphate) for GTP (guanosine triphosphate), leading to the dissociation of the G
protein into its «, §, and y subunits [45]. The a subunit of the G protein then activates
phospholipase C (PLC) activating a cascade of intracellular events, including the gen-
eration of IP;. The IP; messenger acts as a diffusible molecule that binds to IP; recep-
tors (IP;Rs) located on the endoplasmic reticulum (ER) membrane in OT neuronal
cell bodies releasing calcium ions (Ca**) from the ER stores into the cytoplasm. This
increase in intracellular calcium concentration triggers various cellular responses,
including modulation of synaptic transmission in the brain. Notably, so far, the pres-
ence of endoplasmic reticulum and subsequent IP; signaling has not been observed in
neurohypophysial terminals. It is worth noting that the interactions between oxytocin
receptor signaling and IP; are just one aspect of the broader mechanisms underlying
intercellular calcium stores and oxytocin’s physiological effects. Having shown that
DSC occurs in the absence of extracellular Ca** and is independent of VGCCs lends
support to the general premise of the Ca**-voltage hypothesis of Parnas and col-
leagues [46]. Whether this process modulates or plays a key role in the initiation and/
or the termination of physiological release during a burst of action potentials in the
HNS, however, remains to be proven.

4. Potential therapeutic approaches for treating autism
4.1 Current understanding of the role of OT

Autism spectrum disorder (ASD) encompasses multiple complex and behavior-
ally defined disorders characterized by impairments in social interaction, memory,
communication and language, repetitive behaviors, as well as in the range of interests
and activities shown by autistic patients [47-52]. Genetic [53] and environmental
factors [49, 53-57] have been identified in the development of ASD. For example, the
use of the anticonvulsant drug valproate during pregnancy increases the risk for the
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development of autism in children. Elevated OT levels within various brain networks
have been associated with enhanced social cognition and emotional recognition [9].
A strong OT receptor labeling pattern has been observed in the medial prefrontal
cortex, ventral-tegmental area, limbic and prelimbic areas [58], which are brain areas
associated with social bonding, cognition, emotion, and reward. Conversely, low OT
levels and a downregulated OTR gene are found in people diagnosed with various
forms of ASD [59-61].

Conversely, Williams syndrome is characterized by abnormal social behavior
(characterized by reduced social inhibition, an increased affinity toward attending to
faces, and reduced sensitivity to fear-related social stimuli) and increased oxytocin
functioning [62]. Furthermore, an empirical research study [63] demonstrated that
the OT receptor is overexpressed in Williams syndrome.

4.2 Treatments currently in use and their prognosis

Importantly, OT and OT receptor knockout (KO) mice exhibit social impairments
similar to those associated with ASD [58], and administration of OT to these KO mice
can “rescue” them from ASD-like behaviors [8], showing that such therapy is possible.
Similarly, a defective OT release process has been found to mediate the drop in OT lev-
els in another autistic animal model, CD38 KOs [22, 23]. But, so far, treatments (as with
OT injections or sprays) have focused on systemic OT levels. For example, Higashida
et al. [22] have used agents (all-trans-retinoic acid) that target CD38 in the neurohy-
pophysis. We hypothesize that instead treatments should target brain regions such as
magnocellular somata (Figure 2) and their central nervous system (CNS) projections
(e.g., medial prefrontal cortex, ventral-tegmental area, limbic and prelimbic areas)
[58]. This could be done by agents that affect IP;Rs instead of RyRs (Figures1and 2).

4.3 Alternatives mediated by targeting central OT release

Release from the hypothalamic cell bodies (see Figure 2) is indicative of release
into the CNS [9]. Such release is also thought to act hormonally to affect surround-
ing CNS areas [64]. Activation of multiple types of endogenous (ryanodine, cADPr,
and opioid) receptors in OT-releasing rat nerve endings can specifically regulate
the in vitro release of this neuropeptide [13, 65, 66]. These receptor types play a role
in modulating intracellular Ca*" levels, either through a Ca**-induced Ca** release
(CICR)-dependent mechanism (Figure 2) or by regulating Ca** inflow from the
extracellular environment. These receptor types are easily targeted by drugs that can
cross the blood-brain barrier [67] and will facilitate novel pharmacological studies
with therapeutic relevance for ASD. Furthermore, our collaborators [25, 68, 69] have
already shown that the hypothalamic release of OT specifically can be potentiated by
other agents that affect [Ca®*], e.g., IP; (but not ryanodine). Thus, it should be pos-
sible to specifically potentiate/inhibit endogenous levels of central OT in response to
physiological stimulations. That is, IP;R agonists would increase central, local release
and electrical activity in OT cell bodies while RyR agonists would increase release
from OT terminals both in NH and in central projections.

4.4 Future perspectives

CD38 knockouts (KOs) do not release OT and, consequently, have social
behavioral deficits [23]. Similarly, VPA is associated with a high incidence of ASD
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phenotypes in children [55, 70] and it acts similarly in rats. These KO mice and val-
proic acid (VPA)-injected rats are extremely useful experimental models for studying
potential causes of ASD [47] and exploring new therapeutic approaches.

To target OT vs. AVP release in the relevant areas of the brain [58] for behavioral
defects associated with ASD, it will be important to determine if there are differences
between central and peripheral OT release using the HNS (Figure 2) in a compartmen-
talized chamber [71] or in fluorescently labeled rats [72]. Next, we have to determine
central OT vs. AVP levels in the CD38 KO and VPA autistic animal models. Finally, can
known regulators of OT vs. AVP release “correct” OT levels in such models (see Figure 2)?
These receptor types are easily targeted by drugs that can cross the blood-brain barrier
[67] and will facilitate novel studies with therapeutic relevance. Some, or perhaps all, of
these agents, will increase OT vs. AVP release, in general, but it should be determined if
any (e.g., IP3, cADPr, mu opioid receptor (MOR) agonists) will specifically increase the
central release of OT. Thus, it should make them potential therapeutic agents to test on
ASD patients. This approach has been recently validated since a small molecule vasopres-
sin V1a (V1a)-specific antagonist is sufficient to rescue normal behavior in prenatally
exposed VPA rats [67]. Furthermore, these findings could eventually lead to the ability to
perform clinical trials to assess the efficacy of such agents on ASD patients.

5. Conclusions

We have demonstrated that intracellular signaling pathways in particular CNS areas
(see Figure 2) can be upregulated. Thus, it should facilitate physiologically stimulated
release of OT specifically, rather than nonspecific increases (as with OT injections
or sprays). Therefore, facilitating physiological neuronal release of OT but not AVP
from the HNS via modulation of IP; vs. ryanodine calcium stores (see Figure 2) would
specifically facilitate central vs. peripheral OT release in ASD patients. Therapeutically,
this would ameliorate social behavioral deficits in such patients.
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AVP Arginine vasopressin

RyR Ryanodine receptor

IP3R Inositol trisphosphate receptor
ASD Autism spectrum disorder
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Calcium-induced calcium release
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Endoplasmic reticulum
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Chapter?2

The Love Hormone and Seizure
Control: A Review of Oxytocin’s
Impact on Epilepsy Management

Lufuno Makhado and Thendo Gertie Makhado

Abstract

Epilepsy is a neurological disorder characterised by recurrent seizures, which can
significantly impact patient’s quality of life. While current management strategies
for epilepsy, such as antiepileptic drugs and surgery, are effective for many patients,
there is a need for novel therapies that can provide better seizure control and improve
patients’ outcomes. Oxytocin, a neuropeptide known for its role in social bonding and
trust, has emerged as a promising therapy for epilepsy. Preclinical studies have shown
that oxytocin can reduce seizure activity and improve seizure outcomes in animal
models of epilepsy. In contrast, clinical studies have suggested that oxytocin may
reduce seizure frequency and severity in some epilepsy patients. This chapter reviews
the current knowledge of oxytocin and epilepsy, including the potential mechanisms
of oxytocin’s antiepileptic effects, the limitations and challenges of clinical stud-
ies, and future research directions and implications. The chapter also discusses the
broader impact of oxytocin research on understanding social behaviour and neuro-
logical disorders. Overall, the chapter highlights the potential of oxytocin as a novel
therapy for epilepsy management and underscores the need for further research.

Keywords: oxytocin, seizure control, epilepsy management, improved patient
outcomes, epilepsy

1. Introduction

Oxytocin, often called the “love hormone,” has garnered considerable attention
for its profound effects on social behaviours and emotional bonding [1-5]. It fos-
ters trust, empathy, and social connection [3, 4, 6]. However, recent research has
uncovered additional dimensions of oxytocin’s influence, particularly in neurological
disorders [7-9]. One such disorder is epilepsy, a condition characterised by recurrent
seizures resulting from abnormal electrical activity in the brain. Understanding the
potential role of oxytocin in modulating seizure control and its broader implications
for individuals with epilepsy opens new avenues for therapeutic interventions.

Epilepsy affects millions of people worldwide, and while traditional antiepileptic
drugs have successfully managed seizures for many individuals, a significant portion
of patients continue to experience seizures despite optimal medical management
[10, 11]. This treatment-resistant epilepsy poses challenges and underscores the need
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to explore alternative therapeutic approaches. In this context, oxytocin has emerged
as a promising candidate due to its multifaceted effects on the brain and potential to
influence seizure activity.

Beyond oxytocin’s prominent role in facilitating childbirth and lactation, oxytocin
is now recognised as a critical neuromodulator involved in various physiological and
cognitive processes. Extensive research has revealed its effects on stress regulation,
emotional processing, and social cognition [12]. These effects are mediated through
oxytocin receptors distributed in key brain regions implicated in epilepsy, includ-
ing the hippocampus and amygdala [13]. Consequently, researchers have begun
investigating oxytocin’s potential impact on epilepsy, exploring its ability to modulate
seizure activity and enhance seizure control outcomes.

By exploring the relationship between oxytocin and epilepsy, this chapter aims to
provide a comprehensive review of the current understanding of oxytocin’s impact
on epilepsy management. We will delve into the underlying mechanisms through
which oxytocin may modulate seizures, including its effects on neuronal excitability,
synaptic transmission, and network synchronisation. Additionally, we will examine
the potential of oxytocin as an adjunctive treatment for epilepsy, considering its abil-
ity to reduce seizure frequency, improve seizure control outcomes, and enhance the
response to conventional antiepileptic drugs. Understanding the potential therapeutic
implications of oxytocin in epilepsy management can pave the way for novel treat-
ment approaches and personalised interventions, ultimately improving the quality of
life for individuals with epilepsy.

2. Background

Oxytocin, a peptide hormone synthesised in the hypothalamus and released by
the pituitary gland, has long been recognised for its crucial role in childbirth and
lactation, facilitating maternal-infant bonding and promoting nurturing behaviours
[14-16]. However, oxytocin’s influence extends far beyond the reproductive realm
to physiological, neurological, and cognitive processes. In recent years, researchers
have discovered that oxytocin acts as a versatile neuromodulator, exerting effects on
various physiological and cognitive processes [17-20].

Studies have demonstrated oxytocins involvement in stress regulation, anxiety
modulation, and emotional processing. Oxytocin enhances social bonding among
human beings by promoting trust, empathy, and prosocial behaviours [21-25]. It
influences social cognition, including the perception of facial expressions, emo-
tions, and social cues [26-34]. This reveals that oxytocin regulates social reward and
reinforcement, impacting social motivation and attachment.

The involvement of oxytocin in epilepsy, a neurological condition characterised by
recurring seizures, has attracted the curiosity of academics and physicians. Epilepsy
arises from abnormal electrical activity in the brain, resulting in the production and
spread of seizures. While traditional antiepileptic medications have successfully
treated seizures for many people, many patients suffer from treatment-resistant
epilepsy, in which seizures continue despite appropriate medical therapy [35, 36].
This treatment gap necessitates exploring alternative therapeutic approaches, and
oxytocin has emerged as a potential candidate.

The ability of oxytocin to modulate seizure control originates from its impact on
the central nervous system (CNS) [37, 38]. Oxytocin receptors, including the hippo-
campus and amygdala, are present throughout the brain and have been linked to both
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pro- and anticonvulsive characteristics, which appear to be dose- or time-dependent
[39, 40]. Preclinical studies utilising animal models of epilepsy have shown that
oxytocin administration can reduce seizure frequency and severity. Oxytocin acts as
an anticonvulsant via various methods, including the modulation of neurotransmitter
systems such as gamma-aminobutyric acid (GABA) and glutamate and regulation of
ion channels involved in neural excitability [41, 42].

Understanding the potential role of oxytocin in epilepsy care has important
implications for improving seizure control results and improving the quality of life
for people living with epilepsy. Furthermore, understanding the complicated connec-
tion between oxytocin, social behaviour, and epilepsy may shed light on the complex
interplay between neurological illnesses and social deficits. This chapter opens the
door for possible oxytocin therapeutic applications in seizure control and ameliorat-
ing social deficiencies commonly reported in epileptic patients. This chapter attempts
to completely comprehend oxytocin’s impact on epilepsy management by evaluating
the available literature and highlighting its potential as a helpful therapeutic tool in
epilepsy research and clinical practice.

2.1 Purpose of the chapter

The primary objective of this chapter is to provide a comprehensive understanding
of the impact of oxytocin on epilepsy management. Reviewing the existing literature,
we aim to elucidate the intricate relationship between oxytocin and seizure control,
exploring oxytocin’s potential as a therapeutic tool. The chapter delves into the mech-
anisms by which oxytocin modulates seizures, its effects on seizure generation and
propagation, and its potential as an adjunctive treatment for epilepsy management.

3. Oxytocin: the love hormone

This section described oxytocin and its physiological functions, particularly its
role in social bonding and trust, as well as the mechanisms of oxytocin release and
its effects on brain activity.

3.1 Oxytocin and its physiological functions, particularly its role in social bonding
and trust

Oxytocin acts as a neurotransmitter and neuromodulator, influencing various
brain regions involved in social behaviours and emotional processing. It binds to
specific receptors in the brain, particularly in areas such as the amygdala, hippo-
campus, and prefrontal cortex, which are critical for regulating emotions and social
interactions.

The role of oxytocin in social bonding and trust has been extensively studied.
Oxytocin promotes bonding between individuals, particularly in close relationships
such as romantic partners, parents and children, and friends. It enhances attachment
and fosters intimacy and connection [43, 44]. Studies have shown that oxytocin
increases feelings of trust and cooperation in social interactions, leading to more
positive social behaviours [21-25, 45, 46]. It promotes empathy and facilitates the
ability to understand and share the emotions of others, which is vital for building and
maintaining social relationships [24, 47, 48].
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Furthermore, oxytocin has been implicated in the regulation of stress and anxiety.
It acts as a natural stress buffer, helping reduce stress responses and promote calmness
and relaxation in social situations [44, 49-51]. Oxytocin’s anti-anxiety effects con-
tribute to its role in social bonding and trust, as it helps to create a sense of safety and
security in interpersonal interactions.

The effects of oxytocin on social bonding and trust are not limited to human inter-
actions but extend to other species. Oxytocin has been shown to play a crucial role in
maternal bonding in mammals, promoting the maternal-infant bond and facilitating
nurturing behaviours [52-54]. It also influences social behaviours in non-human
animals, fostering affiliative behaviours, pair bonding, and cooperative interactions
within social groups.

Thus, oxytocin is a neuropeptide hormone that plays a significant role in social
behaviours and emotional bonding. It promotes social bonding, trust, and empa-
thy, facilitating the formation and maintenance of close relationships. Oxytocin
enhances prosocial behaviours, reduces social threat responses, and regulates stress.
Understanding the physiological functions of oxytocin and its role in social bonding
and trust provides valuable insights into the complex mechanisms underlying human
and animal social interactions.

3.2 The mechanisms of oxytocin release and its effects on brain activity

A complex interplay of physiological and psychological factors regulates the
release of oxytocin. In response to various stimuli, including positive social interac-
tions, touch, and emotional cues, oxytocin is released into the bloodstream and acts
as a neurotransmitter in the brain. Oxytocin release can be triggered by childbirth,
breastfeeding, and intimate physical contact, reinforcing individual bonding [55-58].

Oxytocin affects brain activity by interacting with specific oxytocin receptors
distributed throughout the central nervous system, including regions involved in
social behaviours and emotional processing. Multiple pathways mediate the effects of
oxytocin on brain activity. Oxytocin receptors are densely expressed in brain regions
such as the amygdala, hippocampus, and prefrontal cortex, which are involved in
emotional regulation, social cognition, and memory formation [59-62].

Upon binding to oxytocin receptors, oxytocin triggers a cascade of intracellular
signalling pathways that modulate neuronal excitability, synaptic transmission, and
network connectivity [63-66]. Oxytocin enhances the release of inhibitory neu-
rotransmitters, such as GABA, which dampen neural activity and reduce excitability
[41, 42]. This inhibitory effect of oxytocin helps regulate emotional responses and
may contribute to its anxiolytic properties.

Furthermore, oxytocin influences the processing of social stimuli and the inter-
pretation of social cues. It enhances social information’s salience and reward value,
making social stimuli more rewarding and reinforcing social bonding [21-25, 67-72].
Oxytocin also modulates the activity of brain regions involved in empathy and social
cognition, promoting the understanding of others’ emotions and intentions [73-77].

In summary, oxytocin is a neuropeptide hormone that plays a vital role in social
bonding and trust. It is released in response to positive social interactions and acts on
specific oxytocin receptors in the brain. Oxytocin modulates neural activity, enhances
inhibitory neurotransmission, and influences the processing of social stimuli,
ultimately promoting social bonding, trust, and prosocial behaviours. Understanding
the mechanisms of oxytocin release and its effects on brain activity provides valu-
able insights into the neurobiology of social behaviour and its potential therapeutic
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applications in various domains, including epilepsy management and social deficits in
neurological disorders.

4. Epilepsy: overview and current management strategies

Epilepsy, a chronic neurological disorder characterised by unprovoked seizures,
affects approximately 1% of the global population [78]. Seizures can take many
forms, from minor changes in awareness or sensation to more severe convulsions
and loss of consciousness [79, 80]. Recognition of epileptic symptoms is crucial for
early detection and appropriate care. The symptoms can vary depending on the brain
region abnormal electrical activity affects [81-83]. Some individuals may experience
brief episodes of altered consciousness, such as staring or repetitive movements,
while others may have more severe seizures involving convulsions and loss of muscle
control [84-88].

Epilepsy is caused by various factors that differ from person to person. Epilepsy
is frequently associated with structural abnormalities in the brain, such as deformi-
ties, injuries, tumours, strokes, or infections [84-88]. In some cases, genetic or
hereditary factors contribute to the development of epilepsy, with specific gene
mutations or inherited disorders increasing seizure susceptibility [79, 89-91].
Metabolic abnormalities, including electrolyte imbalances or glucose metabolism
disorders, can also play a role in epilepsy [92-94]. Nonetheless, many cases of epi-
lepsy have no known causes and are classified as idiopathic or cryptogenic epilepsy
[79, 95, 96].

The primary goal of epilepsy management is to control seizures, minimise their
impact on daily life, and enhance the overall quality of life for individuals with the
condition. Antiepileptic drugs (AEDs) are the cornerstone of current management
strategies, aiming to regulate brain electrical activity and reduce the frequency and
severity of seizures [97-100]. AEDs are chosen based on the type of seizure, epilepsy
syndrome, age, and individual patient characteristics [79, 101, 102]. Lifestyle modi-
fications, including regular sleep patterns, stress management, adherence to medica-
tion regimens, and routine medical monitoring, may complement medication-based
management [103-107].

Despite the efficacy of current management strategies, more research and inno-
vation are required to improve treatment outcomes and quality of life for people
living with epilepsy. For individuals who do not respond adequately to medication,
researchers are investigating novel therapeutic approaches, such as neuromodula-
tion techniques (e.g., vagus nerve stimulation and deep brain stimulation), dietary
therapies (e.g., ketogenic diet), and surgical interventions [79]. Neuromodulation
techniques, such as vagus nerve stimulation, have shown promising results in reduc-
ing seizure frequency and improving seizure control [79, 108-112]. Some patients,
particularly those with refractory epilepsy, have shown efficacy in dietary therapies
such as the ketogenic diet [113-117]. Individuals with focal epilepsy who do not
respond to medication may be candidates for surgical interventions such as resective
surgery or responsive neurostimulation [118-123].

Diagnostic procedures are being refined as well to improve accuracy and effi-
ciency. Magnetic resonance imaging (MRI) and positron emission tomography (PET)
are advanced neuroimaging techniques that provide valuable insights into structural
and functional abnormalities in the brain associated with Refs. [124-127]. Genetic
profiling is increasingly utilised to identify specific gene mutations or genetic variants
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contributing to epilepsy susceptibility, allowing for more personalised treatment
approaches [128-132].

Epilepsy is a complicated neurological disorder characterised by recurrent
and unprovoked seizures caused by abnormal electrical activity in the brain.
Understanding the symptoms, causes, and current management techniques is critical
for timely diagnosis, effective treatment, and improving the quality of life for people
living with epilepsy. Antiepileptic drugs are the foundation of therapy. However,
ongoing research is focused on developing novel therapeutic approaches to improve
seizure control and management, such as neuromodulation techniques and dietary
therapies. Furthermore, advances in diagnostic procedures, such as advanced neu-
roimaging techniques and genetic profiling, hold promise for personalised epilepsy
treatment strategies. These developments aim to improve diagnostic accuracy, iden-
tify genetic factors contributing to epilepsy susceptibility, and facilitate personalised
treatment plans. To control seizures, reduce their impact on daily life, and improve
the overall well-being of people living with epilepsy, comprehensive management
strategies are required. Healthcare professionals can improve treatment outcomes and
patients’ quality of life through the combination of pharmacological interventions,
lifestyle changes, and emerging therapeutic options. Continuous research is required
to enhance and strengthen epilepsy management and further understand this com-
plex neurological condition.

Furthermore, future improvements in diagnostic procedures, such as improved
neuroimaging techniques and genetic profiling, embrace the promise of personalised
epilepsy treatment strategies. These developments aim to improve diagnostic accu-
racy, identify genetic factors contributing to epilepsy susceptibility, and facilitate
personalised treatment plans. To control seizures, reduce their impact on daily life,
and improve the overall well-being of people living with epilepsy, comprehensive
management strategies are required. Healthcare professionals can improve treatment
outcomes and patients’ quality of life by combining pharmacological interventions,
lifestyle changes, and emerging therapeutic options. Continuous research is required
to enhance epilepsy management and further our understanding of this complex
neurological condition.

4.1 Epilepsy symptoms and causes

Epilepsy is a neurological condition characterised by two or more spontaneous
seizures [133, 134]. Seizures are brief interruptions in normal brain function that result
from abnormal electrical activity [135, 136]. Seizures can cause various symptoms,
ranging from transient changes in awareness or sensation to convulsions and loss of
consciousness, depending on the specific region of the brain affected [85, 137, 138].

The causes of epilepsy can be categorised into structural and non-structural
factors. Structural causes are associated with identifiable brain abnormalities or
lesions [139, 140]. These abnormalities include cortical malformations resulting from
irregular migration of brain cells during foetal development and brain damage caused
by traumatic brain injuries [139, 140]. Brain tumours, strokes, and central nervous
system infections, such as meningitis or encephalitis, can potentially lead to epilepsy
[139, 141, 142].

Alternatively, non-structural causes of epilepsy do not involve apparent structural
abnormalities within the brain but are often linked to underlying functional or genetic
factors [79, 143-145]. Genetic mutations or inherited diseases can predispose individ-
uals to seizures, highlighting the role of hereditary factors in epilepsy [79, 146, 147].
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Furthermore, conditions, such as autism spectrum disorder and intellectual dif-
ficulties, are associated with an increased risk of seizures [79, 146, 147]. Metabolic
disorders can also trigger seizures, including electrolyte imbalances and glucose
metabolism abnormalities [79, 92, 94, 148].

Elaborately, epilepsy is characterised by two or more spontaneous seizures result-
ing from abnormal electrical activity in the brain. The causes of epilepsy can be
divided into structural factors, including identifiable brain abnormalities or lesions,
and non-structural factors, associated with underlying functional or genetic factors.
Understanding the various causes of epilepsy is critical for precise diagnosis and
effective management of the condition.

It is necessary to highlight that the precise cause of many cases of epilepsy is
unknown. Idiopathic or cryptogenic epilepsy is the medical term for this condi-
tion. Despite developments in diagnostic tools and understanding of the illness, the
underlying cause of epilepsy remains a mystery in many patients and the general
public [11]. Ongoing research seeks to identify the genetic and molecular factors
that contribute to the development of epilepsy to improve diagnosis, treatment, and
management strategies. Ultimately, epilepsy is a complex neurological illness marked
by recurring seizures. Epilepsy can be caused by structural abnormalities in the
brain or by non-structural factors such as functional or hereditary variables. While
breakthroughs in understanding have allowed identifiable causes to be identified in
some instances, the precise aetiology of epilepsy remains. Further studies are needed
to elucidate the underlying mechanisms and create specific treatments for diverse
subtypes of epilepsy, eventually enhancing the management and quality of life for
people suffering from this disorder.

4.2 Current management strategies for epilepsy

The treatment of epilepsy is multidimensional, anticipating achieving optimal
seizure control, minimising treatment adverse effects, and enhancing the overall qual-
ity of life for those living with epilepsy. The foremost method of managing epilepsy is
using antiepileptic drugs (AEDs). These drugs work in the brain by modifying neuro-
nal excitability and suppressing aberrant electrical activity. AEDs are chosen depend-
ing on various parameters, including seizure type, epilepsy syndrome, and particular
patient features. The goal is to determine the best effective AED for each patient,
delivering appropriate seizure control while minimising side effects [149-151]. AEDs
are the foundation of epilepsy treatment, and various alternatives have diverse modes
of action and efficacy profiles. Seizure type, epileptic syndrome, comorbidities,
potential drug interactions, and patient preferences all influence AED selection. The
ultimate goal is to determine the best appropriate AED or combination of AEDs to
achieve optimal seizure control while maintaining the patient’s quality of life.

Despite the large variety of AEDs available, roughly 30% of people living with
epilepsy do not acquire appropriate seizure control with these drugs [11]. If AEDs fail
to manage seizures, alternative treatment options may be tried. Surgical intervention
is one such method. Surgical alternatives include excision of the epileptic focus, which
involves surgically removing the same brain region responsible for seizures, or the
implantation of neurostimulation devices such as vagus nerve stimulation or respon-
sive neurostimulation. When seizures originate from a well-defined brain region that
does not impair essential brain functions, surgical procedures are often considered
[152]. These surgical methods seek to eliminate or modify the epileptogenic zone,
lowering seizure activity and enhancing seizure management overall [153].
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While AEDs and surgical treatments have helped many people living with epi-
lepsy, it is crucial to recognise that these options have limitations. Adverse effects
of AEDs include cognitive impairment, emotional disturbances, and probable
teratogenicity in women of reproductive age. Furthermore, surgical interventions are
inappropriate for many patients and may pose risks due to the invasive nature of the
procedures and the possibility of consequences.

To summarise, managing epilepsy entails a multifaceted strategy for obtaining
optimal seizure control and increasing the overall quality of life for people living with
epilepsy. The primary treatment method is antiepileptic medicines; AEDs are chosen
based on the seizure type, epilepsy syndrome, and specific patient features. Surgical
treatments may be explored if AEDs fail to offer adequate seizure control. However,
even current therapy modalities have limits, such as the potential adverse effects of
AEDs and the invasiveness and appropriateness of surgical approaches. Continued
research and developments in epilepsy management are required to address these
limitations and give individuals with epilepsy more effective and personalised treat-
ment alternatives.

Limitations of Current Management Strategies and the Need for Novel Therapies:

While antiepileptic drugs (AEDs) and surgical treatments have successfully
treated seizures for many people living with epilepsy, current care techniques have
substantial limits. Around 30-40% of patients do not achieve seizure control using
existing AEDs [11, 84]. This underscores the need for alternate therapeutic alterna-
tives that can give these people better seizure control. Furthermore, AEDs can cause
cognitive deficits, mood abnormalities, and teratogenicity in women of childbearing
age, negatively influencing the quality of life of epilepsy patients [154, 155].

For some patients with well-defined seizure origins that do not involve essential
brain functions, surgical procedures such as excision of the epileptic focus are
successful [156, 157]. However, these procedures are not appropriate for everyone
due to the intrusive nature of the surgeries and the possible hazards associated.
Furthermore, in some circumstances, pinpointing the particular epileptic centre may
be difficult, making surgical procedures less possible or practicable [156, 158-160].
Furthermore, the fundamental mechanisms and specific causes of epilepsy are yet
unknown. This knowledge gap impedes the development of targeted medicines
tailored to particular patients’ underlying diseases. Because epilepsy is a complex
illness with multiple aetiologies, individualised therapy techniques that target the
underlying causes are critical for enhancing treatment outcomes.

Comorbidities linked with epilepsy, such as cognitive deficits, mental problems,
and social limits, provide considerable obstacles for patients in addition to seizure
control. Current management options frequently focus solely on seizure control,
leaving out more significant aspects of patient well-being and quality of life. There
is an urgent need for medicines that target seizure control while also addressing the
cognitive, psychological, and social elements of epilepsy, hence improving overall
patient outcomes and everyday functioning. As a result, novel treatment techniques
for managing epilepsy are desperately needed. Non-pharmacological interven-
tions, such as neuromodulation techniques (e.g., transcranial magnetic stimula-
tion and vagus nerve stimulation) and dietary therapies (e.g., ketogenic diet), are
being investigated, as are precision medicine approaches to match treatments with
specific epilepsy subtypes and genetic profiles. We can considerably improve the
management of epilepsy and improve the quality of life for people living with it by
expanding our understanding of the underlying mechanisms and discovering novel
treatment options.
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5. Oxytocin and epilepsy: preclinical studies

Preclinical animal model research has shed light on oxytocin’s potential antiepileptic
benefits and underlying processes. These research studies have shed light on the effects
of oxytocin on seizure activity and its potential as a treatment agent for epilepsy.

Oxytocin has been shown to have antiepileptic properties in preclinical forms of
epilepsy. For example, oxytocin treatment reduced seizure frequency and intensity
in mouse models of temporal lobe epilepsy [161]. Similarly, oxytocin administration
inhibited seizure progression and lowered seizure severity in kindling models, which
include the progressive development of seizures [162-164]. These data show that
oxytocin may have antiepileptic properties. The mechanisms that underpin oxytocin’s
antiepileptic actions are complex. Modulation of GABAergic transmission is one
hypothesised method. GABA is the brain’s principal inhibitory neurotransmitter, and
an imbalance in inhibitory and excitatory neurotransmission contributes to seizure
production. Oxytocin has been found to improve GABAergic inhibitory signalling
by increasing GABA release and enhancing GABAergic interneuron activity [165].
This regulation of GABAergic transmission can attenuate neuronal excitability and
minimise seizure production.

Inhibiting proinflammatory cytokines is another way by which oxytocin exerts its
antiepileptic effects. Proinflammatory cytokines enhance neuronal hyperexcitability
and seizure production and have been linked to the pathophysiology of epilepsy. In
animal models of epilepsy, oxytocin has been demonstrated to reduce the release of
proinflammatory cytokines such as interleukin-1 (IL-1) and tumour necrosis factor-
alpha (TNF-a) [166]. Oxytocin may help to decrease seizure activity by lowering
neuroinflammation. Furthermore, oxytocin may influence other neurotransmitter
systems involved in epilepsy. It has been demonstrated to interact with glutamatergic
and dopaminergic signalling, which is essential in excitatory neurotransmission and
seizure production [167]. The actions of oxytocin on these systems may contribute to
its antiepileptic characteristics.

Thus, preclinical investigations in animal models have shown that oxytocin may
have antiepileptic properties. The use of oxytocin has been demonstrated to reduce
seizure frequency and severity. Modulation of GABAergic transmission, inhibition of
proinflammatory cytokines, and potential interactions with other neurotransmitter
systems are the mechanisms behind these effects. These findings support further
research into oxytocin as a therapeutic intervention for epilepsy and show its poten-
tial as a unique approach to seizure management.

6. Oxytocin and epilepsy: clinical studies

Clinical investigations on the effects of oxytocin on seizure frequency, seizure
severity, and quality of life in epilepsy patients have provided valuable insights into
oxytocin’s potential therapeutic applications in epilepsy management. These studies,
however, have limitations and constraints that must be recognised. Several clinical
trials have looked into the effect of oxytocin on seizure control in epileptic patients.
McCormick [168], for example, studied the effects of intranasal oxytocin delivery
in patients with refractory focal epilepsy. When compared to the placebo group, the
oxytocin-treated group had a significant reduction in seizure frequency. Similarly,
Wang et al. [169] reported that intranasal oxytocin reduced seizure intensity in
patients with refractory epilepsy.
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Aside from controlling seizures, clinical studies have examined the impact of
oxytocin on the quality of life of people living with epilepsy. The effects of intranasal
oxytocin on social cognition and quality of life in individuals with temporal lobe
epilepsy were reported [170]. The results indicated that social cognition and overall
quality of life improved after administering oxytocin. Other studies have investigated
the impact of oxytocin on epilepsy and quality of life [171, 172]. For example, a study
published in Nature in 2023 found that medial prefrontal cortex oxytocin can mitigate
epilepsy and cognitive impairments induced by traumatic brain injury by reducing
neuroinflammation in mice [173].

Despite these encouraging findings, clinical trials on oxytocin in epilepsy have
limitations and obstacles. One critical problem is that many of these studies have rela-
tively small sample sizes, which may restrict the generalisability of the conclusions.
Furthermore, there is a lack of established dosing methods for oxytocin administra-
tion, with dose, frequency, and duration of treatment varying among the studies
[174]. Because of this heterogeneity, comparing and drawing definitive conclusions
from the results is difficult.

Furthermore, the diversity of epileptic patients regarding seizure forms, epilepsy
syndromes, and underlying causes hampers the interpretation of findings. Patient vari-
ables, such as age, gender, and comorbidities, may alter oxytocin treatment response.
These variables emphasise the need for well-designed, multicentre, randomised con-
trolled studies with higher sample sizes and standardised methodologies to determine
oxytocin’ efficacy, safety, and appropriate dose regimens in epilepsy therapy.

On the other hand, the long-term and potentially harmful consequences of
persistent oxytocin delivery in epilepsy patients must be studied further. Oxytocin is
a complicated hormone with systemic effects in addition to its involvement in social
behaviours, and a careful monitoring is required to assess its safety profile in the
context of epilepsy treatment.

It can be concluded that the clinical research on oxytocin in epilepsy has shown
encouraging results in terms of seizure control and quality of life. These studies,
however, have limitations due to small sample sizes, a lack of standardised dosing
regimens, and the variability of epilepsy patients. Addressing these limitations and
doing additional studies using rigorous methodology will be critical in identifying
oxytocin’s therapeutic potential in epilepsy care and determining its appropriate
clinical application.

7. Conclusion

Epilepsy is a complex neurological disorder characterised by recurrent and
unprovoked seizures caused by abnormal electrical activity in the brain.
Understanding the symptoms, causes, and current management techniques is critical
for timely diagnosis, effective treatment, and improving epilepsy patients’ quality
of life. The primary goal of epilepsy management is to control seizures, reduce their
impact on daily life, and improve overall well-being. Antiepileptic drugs (AEDs)
are currently used to regulate brain electrical activity and reduce the frequency and
severity of seizures. Lifestyle changes, such as regular sleep patterns, stress manage-
ment, adherence to medication regimens, and regular medical monitoring, can
supplement medication-based management.

Despite the effectiveness of current management strategies, some limitations
and challenges must be addressed. Approximately 30% of patients do not achieve
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adequate seizure control with AEDs, highlighting the need for alternative therapeutic
options. Surgical interventions are considered for individuals who do not respond to
medication, but these procedures are inappropriate for all patients and carry risks.
Adverse effects of AEDs, such as cognitive impairment and emotional disturbances,
can significantly impact the quality of life of epilepsy patients. Furthermore, current
management approaches frequently focus solely on seizure control, ignoring critical
aspects of patient well-being and quality of life.

Continuous research and innovation are required to overcome these limitations
and provide better care for people living with epilepsy. Neuromodulation techniques
(e.g., vagus nerve stimulation and deep brain stimulation) and dietary therapies
(e.g., ketogenic diet) are being investigated as novel therapeutic approaches, with
promising results in reducing seizure frequency and improving seizure control. These
new approaches may provide new options for patients who do not respond well to
medication.

Furthermore, advances in diagnostic procedures, such as advanced neuroimaging
techniques and genetic profiling, hold promise for personalised epilepsy treatment
strategies. Healthcare professionals can develop personalised treatment plans that
target the underlying causes of epilepsy by improving diagnostic accuracy and identi-
fying specific genetic factors contributing to epilepsy susceptibility. This personalised
approach can potentially improve treatment outcomes and the overall well-being of
people living with epilepsy.

Comprehensive management strategies should consider the broader aspects of
patient well-being in addition to novel therapeutic approaches and personalised
medicine. This includes addressing epilepsy-related comorbidities such as cognitive
deficits and mental health issues and integrating social support systems to improve
the overall quality of life. A multidisciplinary approach involving healthcare profes-
sionals, psychologists, social workers, and support groups can help epilepsy patients
receive holistic care.

In conclusion, epilepsy management necessitates complex approaches beyond
seizure control. While AEDs remain the foundational stone of treatment, ongoing
research and innovation are required to improve outcomes and quality of life for
people living with epilepsy. Alternative therapeutic options, personalised medicine,
advances in diagnostic procedures, and a focus on overall patient well-being are criti-
cal areas to investigate. By addressing these issues, we can advance epilepsy manage-
ment, improve treatment outcomes, and improve the overall quality of life for people
with this complex neurological condition.

8. Summary of the chapter

The chapter explored the potential therapeutic implications of oxytocin in epilepsy.
Oxytocin, known as the “love hormone,” has been extensively studied for its role in
social behaviour and emotional bonding. Researchers have recently investigated its
impact on neurological disorders, particularly epilepsy.

The chapter provides an overview of the oxytocin system, including its synthesis,
receptors, and signalling pathways, laying the foundation for understanding its role
in epilepsy management. It delves into the current research on oxytocin’s influence
on seizure control, exploring its potential as an anticonvulsant agent. Mechanisms
underlying oxytocin’s modulation of seizure activity, such as effects on neuronal
excitability and network synchronisation, are discussed.
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Furthermore, the chapter delves into the therapeutic implications of oxytocin in
epilepsy management. It explores the potential benefits of using oxytocin as adjunc-
tive therapy in reducing seizure frequency, improving seizure control outcomes, and
enhancing the response to conventional antiepileptic drugs.

The chapter also addresses considerations and potential challenges in utilising
oxytocin as a therapeutic tool in epilepsy management. It emphasises the need for
future research, including clinical trials, to establish the efficacy and safety of oxy-
tocin treatment in epilepsy. Moreover, exploring personalised approaches based on
oxytocin receptor profiles is highlighted as a potential avenue for optimising treat-
ment outcomes.

The chapter provides a comprehensive understanding of the potential impact
of oxytocin on epilepsy management. Through the review of the existing literature
and the exploration of its mechanisms and therapeutic implications, this chapter
contributes to developing novel therapeutic strategies and personalised approaches
for individuals with epilepsy. The findings presented here shed light on the promising
role of the “love hormone” in modulating seizure control and improving the lives of
individuals with epilepsy.
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Chapter 3

Social Cognitive Impairments as
a Target of Non-Invasive Brain
Stimulation for Functional
Outcomes in Schizophrenia

Yuji Yamada and Tomiki Sumiyoshi

Abstract

Patients with schizophrenia suffer from impairments of social cognition that
represent mental operations underlying real-world functioning. Pharmacological
approaches have been attempted to overcome social cognitive disturbances of schizo-
phrenia, but only yielded insufficient effects. As an alternative approach, some types
of neuromodulations, particularly non-invasive brain stimulation, e.g., transcranial
direct current stimulation (tDCS), have been drawing attention. While previous
studies have performed anodal tDCS at the frontal brain regions, we hypothesized
anodal stimulation at the temporal region would improve social cognitive function on
the basis of the neural circuit governing it. Thus, our data indicate multisession tDCS
delivered to the left superior temporal sulcus improves social cognition in patients
with schizophrenia. In the present chapter, we overview studies of tDCS on social
cognition and discuss optimal brain regions to be targeted for ameliorating symptoms
and cognitive disturbances of schizophrenia.

Keywords: neuromodulation, transcranial direct current stimulation (tDCS),
schizophrenia, social cognition, social function

1. Introduction

Schizophrenia is one of the most severe psychiatric diseases that affects approxi-
mately 0.75% of the world’s population [1]. It is characterized by varying degrees of
positive (e.g., auditory and/or visual hallucinations, delusions, psychomotor agita-
tion, and paranoia), negative (e.g., apathy, deficits in motivation, social withdrawal,
and reward-related functions), and cognitive symptoms (e.g., neurocognition
and social cognition). Typically, the onset of schizophrenia is between the end of
adolescence and the beginning of early adulthood. The disease has a chronic course
with a myriad of psychotic episodes that generally lead to deterioration in real-world
functional outcomes [2].

Cognitive impairment is a fundamental symptom of schizophrenia, with mild
deficits appearing before the onset of psychosis, followed by an acute decline around
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Domains of social cognition

. The ability to represent the mental states of others, including
Theory of mind — inferences of intentions, dispositions, and/or beliefs.

Higher level process;

h understanding/managing emotions

The ability to Lower level process;
. . f emotion perception/recognition
Emotion processing [ 2 w?wera"d use mmmp CelohkiTviG sl fostiaban G ameticeal
IMosIong: displays from facial expressions and/or
nonface cues such as voice)

The ability to decode and interpret social cues in others. It
— includes social context processing and social knowledge, which can be
defined as knowing social rules. roles, and goals (RRGs), utilizing those
RRGs. and understanding how such RRGs may influence others’ behaviors.

Social perception

Attributional The way in which individuals explain the causes, or make
style/bias ’ sense, of social events or interactions.

Figure 1.
Key domains of social cognition (adapted from Pinkham et al. [3]).

the first episode psychosis (FEP), and maintains to the chronic stages [2]. Specifically,
neurocognition, e.g., working memory, verbal/visual learning and memory, atten-
tion, speed of processing, reasoning, and problem-solving, represents cognitive
domains that are impaired in most patients. Similarly, impairments of social cogni-
tion have been considered as a target for the improvement of functional outcomes

[2]. Social cognition is defined as mental operations underlying social behavior

and includes domains of the theory of mind (ToM), emotion processing, social
perception, and attributional bias/style (see Figure 1) [4]. Moreover, social cogni-
tion, especially ToM, is associated with social functioning [5], similar to the case for
neurocognition [6]. Therefore, these areas of cognitive function have been considered
a key target for interventions to improve the functionality of people with psychotic
conditions.

Several pharmacological approaches have been tried to enhance social cognition in
patients with schizophrenia [7]. In particular, intranasal oxytocin [8], psychostimu-
lants (e.g., modafinil) [2], antipsychotic drugs (e.g., risperidone, olanzapine) [9],
and acetylcholinesterase inhibitors [10] have been tested as candidate compounds.

Of these, intranasal oxytocin and some atypical antipsychotic drugs may improve
ToM [8] and emotion processing [9], respectively, while anti-dementia drugs (e.g.,
donepezil, galantamine, rivastigmine, and memantine) are less effective. Therefore,
further research, including new therapeutic intervention techniques, is desperately
needed to overcome social cognitive dysfunction.

2. Non-invasive brain stimulation for social cognitive impairments
As alternative approaches to the alleviation of social cognitive impairments, some
types of neuromodulations, particularly non-invasive brain stimulation (NIBS), e.g.,

transcranial magnetic stimulation (TMS) or transcranial electrical stimulation (tES),
have been attempted [11]. NIBS has the potential to improve functional outcomes
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by directly stimulating social brain areas, which is likely to facilitate or modulate
neurotransmissions in the central nervous system [12, 13]. In particular, TMS has
the advantage of accurately stimulating deeper cortical structures that are difficult
to reach with tES. On the other hand, tES techniques are advantageous in terms of
cost, portability, and safety [11]. Moreover, multi-session tES is thought to promote
neuroplastic changes in cortical circuits by inducing long-term potentiation (LTP),
which enhances the efficiency of information processing [12, 13]. Therefore, tES
may improve functional outcomes by ameliorating social cognitive impairments in
patients with schizophrenia.

Previous studies with TMS or tES, with the dorsolateral prefrontal cortex
(DLPFC), as the stimulation site, have shown limited effects on social cognition,
especially ToM [11]. For example, a single-session continuous theta burst stimulation,
atype of TMS, over the right inferior parietal lobe (IPL) enhanced social percep-
tion [14], while multi-session high-frequency repetitive TMS over the left DLPFC
improved emotional recognition (Table 1) [15]. On the other hand, single-session
transcranial direct current stimulation (tDCS) delivered to the left frontal pole
improved emotion recognition [16], whereas stimulation of the left DLPFC did not
show such effects (Table 2) [17]. Overall, stimulations of frontal brain regions are
advantageous to improve emotion recognition and social perception, but not ToM.
To enhance the latter domain of social cognition, other stimulation sites need to be
investigated.

The neural substrates governing social cognition include the superior tempo-
ral sulcus (STS), amygdala, medial prefrontal cortex, and orbitofrontal cortex.
Specifically, functional connectivity among these brain regions is weakened in
patients with schizophrenia [18-20]. Among them, the amygdala is involved in
emotion recognition, while the prefrontal cortex is responsible for generating
ToM. On the other hand, the STS is considered to play a role in both domains
of social cognition (Table 3) [18, 19]. Therefore, we hypothesized that anodal
stimulation over the left STS would be advantageous for treating social cognition
disturbances [18, 19].

Study Walther etal. [14] Wolwer et al. [15]

Diagnosis Schizophrenia Schizophrenia

Sample size (active/ 20/20 18/14

sham)

Location (stimulation) Left IFG (iTBS) Right IPL (cTBS) Left DLPFC

Duration (days) 1 10

Evaluation online within 12 hours after

stimulation

Outcomes TULIA Pictures of Facial Affect

Results No significant effect Significant effects on Significant effects in
social perception emotion recognition

IFG: Inferior Frontal Gyrus, IPL: Inferior Parietal Lobe, DLPFC: Dorsolateral Prefrontal Cortex, iTBS: intermittent
Theta Burst Stimulation, ¢TBS: continuous Theta Burst Stimulation, TULIA: Test of Upper Limb Apraxia. In both
studies [14, 15], sham stimulation was performed with a sham coil system without a magnetic field.

Table 1.
Characteristics of TMS studies (adapted from Yamada et al. [11]).
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Study Rassovsky et al., 2018 [17] Rassovsky et al., 2015 [16]

Diagnosis Schizophrenia Schizophrenia

Sample size (active/sham) 37/37 12/12

Montage (Anode/cathode) F3/Fp2 Fpl/Fp2

No. of sessions 2 1

Evaluation online online

Outcomes TASIT, EAT, EIT, MSCEIT TASIT, PONS, FEIT, MSCEIT

Results No significant effect Significant effects in emotion
recognition

Montage is described by the International 10-20 electroencephalography system. TASIT: The Awareness of Social
Inference Test, PONS: Profile of Nonverbal Sensitivity, EAT: Empathic Accuracy Task, EIT: Emotion Identification
Test, FEIT: Facial Emotion Identification Test, MSCEIT: Mayer-Salovey-Caruso Emotional Intelligence Test.

Table 2.
Characteristics of tES studies (adapted from Yamada et al. [11]).

Domains of social cognition Neural basis

Theory of mind (ToM) Superior temporal sulcus (STS), medial prefrontal
cortex (mPFC), middle temporal gyrus, etc.

Emotion recognition/processing Amygdala, superior temporal sulcus (STS), medial
prefrontal cortex (mPFC), inferior occipital gyrus, etc.

Attributional bias/style Orbitofrontal cortex, insular cortex, striatum,
amygdala, superior temporal sulcus (STS), etc.

Table 3.
Neural basis of social cognition (adapted from Yamada et al. [18]).

3.tDCS over the left temporal brain region improves social cognition

We conducted an open-label, single-arm trial designed to evaluate the effects and
safety of multi-session tDCS on the left STS [18, 21]. The intervention was performed
by a1l x 1 transcranial direct current low-intensity stimulator (Model 1300 A; Soterix
Medical Inc., New York, NY, USA). For the tDCS montage, the anode electrode was
placed for the left STS and the cathode for the contralateral supraorbital region,
which corresponded to the T3 and FP2 regions (Figure 2) in the International 10-20
electroencephalography system. We applied 10 sessions of direct current of 2 mA for
20 min on 5 consecutive days (twice per day, with an interval of 30 min). Clinical data
were collected at baseline and 1 month after the final stimulus (Table 4). As a result,
significant improvements were found on the tests of ToM, i.e., Social Cognition
Screening Questionnaire (SCSQ) (d = 0.53) and Hinting Task scores (4 = 0.49)
(Figure 3) [21]. Moreover, serious adverse events were absent. To our knowledge, this
study is the first to suggest the ability of multi-session tDCS delivered to the left STS
to improve social cognition, especially ToM, in patients with schizophrenia.

Contrary to the results of our observations, previous studies report the absence
of sufficient improvement of social cognitive functioning, including ToM, during
or immediately after one or two sessions of tDCS in patients with schizophrenia
(Table 2). By contrast, the effects in our study became evident 1 month after the
last tDCS. The specific effects of multi-session tDCS that are associated with the
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tDCS delivered to the left DLPFC tDCS delivered to the left STS
(previous studies) (present study)

(b) i / f"“ 7|
(e) / L
‘ Y 1B
| _ERE

Superior temporal
sulcus/gyrus

Figure 2.

Ex%aerimenml setup for tDCS on the left DLPFC or STS (Yamada et al. [19]). tDCS: transcranial divect current
stimulation, DLPFC: Dorsolateral Prefrontal Cortex, STS: Superior Temporal Sulcus. An administrator controls
the stimulator (a). Anodal (b) and cathodal (c) electrodes of 35-cm® in size ave placed on F3/T3 and the right
supraorbital region, respectively. A head strap (d) is used as needed to increase reproducibility.

Study period
Baseline Intervention Follow-up

Time point Within 2 weeks Day1 Days Day 5 1 month after the
before the start of 2-4 end of the last
intervention stimulation

Enrollment

Eligibility screen X

Informed consent X

Sociodemographic X

characteristics

Intervention

tDCS (twice/day) X X X

Assessments

SCSQ X X

Hinting Task X X

FEST X X

Adverse events X X X X X

Prescribed drugs X X X X X

tDCS: transcranial divect current stimulation, SCSQ: Social Cognition Screening Questionnaire, FEST: Facial Emotion
Selection Test. The timepoint of follow-up evaluation was allowed to be up to 7 days off.

Table 4.
Study schedule (adapted from Yamada et al. [18]).

prolonged (i.e., 1-month) change of social cognition may be mediated through several
mechanisms, including the LTP, a continuous enhancement of signal transduction
between neurons, and related neural events [12, 13]. As social cognition is considered
to be linked to functional outcomes [5], multi-session, rather than single-session
tDCS may provide benefits for functional recovery in patients with schizophrenia.
The current results, with tDCS as an interventional tool, may facilitate an under-
standing of the neural basis for social cognitive dysfunction. The neural circuity
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p=0.034
d=053
35 —
30
p=0.028
3 d=0.49
20 o
15
10
5 Theory of mind Theory of mind Emotion
EE E. e
0
SCSQ Hinting Task FEST
M Baseline m® Follow-up
Figure 3.

Outcome measuves at baseline and follow-up (1 month after the tDCS). tDCS: transcranial direct current
stimulation, SCSQ: Social Cognition Screening Questionnaire, FEST: Facial Emotion Selection Test.

governing social cognition consists of the orbitofrontal cortex, medial prefrontal
cortex, superior temporal sulcus/gyrus, and amygdala, in which the amygdala is
considered as a hub [18-20]. Specifically, the amygdala interconnects with both
temporal lobes, e.g., STS, and frontal lobes, e.g., orbitofrontal and medial prefrontal
cortex (Figure 4) [20]. Also, the amygdala receives various sensory stimuli, and

Medial prefrontal cortex

Orbitofrontal

cortex Superior temporal

sulcus/gyrus

Figure 4.
Neural bases associated with social cognitive functions.
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projects them to a wide range of cortical areas, most notably the STS and orbito-
frontal cortex [20]. In patients with schizophrenia, functional connectivity among
these brain regions is weakened [18-20]. Thus, pro-cognitive effects of tDCS may be
associated with modification of functional connectivity, possibly through modulation
of neurotransmissions [12, 13].

A strength of tDCS is its simplicity, which allows implementation in clinical
settings without requiring expensive equipment, e.g., magnetic resonance imaging
(MRI) machines. Such feasibility of tDCS is advantageous in, e.g., being built-in the
telemedicine system.

4. Limitations

First, the small sample size of the present study may raise caution in assuming
that the results can be generalized to the population. Second, as the study design is
not randomized or blinded, the possibility of a placebo effect may not be completely
ruled out. Third, although tDCS allows the selection of stimulation sites according
to the targeted symptoms, it is difficult to fully ascertain if the electrical stimulation
effectively modulates the targeted functional connectivity.

5. Conclusions

tDCS delivered to the left STS may produce benefits for some domains of social
cognition, especially ToM, in patients with schizophrenia. Further investigations are
warranted to determine if the type of functional outcome (e.g., daily-living activities,
social function) would depend on the region of the brain stimulated by tDCS. These
efforts may provide an effective therapeutic strategy to facilitate personal recovery for
these patients.
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Chapter 4

Regulation of Oxytocin on
Empathy and Its Neural Mechanism

Guangxin Yue

Abstract

Empathy is a multidimensional concept, including emotion and cognition. It plays a
vital role in social communication, and it is very important for establishing harmonious
relationships, trust, and mutual understanding. Empathy includes the ability to feel and
understand the emotions of others, which can be learned and improved through various
ways. Oxytocin is a neuropeptide, and its influence on social behavior and emotions has
been widely studied. It is found that it can enhance emotional and cognitive empathy, as
well as trust and cooperative behavior. Oxytocin acts on specific brain regions, such as the
insula, amygdala, and reward circuitry, to modulate empathy-related neural processes.
Oxytocin receptor gene polymorphisms are also related to empathy. Future research could
explore the effect of oxytocin interventions on individuals with empathy deficiency,
investigate the relationship between oxytocin receptor gene polymorphism and empathy
neural networks, and study the neural mechanisms of the influence of other neurochemi-
cal substances (such as dopamine) affecting empathy. In addition, further study on empa-
thy of typical developing individuals could provide valuable insights into the symptoms
and causes of various diseases. Finally, promoting the practical application and value
transformation of research results related to empathy is helpful to develop intelligent
systems that can simulate human empathy and enhance human-computer interactions.

Keywords: empathy, oxytocin, social behavior, mental disorder, neurobiology

1. Introduction

Traditionally, empathy refers to the ability to share someone else’s feelings or
experiences by imagining what it would be like to be in that person’ situation. By
sharing and understanding the feelings of others, it can accurately judge the behavior
of others, help obtain environmental information and adapt to the environment, and
carry out social exchanges. It has important biology and sociological significance for
individuals. Empathy encompasses the ability to contemplate and vicariously share in
the emotional life of others and is critical for social interaction. Empathy is a multidi-
mensional construct, which includes cognitive and affective components. Emotional
empathy refers to the affective response of feeling what another person is feeling or
having a similar emotional reaction. Cognitive empathy refers to the mental process
of taking the perspective of another person and imagining what they are thinking or
feeling. In the absence of emotional empathy, cognitive empathy is able to understand
what another person is feeling without necessarily experiencing the same emotions.

51 IntechOpen



Oxytocin and Social Function

Empathy is an important skill for social interactions, as it helps to build rapport,
trust, and mutual understanding. Empathy can also enhance moral reasoning, ethical
decision-making, and pro-social behavior. Empathy can be learned and improved
through various methods, such as reading fiction, engaging in role-playing, practicing
mindfulness, and receiving feedback.

The multidimensional nature of empathy has nothing to do with a single neurobi-
ological process. Functional neuroimaging studies have shown that different com-
ponents of empathy are associated with several related but distinct brain processes,
marked by co-activation between brain regions [1].

1.1 The definition of empathy

Empathy is a multidimensional paradigm, and there currently is a lack of scientific
consensus on its definition [2]. The debate over the concept and definition of empathy
reflects the different understandings of researchers on the nature of empathy. So far, the
academic understanding of the nature of empathy mainly includes the following aspects:

Some scholars consider empathy to be an instinctive response or experience of
another person’s emotion, an emotional phenomenon [3]. Empathy is a feeling. When
the empathic person is absorbed in the empathic object, the empathic object has the
expressiveness and passively produces a feeling obtained by self-imitation. Empathy
is defined as the empath’s emotional response to the empath’s current or imminent
experience of an emotion and considers an emotional response that is inconsistent
with the empath’s experience to be empathy, called “differential empathy”. However,
others define empathy as an emotional response that is considered to be similar to the
emotion of the empathic object.

From the cognitive perspective, empathy is considered to be the understand-
ing of another person’s emotions from a cognitive level [4]. Empathy focuses on the
understanding of another person’s emotions. It is more than the sharing of emotions.
Empathy is the individual’s intellectual understanding of the thoughts and feelings
of others, and on this basis, a cognitive empathy scale has been developed [5]. While
emphasizing the cognitive component of empathy, the social role that empathy points
to is more prominent. It is believed that empathy is an individual’s ability to make
choices about the roles of others. By understanding others’ evaluations and perceptions
of the outside world and predicting their further reactions from their behaviors, they
can adjust their own behaviors in order to adapt quickly to society and live better in it.

Gladstein’s “two-component theory” has had the most profound impact on
empathy research [6]. It is believed that empathy contains both emotional and
cognitive components, only that the weight of each differs in different scenarios.
Gladstein divides empathy into Emotion empathy and Cognitive empathy. Emotional
empathy is used to refer to an individual’s ability to respond to the emotions of others.
Cognitive empathy expresses an individual’s ability to cognitively adapt another
person’s perspective and assess the state of another person. Brain imaging techniques
were used to study empathy in brain-injured patients, and the results showed that
emotional empathy and cognitive empathy involve separate brain regions [7]. This
result provides strong evidence to support the “two-component theory”

1.2 The neural basis of empathy

There is increasing evidence suggests that empathy for pain is underpinned by
neural structures [8, 9]. In the early days of research, scholars mainly explored the
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inherent mechanism of empathy from a cognitive level. It explains how the individual
understands the emotions of others but has not explained how the individual share
the emotions of others. With the advancement of medical technology, cognitive
neurosciences introduce brain imaging technology into empathy research. Therefore,
further deepening the research of empathy and neural mechanisms can reveal the
neural basis of empathic processes and the factors that influence them.

Emotional empathy refers to the individual’s experience and sharing of the
emotional state of others. Studies have found that there is a “representation sharing”
between individuals and others; that is, when the individual perceives the emotions
or movements of others, the part that corresponds to the emotion or movement in
the brain will be activated [10]. Performing sharing is considered to be the basis of
empathy, which is closely related to emotional empathy [9]. In an experiment inves-
tigating olfactory empathy, researchers found that the forebrain insula region was
activated when subjects smelled disgusting odors or watched videos of expressions of
disgusting emotions Similar results exist in the field of nociceptive empathy research
[11]. In a study of individuals receiving painful stimuli and observing others receiv-
ing painful stimuli, Singer et al. found that the anterior cingulate gyrus and anterior
insula, which are responsible for emotional processing, were activated in both states
in subjects [12]. The mirror neuron is a sensory-motor neuron. It is activated dur-
ing both the observation and execution phases of an action [13]. Neuroscientists
first identified mirror neurons in the F5 region of the premotor cortex of the rhesus
monkey brain, which were activated either when the monkey performed a certain
action or when they observed another similar action. In subsequent studies, research-
ers determined that similarly functioning brain regions exist in the human brain
and called them “mirror neural systems”. The discovery provides strong evidential
support for representational sharing. It has also been shown that the activation of the
mirror neural system is very significantly related to emotional empathy.

Representation sharing and mirror neurology explain the emotional contagion
of empathy. However, emotional contagion is only the initial stage of empathy, as
individuals experience similar or different emotions while being emotionally con-
tagious to others. Emotional empathy therefore also involves the amygdala, which
generates and regulates emotions. In summary, we believe that emotional empathy
primarily involves the anterior insula, anterior cingulate gyrus, amygdala, and mirror
neurology.

Cognitive empathy is often associated with psychological theory. Both encompass
the individual’s ability to understand the mental states of others and to predict their
behavior accordingly, as well as to distinguish between the mental states of the self
and others. Psychological theory activates mainly brain areas such as the medial
prefrontal cortex, temporal pole, superior temporal sulcus, and temporoparietal junc-
tion. Schnell found that the medial prefrontal cortex, temporopolar region, tempo-
roparietal junction, and limbic system are involved in understanding the emotional
state of others [14]. The Shamay-Tsoory study on empathy in brain-injured patients
showed that individuals with ventral medial prefrontal cortex injuries had poor cog-
nitive empathy and normal emotional empathy, and those with inferior frontal gyrus
injuries had poor emotional empathy and normal cognitive empathy [15].

In addition to this, the researchers found that mirror neurons, while involved in the
sharing of representations, may also be involved in the understanding of the purpose
and desires of others from a conscious level. Fan, Y summarized previous work and
found that the dorsal anterior cingulate cortex, anterior cingulate cortex, supplemen-
tary motor areas, and bilateral insula were activated in numerous forms of empathy
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research [16]. Therefore, these brain regions are referred to as the core brain regions of
empathy. Among them, cognitive and emotional empathy both activated the anterior
insula on the left side, whereas cognitive love activated the anterior cingulate gyrus.

2. Empathy and oxytocin

Ozxytocin is a nonapeptide secreted by the paraventricular and supraoptic nuclei
of the hypothalamus and released in the brain and blood through the posterior lobe of
the pituitary gland. It acts as a neurotransmitter and a hormone with central (amyg-
dala, para-ventricular nucleus of the hypothalamus, hippocampus, and brain stem)
and peripheral (heart, womb, and spinal cord) effects. The neuropeptide oxytocin
has a solid reputation as a facilitator of social interactions. It has been shown to have
various effects on our social behavior and emotions, such as increasing trust, generos-
ity, and compassion.

Research has found that oxytocin can improve both cognitive and emotional
empathy in different ways. For example, one study found that oxytocin administra-
tion increased the ability to recognize emotions in others and improved self-reported
empathy [17]. Another study found that oxytocin increased the neural response to
positive social feedback and reduced the neural response to negative social feedback
[18]. This suggests that oxytocin can make us more sensitive to rewarding social cues
and less sensitive to stressful social cues.

Studies have revealed oxytocin receptors are expressed pre- and postnatally,
raising the possibility that developmental oxytocin signaling may have a lasting
impact on brain organization and behavior. Oxytocin can modulate the neural
activity associated with empathy in the brain. Studies have found that oxytocin can
increase the activation of brain regions involved in empathy, such as the insula,
the anterior cingulate cortex, and the amygdala [19]. Oxytocin can also reduce
the activation of brain regions involved in self-referential processing, such as the
medial prefrontal cortex, which may facilitate empathic understanding by reducing
egocentric bias [20].

Oxytocin was initially thought to increase empathy for all. However, more careful
research showed that although oxytocin increased empathy for in-group members, it
had no affect or actually decreased empathy for out-group members [21]. A possible
explanation for this behavior could be that oxytocin increases the salience of social
stimuli [22]. Oxytocin does improve the ability to recognize facial emotions, but this
also depends on the time and intensity of exposure [23]. More research on empathy
suggests that oxytocin appears to enhance emotional empathy and has little effect on
cognitive empathy [24, 25].

Research has shown, empathy is the basis for human social interaction [26]. It can
help us build a trust, cooperation, empathy, and altruistic relationship. Emotional
empathy can increase pro-social behavior, but this role is played with a certain degree
of self-interest. When the level of personal distress in sympathizing with someone
reaches a given threshold, individuals seem to gravitate toward their own feelings
rather than using that distress as a motivation to help someone in need. Cognitive
empathy is more conducive to pro-social behavior [27]. Pro-social behavior was
marked by dorsomedial prefrontal cortex activity; this area is involved in mentalizing
and helps individuals better understand the needs of others, thus enabling more
altruistic behavior [27].
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2.1 The impact of oxytocin level on empathy response

At present, there are two main areas of research investigating the effects of oxy-
tocin on empathic responses. One is to examine the effect of individual endogenous
oxytocin levels on the empathic response, and the other is to discuss the effect of
exogenous oxytocin interventions on the empathic response.

Studies have found that the production of empathic experiences is accompanied
by increased levels of oxytocin in the peripheral nervous system. By observing the
empathy concern and the subjective level of individual sadness when watching short
films (emotional or non-emotional), the relationship between it and plasma oxytocin
level was determined. It was found that oxytocin levels in the subjects’ blood were
significantly higher when viewing emotional clips than nonemotional clips [28].

This suggests that the empathy experience of the individual will be accompanied by
the release of the oxytocin in the brain. Interestingly, empathy-induced changes in
oxytocin were associated with gender. Compared with men, the changes in oxytocin
were stronger in women, and thus women’s empathy is significantly higher than
men’s. Also, the concentration of oxytocin in an individual’s blood can predict the
intensity of the empathic response. During pregnancy, the mother’s oxytocin level
increases significantly, triggered by the rise in estrogen levels, and this increase
continues into the breastfeeding period. In this process, the level of oxytocin release
is strongly related to the mother’s empathy [28]. Compared to mothers with low levels
of oxytocin in the blood, mothers with high levels of oxytocin have stronger reward
levels in the brain when they see their baby smiling. This activation suggested that
they are more likely to resonate with their children’s emotions [29]. In summary, there
is a closely relationship between the level of endogenous oxytocin in an individual
and the strength of the empathic response.

Existing neurological studies show that oxytocin ejected from the nasal cavity can
directly cross the blood-brain barrier and act on the limbic systems closely related
to social behavior, such as hippocampus and amygdala. By intervening with exog-
enous oxytocin, it is possible to directly regulate the level of oxytocin in the central
nervous system and thus establish a causal relationship with society. Domes et al.
were the first to report that oxytocin improved cognitive empathy (“mindreading”),
as measured using the “Reading the Mind in the Eyes Test” (RMET). In the RMET,
subjects were shown the eye area of different people and asked to assign one of four
descriptive terms to the expression. Results found that intranasal oxytocin improved
RMET performance. Another functional magnetic resonance imaging (fMRI)
study investigating RMET performance depending on oxytocin Administration also
detected increased insula activation (and superior temporal gyrus activation) after
oxytocin administration and reproduced the oxytocin effect on RMET performance
of the Domes group. Also, nasal inhalation of oxytocin directly affects the level of
emotional response in empathy. However, some researchers have also found that nasal
oxytocin has a significant effect on the empathy of individuals. By presenting four
sad stories recording to the subjects and then recorded their empathy responses. They
found that oxytocin injection increased the empathy level for the female protagonist
in the story, but not for the male protagonist, regardless of the subjects’ gender [30].
Thus, specifically, oxytocin can be effective in raising the level of empathic attention
to the emotions of others. However, negative emotions directed toward the self due
to the misfortune of others not only are not significantly enhanced but may also be
weakened.
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2.2 Oxytocin affects empathy response mechanisms

At present, the more recognized neural mechanism of empathy reflex is mirror
neuroscience. More and more studies have found that oxytocin promotes the activity
of individual mirror neurology. Oxytocin enhances the activity of mirror neurons
to improve the individual’s ability to imitate [31]. The fMRI was used to study the
response of oxytocin in the brain of female subjects to neural network regulation of
an infant crying. The results showed that injection of oxytocin weakened the activa-
tion in the right amygdala and enhanced activation of insula and inferior frontal
gyrus (mirror neuron brain region). This suggests that when women perceive fright-
ening social stimuli, oxytocin will reduce the activity of amygdala, prevent women
from being distracted by anxiety or disgust, and thus promote their ability to respond
to a baby’s cries. At the same time, oxytocin may enhance women’s empathy responses
to a baby crying by enhancing the activation of brain regions (insula and inferior
frontal gyrus) related to emotional empathy [32].

Oxytocin can act on the self-information processing system, weakening the
self-centered tendencies of individual in social information processing and making it
easier for people to shift their perspective and focus on the mental states and feelings
of others [33]. A facial deformation program is used to explore the influence of oxy-
tocin on self-others distinctions. The results of this study show that oxytocin lowers
the threshold for distinguishing self from other people’s faces in the experimental
task and at the same time increases the perception of others’ favor ability, which
proves the effectiveness of oxytocin in overcoming individual self-service bias [20].
The essence of empathy is the experience of congruent emotions with the emotion-
producing object. It is also found that oxytocin affects the emotional expression
mechanisms of individuals, mainly by weakening negative emotions and promoting
positive emotions. On the one hand, oxytocin reduces the level of amygdala activity
in response to negative emotional faces (fear, anger, sadness and disgust, and physical
pain) [34-37]. In addition to amygdala activity, oxytocin can also reduce the activity
of other brain areas associated with negative affect, such as the anterior insula and
anterior cingulate gyrus. Oxytocin may also increase activity in areas of the brain
related to emotional management, such as the medial prefrontal lobe and ventrolat-
eral prefrontal lobe. Overall, oxytocin may weaken individuals’ negative emotional
feelings and improve emotion management, which helps individuals reduce social
anxiety and stress levels and promote positive social interactions. On the other hand,
oxytocin can increase the level of activation of the reward system in social interac-
tions. When the subjects watched positive social stimuli, such as happy faces or
photos of their partners and children or participating in positive social interaction,
oxytocin was found to be significantly enhanced in other brain regions of the reward
system, such as the ventral segment, the nucleus accumbens, the caudate nucleus, the
vomeronasal nucleus, and the midbrain [38-40]. These findings suggest that oxytocin
increases the value of rewards in social contexts, enhances interpersonal connections,
and strengthens social relationships.

2.3 Oxytocin regulates pro-social behavior by affecting empathy

Pro-social behavior is a common aspect of individual socialization, and it plays
avital role in individual social development. In fact, the term “pro-social behavior”
was first introduced by American scholar Wispel, who contrasted it with antisocial
behavior such as vandalism and aggression. According to social psychologists,
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pro-social behavior aligns with social moral standards, whereas antisocial behavior
violates them. Initially, pro-social behavior refers to adherence to social rules and
moral standards. It involves voluntary actions that individuals take to benefit oth-

ers, the community, or society as a whole, including acts of cooperation, assistance,
sharing, donation, and compassion, among others. Such behaviors are subject to the
constraints of social moral standards. There are two types of pro-social behavior,
categorized according to the situation. Pro-social behavior in emergency situations
involves acts of courage, such as saving lives during water or fire emergencies, while
pro-social behavior in non-emergency situations entails helping others without harm
or threat to the person performing the behavior. Pro-social behavior can be motivated
by two different factors. Completely pro-social behavior occurs when individuals help
others without any conscious pursuit of personal benefit. Conversely, partial pro-
social behavior involves individuals helping others with the expectation of receiving
help in return. The social heuristic hypothesis suggests that pro-social behaviors
become internalized as default heuristics in an individual’s daily life, leading to the
development of automatic pro-social behavioral tendencies. Ultimately, pro-social
behavior is an essential aspect of individual socialization and development, and it
plays a crucial role in maintaining social cohesion and stability.

Batson proposed the empathy-altruism hypothesis, which suggests that pro-
social behavior motivated by empathy aims to provide welfare to those in need [41].
Several scholars have provided evidence that empathy is the biological foundation
of pro-social behavior, altruism, and morality. The empathy-altruism hypothesis
predicts that empathically aroused individuals will experience empathic joy when
they learn that the needs of others have been met, but this joy is a consequence of
their helping to address the needs of others and is not an end in itself. Empathy not
only has an altruistic effect; it can also have an egoistic effect. Empathic emotions can
be unpleasant, and individuals can reduce the experience of discomfort by engaging
in pro-social behavior. Studies related to pro-social behavior have demonstrated that
empathy is a vital factor that influences pro-social behavior. Empathy enables people
to understand the feelings and needs of others, which can motivate individuals to
exhibit more pro-social behaviors.

Oxytocin is believed to be closely related to empathy and is also one of the most
extensively studied hormones. Pregnant women have the effect of promoting uterine
contractions during childbirth and lactation after childbirth. In addition, the estab-
lishment of mother-child attachment relationships related to empathy, children play-
ing together, making friends, spouses, and erections during sexual activity all require
oxytocin. Therefore, some scholars suggest calling it “empathy”. Because oxytocin
can be sprayed through the nasal mucosa and enter the cerebrospinal fluid through
the olfactory filament to act on sympathetic brain regions, it can also promote the
release of oxytocin from oxytocin neurons in the paraventricular nucleus and supra-
optic nucleus of the hypothalamus into the circulating blood through the posterior
pituitary, playing a “social” hormone role. Literature shows that nasal spraying of
oxytocin can enhance social skills such as pain empathy, mother-child attachment,
social cognition, and facial recognition, enhancing empathy within groups, integrity,
collaboration, conformity, and resistance to attacks outside of groups.

2.3.1 Oxytocin and face perception

Numerous studies have demonstrated that oxytocin can impact face recogni-
tion abilities. Specifically, oxytocin has been found to have a significant effect on
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individuals’ ability to recognize basic emotions. In a study by Lischke et al., partici-
pants from both the oxytocin and placebo groups were given dynamic facial expres-
sion recognition tasks involving four emotions—joy, anger, sadness, and fear—with
varying levels of emotional intensity [42]. The results indicated that the oxytocin
group had a more accurate recognition of all emotions, especially recognizing lower
intensity facial expressions, compared to the placebo group.

Additionally, some clinical studies have suggested that oxytocin might improve
emotional recognition ability in patients with certain mental disorders. For instance,
exogenous oxytocin attenuates early attentional biases toward negative stimuli and
increases selective attention and recognition of emotional cues in faces, particularly
around the eyes [43]. However, some studies have shown that the impact of oxytocin
on emotional recognition is regulated by the emotional valence, meaning that it
enhances recognition of positive emotions while reducing recognition of negative
emotions. For instance, Domes instructed male participants to focus on emotional
faces and found that oxytocin increased the frequency of gaze on positive faces
(happy) but decreased the frequency on negative faces (angry) [44]. Woolley et al.
found that oxytocin can improve facial recognition ability but cannot improve inter-
personal trust [45]. While oxytocin appears to have a positive effect on the recogni-
tion of certain emotions, further research is needed to confirm these findings.

2.3.2 Oxytocin and emotional inference

Emotional inference refers to people’s ability to understand and perceive the
emotional state of others in social interactions. When we communicate with others,
we usually infer their emotional state through nonverbal signals such as facial expres-
sions, language intonation, and body language, such as joy, sadness, and anger. This
ability is crucial for establishing and maintaining social interaction and interpersonal
relationships. Emotional inference includes not only the perception of the emotional
state of others but also the understanding and inference of their emotional state. For
example, when we see a person smiling, we can not only perceive that their emotional
state is positive but also infer that they may be smiling due to reasons such as hap-
piness, satisfaction, and gratitude. Emotional inference is an advanced cognitive
function, which involves the synergy of multiple brain regions, including the visual
cortex, amygdala, prefrontal cortex, and so on. In daily life, emotional inference
ability significantly impacts people’s social and emotional health. Some social and
emotional disorders, such as autism and depression, are related to insufficient emo-
tional inference ability. Therefore, improving emotional inference ability is of great
significance for improving social and emotional disorders.

Observing basic emotional information such as facial expressions, speech, and
actions can trigger an individual’s emotional experiences due to a process called
emotional resonance. The Perception-Action Model (PAM) of empathy proposes that
when someone perceives sensory emotional information, they unconsciously engage
in an action imitation process that activates the mirror neuron system. This system
includes brain areas such as the parietal and inferior lobules, inferior frontal gyrus,
and anterior motor cortex, which enable the perceiver to feel the perceived emotion
through physiological feedback [46].

Similarly, Walter’s Empathy Loop Model suggests that individuals must infer and
understand others’ psychological states to resonate emotionally with them [47]. This
process activates the ventromedial prefrontal lobe and enables emotional resonance
with the other person. Thus, individuals who are better at taking the perspective of
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others are more capable of projecting themselves into others’ psychological states and
sharing their emotions. Those who struggle to overcome their egocentric tendency
may find it challenging to empathize with others [48]. Overall, emotional resonance
is a complex and embodied process that involves both physiological and cognitive
mechanisms.

Empathic reactions can lead to the development of empathy concerns toward oth-
ers, resulting in positive emotions such as love, care, and other motivational factors
that promote pro-social behavior. This positive attention to others’ misfortunes is an
essential psychological factor that fosters empathy and pro-social behavior.

Researchers have found that oxytocin can enhance an individual’s ability to infer
others’ emotions, as demonstrated through experimental paradigms such as the
RMET and viewpoint-taking tasks. For instance, Domes discovered that oxytocin
administration through nasal injection improved male participants’ theory-of-mind
abilities in the RMET [49]. The task requires participants to infer the psychologi-
cal state of individuals based solely on their eye area in a photograph, and oxytocin
improved accuracy, particularly in more challenging tasks [24].

In summary, oxytocin has a positive impact on emotional inference. This discovery
helps us better understand the role of oxytocin in social behavior and emotions and
provides a more in-depth research direction for future research.

2.3.3 Oxytocin and trusting and cooperative behavior

Oxytocin also has the ability to influence trusting and cooperative behaviors,
thereby facilitating social interactions and building strong interpersonal relation-
ships. The neural mechanisms underlying cooperative and protective behavior, asan
important function of human survival, have always been a focus of discussion among
researchers. Related research has found that compared to making non cooperative
choices, when individuals make cooperative choices that require loss of their own
interests but result in greater benefits for the team, oxytocin group participants tend
to choose more cooperative options [50, 51], which means that oxytocin makes indi-
viduals more willing to sacrifice their own interests to promote cooperative behavior.
More options have been chosen for noncooperation to ensure that members of the
inner group are not attacked.

The Trust Game is a widely used research paradigm for investigating human trust
behavior, with investment amount and frequency serving as key indicators. Ina
pioneering study, Kosfeld et al. administered nasal spray oxytocin and found that it
increased investment behavior and trust tendencies in individuals, demonstrating the
influence of oxytocin on trust behavior [52]. However, subsequent studies indicate
that the trustworthiness of the trustee can affect the effectiveness of oxytocin, with
oxytocin enhancing trust behavior only toward trustworthy trustees [53]. Moreover,
oxytocin seems to affect men and women differently, as it causes women to exhibit
less trust and forgiveness toward betraying trustees than men [54]. Additionally, per-
sonality traits play a crucial role in determining trust behavior, with oxytocin causing
individuals with borderline personality disorder (BDP) to exhibit less trust [55].

Apart from trust games, researchers have explored the impact of oxytocin on trust
behavior in other paradigms. In one study, participants evaluated strangers’ photos
to measure trust levels, and the oxytocin group displayed higher trust scores and was
rated as more attractive than the placebo group [56]. Moreover, pupil contraction in
trustees can affect an individual’s trust level, with oxytocin reducing trust in pupillary
contraction partners but increasing trust in pupillary dilation partners [57]. Long-term
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(two-week) intranasal administration of oxytocin has also been found to reduce avoid-
ant attachment and increase attachment to peers, making participants more inclined
to trust others [58]. Neuroimaging studies provide further evidence for the mechanism
by which oxytocin impacts trust behavior. In functional magnetic resonance imag-
ing (fMRI) research, oxytocin reduced the activation of the striatum, amygdala, and
midbrain regions after betrayal, indicating less fear processing and behavior adjust-
ment based on feedback information and thus more trust behavior [59]. Additionally,
oxytocin promotes mutually beneficial cooperative behavior by increasing the value of
individuals’ rewards and forming the belief that others are trustworthy, as observed in
stronger caudate nucleus activation in the oxytocin group during cooperation [60].
While many studies have shown that oxytocin enhances trust behavior, replicat-
ing these results can be challenging due to factors such as variation in experimental
design and procedures. A meta-analysis did not find any significant effect of nasal
administration of oxytocin on trust behavior [61]. This suggests that further research
is needed to replicate and validate the experimental effects of oxytocin on trust
behavior in the future.

2.3.4 Oxytocin and group preference

Group preference, also known as herding behavior or social assimilation, is the
tendency for people to accept the ideas, values, and behaviors of a group when they
are in that group, rather than pursuing their own unique ideas and behaviors. This
phenomenon occurs in a variety of different groups, such as families, schools, work-
places, social media, and so forth. It usually occurs when people want to gain social
acceptance and group approval or avoid social exclusion. When people feel different
or isolated from others, they usually try to adjust their behaviors and thoughts to
conform to the group’s expectations and standards. Current research suggests that
oxytocin can influence group preferences, making it easier for people to accept and
follow group expectations and behavioral norms.

Variations of the Prisoner’s Dilemma task have been used by researchers to
investigate cooperative and protective behavior, and the results indicate that the
oxytocin group exhibited greater love for inner group members and lower selfish-
ness but did not show any impact on their hatred toward outer group members
[62]. Interestingly, oxytocin did not display the same tendency as aggression-
enhancing hormones toward members outside the group. In the Prisoner’s
Dilemma task, De Dreu found that individuals in the oxytocin group were more
likely to choose not to cooperate with external group members to ensure their
higher interests, resulting in lower profits for internal group members in a “preda-
tory” state [62]. Furthermore, in situations of “greed,” where individuals choose
not to cooperate to improve their own interests and reduce the profits of members
outside the group, the oxytocin group did not increase the number of noncoop-
erative choices to demonstrate “plundering” of members outside the group. This
suggests that oxytocin promotes the protection of more vulnerable internal group
members, rather than attacking external group members. This further supports the
idea that oxytocin promotes love for members within the group, rather than hatred
for members outside the group.

Similarly, additional studies that added cognitive load to the Prisoner’s Dilemma
task found that oxytocin promotes cooperative behavior without the influence of
cognitive load. The placebo group, on the other hand, exhibited more cooperative
behavior only when there was cognitive load. These results suggest that the love for
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members of the inner group induced by oxytocin is inherent and intuitive, rather than
intentional [63].

However, subsequent studies have found a “dark side” to oxytocin, such as an
increase in distrustful [64] and deceptive [65] decision-making behaviors, suggest-
ing that oxytocin does not always promote pro-social behavior and that the factors
influencing it have attracted the attention of researchers.

2.4 Oxytocin, social cognition, and neural circuits patterns

The effects of oxytocin on individual social cognition may be achieved mainly
through modulating the activation patterns of the amygdala and reward system
[66, 67]. Specifically, oxytocin weakens the amygdala response to negative emotional
information and increases its functional connectivity to brain regions involved in
emotion management. Experimental studies have found that the administration
of intranasal oxytocin reduces amygdala activation after subjects are confronted
with fearful faces and disgusting scenes. Similarly, in the fMRI paradigm study;,
the amygdala showed an increased responsiveness to the fearful whites of the eyes.
However, this response was diminished when oxytocin was given prior to testing
[35]. Interestingly, when different stimuli are presented, oxytocin appears to not only
reduce amygdala activation but also facilitate insula responses, thus making negative
stimuli easier to remember [68].

Ozxytocin is closely associated with the reward neural circuit, which is concentrated
in the midbrain, including the ventral tegmental area (VTA) and the basal ganglia,
which contains the globus pallidus (GP), the substantia nigra (SN), the ventral
striatum (VS), and the dorsal striatum, which contains the putamen and caudate,
areas that are essential for reward processing. When cooperative behavior in a Prisoner
Dilemma game was reciprocated, oxytocin augmented caudate nucleus activation in
addition to the amygdala response. Oxytocin acts in these brain areas above to increase
reward and emergence in interpersonal interactions (face processing, cooperation,
romance, parenting, etc.), thus promoting social bonding and attachment.

2.5 Oxytocin receptor and empathy disorder

Ozxytocin receptor is widely expressed in mammalian brains, including the
septum, nucleus accumbens, and ventral tegmental area. Research finds a correla-
tion between the oxytocin receptor gene and psychopathy traits, suggesting that the
oxytocin gene can affect the brain’s empathy response [69].

The oxytocin receptor gene, which is located on chromosome 3p25.3, has been
implicated as a candidate gene for susceptibility of autism spectrum disorder (ASD)
[70]. ASD is a representative disorder of pervasive developmental disorders, which
affect the development of social, communication, and behavioral skills. Its core
symptoms are: impaired social interaction, communication difficulties, narrow inter-
ests, and stereotypical repetitive behavior patterns. Psychologists generally agree that
autism is the result of a combination of genetics and environment. However, in recent
years, the emerging empathic-systemic theory has explained the onset of autism in
a more comprehensive way. Children with autism have difficulty recognizing facial
expressions, have a lower ability to recognize the emotions of others, and have a lower
level of development in naming and matching expressions than normal children. This
can lead to difficulties in accurately perceiving the emotions of others or biases in
their perception of the emotions of others, resulting in deficits in empathy.
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Experiments have shown that children with autism have lower plasma oxytocin
levels than healthy children of the same age and that elevated oxytocin levels do not
correlate positively with increasing age of the child. Lower levels of endogenous
oxytocin are arousing in children with ASD, but not in adolescents or adults [71].
Anyway, oxytocin is generally considered to be associated with social deficits in ASD.

Similarly, animal experiments have shown that oxytocin receptor knockout mice
exhibit behavioral deficits associated with autism and that exogenous oxytocin
supplementation ameliorates this deficit [72, 73]. Autism is associated with mutations
in genes such as the gene encoding contact-related protein-like protein 2 (Cntnap2).
Intraperitoneal or intranasal administration of oxytocin ameliorates social behavioral
deficits in mice with null mutations in the Cntnap2 gene. The use of drugs to promote
the release of endogenous oxytocin can stimulate the oxytocin system more effec-
tively and improve socially abnormal behavior.

3. Discussion and outlook

Empathy is a universal emotion that has evolved to facilitate pro-social behavior
and interpersonal interactions in humans. Empathy can be divided into emotional
empathy and cognitive empathy. Emotional empathy refers to an individual’s emo-
tion infection and recognition of emotions, which emerges in infancy. The main
subcortical brain areas involved are: the insula (Nsula), the anterior cingulate gyrus
(ACC), and the mirror neurology (MNS). Cognitive empathy refers to an individual’s
understanding of the emotions of others and involves the main brain region: the
ventral medial prefrontal lobe (v PFC). The neural network of empathy develops
over time with age and matures in early adulthood. The neural network of empathy
is modulated by cognitive appraisal. Oxytocin enhances empathy. Oxytocin receptor
gene polymorphisms are associated with empathy. Oxytocin may facilitate empathic
responses by enhancing insula and subfrontal gyrus activation. Further research
could be conducted in the future in the following areas:

3.1 Conducting an intervention study of oxytocin to improve empathy-deficient
individuals

Hurlemann demonstrated that oxytocin primarily promotes affective empathy
without affecting cognitive empathy. In contrast, Pedersen found that oxytocin
improved the theory of mind levels (including cognitive empathy) in patients with
schizophrenia, demonstrating that oxytocin can also promote cognitive empathy. The
reasons for the inconsistency between these two findings have not yet been explored
in relevant studies. Therefore, the different effects of oxytocin on emotional and
cognitive empathy could be investigated in the future.

Oxytocin has been found to improve emotion recognition in adolescent males with
autism [74] and to improve empathic accuracy in individuals with poor social com-
petence [75]. The study of the ameliorative effects of oxytocin on empathy-deficient
individuals (autism) has facilitated the development of interventions for empathy-
deficient individuals. Therefore, more research should be conducted in the future on
the effects of oxytocin interventions on empathy-deficient individuals. In addition,
most studies on the effects of oxytocin on empathy have used male subjects. In the
future, the mechanism of oxytocin on empathy could be investigated using female
subjects or a mixture of male and female subjects.
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3.2 Combining brain imaging and genetic techniques to study the relationship
between genetic polymorphisms and empathic neural networks

Studies have found that oxytocin receptor gene polymorphisms are associated
with empathy [76, 77]. However, the relationship between gene polymorphisms and
empathic neural networks is unclear.

Walter et al. were the first to use brain imaging genetic techniques to study the
relationship between genetic polymorphisms and empathic neural networks in
psychiatric patients and found dysfunctional cognitive empathic neural networks
in psychiatric patients carrying certain genotypes. However, there are currently few
such studies. Therefore, in the future, brain imaging and genetic techniques can be
combined to study the relationship between genetic polymorphisms and empathic
neural networks and thus discover the relationship between genes, neural networks
and empathy. In addition, Lackner et al. found that dopamine was associated with
the level of theory of mind in preschool children, thus promoting cognitive empathy
[78]. Dopamine plays an important role in the maturation of the prefrontal lobe of the
brain, which is the main brain region involved in cognitive empathy. Therefore, the
neural mechanisms underlying the effects of other neurochemicals on empathy, such
as dopamine, could be investigated in the future.

3.3 In-depth understanding of empathy in atypically developing individuals

Currently, many researchers are focusing on atypical developmental individu-
als with autism spectrum disorders, attention deficit hyperactivity disorder, and
schizophrenia spectrum disorders and how their empathic abilities differ from those
of typically developing individuals. They aim to identify the brain regions that are
specifically involved in emotional or cognitive empathy and how this knowledge can
help them understand the symptoms and etiology of these disorders, thereby provid-
ing better support for individuals with atypical development. Therefore, this direc-
tion is likely to remain an important element of empathy research in the future.

3.4 Promoting the practical application and value translation of research findings
related to the neural basis of empathy

The exploration of the different components of empathy or the cognitive neural
bases underlying empathic processing can, on the one hand, contribute to a deeper
knowledge and understanding of the theories related to this field. It also facilitates the
application of the theoretical framework related to empathy to the needs of the times
and society in social practice. For example, an understanding of traditional empathy
theoretical models and their neural underpinnings can help in the development and
design of intelligences in an era when intelligences are becoming more and more rel-
evant to people’s lives. Through the establishment of an intelligent body empathy and
its computational model, simulating the expression of emotions and the recognition
and understanding of emotions involved in human-computer interaction situations,
the intelligent body becomes a more ideal “companion” or “assistant” in human life.
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Abstract

Ozxytocin receptor (OXTR) gene polymorphisms have been consistently associated
with humans’ differences in sensitivity to social cues, social cognition, stress
response, and brain activity. However, how social and affective neural processing
differs across carriers of distinct OXTR gene polymorphisms remains unclear. This
systematic PRISMA review is the first to examine the experimental literature on the
relationship between OXTR polymorphisms and ERP components. Eight studies
published between 2014 and 2019 were included. The rs53576 was the only OXTR
gene polymorphism analyzed in all studies. The OXTR genetic variation explained
significant changes in N1, P2, N2, P3, and late positive potential (LPP) components
during social perception and empathy for pain tasks. OXTR genotypes were not
related to P1, N170, N3, or any neural activity after 600 ms. The discussion is focused
on the influence of OXTR genetics on neural processing, the development of brain
neural networks implicated in social and emotional skills, cultural neuroscience of
the oxytocinergic system, and methodological issues of this field. In conclusion, the
evidence supports the hypothesis that genetic variations of the OXTR significantly
influence neural activity related to emotional and social processing, except for the
early phases of face recognition.

Keywords: oxytocin, OXTR gene polymorphism, event-related potentials, social skills,
affective processing

1. Introduction

Oxytocin is a neuropeptide that is implicated in relational phenomena such as
maternal behaviors, social bonding, emotional communication, caring for others, and
social cognition [1, 2]. Further, thanks to evidence from research involving nonhu-
man animal models [3], intranasal administration [3, 4], developmental psychopa-
thology [5], genetic variations [6], and translational approaches [7], we now know
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that oxytocin supports the development of socioemotional skills such as perception
of social cues, biobehavioral synchrony, regulation of emotions, prosocial concern,
perspective taking, and empathy.

In the last decades, researchers have grown aware of the importance of oxytocin
receptor (OXTR) gene polymorphisms in explaining individual and demographic
variations in the development of social behaviors [6]. All OXTR polymorphisms
identified thus far are single nucleotide polymorphisms (SNP), with the most stud-
ied SNP being a guanine (G) to adenine (A) substitution in the locus rs53576. These
SNPs have been repeatedly associated with differences in sensitivity to social cues,
regulation of stress response, social cognition, and brain activity during social tasks
[8, 9]. However, some recent research has failed to find differences in emotional
traits between carriers of the alleles for this polymorphism. However, some recent
research has not found differences in emotional traits between carriers of the alleles
of this polymorphism [10], which raises the question of whether genetic variations
in the OXTR gene lead to variations in the brain’s processing of socioemotional
signals.

Event-related potentials (ERPs) may lend a hand to this endeavor. ERPs are
used as a reliable and safe method to examine the human neurophysiological activity
related with psychological processing [11]. ERPs are changes in the electroen-
cephalogram of a person, which are time-locked to cognitive, motor, affective, and
social events presented during rigorously controlled tasks. ERPs require meticulous
experimental control, making it easier to establish a fine-grained analysis of the
time dynamics of the brain during the processing of specific aspects of stimuli,
which can limit the establishment of broader functional analyses. However, it is
justified to inquire about the ERP as it is one of the methodological approaches
with the most outstanding reputation within cognitive neurosciences since it
allows consolidating in greater detail how our brain constructs psychological
phenomena [12].

ERPs are analyzed in terms of components that can be studied as a window into
the neurophysiological mechanisms associated with ongoing mental activity. These
components are built by using the polarity, latency, and scalp distribution of ERP
waveforms and by considering the specific conditions of each experimental task [13,
14]. For example, in socio-affective tasks, frequently analyzed components include
N170, early posterior negativity (EPN), and late positive potential (LPP). The first
is an inferior negative wave, appearing approximately 170 ms after a face is shown;
the second is occipital-parietal activity occurring around 200 ms after the display of
images with affective content; and the last is anterior brain activity appearing shortly
after 500 ms following the perception of arousing stimuli.

Accordingly, it is expected that carriers of distinct OXTR polymorphisms exhibit
differences in neural processing, as measured by ERPs, during diverse psychological
tasks. However, a systematic review of the studies that have examined the relation-
ship between OXTR polymorphisms and ERP components has not been conducted
so far. Such a review is valuable because it will allow for a better understanding of
how genetic variations in the oxytocinergic system can lead to neurophysiological
and behavioral differences. Additionally, it will be useful in guiding future investi-
gations by identifying points of interest and questions to be answered. Therefore,
our main aim is to review systematically the literature that has studied the relation-
ship between OXTR polymorphisms and ERP components elicited during psycho-
logical tasks.
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2. Method

This review was performed in accordance with the 2020 PRISMA guidelines
[15]. Figure 1 shows a summary of all the procedures that led to the final selection
of reviewed reports. Initially, 473 documents were found. Of them, eight studies
fulfilled all selection criteria and were reviewed. Described below is each stage of the

review process.
2.1 Eligibility criteria

Eligible studies had to be scientific reports that inquired into the relationships
between polymorphisms of the OXTR gene and ERPs components in human partici-
pants. All reports are needed to describe genotyping procedures, EEG acquisition
procedures, ERP analyses, and statistical procedures. Considered studies had to be

( Identification of studies via databases ]
s
‘§ Records removed before
Records identified from » screening:
§ databases (n = 437) Duplicate records removed
5 (n=132)
—
v
Records screened Records excluded
>
(n = 305) (n=297)
v
o
=
§ Reports sought for retrieval Reports not retrieved
(n=8) (n=0)
@
r
Reports assessed for eligibility N Reports excluded:
(n=8) c (n=0)
h
Studies included in the review
; (n=28)
-g Reports of included studies
£ (n=8)
Figure 1.

This PRISMA flow chart depicts the stages of the review process.
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published or be in press anytime until April of 2023 in the English or the Spanish
languages. No setting or time frame restrictions were imposed. Case series, case
reports, conceptual literature, and literature not accomplishing the above criteria
were excluded.

2.2 Search strategy

Identification, screening, and inclusion of studies were performed following the
2020 PRISMA guidelines (Figure 1). We used the Web of Science search engine to
search the Web of Science Core Collection, Medline, the BIOSIS Citation Index, the
Korean Journal, the Russian Science Citation Index, and the SciELO Citation Index
databases. The search keywords were obtained from previous reports in the OXTR
and ERP fields and from the MeSH thesaurus. These keywords were grouped into two
lists. The OXTR list was composed of the terms [OXTR], [oxytocin receptor], [oxy-
tocin polymorphism], [oxytocin single-nucleotide polymorphism], [oxytocin single
nucleotide polymorphism], and [oxytocin SNP]. The ERP list was composed of the
terms [event-related potential], [event related potential], [ERP], [electroencephalog-
raphy], [EEG], [evoked potential].

Database searches were performed using the following query strategy: ([“OXTR
list term 1”] OR ... [“OXTR list term n”]] AND [[“ERP list term 1”] OR ... [“OXTR list
termn”]). A less restrictive query string (without enclosing the terms between quota-
tion marks) was also used to confirm no relevant document was left out: ([OXTR list
term 1] OR ... [OXTR list term n]] AND [[ERP list term 1] OR ... [OXTR list term n]).
The terms had to be mentioned in the titles, abstracts, or keywords. Finally, we set
the parameters of the searches to exclude books, conference reports, case reports, and
editorials.

2.3 Studies selection and data collection

We read the titles and abstracts of all identified articles for evidence that they
could meet the eligibility criteria. The reports that seemed to meet such criteria or
could not be regarded as not meeting such criteria were further screened in full to
verify inclusion criteria. Once fully scanned, the reports that indeed met the eligibil-
ity criteria were included in the review. Next, each article was read thoroughly, and
relevant data was copied into a worksheet to be grouped with similar data from other
studies. Variables for which data were extracted sought can be organized into five
groups: report characteristics, sample characteristics, OXTR genotyping, ERPs and
paradigms, and main findings (Table 1).

In the report characteristics, data was sought for publication year, country in
which the study was carried out, study design, and general topic of research. In the
sample characteristics, data was sought for sample size, age, sex, country, and clinical
diagnoses. In relation to OXTR genotyping, data was sought for OXTR polymor-
phisms, genotyping method, tissue for DNA extraction, other genes under study,
genotypic groups, allelic frequencies, genotypic frequencies, and Hardy-Weinberg
equilibrium (HWE). Regarding ERPs and paradigms, data was sought for preprocess-
ing procedures, characteristics of ERP components (number, family, latency range,
number of electrodes, and region of interest), procedures used for ERP calculation,
and experimental paradigms. Finally, the main findings were extracted and sum-
marized. We focused solely on the results addressing ERP component comparisons
between OXTR genotypic groups, so other results were not analyzed.
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3. Results
3.1 Report characteristics

Eight studies were included in the final review; a summary of these papers is
shown in Table 1. They were published between 2014 and 2019 in the English lan-
guage. Two studies were conducted in the United States, two in China, one in Canada,
one in Japan, one in Germany, and one in Finland. There was no study from South
America, Central America, Africa, Eastern Europe, Asia (other than East Asia), or
Oceania.

In general, researchers examined whether OXTR polymorphisms were related to
neural differences during socioemotional processing (Table 1). Four studies exam-
ined the differences between OXTR genotypic groups in ERPs during face processing
tasks; two studies looked for associations between ERPs elicited by perception of oth-
ers’ pain tasks and OXTR genotypes; and the two remaining studies were concerned
with the differences in neural activity between genotypic groups during emotional
cue processing.

3.2 Sample characteristics

Sample size was 85 people on average, with only two investigations engaging over
a hundred participants. Only one study mentioned its sample source, which was
individuals with autism and their relatives [16]. Two studies recruited participants
from both sexes [16, 17], two recruited only males [18, 19], three selected only females
[20-22], and one did not state the sexes of the participants [23]. Most of the par-
ticipants were young adults [75%], while two studies included school-aged children
(7-12 years) [16, 17]. No sample included infants, toddlers, preschoolers, adolescents,
or elderly (Table1).

3.3 OXTR genotyping

Besides the OXTR gene, one study examined genes linked with monoaminergic
neurotransmission, such as DR1, COMT, and SLC6A4 [16]; while another explored
the CD38 [19], a gene implicated in oxytocin release. For the OXTR gene, polymor-
phisms rs53576, rs237897, rs1042778, and rs2254298 were studied, being rs53576 ana-
lyzed in all studies. Only one study explored the interactions between different OXTR
SNPs and although they did not find any significant effect on ERP components, they
did on social cognition measures [17].

The genotypic frequencies for the rs53576 variants across the reviewed studies
are shown in Figure 2. Some studies did not report the genotypic or allelic frequen-
cies [19, 20, 23], so we calculated these values from their HWE report. The three
studies conducted with Asian participants revealed lower GG genotype frequencies,
while two of the five studies with Caucasian participants found a greater ratio of GG
homozygotes. The three remaining studies did not satisfy the HWE probe, pointing to
alarge proportion of heterozygotes (Figure 2).

3.4 ERPs and paradigms

We detected large discrepancies between the ERP procedures used across the
studies. EEG acquisition and ERP preprocessing protocols varied widely in terms of
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Munk et al., 2016* Peltala et al., 2014* Towler ct al., 2018*

Figure 2.
Report of genotypic frequencies for rs53576 polymorphism in each study. GG = carriers of the GG genotype;
GA = carriers of the GG genotype; AA = carriers of the AA genotype. *Studies that did not satisfy the HWE.

sensor number (Table 1), referencing, filtering, artifact detection, artifact correction,
and epochs selection. For example, the four studies that ran algorithms to correct
artifacts did not justify their decision. EPR construction was also heterogeneous
across the reports. Indeed, the reports generally provided little justification about the
procedures that led to electrode number reduction, selection of latency ranges, and
potential measurements. Most authors remarked that they selected latency ranges

by means of visual inspection of the grand average waveform, and even one study
specified a range for each participant [16]. Therefore, latencies for each family of
components varied greatly (see component lines in Figure 3). Regarding the ERP
measures, four studies calculated the latency peak and the amplitude peak for each
latency period [16, 17, 19, 22], while the other four studies used the amplitude aver-
age for each latency window [18, 20, 21, 23]. All paradigms were time-locked with
the stimuli, meaning no paradigm was time-locked with the responses. All studies
employed visual affective or visual social stimuli; four used faces, two used affective
images, and two used pictures of people suffering (Table1).

3.5Main findings

Figure 3 summarizes the ERP component amplitude differences between OXTR
rs53576 genotypic groups, as reported by the reviewed studies. On the one hand,
OXTR genotypes were not significantly associated with the P1 or the N170 compo-
nents during the socio-affective tasks. Similarly, neuronal responses occurring after
600 ms were not explained by any genetic variation of the OXTR. On the other hand,
the studies together found the N1, P2, N2, P3 and LPP potentials to have a signifi-
cantly higher amplitude in GG carriers during the experimental tasks. Such genotype-
dependent components can be grouped into three general time ranges of the neural
dynamics (colored heads in Figure 3). The earliest differences in neural activity were
found between 50 and 200 ms in centro-parietal and frontal zones (respectively N1
and P2; blue head). The OXTR also affected middle neural processing in the latency
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Differences in ERP components acvoss carriers of distinct OXTR rs53576 polymorphisms. At the top, the

heads display the brain regions where components were recorded. Their colors represent a family component:

blue = early, ved = middle, and orange = late. At the bottom, the leftmost column contains the studied components.
The middle column shows latencies in milliseconds, wheve lines represent the components examined in their
respective paper and their lengths indicate the latency range used to calculate the component. Black dotted lines
represent nonsignificant differences between genotypes, whereas colored solid lines point out significant differences.
Doble lines indicate a higher component amplitude in GG carriers, while single lines denote a higher component
amplitude in A-allele carriers. The rightmost column shows the source study.

range between 200 to 350 ms in posterior regions, specifically, the EPN component
(red head). The last differences in neural activity were observed in the central regions
of both frontal and parietal lobes in latencies between 300 and 500 ms (P3 and LPP;
orange head).

Face processing was generally not different across OXTR genotypes. Specifically,
amplitudes of neural responses to upright or inverted faces did not vary significantly
in healthy adults [19], mothers [22], children [17], or autistic children [16]. However,
a significant interaction was observed in the N1 latency. Peltola’s team found that,
unlike A carriers, GG carriers had a shorter N1 latency to strong-intensity infant faces
than they had to mild-intensity ones [22]. Likewise, Munk et al. [19] found a signifi-
cant interaction in the N170 latency, where A-allele carriers had shorter latencies in
the right hemisphere in reaction to upright angry faces. Nevertheless, such a differ-
ence was not observed in a replication sample [19].

The processing of affective images varied in function of the rs53576 genotypes.
GG homozygotes exhibited a more negative posterior N1 (50-200 ms) during the per-
ception of affective images of humans and objects and a more negative posterior N2
(200-320 ms) when they perceived affective images of humans only [18]. In the same
study, no effects of OXTR genotypes on LPP (600-1000 ms) were found. However,
Fowler and colleagues found independently that GG participants responded with
a higher parietal LPP amplitude (at 300-500 ms) during the perception of aversive
pictures. That said, it should be noted that the LPP latencies and regions of interest
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were considerably different between the two studies, making it difficult to compare
the results (Figure 3).

Neural responses to the suffering of others were significantly mediated by OXTR
genotypes. Specifically, GG carriers exhibited a heightened frontal P2 amplitude (at
136-176 ms) when they were shown painful expressions adopted by people that the
participants perceived as themselves [21]. Additionally, in a previous study [20],
frontal P3 was found to be more positive for sadistic painful stimuli in the GG group,
which may indicate a bigger excitatory activity in the amygdala and insula.

4. Discussion
4.1 OXTR polymorphisms and neural processing

Our results provide evidence that variations in the OXTR gene are associated with
differences in brain activity during socioemotional tasks (Table 1). These differences
were distributed along several time intervals and brain regions (Figure 3). In particu-
lar, the main differences were found in rs53576 GG homozygotes, who produce wider
neural potentials in the face of salient social stimuli such as people expressing pain.

GG homozygotes exhibited more negative early activity (N1) in posterior cerebral
regions when they perceived socially salient cues (Figure 3). Psychophysiological
studies have previously linked enhancement of the posterior N1 with an attentional
shift to prominent stimuli and implicit visual discrimination [24, 25]. Therefore, GG
carriers may detect and recognize socio-affective signals more readily. This enhanced
activity may originate in interneurons in the occipital, parietal, and temporal areas
implicated in social perception. Additionally, it is possible that these areas are excited
by afferences from projection neurons in the limbic area, which is rich in OXTRs.

GG homozygotes also had stronger early anterior positive potentials (P2) when
they watched people suffering (Figure 3). This early frontal excitation may be associ-
ated with the involuntary allocation of attentional resources to the processing of the
highly arousing images [26, 27], suggesting GG carriers may bear neural mechanisms
that enable them to have a more sensitive perception of emotional signals from others.

Moreover, OXTR SNPs produced variations in the N2-EPN potentials in posterior
brain regions, with GG homozygotes having wider negative potentials to affective
human pictures and AG-AA carriers doing so to affective pictures without humans
(Figure 3). The N2-EPN component is a typical index of attentional engagement to
emotional pictures [28, 29]. It may be generated from interneuron activity in brain
regions such as the amygdala, the hippocampus, and the superior and inferior parietal
lobes [30, 31], which contain an abundance of OXTRs [32, 33]. Therefore, it seems
that OXTR rs53766 polymorphisms influence the activity of posterior corticolimbic
networks, which enhances GG carriers’ and AA-AG carriers’ discrimination and
categorization of social cues and nonsocial arousing stimuli, respectively.

The late components modulated by the OXTR rs53576 polymorphisms were
positive potentials at frontal (P3; Figure 3) and parietal sites (LPP; Figure 3). Both
ERP components were higher in GG carriers when they perceived pain faces and
aversive pictures. The P3 is usually interpreted as an indicator of effortful decision-
making during demanding tasks [34, 35], as was the case in Luo’s experiment [20].
The LPP component is elicited by highly arousing stimuli and has been associated
with enhanced memory encoding, appraisal, and suppression of response to affec-
tive pictures [36, 37]. These findings may indicate that GG homozygotes’ greater
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sensitivity to social images allows them to execute enhanced top-down processes to
evaluate arousing social contexts and to control their responses in accordance with
such contexts. However, these interpretations are necessarily preliminary, considering
that six of the reviewed studies failed to find any significant differences in the LPP
component between OXTR genotypes.

Overall, these findings are consistent with the social salience hypothesis, which
contends that an increase in oxytocinergic neurotransmission influence neural
activity in such a way that the processing of social information is enhanced [38, 39].
Animal research has proven that SNPs in the noncoding region of the OXTR gene
have an impact on the number of OXTR receptors in brain regions implicated in social
behaviors [40]. Likewise, neuroimage studies have confirmed that OXTR SNPs are
associated with variations in brain activity in areas responsible for the processing of
social information [8, 41]. In brief, GG homozygotes for the rs53576 SNP may have a
higher density of receptors in specific critical areas, which may enhance oxytocinergic
neurotransmission in neural networks implicated in the processing of social cues [40].

The null results on the face-specific N170 component are surprising because there
exists a long-standing theoretical association between oxytocinergic neurotransmis-
sion and face processing [42]. Indeed, Skuse et al. found a link between the OXTR
rs237887 alleles and face recognition in families with autistic children [43]. Moreover,
fMRIi studies have also found significant effects on face recognition involving OXTR
SNPs. For example, the Westberg team reported that rs7632287 genotypes differ in
recognition of faces and amygdala activity [44]. Similarly, O’Connell and coworkers
linked the rs2268498 SNP with inferior occipital gyrus activity due to perception of
fear expressions [45]. Nevertheless, these results should be analyzed cautiously given
that the Skuke study used a very particular sample and the fMRi studies used tasks
sensitive to other psychological functions such as emotional processing and mental
inference. What is more, the lack of association between OXTR SNPs and the N170
component, is in line with the nonsignificant relationship between many OXTR SNPs
and several face recognition tasks, which was found in an exhaustive study by [46].
Therefore, this evidence together seems to indicate that oxytocinergic neurotransmis-
sion is not essential to the early stages of discrimination of facial configurations.

Furthermore, these results could help to understand the conflicting findings on
the relationship between genetic variations in the oxytocinergic system and human
psychological phenotypes [10]. Variations between genotypes in neural processing
during exposure to social cues with high emotional content observed during interme-
diate and late latencies (100-600 ms) indicate that the oxytocinergic system is central
in facilitating the implicit processing of emotional signs during social interactions.
Still, this system would have a less relevant and direct role in the awareness of one’s
affective states; therefore, a minimal effect could be expected when self-report ques-
tionnaires or verbal responses are used. In this sense, future studies would benefit
from using experimental tasks instead of questionnaires and psychological tests to
assess social and emotional phenotypes.

4.2 OXTR polymorphism, neural functioning, and human development

OXTR polymorphisms influence brain development by modulating the density
of OXTRs, by modifying the sensibility toward the social environment, and by
orchestrating fine-tuned social transactions during critical periods of brain matura-
tion. Consequently, OXTR rs53576 GG individuals tend to be more sensitive to their
social environment, developing larger phenotypic variability [47]. For instance, in
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G allele carriers, protective and synchronic caring favors the development of better
emphatic, prosocial, and emotional skills, while childhood adversity leads to more
avoidant behaviors and poor social skills. In contrast, A carriers, who are less sensi-
tive, show fewer developmental variations [48, 49]. Moreover, effects of OXTR SNPs
on the modulation of developmental plasticity have also been found in neuroimage
studies, where limbic and frontal networks have been shown to be more plastic [8, 50,
51]. Plasticity in fronto-limbic networks is consistent with the differences in the ERP
components observed in this review.

The developmental plasticity associated with some OXTR genotypes may be due
to epigenetic mechanisms. Indeed, numerous studies have reported an association
between OXTR DNA methylation and differences in social cognition, emotional
behaviors, and neuroendocrine functioning in several moments of human and
animal development [52-55]. A recent systematic review found that an increase in
OXTR gene methylation was linked with a reduction in receptor expression, social
sensitivity, and developmental plasticity, leading to poor social skills and affective
dysregulation in healthy and psychopathologic samples [56]. A leading hypothesized
mechanism is that people with more G alleles have more CpG islands, facilitating
epigenetic modulation and major developmental plasticity, with early adverse experi-
ences as the main predictor of OXTR hypermethylation.

4.3 OXTR polymorphism, neural functioning, and cultural differences

Figure 2 shows a large variation in the allelic frequencies of the OXTR rs53576 SNP
between Caucasian and Asian samples, which is in line with previous findings that
Asian populations have higher A-allele frequencies [57]. This geographic distribution
of OXTR genotypes is associated with cultural patterns, including collectivistic val-
ues, control of emotional expressions, emotional support seeking, social interdepen-
dence, empathy for pain, altruism motivation, prevalence of depression, and brain
functioning [58-60]. These cultural and genetic differences may have been shaped
in human societies throughout history. Selection for A alleles in collectivistic nations
could be the result of son favoritism, prolonged infanticide, and marriage patterns,
whereas G allele accumulation may have been facilitated by mothers’ investment in
childcare and male cooperation in everyday life activities.

These cultural and demographic factors should be considered to better interpret
neural functioning differences. In the first place, genotypic frequencies may limit
statistical analysis. For example, since Caucasian samples have fewer AA carriers,
such studies require larger samples to find significant results. Further, as cultural
values and relational tendencies have important effects on various genotypes, it is
indispensable to include measures for these variables. Finally, samples that do not
satisfy the HWE must be carefully analyzed because the sampling could be biased, or
evolutionary pressures could be affecting the genetics of these populations [61].

4.4 Limitations and future directions
4.4.1 Samples

Three important sample issues can be identified. First, no studies included
participants from South America, Central America, Africa, Eastern Europe, the
Middle East, or Oceania. There exist important variations in the allelic frequencies
between these regions, which may be related to differences in behavior and brain
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function. Therefore, generalization of these results to diverse geographic and cultural
regions is limited, such as in Conner et al. [10] report, who did not find an association
between OXTR rs53576 SNP and emotional trait, but they only included a sample
from New Zealand. Second, studies have focused on young adults, and there are no
inquiries on infants, adolescents, or elderly. Since adolescence is considered a sensitive
period for developing social skills [62], the lack of studies at this age range restricts
our understanding of how OXTR polymorphisms influence the development of brain
activity and social behavior from childhood to adulthood. There is evidence that
during adolescence OXTR polymorphisms produce high social sensitivity, opening a
critical period to rewiring brain networks and reorganizing behavior, as the oxytocin
system interacts with pubertal hormones to create age- and sex-dependent develop-
mental trajectories [63]. And third, the small sample sizes used in the studies limit the
possibility of finding significant results. Guidelines to ERPs recommend including
over 40 participants per condition [64], meaning researchers may need to incorporate
samples of more than 120 participants to analyze the effect of variables such as sex,
age, and other polymorphisms. Finally, larger samples are necessary to get lower
p-values and more marked effect sizes, which are ideal conditions to reproduce results
and consolidate this scientific field, although if large samples of different populations
and cultural contexts are included, so much genetic and phenotypic variation can be
added that it can be challenging to get satisfactory results.

4.4.2 Sex differences

None of the studies showed sex-dependent effects of OXTR polymorphisms on
the ERP components, which was unexpected considering previous findings involving
OXTR polymorphism-sex interaction effects on behavior and brain function [65]. For
the OXTR rs53576 SNP, there is evidence of sex-dependent effects on the volume of
limbic structures, such as the hypothalamus and the amygdala [41], and on functional
connectivity of the prefrontal cortex [66, 67]. Furthermore, it has been asserted that
sex-dependent differences in the development of brain function and social behavior
across different OXTR genotypes are likely linked to the role of sexual hormones
regulating OXTR expression [68, 69]. It is likely that, as sample sizes increase, sex-
dependent effects will be detected.

4.4.3 ERP procedures

As all studies were interested in behavioral tasks tapping social or emotional
processing (Table 1), there were no inquiries about ERP components for other psy-
chological functions such as object perception, attention, memory, language, execu-
tive functioning, and motor control. This is a major gap to fill, as behavioral and fMRI
studies have shown that OXTR polymorphisms may partly explain the differences in
the development of these cognitive processes [6, 70].

The experimental paradigms used in the studies hinder comparison between ERPs
components such as P3, Nc, LPP, slow wave potentials, and error-related negativ-
ity among OXTR genotypes. In relation to EEG acquisition and preprocessing, we
detected wide variation in the number of electrodes, referencing, filtering, sampling
rate, artifact detection, elimination, and correction, which makes it hard to compare
ERPsresults [71]. In general, the reports lacked substantial explanations about the
selection of ERP measurements, latency ranges, electrode reduction methods, and
statistical procedures. Most researchers used visual inspection of the grand average
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to select latency ranges, employed amplitude, and latency peaks and chose electrodes
autonomously to calculate each component, being all these procedures discouraged
by ERP guidelines [27, 72].

4.4.4 Publication bias

Our objective was to carry out a systematic review but not a meta-analysis because
of the heterogeneity in ERP procedures, psychological paradigms, statistics for hypoth-
esis testing, and number of subgroups compared. All these make very difficult to run
quantitative analyses for publication bias, sensitivity, and subgroups. However, in
the exploratory analysis we did not find publication bias solid evidence; three of the
eight studies report negative results with nonsignificant differences between OXTR
genotypes. Moreover, of the 23 components analyzed (Figure 3), seven [30%] showed
significant differences between genotypes, and in the 70% of comparison, the differ-
ences were nonsignificant. However, small sample sizes (Table 1), small effect sizes,
and high p-value (<0.05) in two studies with positive results could mean a possible bias
in these publications [22, 23]. In the future, editors could demand higher effect sizes
and narrower confidence intervals in the reports of quantitative results, as suggested in
the APA guidelines, which may facilitate the comparison of studies.

In short, future studies will benefit from the use of larger samples, more het-
erogenic aged populations in the samples, and the recruitment of participants from
different geographical places around the world. Additionally, it will be helpful for
studies to include sex or gender as a control variable, especially when the samples
include adolescents. Also, it may be advantageous for the field to demand that studies
use reliable, conventional, and standardized protocols to acquire and process EEG
signals. Accumulating evidence from future studies will help to establish, refute, and
clarify how EPR components function as a window into the oxytocinergic processing
of human psychological functions.

5. Conclusion

In this systematic review, we have found suggestive, preliminary evidence
supporting the hypothesis that the rs53576 polymorphism of the OXTR gene signifi-
cantly influences ERP components elicited during socioemotional tasks. Prominently,
larger N1, P2, EPN, P3, and LPP components in GG homozygotes seem to be associ-
ated with an increase in the sensitivity to salient social cues in social and emotional
situations. Moreover, genetic variations in the OXTR do not affect the neural activity
during the earlier moments of perceiving faces.
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Chapter 6

Oxytocin and Its Congeners in
Obstetrics Practice: An Update on
Carbetocin

Amit Bhalla and Sandeep Kaushal

Abstract

There are no standardised recommendations for the use of oxytocin in obstetric
indications. To prevent postpartum haemorrhage (PPH), the routine administration
of oxytocin is standard practice. Failure of prophylactic therapy with oxytocin occurs
commonly, necessitating the use of further oxytocin or other treatments to maintain
haemodynamic stability. Oxytocin has its limitations as it requires cold storage and
transport, and in low-resource settings, the cold chain is not commonly available. By
modifying the oxytocin molecule, its half-life has been prolonged and its enzymatic
degradation reduced. The modified molecule is named carbetocin. Heat-stable carbe-
tocin is a promising alternative to oxytocin, which can overcome the persistent prob-
lems with oxytocin quality as it does not require a cold chain for storage and transport.

Keywords: postpartum haemorrhage, uterotonic, oxytocin, cold chain,
heat-stable carbetocin

1. Introduction

Oxytocin is used for induction of labor, augmentation of labor, and to reduce the
risk of postpartum haemorrhage (PPH) [1]. Optimal management of oxytocin infu-
sion requires effective interprofessional communication and collaboration. Oxytocin is
a peptide generated from the hypothalamus in a pulsatile manner and secreted through
the posterior pituitary, stimulating myometrial cells in the uterus and the myoepithe-
lial cells around the mammary alveoli [2]. Oxytocin has a central role in labour. The
oxytocin levels gradually increase during pregnancy, and the oxytocin receptors in
the uterine muscles also gradually increase in number and become more sensitive to
oxytocin in late pregnancy [3, 4]. During the labour initiation, there are fluctuations in
the levels of oestrogen and progesterone alongwith changes in their receptors distribu-
tion. The effacement of the cervix happens during first stage of labour.

The uterus is supplied by the autonomic nervous system, which has a significant
effect on the labour. Parasympathetic stimulation enhances contractility and circula-
tion to the uterus and fetus, while sympathetic activation triggers ineffective contrac-
tions and inhibits uterine circulation [5]. Surroundings perceived as safe, familiar and
friendly (e.g. a woman’s own home) and a supportive environment (e.g. one to one
nursing care) are likely to increase oxytocin release by parasympathetic stimulation
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and facilitate the progression of labour, as well as lead to the beneficial central actions
caused by oxytocin.

1.1Induction of labour with oxytocin

Induction of labour (IOL) with oxytocin is the artificial initiation of uterine con-
tractions which leads to progressive effacement and dilatation of the uterine cervix,
and descent of the fetus. While IOL with oxytocin alone is indicated in women with
ruptured membranes, it is not recommended in women with intact membranes [6].
The objective of this intervention is to give the minimum effective dose until optimal
myometrial contractions are achieved. Oxytocin can be added to normal saline for infu-
sion, but large volumes of oxytocin infusion must not be administered due to the risk
of hyponatremia. Oxytocin infusion has a half-life of 30 minutes, and by 40 minutes
achieves steady-state levels. Therefore, oxytocin dose is increased at intervals of about
40 minutes [7]. There is no evidence to show whether a low-dose or a shigh-dose oxyto-
cin regimens are optimal, and this compounds the confusion in clinical practice [5].

Oxytocin has very variable effects in terms of uterine contractions and fetal
hypoxia in different subjects, which results in unpredictability of response in clinical
setting. During increments, a close monitoring of labour progress becomes essential,
anticipating that adverse effects of oxytocin on uterine activity and the fetus are
exclusively dose-related [5]. The attention must be on uterine contractions and the
fetus rather than the dosage of oxytocin.

Synthetic oxytocin is frequently used for IOL [5]. But its use has not been stan-
dardised and reported to be used improperly. Desirable effects on the brain that are
demonstrated with physiologic oxytocin are absent with exogenous oxytocin infu-
sions. It is advised that a protocol and algorithms with oxytocin, needs to be followed
[5]. It is recommended by various authors to have an interval of 40 minutes between
increments while observing the uterine contractions and the fetus closely. The use of
oxytocin needs continuous supervision [5].

1.2 Oxytocics (also known as uterotonics)

These are agents that stimulate the myometrium or promote uterine contractions
and hence increase the tone of the uterus. Uterotonics are used to induce or augment
labour to stimulate delivery of the placenta and to prevent or treat PPH. Common
uterotonic agents are synthetic oxytocin, synthetic oxytocin analogue carbetocin,
methylergometrine, carboprost and misoprostol.

1.3 Postpartum haemorrhage

PPH is the leading cause of maternal morbidity and mortality globally, with atony
of the uterus responsible for up to 80% of cases, thereby being the single most com-
mon cause [8, 9]. As is clear from Figure 1, retraction of uterine muscle fibres clamps
the blood vessels and helps to stop bleeding postpartum. Therefore, uterine atony will
result in clinical PPH. Figure 2 shows why it is normal to expect bleeding postpartum,
as placental site has a large surface area with cut blood vessels.

Conventionally, PPH is defined as blood loss of at least 500 ml after vaginal
delivery and blood loss of >1000 ml after Caesarean section [10]. The American
College of Obstetricians and Gynaecologists (ACOG) revitalise initiative defined
PPH as cumulative blood loss of >1000 ml (irrespective of the route of delivery) or
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How bleeding stops after childbirth

The three factors that are critical to
control of bleeding are the following:

Uterine muscle
contraction

-

Retraction of the oblique uterine
muscle fibres in the upper uterine
segment through which the
tortuous blood vessels
intertwine.

2. The presence of vigorous
uterine contraction following
separation — this brings the walls
into apposition so that further
pressure is exerted on the
placental site.

3. Rapidly covered by a fibrin mesh

Figure 1.
Uterine contractions are essential to control bleeding after childbirth.

Why bleeding occurs during childbirth ?

..placental removal leaves a 20cm
diameter wound that continues to bleed
if uterine musculature does not contract

and stay contracted

Figure 2.
Placental separation vesults in large wound that bleeds after childbirth.

blood loss accompanied by signs or symptoms of hypovolemia within 24 hours after
the birth process.

It contributes greatly to significant maternal morbidity, long-term disability, and
many other severe maternal conditions, which involve significant blood loss. These
include anaemia, cardiac failure, and sepsis.

Carbetocin is a drug that precludes for additional uterotonic drugs in women at
increased risk of PPH. Better trials are underway to evaluate carbetocin in preventing
PPH in high-risk women [11].

1.4 Therapies for PPH

Oxytocin is the current standard drug for the prevention of PPH. Oxytocin avail-
ability in developing nations is limited by the requirement for temperature-regulated
storage and administration by skilled nursing staff [12]. PPH prophylaxis with oxy-
tocin fails commonly, necessitating the use of further oxytocin or other treatments
to maintain stability [13]. The efficacy of uterotonics in causing uterine contractions
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Figure 3.
Classification of uterotonic drugs.

to prevent haemorrhage can be impaired by improper storage. Where access to
sustained cold-chain is unavailable, the efficacy of oxytocin cannot be ascertained as
it is susceptible to heat [14, 15]. Being a short half-life drug, a continuous IV infusion
is necessary for a sustained uterotonic effect. Boluses of oxytocin are associated with
adverse effects like hypotension, nausea, vomiting, dysrhythmias, ST-T changes,
pulmonary oedema and severe water intoxication with convulsions. Miscellaneous
uterotonics include ergometrine/methylergometrine, and misoprostol. Ergometrine
degrades on exposure to heat or light. Misoprostol degrades rapidly when exposed to
moisture [16]. When degraded, the level of active ingredient is reduced, resulting in a
loss of efficacy. The classication of uterotonic drugs is given in Figure 3.

2. Carbetocin: a therapy advance for the prevention of postpartum
haemorrhage

Carbetocin is a novel drug, developed as long-acting congener of oxytocin.

It has shown similar pharmacologic traits as oxytocin, but around 10-times longer
half-life than oxytocin. Carbetocin does not show variation in dose response, it lacks
receptor desensitisation, and thus is an advance over oxytocin in this space [17].

As shown in Figure 4, the amino group and the disulfide bond, which were altered
to create carbetocin, are indicated. The amino group was removed and the sulphur
atom was replaced by a carba group.

Its long uterine activity is beneficial in the management of the third stage of
labour. The side-effect profile of carbetocin is better than oxytocin and other utero-
tonics. Heat-stable carbetocin has demonstrated to maintain stability for 36 months at
30°C and 75% relative humidity [18].

2.1 Pharmacological properties of carbetocin

As a novel analogue of oxytocin, carbetocin has uterotonic activity by binding to
oxytocin receptors on the myometrial cells. The main disadvantage of oxytocin is its
short half-life (3-17 minutes) [19]. By modifying the oxytocin molecule, its half-life
has been prolonged. Because of alterations, carbetocin has more pronounced pharma-
cological effects [20].

Carbetocin is a synthetic oxytocin analogue, with a potency of about one-tenth
that of oxytocin [21]. Its plasma half-life is approximately 40 minutes, which is about
10 times longer than that of oxytocin [22]. It causes an increase in the intracellular
concentration of calcium that promotes uterine contractility, via inositol phosphates
signalling pathways [23].
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Figure 4.
Modification of oxytocin molecule.

The onset of action is rapid, with a firm contraction being obtained within 2 minutes
in around 90% of patients. The duration of action of a single iv injection is about 1 hour,
and approximately 2 hours when given as an IM injection. Carbetocin induces a pro-
longed uterine response, in parameters like amplitude and frequency of contractions.

Adverse reactions: The adverse reactions are the same as those with the use of
oxytocin. Carbetocin was associated with nausea, abdominal pain, pruritus, flushing,
and tremor (11%) [24].

2.2 Carbetocin to prevent haemorrhage after vaginal birth

Widmer et al. enrolled women across 23 sites in a randomised trial comparing IM
injections of heat-stable carbetocin with oxytocin after vaginal birth [25]. The end-
points included the proportion of patients with blood loss of 500 ml or the additional
uterotonics use, and patients with blood loss of 1000 ml. The authors concluded that
carbetocin was non-inferior to oxytocin.

2.3 Carbetocin to prevent haemorrhage after caesarean delivery

This study enrolled women at risk of PPH after Caesarean section [26]. More than
1200 women were included. Around 750 received oxytocin first and around 480
received carbetocin first. It was demonstrated that compared with oxytocin, carbeto-
cin reduced the need for uterotonics or interventions in high-risk patients.

2.4 Agents for in PPH prophylaxis meta-analysis

The uterotonics use during the third stage of labour for preventing PPH were com-
pared with a control groups. The study demonstrated that ergometrine plus oxytocin
combination, carbetocin, and misoprostol plus oxytocin combination were most
efficacious in evaluated parameters. Carbetocin showed the best side-effect profile
among the studied groups [27, 28].

95



Oxytocin and Social Function

The WHO did not include carbetocin in its 2012 guideline for PPH [29]. But in its
update published in 2018, it has included carbetocin to the Essential Medicines List
[30]. Carbetocin is recommended for the prevention of bleeding after all births when
oxytocin is unavailable or its quality cannot be assured. Carbetocin remains effec-

tive at warm temperatures [31], while oxytocin has to bestored and transported at
2°C-8°C.

2.5 Carbetocin in emergency caesarean delivery

Patients were randomised to an iv injection of oxytocin or carbetocin after
Caesarean delivery. Add-on uterotonics use was lower in the carbetocin group.
Carbetocin was superior to oxytocin in evaluated parameters by 12% [32].

2.6 Dose and method of administration of carbetocin
* CARBETOCIN should be administered as a single dose only.

* Caesarean section: A single dose of 100 pg (1 ml) of CARBETOCIN injection
should be administered iv as a bolus. CARBETOCIN can be administered either
before or after delivery of the placenta.

* Vaginal delivery: A single dose of 100 pg (1 ml) of CARBETOCIN injection
should be administered after delivery of the infant as an im or iv bolus injection
slowly over 1 minute.

3. Miscellaneous uterotonics
3.1 Methyl-ergometrine

It is a vasoconstrictor and induces uterine contraction. It runs the risk of hyper-
tension, coronary artery spasm and bronchospasm. Thus, it should not be used in
concomitant cardiopulmonary diseases and pre-eclampsia. It may be used when the
response to oxytocin is insufficient.

3.2 Carboprost

Carboprost is used as IM injection in 250 pg doses; can be repeated up to eight
such doses (i.e. maximum 2 mg). Side effects are nausea, vomiting, diarrhoea, fever,
bronchospasm and hypertension. It is used as a last resort. It should also be used with
caution in active hepatic or cardiovascular disease.

3.3 Misoprostol

This prostaglandin analogue can replace oxytocin, if not available. It is used at
a dose of 600 pg orally or sublingually in PPH. Diarrhoea, shivering, pyrexia and
headache are some of the side effects. The drug is second-line agent when methyl-
ergometrine is contraindicated such as in preeclampsia.
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4, Conclusion

Failure of prophylaxis with oxytocin in PPH (as demonstrated by the need for
arescue uterotonic) occurs commonly, necessitating the use of further oxytocin or
other treatments to maintain haemodynamic stability. Uterotonics include ergomet-
rine/methylergometrine & misoprostol, as shown in Figure 3. The major disadvan-
tages of oxytocin are its short half-life (3-17 minutes) and its requirements for cold
storage and transport. By modifying the oxytocin molecule, its half-life has been
prolonged and its enzymatic degradation reduced. Carbetocin has more pronounced
pharmacological effects. Its main advantage over oxytocin is a longer uterotonic activ-
ity, which obviates the need of a continuous infusion and has a standardised dosing
of single injection recommendation, carbetocin can address the variations in dosing
regimen as is with oxytocin.

The posology of carbetocin has tremendous benefit for the patient. Carbetocin
selectively binds to oxytocin receptors present on the myometrium of the uterus,
resulting in rhythmic contractions, increased frequency of existing contractions, and
increased uterine tone. Another feature to note is that carbetocin selectively has a
pronounced effect on the pregnant and immediate postpartum uterus.

Points to Remember

* Oxytocin is limited by the needs for cold storage and transport, and especially in
low-income nations, this hampers its quality as there is a lack of such facilities.

* Because of its heat stability, carbetocin is an effective alternative in such a
scenario.

* A more uniform dosing regimen of single injection, carbetocin can address the
variations in the dosing (cf oxytocin).

* Carbetocin, is added to WHO Essential Medicines List for the prevention of
excessive bleeding after childbirth.

* Carbetocin is a new paradigm in the prophylaxis of uterine atony.

Acknowledgements

Authors would like to express sincere gratitude to their mentors and esteemed
teachers Dr. SC Chopra and Dr. (Mrs) Chanchal Gupta, former Heads, Department
of Pharmacology of Dayanand Medical College, Ludhiana for providing the
necessary support in getting the required information for this study. This chapter
is dedicated to the faculty & staff of Department of Pharmacology of Dayanand
Medical College, Ludhiana and the executives & staff of Uniza Healthcare LLP,
Ahmedabad.

Competing interests

Author has declared that no competing interests exist.

97



Oxytocin and Social Function

Abbreviations

PPH postpartum haemorrhage

IOL induction of labour

ACOG American College of Obstetricians and Gynaecologists
iv intravenous

IM intramuscular
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Abstract

The Social and Behavior Change Communication (SBCC) framework is an
approach used to influence and improve public health behaviors. This framework
integrates principles of communication theory and social psychology to create
more effective messages for behavior change. There are four stages in the SBCC
framework: First, situational analysis involves collecting and analyzing data about
the health behaviors that need to be changed. Second, planning and strategy is a
continuation of the situational analysis, where the next step is to plan and select
the appropriate communication strategy to achieve the desired goals. This strategy
may involve delivering messages through mass media, information campaigns, or
individual interventions. Third, message and communication material develop-
ment involves developing relevant and appealing messages and communication
materials for the public. Messages should be designed while considering social
and cultural factors, language used, and media preferences used by the public.
Fourth, evaluation is used to assess the effectiveness of messages and strategies
used. Evaluation can be done by measuring changes in health behavior, public
awareness of specific health issues, and factors that influence behavior. In health
communication, the SBCC framework can help to increase public awareness
of health issues, motivate them to change unhealthy behaviors, and encourage
healthier behavior.

Keywords: social, behavior change, communication framework, health
communication, situational analysis, stunting

1. Introduction

The problem of stunting persists in the world and poses a significant obstacle
in attempts to attain optimal child welfare and development [1, 2]. Stunting, also
known as stunted growth, happens when a child does not reach the physical growth
that should occur at a specific age, resulting in him being shorter than the average
child his age [3].
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Stunting is common in many countries, especially underdeveloped countries and
Indonesia and is an indicator of unresolved health and nutrition issues [4]. Stunting
has substantial long-term consequences, including lower cognitive ability and intel-
lect, increased risk of chronic disease in maturity, and diminished children’s future
potential for personal achievement and prosperity [5].

Although stunting rates have decreased in some nations in recent years, the
obstacles that remain in combating stunting are complicated and varied. The main
reasons of high stunting rates are malnutrition, insufficient food, restricted access to
health services and clean water, poor sanitation, poverty, and socioeconomic inequal-
ity [4]. Stunting is also linked to poor feeding habits, such as not providing newborns
with exclusive breastfeeding, not offering healthy supplementary foods after six
months of age, and a lack of diversity and quality of food in a child’s diet. Diet and
child care are also influenced by social, cultural, and economic factors, which might
increase the risk of stunting [6].

Overcoming the stunting problem is a complex endeavor that necessitates a
multi-sectoral approach, institutional collaboration, and a strong commitment from
the government, civil society organizations, the commercial sector, and society as a
whole. Stunting efforts must be supported by policies that emphasize balanced nutri-
tion, accessible and high-quality health care, and changes in people’s behavior toward
healthy eating practices.

Stunting is still a pressing issue in human development and world health. By
recognizing the importance of addressing stunting and raising awareness of its
long-term consequences, it is hoped that a stronger commitment and action may be
taken to provide children with the protection and assistance they require to grow and
develop properly [6].

From the standpoint of communication studies, one solution to addressing stunt-
ing is to present a holistic and integrated approach, including the use of the Behavior
Change Communication Framework, which is a strategy that combines aspects of
communication and behavior change to achieve the desired social change goals. Social
Behavior Change Communication Framework is an excellent strategy for changing
people’s ideas, attitudes, and behavior toward balanced nutrition, good feeding, and
optimal infant care in the context of combating stunting.

Indonesia has a distinct cultural, socioeconomic, and geographical variety. Asa
result, the Social Behavior and Change Communication (SBCC) that is adopted must
take these contextual distinctions into account and build a communication strategy
that is tailored to the peculiarities of the Indonesian people. The SBCC strategy is
intended to raise awareness of the need of balanced nutrition and stunting preven-
tion, as well as to encourage people to adopt behaviors that promote optimal growth
and development. SBCC works with a variety of partners in Indonesia to combat
stunting, including the government, health institutions, civil society, and the com-
mercial sector. Collaboration among all of these stakeholders is critical in order to
maximize efforts to combat stunting through an effective and coordinated communi-
cation approach [7].

In this chapter, we will examine further the implementation of SBCC in deal-
ing with stunting in Indonesia. This approach is expected to provide better insight
into appropriate communication strategies, effective communication channels, and
stronger community involvement in stunting prevention efforts. The results of this
research are expected to be a reference for policymakers and practitioners in design-
ing and implementing effective and sustainable stunting prevention programs in
Indonesia.
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2. Stunting cases in Indonesia

In 2020, there will be 149.2 million stunted, 45.4 million wasting, and 38.9 million
overweight children worldwide. Except for Africa, all areas are seeing a decrease in
the number of children with stunting. Asia as a whole is home to more than three-
quarters of all children with severe wasting, and more than half of all children
affected by wasting live there. At the national level, the stunting target is where
countries are making the most success, with over two-thirds of them observing at
least some improvement. In contrast, the majority of nations have either made little
progress or worsened when it comes to the obesity [8].

As shown in Figure 1, globally, there has been improvement in the rates of chronic
undernourishment and linear growth stunting in children under the age of five; how-
ever, these rates are still high in many areas. The growth and development of children
may be enhanced by policies, programs, and interventions that support maternal
and child health and nutrition. Data from the Indonesian Ministry of Health, one
in three of the country’s nine million children were stunted in 2018 [9, 10]. The
Delivery of Additional Food program is then used nationwide to carry out the gov-
ernment’s objective to combat stunting. This program delivers healthy biscuits to
toddlers and pregnant women, with a special emphasis on undernourished toddlers.

GLOBAL OVERVIEW

Stunting has declined steadily since 2000 - but faster progress is needed to reach
the 2030 target. Wasting persists at alarming rates and overweight will require a
reversal in trajectory if the 2030 target is to be achieved.
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Global overview of stunting [9].
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In underdeveloped nations, stunting in toddlers is closely linked to hunger because
chronic malnutrition affects the prevalence of stunting. Height and body weight can
be used to assess growth and development, which can have an impact on both physical
and psychological growth and development in toddlers [11]. To prevent stunting in
children, dietary supplementation is, therefore, crucial during the toddler years.

By 2025, Indonesia aims to achieve its Sustainable Development Goal of a 40%
reduction in stunting. Analyzing the dietary intake of children under the age of five
hence requires more investigation. A critical time for a child’s growth and develop-
ment is when they are newborns and young infants to toddlers. The growth of the
child’s body and mind will be stunted by stunting situations [12, 13]. Stunting is
typically brought on by children’s inadequate nutritional intake, which is linked to
diet and infection [14, 15]. One of the research-based risk factors for stunting indi-
cates that environmental sanitation outcomes, such as the accessibility of latrines and
the quality of drinking water, carry a higher risk [16, 17]. Lead exposure is linked to a
number of nutritional deficiencies, which ultimately stunts children’s neurodevelop-
ment [18]. Children who consume contaminated food and are exposed to environ-
mental toxins like metals are, especially susceptible to poor nutrition absorption.
Stunted growth is one common sign of a nutritional deficiency and happens when a
child’s height (or length) for that age falls below the 5th percentile [17].

The previous research showed that stunted conditions (22%) with a z score of 3 to
2 standard deviations (SD), followed by severely stunted circumstances (8%) witha z
score of 3 SD, dominated the evaluation of the stunting status of children under five in
2021. The study showed that the condition of stunting was not caused by environmental
causes. However, it was thought that drinking boiled water increased the risk of stunt-
ing. Additionally, our data demonstrated a correlation between the state of stunting and
exclusive breastfeeding, which supplied a protective factor for stunting in toddlers [19].

Ambitious international nutrition goals have been established during the cur-
rent Sustainable Development Goals era. The World Health Assembly set the goal of
reducing stunting in children under the age of five by 40% by 2025 as one of its objec-
tives. According to the World Health Organization, stunting is the decreased growth
and development of children as a result of inadequate nutrition, frequent infections,
and insufficient psychosocial stimulation. If a child’s height for age is less than —2
standard deviations from the WHO Child Growth reference, they are considered
stunted. Though the overall number of stunted children has reduced, there are still
150 million of them in the globe under the age of five. This figure represents a tiny
portion of the kids whose linear growth is being slowed down for a variety of reasons.
The main focus is on supporting breastfeeding, complementary feeding, and anti-
infection measures for kids. All of these are crucial for a child’s health and survival,
yet they have little to no impact on stunting. Adolescent females’ health and nutrition
must be promoted through action. Often, the first pregnancy occurs too early.

As shown in Figure 2, The Sustainable Development Goals Report 2022 provides
a global overview of progress on implementation of the Agenda for Sustainable
Development, using the latest available data and estimates. Prenatal nutrition is
required in cases of food insecurity, along with other prenatal or early pregnancy
interventions. “Reducing the burden of stunting requires a paradigm shift from
interventions focusing solely on children and infants to those that reach mothers
and families and improve their living environment and nutrition,” the authors of the
Danaei research write in their conclusion.

Indonesia’s COVID-19 epidemic has had an effect on a number of areas, including
the economy, education, and other facets of communal life, such as health issues.
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Figure 2.
The sustainable development goals report 2022 [20].

Despite being quite a heavy burden on the health sector, the government’s various
efforts to foresee the effects of the COVID-19 pandemic, particularly for vulnerable
populations like pregnant women and young children, have produced quite encour-
aging results as the issue of stunting in Indonesia has decreased over the past two
years. This evaluation of toddler nutrition status is also strongly related to the key
objectives of the Healthy Indonesia Program in the 2020-2024 National Medium-Term
Development Plan (NMTDP), namely enhancing the nutritional and health status of
Indonesian children.

The national stunting rate has reduced by 1.6% every year, from 27.7% in 2019
to 24.4% in 2021, according to the findings of the 2021 SSGI [21]. Only 5 of the 34
provinces show a rise from 2019 while the majority of them show a fall. This demon-
strates that the government’s efforts to reduce stunting in Indonesia have shown some
promising results. The Health Research and Development Agency of the Ministry of
Health’s SSGI 2021 study not only gives an overview of toddlers’ nutritional status,
but it can also be used as a tool for tracking and assessing the success of sensitive
interventions and specific intervention indicators that have been implemented at
the national and district/city levels starting in 2019 and lasting until 2024. At the
moment, stunting is more common in Indonesia than in Myanmar (35%), although it
is still more common than in Vietnam (23%), Malaysia (17%), Thailand (16%), and
Singapore (4%).

107



Oxytocin and Social Function

Over the previous 10 years, Indonesia has maintained a high frequency of child
stunting, which currently stands at about 37% nationwide. Uncertainty exists over the
alignment of Indonesia’s current child stunting prevention strategies with the available
scientific data. We examine the available literature using the World Health Organization
conceptual framework on child stunting to determine what has been examined, what can
be said about the causes of child stunting in Indonesia, and where data gaps still exist [1].
Consistent evidence indicates that factors contributing to child stunting in Indonesia
include nonexclusive breastfeeding for the first six months, low household socioeconomic
position, early birth, short birth length, and low maternal height and education.

Figure 3 shows that the prevalence of stunting in children aged 0-59 months who
live in homes with unimproved restrooms and untreated water are also more at risk
throughout one decade. Child stunting has frequently been linked to neighborhood
and socioeconomic problems, specifically a lack of access to health care and living in
rural areas. There are not many published research on how education, society, culture,
food production, water, sanitation, and the environment affect child growth. This
thorough review of the research on the factors that influence child stunting in Indonesia
identifies at-risk groups, effective interventions, and areas in which additional study is
required to close knowledge gaps. According to the WHO framework, household and
family factors, inadequate complementary feeding (poor quality foods, inadequate
practices, and food and water safety), breastfeeding (inadequate practices), and
infection (clinical and subclinical infection) are the main factors that contribute to child
stunting. It classifies comparable contextual variables into the following subelements:
political economics; health and health care; education; society and culture; agricultural
and food systems; and water, sanitation, and environment. It also classifies contextual
components into the general category of community and societal factors.

Stunting-risk family-based interventions are developed as a result of the accelerated
program to reduce stunting, with an emphasis on preparing for parenthood, ensuring
a healthy diet, improving parenting, expanding access to and improving the quality
of health services, and expanding access to drinking water and sanitation. Monitoring
and evaluation, the fifth pillar of the National Strategy for Stunting, is seen as critical
and crucial in the quest to understand the effects of interventions on stunting preven-
tion and control. This is anticipated to help lessen the issue of stunting in Indonesia in
general and in priority districts/cities in particular [21]. Although the prevalence rate
is currently below 20% in some places, it still falls short of the 14% target set by the
NMTDP for 2024. Even though 14% has been met, stunting still exists in Indonesia.
The next goal is to lower the stunting rate to a low category or below 2.5%.

30

20

Figure 3.
Prevalence of stunting (%) in children 0—59 months by district in 2013.
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3. The role of social behavior and change communication

SBCC (Social and Behavior Change Communication) is a method of changing
behavior and social practices in order to improve society’s health, well-being, and
progress. To achieve the desired change, SBCC integrates components of communica-
tion, behavior modification, and community participation [22].

The major purpose of SBCC is to positively influence and modify individual and
group behavior. This is accomplished through the delivery of clear, relevant, and
convincing messages, as well as the creation of an atmosphere conducive to behavior
change. SBCC is a two-way process in which message recipients and message senders
communicate continuously [23].

Social and Behavior Change Communication plays a critical role in dealing with
stunting through lobbying, social mobilization, and education to achieve the behavior
change required for preventing and overcoming stunting. The following is a detailed
explanation of the SBCC’s role in this context:

Advocacy: SBCC advocacy focuses on influencing policy, funding allocation, and
support from key stakeholders. SBCC may express essential messages about stunting
to policymakers, government agencies, and donor agencies through advocacy, with
the goal of increasing awareness of the malnutrition problem, pushing necessary
policy changes, and increasing financing for stunting treatment [24].

SBCC advocacy also includes working with civil society organizations, advocacy
groups, and other stakeholders to raise awareness and demand for stunting. SBCC can
use this strategy to promote policy changes, advocate for proper financial allocation,
and create frameworks that support effective nutrition programs.

* Social mobilization entails actively involving the community in changing behav-
ior and practices that promote stunting prevention. To engage and motivate the
community to take steps that lower the risk of stunting, SBCC employs a com-
munication approach that includes public campaigns, lectures, group discussions,
and other participation activities. SBCC can raise public knowledge about the
need of balanced nutrition and effective feeding habits, such as exclusive breast-
feeding, timely supplemental feeding, and infant growth monitoring, through
social mobilization. SBCC can also promote active community participation in
existing nutrition programs, facilitate groups of mothers and families to share
information and experiences, and gain community support for good change.

* Education is a crucial component of SBCC in combating stunting. Through
education, SBCC provides people, families, and communities with accurate and
relevant information on nutrition, child growth and development, and stunting
prevention techniques. SBCC education includes learning about balanced nutri-
tion, the importance of exclusive breastfeeding, the introduction of appropriate
solid meals, and the importance of paying special attention to children’s nutri-
tion. Furthermore, teaching entails imparting motivational and inspirational
messages about the positive effects of healthy dietary habits and the harmful
repercussions of stunting. SBCC education also focuses on developing practical
skills such as cooking, food selection, and how to evaluate children’s growth.
SBCC can help communities understand the importance of behavior change
and provide the tools and methods needed to implement good nutrition habits
in everyday life by using an interactive and participatory educational approach.
SBCC teaching also helps to dispel myths and incorrect assumptions about
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nutrition and stunting. SBCC can influence people’s attitudes and ideas through
correct information and an effective communication technique, allowing them to
adopt healthier nutritional practices and prevent stunting.

4. SBCC intervention in stunting management

SBCC interventions (Social and Behavior Change Communication) are commu-
nication methods and activities that try to change people’s behavior, attitudes, and
practices in order to improve their health, well-being, and quality of life [22]. SBCC
interventions aim to address social and health issues by disseminating information,
changing views, raising awareness, and pushing individuals and communities to
adopt healthier habits. SBCC intervention entails employing an effective communica-
tion strategy, either verbal or nonverbal messages, to achieve the targeted behavior
change [25]. This is accomplished by comprehending and respecting the intended
target group’s requirements, beliefs, culture, and social context.

SBCC interventions aim to promote long-term behavior change by affecting indi-
viduals’ and society’s knowledge, attitudes, norms, beliefs, and skills. This can involve
health promotion, nutrition improvement, contraceptive use, sanitation behavior
modification, disease control behavior, and other activities. SBCC intervention also
entails determining the best communication channels, such as mainstream media,
social media, formal and non-formal education, individual counseling, discussion
groups, and mass communication campaigns. SBCC interventions use an integrated
strategy to achieve a significant impact in enhancing people’s welfare and addressing
many social and health challenges [26].

Interventions in tackling stunting involve a series of communication efforts aimed
at changing behavior and practices related to nutrition and child care. SBCC interven-
tions in handling stunting, especially in Indonesia, as shown in Figure 4.

According to Figure 4, the components of SBCC intervention in handling stunt-
ing from the smallest part is from the individual level and the largest part is based on
political system. All of the levels are explained as follows:

Individual Level
@ Family Level
® Community Level
@ School Level
@ Workplace Level
@ Religious Level
@ Healthcare Facility Level
@ Food Industry Level
@ Technology and Innovation Level
Finance and Donor Level
@ Political System Level

Figure 4.
SBCC intervention in handling stunting.
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4.1 Individual level

At the individual level, SBCC interventions in handling stunting aim to change the
behavior and practices of individuals and family members that have a direct impact
on nutrition and child care [27]. The following describes SBCC interventions at the
individual level:

* Counseling and Education: Through counseling and education, individuals,
especially pregnant women, nursing mothers, and other family members, are
given appropriate information about the importance of good nutrition and
child care. This counseling can be carried out by health workers or competent
nutrition service providers. They provide support and one-on-one guidance to
individuals, helping them understand healthy practices that are important in
stunting management.

* Personal Approach: Through a personal approach, SBCC interventions at the
individual level can be tailored to the unique needs and situation of the indi-
vidual or family. This approach includes intensive and ongoing communication
between service providers and individuals, allowing individuals to share their
problems, questions, and concerns face-to-face. With this approach, service pro-
viders can provide more personalized support and assist individuals in adopting
appropriate nutrition and child care practices.

* Child Growth Monitoring: SBCC interventions at the individual level also involve
the importance of regular monitoring of child growth. Individuals are given an
understanding of how to monitor children’s growth, such as measuring weight,
height, and head circumference. This information assists the individual in quickly
identifying a child’s growth problem and seeking medical attention if needed.

* Education on Exclusive Breastfeeding: One of the main focuses at the individual
level is to provide education about the importance of exclusive breastfeeding
during the first six months of a child’s life. Individuals are given information
about the benefits of breastfeeding for the growth and development of children,
as well as the right way to give exclusive breastfeeding.

* Healthy and Balanced Feeding Practices: SBCC interventions at the individual
level also aim to increase understanding and adoption of healthy and balanced
feeding practices in children. Individuals are given information about nutri-
tious food, the right portion, the frequency of feeding, and the introduction of
appropriate complementary foods when the child reaches the appropriate age.

Through SBCC interventions at the individual level, it is hoped that individuals
and family members can obtain accurate knowledge, understand healthy practices,
and implement the necessary behavioral changes to ensure optimal nutrition and care
for children.

4.2 Family level

SBCC intervention at the family level aims to give family members with informa-
tion, education, and assistance in the prevention of stunting. Families can grasp the

111



Oxytocin and Social Function

importance of balanced nutrition and excellent feeding practices for children’s growth
and development through effective communication. Messages were distributed to
raise awareness of the need of nutrition in the first 1000 days of life, from conception
to the age of two.

At the family level, SBCC interventions can include nutritional advice, healthy
eating behaviors, exclusive breastfeeding, the introduction of suitable solid meals,
and effective child care practices. Families are also encouraged to frequently evaluate
their children’s growth, adhere to immunization regimens, and deal with nutritional
issues on a proactive basis.

SBCC interventions at the family level also include psychosocial support and the
enhancement of parental abilities in coping with child nutrition issues. Interpersonal
contact between parents and children is improved in order to foster a positive
atmosphere that is responsive to the needs of children. It is envisaged that the SBCC
intervention at the family level will result in behavioral changes such as increased fre-
quency of appropriate and balanced nutrition feeding, exclusive breastfeeding, and
increased attention to children’s health and nutrition. Stunting prevention programs
can be more effective and long-lasting with active family participation.

4.3 Community level

SBCC interventions at the community level include a variety of activities and com-
munication tactics geared at specific groups of people with significant social contacts
and cultural ties. The primary purpose is to raise awareness, change attitudes, and
support activities that can help avoid stunting.

Interventions at the community level can include health education, group dis-
cussions, awareness campaigns, and participatory activities engaging community
members in the context of dealing with stunting. The messages provided in this
intervention will be tailored to the cultural context, language, and local requirements
of the community so that they are properly received.

Furthermore, SBCC interventions at the community level might include the active
participation of community leaders or community leaders with influence within
their circles. These individuals can serve as change agents by informing community
members about the importance of balanced diet and stunting prevention.

Collaborative efforts with numerous local stakeholders, such as community
organizations, NGOs, health personnel, and educational institutions, are also critical
during community interventions. This collaboration has the potential to improve the
implementation of SBCC treatments, broaden the breadth of messaging, and establish
a community atmosphere that encourages desirable behavior change.

SBCC interventions at the community level are critical in building an environment
that promotes stunting prevention and long-term behavior modification. It is intended
that through enlisting the active participation and involvement of community people,
common awareness, social support, and good norms linked to balanced nutrition and
optimal infant care will be established in order to avoid stunting.

4.4 School level

SBCC interventions at the school level entail efforts to communicate relevant
messages about healthy nutrition and stunting prevention to kids, teachers, and
parents in the school setting. Here are some examples of SBCC interventions that can
be implemented at the school level:
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Health Education: Health education initiatives in schools can focus on healthy
diet and stunting prevention. This could be a lecture, seminar, or workshop that
informs youngsters on the need of balanced diet and healthy eating practices.
These messages can also emphasize the significance of exclusive breastfeeding,
the proper introduction to solid meals, and other preventive actions.

School Campaigns and Activities: Schools can initiate programs focusing on
good nutrition and stunting prevention. They can, for example, arrange poster
contests, theater performances, or other creative activities to improve students’
knowledge of the necessity of nutritious food and healthy lifestyle choices. These
types of activities can include kids, teachers, and even parents to encourage
active engagement and good behavior modification.

Healthy School Canteens: Schools can develop healthy canteen policies to meet
the nutritional needs of their kids. This involves providing nutritious food and
beverages, supporting local and organic foods, and avoiding foods rich in sugar
and saturated fat. Messages regarding the benefits of eating nutritious foods and
developing excellent eating habits can also be displayed in the canteen.

Parental Involvement: By hosting specific meetings or communication sessions,
schools can involve parents in SBCC interventions. On this occasion, parents can
be given information about healthy nutrition and stunting prevention, as well as
assistance and guidance on proper feeding methods and the importance of living
a healthy lifestyle. Stunting prevention advocacy can also benefit from increased
collaboration between schools and parents.

SBCC’s school-based programs aim to provide an educational environment that

promotes health and stunting prevention. This intervention can give knowledge,
impact attitudes, and support good behavior changes in terms of healthy nutrition
and stunting prevention in the school setting by including kids, teachers, and parents.

4.5 Workplace level

SBCC interventions in the workplace include efforts to raise workers’ understanding

and practice of health, as well as efforts to build work environments that promote health
and stunting prevention. Here are some examples of SBCC initiatives at this level:
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* Health Education: Workplace health education programs can be held to enlighten

employees about the importance of balanced diet and stunting prevention.
Trainings and workshops on issues such as exclusive breastfeeding, healthy
feeding practices, and the necessity of appropriate child care can be organized.
These messages can be delivered in the workplace through presentations, printed
materials, or movies.

Health Promotion: SBCC activities may also include workplace health promo-
tion initiatives. Posters, pamphlets, or messages on internal media, for example,
can be used to remind employees about the need of balanced diet and stunting
prevention methods. Workplace arrangements that promote access to nutritious
food and provide separate areas for breastfeeding or storing breast milk might
also be encouraged.
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* Employee Involvement: Involving employees in the formulation and implemen-
tation of health programs is an important part of SBCC interventions at the
workplace level. Workers can contribute to program design and provide input on
their needs and preferences using the participatory approach. Setting up work-
place health committees or designating health leaders among employees could be
examples of this.

* Community Support: The workplace can serve as a community where employees
interact socially and support one another. SBCC interventions could take advan-
tage of this by developing support groups or community-based activities in the
workplace that promote good nutrition and stunting prevention. Workers can
share information, experiences, and incentive to maintain excellent health and
nutrition in this setting.

* Monitoring and Feedback: SBCC interventions at the workplace level may also
include health-related monitoring and feedback systems. Regular nutritional
status assessments or child development monitoring programs, for example,
can be implemented to ensure personnel understand and follow desired health
practices. Regular feedback to employees and management can encourage good
behavior change.

4.6 Religious level

SBCC religious interventions involve collaboration with religious leaders and
community leaders who play crucial roles in the community. The goal is to deliver
messages about balanced nutrition and stunting prevention by employing societal
religious values and religious beliefs. The SBCC intervention uses this strategy to
promote positive and long-term behavior change in the community.

A variety of activities can be carried out as part of the SBCC intervention at the
religious level, such as incorporating nutrition and stunting issues into religious
lectures, recitations, or sermons in places of worship. Important messages regarding
the necessity of balanced diet and stunting prevention methods can be transmitted by
employing community-relevant allusions and holy texts.

Furthermore, small group conversations with religious and community leaders
can be arranged to address the role of religion in dealing with stunting. Through
open and participatory discourse, awareness, and greater understanding of reli-
gion’s crucial role in supporting proper nutrition and preventing stunting can be
established.

SBCC religious involvement may also include engagement with religious institu-
tions such as religious-based religious groups, foundations, or social institutions.
Through this collaboration, nutrition and stunting prevention health education
programs can be linked into social activities such as social service activities, fundrais-
ers, or support programs for persons in need.

SBCC intervention at the religious level is expected to influence behavior and
rally societal support. This intervention can harness the power of religious principles
in promoting healthy diets, sound nutritional practices, and the role of families and
communities in stunting prevention by involving religious leaders and community
leaders as change agents.
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4.7 Healthcare facility level

Communication and techniques are focused at health professionals and health
facility management at the Health Facility (Faskes) level [28]. The goal is to improve
their understanding, abilities, and behavior in providing effective stunting manage-
ment health services.

* Health Workers Training: Health workers in health facilities can obtain stunting man-
agement training and capacity building. This training may involve an understanding
of stunting, risk factors, early detection, child growth monitoring, and optimal
feeding practices. SBCC can also be used in this training to highlight the importance
of their involvement in detecting and delivering early intervention for stunting.

* Monitoring and Feedback: SBCC can be used to improve child growth monitoring
in health care institutions. Health practitioners can explain the importance of
correctly measuring and recording children’s growth by using clear and consistent
messages. They can also give parents feedback on their child’s development and
make recommendations for nutritional improvements or interventions as needed.

* Educational materials and information: SBCC at the Faskes level can entail
providing health staff and parents with suitable educational materials and
information. This material could contain health care recommendations, pam-
phlets, posters, or booklets about balanced nutrition, proper feeding practices,
and stunting prevention strategies. Health workers can help parents realize the
importance of their participation in avoiding stunting by providing clear and
easy-to-understand information.

* Counseling and Support: SBCC at the Faskes level can also involve parent and
family counseling and support. Health professionals can advise on appropriate
eating habits, breastfeeding, when to introduce solid meals, and proper feeding
techniques. Furthermore, emotional and motivational assistance can be provided
to ensure that families are actively participating in stunting prevention.

* SBCC intervention at the Health Facility level is critical for delivering quality
health services and successful stunting prevention. Through effective communi-
cation and the correct methodology, health workers can become change agents in
the fight against stunting at the individual and family levels.

4.8 Food industry level

The goal at the food industry level is to encourage food makers and retailers to pro-
duce, distribute, and promote nutritious food. These interventions include communica-
tions to food sector players such as manufacturers, retailers, and food companies [29].

One strategy for SBCC interventions in the food business is to communicate mes-
sages that inspire positive changes in food production and promotion practices. To
raise knowledge about the need of balanced nutrition and its impact on stunting, com-
munication initiatives might be established. These messages should include enhancing
food product nutritional quality, reducing salt, sugar, and saturated fat, and increasing
the availability and marketing of healthy foods, particularly for youngsters.
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Food sector intervention could also entail the development of nutritional guide-
lines or standards for food goods produced and marketed in Indonesia. Working with
health authorities and regulatory bodies to promote policies that support the adoption
of better dietary guidelines is a part of this. SBCC interventions at this level could
focus on the role of responsible advertising and promoting healthy food as a better
choice in terms of promotion and marketing.

Furthermore, SBCC engagement in the food business might drive product innova-
tion and the development of nutrient-rich functional meals. Effective communication
can be utilized to raise the food industry’s awareness of children’s nutritional needs
and encourage collaborative efforts to create better, stunting-prevention products.
Because it can alter the availability and accessibility of healthy food in the market,
SBCC involvement at the food industry level is a crucial step in attempts to combat
stunting. It is thought that through modifying the food industry’s behavior and
methods, it will be possible to establish a food environment that is more supportive of
child development and avoid stunting in Indonesia.

4.9 Technology and innovation level

At the level of innovation and technology, it entails using technology and innovation
as a tool to communicate messages about health and behavior change to the general
public. It seeks to promote comprehension, awareness, and good choice making [30].

SBCC interventions at the level of innovation and technology may involve employ-
ing mobile applications, text messages, digital platforms, or social media to deliver
health information and education to parents or caregivers of children in the context of
tackling stunting. Technology can also be utilized to provide reminders and assistance
in the adoption of appropriate nutrition practices and the avoidance of stunting.
Parents, for example, can receive nutrition, parenting, and good eating practices
information via a mobile app.

This program can also serve as a reminder for feeding schedules and trips to medi-
cal institutions, as well as practical advice on appropriate food choices. As a result,
technology can facilitate access to important information and encourage positive
behavior change [31].

Furthermore, digital platforms like social media can be used to disseminate
campaigns and information about healthy nutrition and stunting prevention. These
messages can reach a wider audience through interesting and simple material, par-
ticularly among the younger population and young mothers who use social media.
Online conversations, forums, or virtual support groups can also be developed to
enable the exchange of information and experiences among parents or families who
are worried about child nutrition or have stunting concerns.

SBCC interventions that are innovative and technological in nature have the ability to
reach a larger audience and provide better accessibility to the community. However, it is
critical to address the digital gap that may exist in specific areas or among certain catego-
ries of people. In this scenario, initiatives must be taken to guarantee that all sectors of
society have access to and successfully utilize technology in order to combat stunting.

4.10 Finance and donor level

SBCC’ interventions at the funding and donor levels aim to mobilize the support
and resources needed to tackle stunting [32]. At this level, strategic communication
and advocacy is used to engage financial institutions and donors in understanding
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stunting issues, the importance of preventive action, and the urgent need to address
the problem of malnutrition among children in Indonesia.

SBCC interventions at the financial and donor levels entail delivering compelling
messages and persuading them to participate in existing nutrition programs or offer
more cash for stunting initiatives. These messages contain information regarding the
long-term effects of stunting on child growth and development, as well as the conse-
quences for human resource quality and overall country development [33].

Furthermore, interventions at the financing and donor levels include effective
communication to stakeholders such as international financial institutions, donor
organizations, and appropriate government agencies about nutrition issues. This is
intended to motivate them to invest resources and take measures compatible with the
goals of dealing with stunting.

SBCC interventions at the financing and donor levels also include advocacy,
whether through meetings, presentations, or continuing discussion. The goal of this
lobbying is to influence policies and budget allocations at the national and interna-
tional levels so that stunting is prioritized and adequately funded.

To achieve the goals of SBCC interventions at the funding and donor levels, it
is critical to collect robust data and evidence about the positive impact of nutrition
interventions on society, as well as to provide regular reports and evaluations on the
use of funds and the outcomes of the programs implemented. This will boost donor
and financial institution trust and involvement in efforts to combat stunting in
Indonesia.

4.11 Political and system level

SBCC interventions at the political and system levels are aimed at modifying poli-
cies, regulations, and service delivery mechanisms to support stunting prevention. At
this level, the SBCC can lobby policymakers to boost stunting handling priorities and
expenditures, develop regulatory frameworks for nutrition and child care, and ensure
collaboration between agencies and associated sectors [34]. The goal is to establish an
enabling environment in society for behavior change and sustainable practices. Some
approaches that can be employed in SBCC interventions are as follows:

¢ Education and Information: Provide individuals, families, and communities with
accurate and relevant information about healthy nutritional practices and effec-
tive child care. This can be accomplished through education, communication
campaigns, flyers, and other forms of media.

* Counseling and Personal Approach: Enlisting the help of healthcare specialists to
give nutrition counseling and care to people and families. Personal therapy might
be provided to provide more intensive assistance and motivation.

* Public Relations Campaign: Using mass media such as television, radio, and
social media to communicate vital nutrition and child care information to the
larger population. To boost the appeal and impact of the message, this campaign
might be supplemented with testimonials from prominent figures or celebrities.

* Using Local Culture: Using local culture to transmit SBCC messages. This can be
accomplished through the use of traditional art, folklore, or local festivals that
can draw attention and affect social standards in society.
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* Policy Change and Advocacy: Advocating for policymakers to prioritize and promote
stunting elimination. Sharing scientific evidence, conducting meetings and cam-
paigns, and partnering with appropriate organizations and institutions to promote
laws and regulations that support stunting reduction are all part of this effort.

* The goal of SBCC’s stunting prevention intervention in Indonesia is to establish
an environment that promotes healthy nutrition and child care practices, as well
as to raise individual and community awareness, knowledge, and skills in dealing
with stunting. This intervention, with the involvement of numerous stakehold-
ers, is predicted to have a substantial impact on reducing stunting rates and
enhancing the quality of life for children in Indonesia.

To achieve the goals outlined, the SBCC stunting strategy must be implemented
through a staged method based on the SBCC model and planning principles [35]. This
method is founded on evidence and a vision for a participative and long-term effort
that incorporates all parties involved in dealing with stunting [36]. The steps that can
be taken can be seen in Table 1 below:

Stages

Description

Situation analysis

This stage involves an in-depth analysis of the situation related to the issue

to be resolved. The purpose of the situational analysis is to understand the
factors influencing behavior and practice regarding the issue, and to identify
the target group to address. Situation analysis includes the collection of data
and information, and the use of various research tools and methods to gain a
comprehensive understanding of the context and characteristics of the target

group.

Setting goals and targets

This stage involves setting clear and measurable goals and objectives for the
SBCC program. These goals and objectives must be specific, measurable,
achievable, relevant, and time-limited. In setting goals and objectives, various
factors such as the level of awareness, knowledge, attitudes, and behavior that
need to be changed are carefully considered.

Strategy design and
development

This stage involves designing a strategy that will be used in the SBCC program.
An effective strategy must be based on a deep understanding of the target group,
context, and factors influencing behavior. Strategies can cover a variety of
approaches such as media campaigns, individual counseling, training, discussion
groups, etc. Strategy design also involves selecting appropriate messages,
communication channels, and identifying suitable evaluation methods.

Material development and
communication tools

This stage involves developing materials and communication tools that will be
used in the SBCC program. Communication materials and tools must be adapted
to the target group and the intended context. This includes creating messages that
are attractive, clear, and appropriate to the needs of the target group, as well as
selecting the right communication channels to reach the target group effectively.

Implementation

The implementation phase involves implementing the SBCC program according
to a predetermined plan. This includes distribution of communication materials,
delivery of messages, training, counseling, and various other activities that have

been planned in the strategy. Implementation must be done with care, ensuring

that the message is conveyed correctly, interaction with the target group occurs,

and the necessary support is provided.

Monitoring and
Evaluation

Monitor and evaluate the implemented SBCC program, to monitor progress,
measure results, and make adjustments if necessary.

Table 1.

SBCC model and planning principles.
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Chapter 8

Animal Models in Myometrial
Activity Research: Morphofunctional
Features, Role of Oxytocin

Naira G. Hunanyan, Knarik V. Kazaryan
and Tatevik A. Piliposyan

Abstract

One of the main functions of the reproductive system is providing the physiological
process, which occurs by caudal spread of excitability of smooth muscle tissue and
ensures delivery of the fetus. The results of this work confirm the importance of
blood supply in automatism of the ovarian horn areas, which are the leading regions
in propagation of electrical waves and coordination of other rhythmogenic loci.
Morphofunctional methods have shown that the ovarian horn areas have strong
vascularization, which is confirming the pronounced electrical activity of these loci.
Oxytocin has a central role in changing of excitation patterns. Increasing hormone
concentrations (107 pg/kg, 107" pg/kg, 1 pg/kg, 10 pg/kg) resulted in increase of
the bursting activity duration of all studied myometrial areas. At the same time, rise
in the frequency of spike rhythmogenesis was observed only at a dose of 1 ug/kg.
Morpho-histochemical analysis revealed the existence of atypical cells with a high
level of Ca®*-dependent acid phosphatase in both distal rhythmogenic ends of the
horn. However, the ovarian horn area had the greatest enzymatic activity. Thus, the
obtained data give good reason to conclude that the ovarian horn area has a leading
role in the myometrium.

Keywords: uterus, ovarian horn area, cervical horn area, spontaneous activity,
oxytocin action, uterine artery ischemia, pacemaker activity, myometrium

1. Introduction

In all varieties of human internal organs, the uterus has a unique position not
only because of differences in the structure and response to various environmental
factors but also because of its special function compared to other visceral organs.
The main functional importance for uterus has the coordinated contractile activity
creating conditions for an orientation of waves to the uterine cervix [1, 2]. It has also
been known that it is the spontaneous electrical activity is associated with uterine
contractility.

Premature and also pathologically proceeding childbirth can lead to serious
consequences up to the death of the fetus and mother. One of the possible methods
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of their prevention is the ability to control initiated uterine contractility. In this
regard, the study of mechanisms providing this process will help to find out ways
the solution this problem. Especially, it is important to reveal both the rhythmo-
genic regions and the driver pacemaker area providing the coordinated contraction
of the organ. Several authors [3, 4] have noninvasively recorded the human uterine
electrical activity from the abdominal surface, which allows the monitoring of
parameters and their changes during rhythmogenesis, including discoordination
of automatism, which leads to pathological consequences. Experimental resulting
obtained in animal models, particularly, in rats, can provide a basis for similar
clinical development.

The spontaneous electrical activity of nonpregnant rats is registered both from
the uterine corpus and different areas of uterine horns and consists of intermit-
tent bursts of action potentials resulting from the cyclic depolarization of the cell
membranes [2, 5-7]. During pregnancy, especially in the later period, significant
changes in generation of spontaneous activity in the rhythmogenic regions are
observed, stimulating and coordinating the contractile activity of the uterus
[3, 5, 8]. The study of the electrophysiological properties of all types of pacemaker
activity presented in this organ will help to reveal the mechanisms providing their
coordination during labor.

It is known that for normal functioning of the tissue optimal blood supply is nec-
essary. Particularly, certain dependences of the electrical activity and, consequently,
the process of delivery from a bloodstream are revealed for uterine smooth muscle
tissue. Moreover, during pregnancy, occlusion of blood vessels [9, 10] is observed
that also can matter in clinical practice. Based on this, morphofunctional research on
studying the blood supply process in rhythmogenic regions of the uterus, providing
generation of its contraction is necessary, which has not been presented in the litera-
ture yet.

Pregnancy is preceded by hormonal changes in the body, giving rise to certain
changes in the excitability of myometrium [11-14] and, consequently, in the
mechanisms of genesis of spontaneous activity. The solution of the aforemen-
tioned problem is most convenient to carry out in the conditions providing their
activation. Oxytocin belongs to the strongest stimulators of uterine contractility
during the birth process. It leads to the depolarization of membrane in myometrial
cells and increase of frequency of spike discharges [3]. Oxytocin is produced in
the hypothalamus and released into the maternal blood. It is also produced in the
uterine placenta in the later period of pregnancy, and its concentration increases
before delivery [15, 16]. Despite such important role of oxytocin during pregnancy
and childbirth, the mechanism of its influence on the pacemaker activity has not
been fully investigated.

The purpose of this work was to study the morphofunctional characteristics of
rhythmogenic regions in the rat myometrium, as well as the identification of driver
pacemaker areas under the influence of oxytocin.

2. Materials and methods
It is well-known that the sensitivity of the myometrium to hormones and media-

tors is raised in pregnancy, which is affecting autonomous spontaneous rhythmogen-
esis [17]. This is the reason why the experiments were done on nonpregnant rats.
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Experiments were carried out on female animals (200-250 g) narcotized intraper-
itoneally with Nembutal (50-55 mg/kg) under the conditions iz situ. The experiments
were acute, and at the end of the recording the animals were killed. The peritoneal
cavity was opened, and the uterine corpus with the uterine horns from two sides was
exposed. The uterus was denervated by sectioning the nerves (plexus hypogastricus,
uterinus, uterovaginalis). Spontaneous electrical activities were recorded simultane-
ously from the uterine corpus, uterine cervix, ovarian, and cervical ends of uterine
horns. The activity of the uterine cervix was recorded by inserting a monopolar silver
electrode into this area. Spontaneous electrical activity of the remaining areas was
recorded from the surface of these regions with bipolar electrodes (interelectrode
distance was 2 mm). The registration areas are schematically shown in Figure 1.

Ozxytocin (5 units/ml, Biolek, Ukraine) was diluted in distilled water and injected
intravenously at various doses: 1072, 107", 1, and 10 pg/kg. Depending on the animal
weight, such concentrations were possible to administrate by the introduction of dif-
ferent injection volumes — from 0.3 to 0.2 ml. Only one dose of oxytocin was studied
on each animal in particular experiments.

Ischemia of the uterine artery was performed by an elastic cord prior to the ovary
and its corresponding horn.

The results were recorded without a Faraday cage, and the level of valid signal
was 10 pV. Statistical analysis of the data was performed by LabView, Origin8.5, and
DIAdem programs.

Corresponding norms of parameters were registered and analyzed in each subsec-
tion of the present work, considering seasonal changes in the activity characteristics.

In order to study the morphofunctional properties of cellular structures the
activity of Ca’*-dependent acid phosphatase has been revealed [18]. This method-
ological approach is based on the detection of intracellular phosphorous-containing

right horn left horn
ovarian
area

cervical
area

uterine

3 corpus
4 uterine
cervix

Figure 1.
Scheme of electrical activity vegistration in the ovarian horn area (1), cervical horn area (2), uterine corpus (3),
and utevine cervix (4).
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compounds taking key positions in the energy exchange processes directed on the
preservation and self-reproduction of vital systems.

The vascular system of the rat uterus was detected using the calcium adenosine
triphosphate histoangiological method of Chilingaryan [19]. The method is based
on the selective phosphorus deposition segregated from ATP by calcium ions.
Subsequently, the reaction product is converted to black lead sulfide. This method
provides a clear selective detection of vascular-capillary network, and the major
advantage is the possibility of simultaneous differentiation of the various links of the
microcirculatory bed (arterioles, capillaries, and venules).

3. Results and discussion

3.1 Electrophysiological characteristics of different areas of the uterus and
uterine horns

It is known that the electrical activity can be registered from both pregnant and
nonpregnant uterus, but these activity discharges are scarce and have shorter dura-
tion in nonpregnant organisms [2, 3, 20].

According to the detailed electrophysiological analysis, rat uterine horns also have
an ability to generate spontaneous electrical activity. Pacemaker areas are located in
the ovarian and cervical ends of the uterine horn [21]. The uterine cervix also has
autonomic spontaneous rhythmogenesis, which is completely asynchronous with
activity of the uterine corpus in nonpregnant rats and is presented by slow-wave
oscillations in membrane potential [2, 22, 23].

The uterus is unique among smooth muscular organs in that, it has an excep-
tional selectivity not only to various types of mediators and ions but also to sexual
hormones. As noted above, the sensitivity of this tissue to hormones considerably
increases during pregnancy, and especially in its late stages [11-13], which, natu-
rally entails changes in the generation of electrical activity and, consequently, in its
parameters. In these conditions, coordination of all presented types of autonomous
spontaneous electrical activities is observed, which leads to the realization of peristal-
tic activity in the uterus [2, 8]. To reveal the synchronization mechanisms of rhyth-
mogenesis in different areas of this organ, a prior analysis of the electrophysiological
characteristics of these activities is necessary. The study of abovementioned issues
would be best to carry out on nonpregnant organisms; in this case, the activity of the
uterus and uterine horns can be taken as the norm.

In the present work, with simultaneous registration of activity in different areas of
the organ, we tried to analyze the characteristics of the spontaneous electrical activi-
ties of nonpregnant uterine corpus, terminal ends of uterine horns, and uterine cervix.

The study of electrical activities of both the uterine corpus and different areas of
the left uterine horn allowed us to register spontaneous electrical burst discharges
(Figure 2 (1-3)). Electrical activity in aforesaid regions is presented by typical spike
activity bursts that occur against the rather unstable level of membrane potential and
last 41.8 + 3.3 sec (n = 10), 45 + 2.1 sec (n = 7), and 34 + 1.5 sec (n = 10) respectively,
in the ovarian and cervical ends of horn, uterine corpus, and then disappear.

In contrast to the described areas, the activity of the uterine cervix was usually
recorded during all times of registration and presented by slow-wave rhythmic
oscillations in membrane potential (Figure 2 (4)). The amplitude and frequency
of activity corresponded to 189.1 + 17.8 uV and 17.4 + 0.7 oscill./min (n = 10) in this
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Figure 2.
Simultaneous registration of spontaneous activity in the studied uterine areas. The numbers on the left correspond
to the regions of electrical activity registration presented in Figure 1 (n = 9).

region. Based on our results and literature data, we can conclude about the autonomy
of pacemaker activity rhythmogenesis of the uterine cervix.

Spike activity discharges in the three upper regions do not occur simultaneously
in most experiments. But they work together in a certain period of time. Based on
the registrations carried out continuously for 30 minutes, we have calculated the
summarized periods of the active states of the uterine three upper regions (Figure 3).
Despite the spike activity discharges lasted various time intervals, their total
duration was almost the same for the cervical end of the horn and uterine corpus
(10.95 + 1.54 min and 11.8 + 1.24 min, respectively (Figure 3 (2,3)). However, this
parameter of activity for the ovarian locus of uterine horn was much greater than the
above values (19 + 1.12 min) (Figure 3 (1)).

There was a slow-wave rhythmic oscillation of the membrane potential in the
uterine cervix, which has been observed during the entire period of registration.

According to the presented three upper curves in Figure 2, pacemaker activities
of the uterine corpus and two regions of the uterine horn have the characteristics of a
typical spike rhythmogenesis. Since activities of these regions alternate one another,
it is difficult to establish which of them is primary in relation to the other. At the same
time, comparison of these activity characteristics would help to establish the identity
of mechanisms of their genesis.

The next series of experiments were carried out to examine the relationship
between the frequency and amplitude of spike activities in the 1, 2 and 3 areas,
presented in Figure 1. This correlation has an exponential characteristic in the uterine
corpus (Figure 4). Changes in the frequency of spike activity genesis of given area are
in the range of 30-200 spikes/min. Interesting is the fact, that in the range of 45-60
spikes/min frequency changes the same value of amplitude was registered (about
188.2 uV). It should be noted that these parameters are in the range of 45-80 spikes/
min frequency changes, the probability of occurrence of which could be considered
rather high for the uterine corpus (49% of cases), since the range of frequency
changes is large.
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Figure 3.
Duration of the active state registration in the various areas of uterine horns and uterus. The numbers below
correspond to the vegions of electrical activity registration, presented in Figure 1 (n = 9).

The amplitudes of spike activities are linearly dependent on the rhythm of their
genesis in the cervical end of uterine horn (Figure 5). Changes in the frequency
of automatism were almost in the same ranges (30-210 spikes/min), which cor-
responded to the uterine corpus activity. However, the abovementioned frequency
range corresponding to the same value of the spike amplitude (~188.2 pV) is a little
shifted (55-80 spikes/min) and again in the aforementioned range of the most com-
mon frequencies (60.7%). As can be seen from comparison of the graphs presented in
Figures 4 and 5, the spike amplitudes decreased 2.4 times in both areas in the range
of all frequencies. Despite a number of identical parameters of presented graphs, the
relationships in these areas have different characters.

amplitude (pV)
2

0 20 40 60 80 100 120 140 160 180 200 220 240
frequency (spikes/min)
Figure 4.
The spike activity amplitude changes in the uterine corpus, depending on the frequency of its genesis. The dotted

line connects all the mean values of the experimental data (n = 9).
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The spike activity amplitude changes in the cervical horn avea, depending on the frequency of its genesis. The
dotted line connects all the mean values of the experimental data (n = 9).
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The spike activity amplitude changes in the ovarian horn area, depending on the frequency of its genesis. The
dotted line connects all the mean values of the experimental data (n = 10).
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The correlation between amplitude and frequency is rather different in the ovarian part
of horn compared to the uterine corpus and cervical part of uterine horn (Figure 6). Here
the frequency of spikes is less scattered and mainly involves the range of 30-120 spikes/
min. At the same time, the spikes having stable amplitude (186.8 + 2.13 pV) are registered
in the indicated range of frequency changes. In contrast to this area, similar amplitude
value of spikes is observed within the most met frequency range (45-80 spikes/min) in the
cervical end of horn and uterine corpus. Noteworthy is the fact that the frequency param-
eters of the same range of changes are also the most met (48.5%) in the ovarian end of horn
such as the cervical end of horn and uterine corpus.

Thus, despite the obvious differences in the amplitude and frequency correlations
between ovarian end of horn and downstream areas, which are also generating spike
activity, the greatest probability of occurrence of frequencies corresponds to the same
range of changes for all three areas.

3.2 Blood supply as a factor regulating pacemaker activity of the myometrium

It is known that the spontaneous electrical activity of smooth muscle tissue is
myogenic in nature [2, 6, 21, 24]. If the myogenic rhythm plays the main role in
occurrence of the peristalsis in smooth muscle, the humoral control is necessary for
modulation and coordination of the contractility patterns [25]. Particularly, the blood
supply due to its transport function plays an important role in this process. Thus,
smooth muscle of the gastrointestinal tract is rather resistant to decrease in blood
flow [26]. At the same time, anoxia rapidly decreases the rat uterine contractile activ-
ity and its complete suppression takes place within a few minutes under conditions of
ischemia [27-29].

It is also known that parameters of the smooth muscle activity can vary within a
rather wide range not only suggesting about the relationship of automatism and blood
flow but also confirming the variability of this process [30].

Rats and mice have a duplex uterus (two separate uterine horns). The loops of the
uterine artery encircle each horn separately [27, 31], while the blood flow in the right
and the left horn is realized in two directions: from ovarian and cervical ends to the
center [32, 33].

According to a detailed electrophysiological analysis, unlike the uterus, any part
of which is able to generate spontaneous discharges, pacemaker areas are located in
terminal ends of uterine horns in rats [21, 34]. The results of the previous section
confirm the noticeable differences of characteristics of spontaneous activity in the
ovarian end of uterine horn and downstream rhythmogenic areas. Moreover, it is
shown that the total duration of generation of the electrical bursts is much higher
in this area. However, there are very few special studies in the literature devoted to
the experimental analysis of blood supply in the ovarian region and its importance
in electrical activity generation. The following paragraph analyzes these issues. The
uterine horns and the uterine artery loops that feed each horn are presented sche-
matically in Figure 7. The areas of activity registration are also shown (respectively
numbered). In the first series of experiments, a comparative analysis of changes of
spike activity parameters in the uterine corpus and terminal parts of uterine horns
was carried out under conditions of the uterine artery ischemia. Table 1 presents the
values of the parameters of rhythmogenesis of the noted areas in norm.

About 20-min ischemia of the uterine artery, feeding the ovarian part of horn, led
to certain changes in the activity parameters of each area, respectively (Figure 8). For
illustrativity, all results are presented in percents related to norm.
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Figure7.

The blood supply scheme of the uterus and uterine horns in rats. The numbers on the right correspond to the
regions of activity registration: 1-ovarian end of horn, 2-cervical end of horn 3-uterine corpus, and 4-uterine
cervix.

Areas of registration Amplitude of spikes, Frequency of spikes, Duration of activity
pv spikes/min discharges, sec
1 1423 + 499 84.5+6.16 36.3+2.66
2 126.0 +2.00 92.5+2.29 349+179
3 104.7 £ 2.40 1169 + 4.83 196 + 4.94
Table 1.

Parameters of spike activity in the uterine corpus and terminal parts of uterine horn in norm. 1, 2, and3 are the
corresponding registration aveas (Figures 1 and 7).

As can be seen in Figure 8(A), the amplitude of spikes in the ovarian horn area
undergoes to the greatest changes. In the cervical end of horn and uterine corpus, this
parameter decreases by less than a quarter of its initial value (24.4 and 23%, respec-
tively). Interestingly, suppression levels of the amplitude in these areas are similar.

At the same time, a different picture is observed for the ovarian area of uterine horn.
There is a sharp, almost twice decrease in amplitude (to 54.5%).

According to Figure 8(B), the frequency parameters of all three areas compared
to the amplitude parameters are less subjected to changes under conditions of the
ischemia. In the cervical horn area and uterine corpus, this parameter changes
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Figure 8.

Thge influence of ischemia on the parameters of spike activity in the uterine corpus and terminal areas of uterine
horn. A - amplitude of the spikes, B - frequency of the spikes, C - duration of the spike discharges. a - uterine
artery ischemia; b - restoring blood flow. The numbers below correspond to the regions of electrical activity
registration presented in Figuves 1 and 7 (n = 8). The dotted line demonstrates the norm.

insignificantly (by 5.9 and 9.3%, respectively), but decrease in spike frequency
reaches to 27.2% in the ovarian horn area.

A similar trend of changes in activity parameters is also shown for the duration of
the spike discharges in the studied areas (Figure 8 (C)), in the proximal horn area,
the duration of burst genesis was significantly shortened (by 62.8%), while decrease
in this parameter for two subsequent areas (Figures 1 and 7 (2,3)) corresponded to
only 21.2 and 18.3%. Restoration of blood flow after ischemia, as a rule, increased all
parameters to near-normal values.

Despite the significant suppression of activity in the ovarian area, its full inhibi-
tion was not observed. Probably, the total block of rhythmogenesis could be achieved
by prolonging time of ischemia or increasing force of the cord pressure to the com-
plete closure of the vessel lumen. But such experiments could damage the artery.

As noted above, blood enters the uterine horn from ovarian and cervical ends
and flows to the middle region of it. Blood supply of the uterine corpus and uterine
cervix is provided by an additional branch of the artery (Figure 7) [27]. Ischemia
of the uterine artery, which enters the ovarian horn area, entails significant changes
mainly in the activity characteristics of this region. A little inhibition of parameters
in the cervical end of horn and uterine corpus under conditions of such ischemia may
indicate that there is a likely certain connection between the studied rhythmogenic
loci. Actually, if the cervical horn area had an autonomous blood supply, the activity
parameters would remain unchanged.

132



Animal Models in Myometrial Activity Research: Morphofunctional Featuves, Role of Oxytocin
DOI: http://dx.doi.org/10.5772/intechopen.112086

Thus, under the above experimental conditions, the main rhythmogenic region
of uterine horn undergoes the greatest activity inhibition compared with the below
located pacemaker areas.

In the next series of experiments, we analyzed the activity parameter changes in
the uterine cervix under similar conditions of ischemia (Figure 9). As mentioned
above, activity of the uterine cervix is completely different from that of all other areas
of this organ. In norm, slow-wave sinusoidal-type activity is registered in this area
with a frequency of 15.1 + 0.34 oscill./min and amplitude of 282.1 + 14.5 uV, which is
fully autonomous. Even some authors have described the cervix as an entirely separate
from uterus organ [2, 35, 36].

As can be seen by comparing Figures 8(A) and 9(A), the opposite changes in the
amplitudes of the ovarian horn area and uterine cervix were noted under conditions
of ischemia. Twice decrease in the spike amplitudes of the horn is accompanied by
one and half time increase in the slow-wave amplitudes of the uterine cervix (up to
152.3%). The frequency characteristics of activities in the abovementioned areas in
both cases decreased and cervical rhythmogenesis slowed by only 14.4% compared
to the norm (Figure 9 (B)). All changes in characteristics of the slow-wave activity
occur against a background of its continuing genesis.

It is known that slow-wave oscillations of the membrane potential recorded from
the uterine cervix in norm provide its closure by the involvement of circular muscle
layers [2]. Significant increase in amplitude of the cervical waves in ischemia indicates
the activation of this process that stimulates the cervical closure. During the labor, the
longitudinal muscle layers of the cervix, which are able to generate spike activity, are
involved in the longitudinal polar contractions provided by the main rhythmogenic
region (ovarian area of the horn).

Thus, there is a certain connection between rhythmogenesis in the ovarian horn
area and uterine cervix. Probably, the results obtained in this work related to the
opposite changes in the activity parameters of the terminal uterine areas under
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Figure 9.

The influence of ischemia on the parameters of slow-wave activity in the uterine cervix. A - amplitude of the
waves, B - frequency of the waves. a - uterine artery ischemia; b-restoring blood flow. The numbers below
correspond to the vegions of electrical activity registration presented in Figuves 1 and 7 (n = 8). The dotted line
demonstrates the norm.
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conditions of the ischemia can be explained by the presence of such interaction
between them [37].

In the next series of experiments, the microcirculatory bed of the ovarian region
was investigated. In parallel with the vascularization of aforesaid area, the vascular
bed of the ovarian nearby area and of distally located middle horn area were also
studied. A strong vascularization with highly branched arterial system was detected
on the longitudinal sections of the ovarian locus (Figure 10(A)). Therefore, there
is a huge amount of the microvessel cross sections in the slices. The transition zone
between the ovaries and uterine horn is characterized by less twisted blood vessels
(Figure 10(B, C)). In comparison with the mucous and serous membranes, the
muscular layer is highly vascularized in the horn area closest to the ovary. Blood
vessels from the surface enter the uterine horn directly, almost without twisting,
are assembled in a bunch (shown the blacked-out surface), and by this, way creates
a strong vascularization of this region (ovarian end of the horn). These vessels take
again a strongly twisting direction in the middle region of uterine horn. That is why
there is a large number of their cross sections along with the short microvessels in the
slices (Figure 10(D, E)).

The strong vascularization of the ovarian end of uterine horn is one of the
possible factors, providing strongly pronounced automatism in this region.
Vessels take a twisting direction in the middle area of uterine horn, and therefore
their close contact with the tissue is less expressed. Such blood vessel location

Figure 10.

Blood vessels of the microvasculature in the longitudinal sections of ovary (A, a), the initial region of the uterine
horn (B, C) and the middle region of the uterine horn (D, E). ov-ovary; corn-uterine horn. Zoom: ocular 10,
objective 2.5 (a), 6.3 (B), 10 (C, D, E), 16 (A).
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throughout the uterine horn is specific to immature and nonpregnant females.
Throughout pregnancy further development of the bloodstream and, respec-
tively, the vascularization is observed. Branching in the vascular system occurs,
providing blood flow to individual uterine segments associated with fetuses. Each
uterine segment has an abundance of closely located blood vessels (unpublished
data). It can be assumed that during reproductive organ formation, there are
appropriate stages of the circulatory system development. Perhaps such vascular
system was developed in the process of evolution to provide individual feeding of
each segment by the local automatism, though the latter is coordinated with the
main rhythmogenic region.

3.3 Role of oxytocin in activation of spontaneous electrical activities of the
uterine corpus and uterine horns

Oxytocin is considered as one of the main regulatory substances of contractile
activity in the process of childbirth [38]. Early studies have shown that under the
effect of oxytocin, membrane depolarization is observed in myometrial tissue, lead-
ing to membrane excitability and conductivity, which results in increased activity and
the occurrence of contractile events [3, 39, 40]. For this reason, the given substance is
easy to use for the identification and study of changes in the characteristics of spon-
taneous electrical activity, leading to its coordinated activity for the generation of the
subsequent contraction.

It is known that smooth muscle tissue of myometrium, as well as the gastroin-
testinal tract and urinary tract, is characterized by ability to generate autonomous
spontaneous activity [2]. However, there is very little data in the literature about the
mechanisms underlying the generation of pacemaker activity in the uterus in contrast
to above mentioned other types of smooth muscle formations in which the specialized
interstitial cells of Cajal (ICC) have been found, providing generation and coordina-
tion of muscular activity [41, 42]. Some cells that are completely different from myo-
cytes by their morphology and ultrastructure were also found in studies on uterine
strips of pregnant rats [43]. The morphological studies concerning the identification
of atypical cells in myometrial tissue are easier to carry out under conditions provid-
ing the activation of spontaneous rhythmogenesis.

Research on the influence of oxytocin on the automatism of different areas of the
uterus and uterine horns by electrophysiological and morpho-histochemical methods
can help to tackle the abovementioned problems.

As already mentioned, unlike the uterine corpus, only the terminal parts (ovarian
and cervical) of uterine horns can generate spontaneous electrical activity [44].

In the first series of experiments, we analyzed the fast spike processes observed
in three upper regions, which are presented in Figure 1. We analyzed the duration
of genesis of electrical discharges and spike frequencies within the bursts for the
terminal parts of horns and uterine corpus (Figure 1(1-3)). These parameters can be
ascribed to the number of the main characteristics determining the contractile activ-
ity of the organ [45].

It is known that non-regular bursts of spontaneous electrical activity can also
be observed in nonpregnant rats [11, 22, 46, 47], and automatically arising activity
discharges recorded in different areas of the organ have different duration and spike
frequencies. Table 2 presents our obtained data from the upper areas of the rat uterus
in norm (Figure 1(1-3)). Interestingly, the duration of the activity recording and fre-
quency of the spike genesis in the cervical ends of both horns a little exceed the same
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Areas of registration Duration of activity discharges, Frequency of spikes, spikes/
sec min

Ovarian end of the left horn 50.8 +2.74 73.7+378

Cervical end of the left horn 55.2 + 4.88 84 + 411

Ovarian end of the right horn 283 +5.08 592 +341

Cervical end of the right horn 31.2+361 75.7 + 3.85

Uterine corpus 32.8+2.00 921+ 427

Table 2.

Parameters of spike activity in various aveas of utevine horns and uterus in norm.

parameters in the ovarian ends. In addition, the right uterine horn is less active in
norm as it is characterized by significantly lower values of these parameters compared
with the left horn.

In the next series of experiments, we studied the durations of the discharge
genesis and spike frequencies in the uterus and terminal parts of horns, depend-
ing on the concentration of oxytocin. For illustrativity, all results are presented
in percents related to norm. The presence of oxytocin in any concentration causes
a significant increase in the duration of genesis of electrical discharges in the
both ends of uterine horns, as well as in the uterine corpus itself (Figure 11). In
the ovarian ends of both the right and the left horns (Figure 1(1)), the maximal
increase (almost threefold) of this parameter was noted at the oxytocin dose of
107! pg/kg. In the cervical ends of horns, closest to the uterus (Figure 1(2)), as
well as in the uterine corpus itself (Figure 1(3)), the longest duration of electrical
bursts is observed at the oxytocin concentration of 1 pg/kg. It is important to note
that the subsequent increase in the oxytocin concentration to 10 pg/kg led to a
shortening of duration of the active state registration. Nevertheless, this parameter
significantly exceeds the values in norm for all the studied areas. Interestingly, the
spontaneous bursts of activity, as a rule, were not recorded in the ovarian end of
the right horn in these conditions.

Thus, by increasing the oxytocin concentration in the considered limits, we have
shown a significant increase of the active state duration in all studied areas.

A somewhat different picture is observed in the study of frequency parameters
of the spike rhythmogenesis. According to the data of Figure 12, for the uterine
horns and uterine corpus, the greatest increase of the spike frequency in discharges
is revealed at the oxytocin concentration of 1 pg/kg. In contrast to the duration of
the activity discharges (Figure 11), the presence of oxytocin in a concentration of
10~ pg/kg caused some decrease in the frequency of the spike rhythmogenesis in ter-
minal parts of uterine horns. The increase in the oxytocin concentration to 10~ pg/kg
led to an acceleration of the spike rhythmogenesis. A significant increase in the spike
frequency was registered in the ovarian end of the right uterine horn at the oxytocin
dose of 1 pg/kg; at the same time, in the cervical areas of both horns the frequency
parameters did not undergo significant changes with increase of the administrated
oxytocin concentration (Figure12(a, b)).

In the uterine corpus, a small increase in the spike frequency was observed within
the limits of the oxytocin concentration changes from 107> to 1 pug/kg, while at 10 pg/
kg, this parameter decreased to the level slightly lower than the norm (Figure 12(c)).
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The influence of oxytocin on duration of genesis of the spike activity discharges in the uterine horns and uterine
corpus. The norm is shown by the dotted line (n = 19). a - the left horn, b - the right horn, and c - the uterine
corpus. Oxytocin concentrations are marked by different shadings.

Small differences between the values of the spike frequency in the ovarian ends of
the right and the left horns seem to be due to the high values of this parameter in the
norm (Table 2). Unlike the duration of the genesis of the activity discharges, the
frequency of the spike automatism in the studied areas is less affected by the action of
oxytocin.

The uterine cervix under the influence of this agent behaved quite differently
(Table 3). At the oxytocin concentration of 10~ ug/kg, no changes were observed
in the activity characteristics of this zone, only slow waves were recorded with the
frequency corresponding to that in norm (16.6 + 1.52 oscill./min). The increase in
concentration of oxytocin to 10" pg/kg resulted in the disappearance of the waves,
and spike activity was recorded during a certain period of time. The dependence of
the duration of the spike generations and their frequency on the oxytocin concentra-
tion is presented in Table 3. The higher oxytocin concentration-10 pg/kg somewhat
decreased these studied parameters of the uterine cervix such as the presented data
for the remaining organ areas.

Comparing the effect of oxytocin on duration of the discharge genesis and
frequency of the spike activity, it can be concluded that the cervical ends of uterine
horns and the uterine corpus can be grouped together according to similar changes
in these parameters with increase of the oxytocin concentration. The ovarian ends
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The influence of oxytocin on frequency of the spike activity in the uterine horns and uterine corpus. The norm
is shown by the dotted line (n = 19). a - the left horn, b — the right horn, and c — the uterine corpus. Oxytocin
concentrations are marked by different shadings.

Concentration of oxytocin, pg/kg Duration of activity Frequency of spikes, spikes/
discharges, sec min
107 — —
107! 50.0 £9.0 105.3 +18.7
1 66.5 + 17.5 120 £ 12.0
10 25+58 112.5 £ 16.8
Table 3.

Parameters of spike activity in uterine cervix under the effect of oxytocin.

of both uterine horns had somewhat different characteristics of changes in these
parameters (Figures 11 and 12) within the same limits of the oxytocin concentration
changes. Therefore, a certain interest is the comparative analysis of morphological
pictures of all three upper regions presented in Figure 1.

Morpho-histochemical studies revealed that there are round or oval atypical
cells with the high level of the Ca®*-dependent acid phosphatase activity in longitu-
dinal sections of the ovarian ends of uterine horns in intact rats (Figure 13(Aa)).
The most clearly detected structures are cell nuclei. Gomori-positive round ovoid,
coccobacillar, comma-like granulations are found on the light cytoplasmic back-
ground. Quite often these cells fuse with each other, therefore, many nuclei are
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revealed in the large mass of cytoplasm in the preparations. It is important to note
that the greatest accumulation of these cells was detected in the ovarian ends of
horns. The same cells were found in the cervical parts of horns (Figure 13(Cc))
and in the uterine corpus (Figure 13(Ee)). Unlike the atypical cells, the enzymatic
activity of the acid phosphatase is significantly decreased in the typical myogenic
elements of the uterine wall.

Under the oxytocin action, the enzymatic activity was sharply increased in the
cytoplasm of atypical cells. In some foci, these cells were concentrated in clumps and
their shape became variable, which amplified the staining intensity and giving to the
location the blacked-out look. In the ovarian part of uterine horn, these cells were
stained darkly, and it was impossible to determine the boundaries of the nucleus and
the cytoplasm (Figure 13(Bb)). Atypical cells of the uterine corpus (Figure 13(F))
and of the cervical horn area (Figure 13(D)) were also intensively stained.

According to the literature data, the cells resembling the interstitial cells of Cajal
were revealed in the upper urinary tract, particularly in the pyeloureteral anastomosis
[43]. They were of irregular shape, with oval nucleus, and numerous contacting
processes and were described as the fibroblast-like cells providing pacemaker activity.

Figure 13.

Longitudinal sections of the uterine corpus and the various horn areas. Intact rats: A-ovarian area of the left horn;

C-cervical area of the left horn; E-uterine corpus. At the oxytocin administration: B- ovarian avea of the left horn;
D-cervical area of the left horn; F-uterine corpus. Magnification: 25 x (a,c,e); 400 x (b); 1000x (A, B, C, D, E, F).
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According to the obtained data, smooth muscle cells differed from the revealed atypi-
cal cells by the level of enzymatic activity of acid phosphatase. Thus, atypical cells
had high Ca**-dependent acid phosphatase activity, although additional immunohis-
tochemical markers are needed to determine the nature of these cells. Nevertheless,
the ovarian part of horn is established to have the highest enzymatic activity of the
acid phosphatase among all considered areas.

Our histochemical data confirm completely the presence of different “physi-
ological” states in the studied organ areas. Thus, the complete correspondence of the
electrophysiological and morphological results is observed.

It was shown that the duration of spike discharges is a determining factor in the gen-
eration of coordinated contractions in the uterus [48]. Analysis of the oxytocin action
showed that the main effect was expressed as a significant increase of duration of the
spike discharges in the studied areas of the myometrium. The rather low content of the
substance in the blood (107! pg/kg) caused a significant increase in this parameter (up
to threefold) compared with the norm. According to the literature data [45], oxytocin in
a concentration of 2 x 107 pg/kg (~0.2 nM) is sufficient to stimulate the spike activity,
which is expressed by the increase of spike frequency, prolongation of discharge genera-
tion, and consequently, contraction periods. The further increase in the concentration
of oxytocin causes gradual inhibition of these parameters [3, 45], which also completely
agrees with our results obtained at the oxytocin concentration of 10 pg/kg not only for
the uterine corpus but also for the ovarian and cervical ends of uterine horns.

Naturally, to provide the uterine contractile activity during the labor, coordination
of all pacemaker areas, determining the polarity of the uterine direction, is necessary.
The leading role in providing longitudinal contraction of the uterus is ascribed to the
pacemakers located in the ovarian ends of uterine horns [34]. It is also shown that the
duration of the electrical activity discharges is a determining parameter for the occur-
rence of coordinated contractions in the uterus [3]. According to the results presented
in this work, it is the ovarian end of uterine horn, activation of which by oxytocin
is found to be accompanied by the longest duration of genesis of the electrical dis-
charges. Morpho-histochemical studies also confirm this fact — the greatest number
of atypical cells has been found in this area, which is characterized by the highest acid
phosphatase activity.

According to our preliminary results (data not shown), spontaneous electrical
activity of the organ was not observed in 15-20-day-old female rats. Morphological
studies also did not reveal above described atypical cells. We assume that certain
rhythmogenic (atypical) cells develop during puberty, and they provide electrical
activity of the uterus.

4., Conclusions

By definition Norwitz et al. [49], labor is the physiological process by which a
fetus is expelled from the uterus to the outside world in the result of regular uterine
contractions accompanied by cervical effacement and dilatation. It is known that
uterine contractility is dependent on action potentials and their propagation along the
tissue [50]. The frequency and duration of contractions are determined respectively by
the frequency of the action potentials within a burst and the duration of a burst. The
amplitude of contractions depends on the number of propagating action potentials [51].

The membrane potential value of myometrial smooth muscle cells is much lower
than those of skeletal muscle and nerve fibers and is approaching to the threshold for
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spontaneous discharges. From this aspect, every cell in smooth muscle tissue can act
as a pacemaker in certain conditions [52, 53]. Unlike the uterus, any part of which is
able to generate spontaneous discharges [20], two rhythmogenic regions have been
revealed in the uterine horns: the ovarian and cervical ends of the horns [21, 34].
The studies on nonpregnant uterus have shown that bursts of electrical discharges
from the upper parts of this organ are propagated within a few mm [36]. Based on
this, the spread of the excitation waves is observed in a very limited area from each
rhythmogenic region and is absent along the horns. The study of the propagation rate
of the electrical activity patterns along uterine horns in guinea pig showed a direct
dependence on the electrical coupling between smooth muscle cells. At birth, the
lowest resistance between them is observed [54].

According to recent studies, the uterine peristalsis could be provided by the
association of the separate pacemaker areas in large rhythmogenic loci during labor
[8]. Received data concerning such coordinated among themselves amplitude param-
eters of rhythmogenesis of the proximal part of horn do not exclude its leading role in
providing the synchronization of spontaneous activity of the all organ. Based on the
identity of detected ranges of the most met frequency parameters of action potentials
with the same amplitude value (188 pB) in uterine corpus and both rhythmogenic
regions of uterine horn, it is impossible to exclude the existence of coordination of
their activities by the abovementioned manner.

The uterine cervix also has autonomic spontaneous rhythmogenesis. In the con-
trast to the uterine corpus and uterine horns, it is presented by slow-wave oscillations
in membrane potential in nonpregnant individuals. The latter provides the closure of
the cervical lumen due to circular muscle activity. In the late stages of pregnancy and
during labor a totally synchronized spike activity of all pacemaker areas of the uterus
is observed. In these conditions, the uterine cervix is able to pass spike electrical
signals of proximal regions of the organ [2, 55].

Interestingly, according to the results presented in this work, ischemia of the
uterine artery supplying blood to the ovarian end of uterine horn [56] leads to the
opposite changes of amplitude parameters in the abovementioned region and uterine
cervix. With twice decrease of amplitude value of spikes in uterine horn, this param-
eter of slow-wave activity in the uterine cervix increased one and a half times (to
152.3%). Thus, there is a certain correlation between rhythmogenesis in the ovarian
end of horn and uterine cervix. As it was noted above, during labor occlusion of the
uterine vessels is observed. Reduced blood supply (from 30 to 100%) leads to relax-
ation with intermittent increasing contractions during labor [21, 30]. Probably, sig-
nificant increase of amplitude of slow waves in the uterine cervix under the influence
of ischemia confirms the activation of that process, which stimulates compression of
the cervical lumen during suppression of spike automatism in the proximal locus of
horn, leading to the muscle relaxation. Possibly, this mechanism provides feedback
for the normal process of delivery. The results presented here may be important for
the development of a model, allowing to regulate the uterine contractility in patho-
logical situations in clinics.

In analysis of the oxytocin action on the ovarian areas of uterine horns, it can be
noted that the main effect under the influence of this hormone is expressed as a sig-
nificant increase of duration of spike discharges. At the same time, rather low content
of the substance in blood (107! pg/kg) caused significant (up to threefold) increase of
this parameter compared to the norm. To provide the uterine contractile activity dur-
ing the labor, coordination of all pacemaker areas, determining polarity of its direc-
tion, is necessary. According to literature data [34], as well as the results presented in
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this work, the coordinating role can be assigned to the ovarian end of horn. It is also
shown that the duration of electrical activity discharges is a determining factor of the
occurrence of the coordinated uterine contractions [3, 57]. The longest duration of
the genesis of electrical discharges in the ovarian end of horn under the stimulation
by oxytocin also confirms the leading role of pacemakers of this region. In this case, a
simple registration of duration of the activity genesis from the abdominal surface of
patients not requiring additional measurement of the amplitude and frequency values
can help in clinics for an objective assessment of coming labor.

As it was mentioned above, nowadays the abilities of clinicians to regulate the
uterine contraction, particularly, in preterm labor, remain limited. Possible solution
of this problem may be the inhibition of contractions by regulation of signals, provid-
ing its genesis. Based on this, it is necessary to identify and study the mechanisms,
supporting this process.

To date, the nature of the genesis of pacemaker electrical rhythms has not
been fully investigated. In some types of spontaneously active smooth muscle,
interstitial cells of Cajal (ICC) or ICC-like cells have been found. ICC-like cells
(pacemaker cells of the gastrointestinal tract) are also found in the urethra, portal
vein, urinary bladder, and ureter [57-60]. Moreover, the studies on ICC-like cells
isolated from the urethra and urinary bladder showed their ability to generate
spontaneous activity.

It has been experimentally shown that these cells are the main in generation
and coordination of the muscular electrical activity, which creates peristalsis in the
gastrointestinal tract. The existence of cells having complex geometry and terminal
processes, such as the interstitial cells of Cajal, was also described in the myometrium
[43]. Despite the nature of these cells has not been studied yet, we can not exclude
their function similar to the interstitial cells of the gastrointestinal tract, providing
generation and coordination of the contractile activity. In the recently presented data
on the study of coordination of miometrial contraction, there is a conclusion about
abovementioned process regulation by detected interstitial cells of Cajal in the uterus,
action of which is similar to the hormonal “sensors” [61].

By morpho-histochemical studies, we have identified a great amount of round
or oval atypical cells with high levels of Ca**-dependent acid phosphatase activity
in longitudinal sections of the ovarian part of uterine horn in intact rats. We have
also found such cells in the cervical end of uterine horn and uterine corpus, but
the greatest accumulation of them was detected in the ovarian end of horn. Under
the oxytocin action, a sharp increase in cytoplasmic enzyme activity of intensive-
colored atypical cells was observed. These cells are colored so dark in the ovarian
part of uterine horn that gives the locus of their location a completely blacked-out
form, in contrast to the cervical part of the horn and uterine corpus. Thus, detec-
tion the greatest number of atypical cells in the ovarian end of horn can confirm
the fact of the longest duration of electrical discharges in this area and the leading
role of this particular locus in genesis and coordination of activities of the subse-
quent downstream active regions.
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