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Long-Term Implicit Epigenetic Stress Information (Primordial Emotions)
in the Fetal Enteric Nervous System May Contribute to The Development
and Maintenance of Irritable Bowel Syndrome
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Abstract

We recently suppose that during pregnancy, stress-induced long-term
implicit memory (SLEIM) might persist throughout life via the enteric
nervous system (ENS) through epigenetic processes, distinct from the
central nervous system (CNS). These memories could be pivotal in initiating
and sustaining irritable bowel syndrome (IBS). We later improved on our
original hypothesis. Specifically, prenatal stressors can alter the mother’s
gut microbiota by perturbing the Hypothalamic-Pituitary-Adrenal (HPA)
axis and elevating cortisol levels in the blood. Due to the ability of maternal
cortisol to bypass the placental barrier, the fetus’s cortisol levels can also
increase, which disrupts the HPA axis, affecting the fetus’s intestinal
permeability, microbial metabolites, and gut microbiota. Epigenetic
modifications induced by microbial metabolites such as short-chain fatty
acids — which also influence the development and epigenetic processes of
the fetal ENS — may lead to various gut-related illnesses. The bidirectional
microbiota-gut-brain axis (MGBA) may convey this SLEIM information
from the embryonic ENS to the CNS, resulting in the malfunctioning of
emotional and pain processes.

Here we assume that the fetal ENS records SLEIM during pregnancy as
primordial emotional information and conveys it to the CNS via MGBA.
However, fetal CNS cannot interpret these stress signals from the ENS
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of the CNS. The CNS tries to manage the SLEIM signals, triggering stress
response systems such as the HPA axis and the immune system, which in
turn influence intestinal processes.
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Introduction

The enteric nervous system (ENS) serves a fundamental function as an
integrating hub for controlling gastrointestinal physiology [1]. Epigenetic
regulation plays a crucial role in the functioning of the EN'S [2-5]. The ENS can
also operate independently of any neural input from the CNS [6]. In addition,
evidence suggests that the ENS may possess the capacity for learning and
memory [7-9]. According to Schemann et al. [9], the ENS functions similarly
to a “little brain” or “second brain” within the gut, capable of memorization
and implicit learning. According to a new assumption we recently presented
[10], psychological stressors such as maternal depression and anxiety may
induce stress-induced long-term epigenetic implicit memory (SLEIM) in the
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fetal ENS. These stress-associated memories may persist
throughout an individual’s lifetime in the fetal ENS. SLEIM
in the fetal ENS can subtly disrupt intestinal homeostasis
processes, which can then relay these signals to the brain.
These signals might result in symptoms such as bloating,
stomach pain, and changes in bowel habits like diarrhea,
constipation, or both. However, they may not be potent enough
to cause organic changes. Additionally, the microbiota-
gut-brain axis (MGBA) serves as a pathway through which
SLEIM from the ENS can infiltrate the central nervous
system (CNS), impeding the CNS’s ability to process pain
and emotional responses [11-15]. Consequently, disturbed
cortical-limbic pathways may induce negative emotions and
increase perceived pain sensitivity (somatization).

Even though the CNS has taken steps to mitigate the
effects of the SLEIM signals, the MGBA continues to transmit
these signals from the ENS to the CNS. However, it is the
responsibility of the CNS to manage the inflow of SLEIM
signals from the gut, which in turn influences intestinal
function by initiating stress response systems such as the
Hypothalamic-Pituitary-Adrenal (HPA) axis and the immune
system. Consequently, a vicious cycle arises between the
ENS and the CNS.

We later elaborated on our initial hypothesis and pointed
out the potential of maternal stresses in producing SLEIM in
the fetal ENS (Figure 1) [16]. When maternal prenatal stress
occurs, it results in an imbalance of the HPA axis that escalates
circulating cortisol levels, which could then impact the
maternal gut microbiota [17]. This elevated maternal cortisol
can permeate the placental barrier, raise the circulating cortisol
levels in the fetus, and induce a dysregulation of the HPA
axis. This, in turn, may affect the gut microbiota, microbial
metabolites, and intestinal permeability, among other things
[18]. Moreover, cortisol receptors can be identified in
several gut cells, including immune cells, enteroendocrine
cells, enteric neurons, and epithelial cells, which suggest
that cortisol directly influences gut functionality [19]. The
primary metabolites of the microbiota, SCFAs [20], are
capable of regulating the cortisol response to psychological
stress [21]. These SCFAs can influence multiple mechanisms
along the MGBA through direct, and indirect pathways, and
epigenetic signaling [22]. Additionally, SCFAs can regulate
fetal ENS development [23]. The metabolites of the gut
microbiome, notably SCFAs, can affect various disorders by
inducing epigenetic alterations through DNA methylation,
histone modification, and non-coding RNA-associated gene
silencing [24, 22]. The processes mentioned above suggest
that SLEIM can be preprogrammed into the fetal ENS during
pregnancy. This could endure for a lifetime and significantly
contribute to the onset and duration of IBS.

Here we link our previous hypothesis [16] — that fetal ENS
may be preprogrammed with implicit, long-term epigenetic
memories related to stress experienced during pregnancy — to

the new theory suggested by Boem et al. [25]. This theory
concerns embodied cognition and perception towards the
gut complex, explicitly, the primordial emotions (proto-
cognition) in the ENS. We suggest that fetal ENS is able to
record implicit, long-term epigenetic stress memories during
pregnancy as primordial and non-representational emotional
information [16, 25]. This may clarify why it is challenging
to access the SLEIM of ENS and treat IBS using various
methods and medications.

Irritable Bowel Syndrome: Comorbid
psychiatric illnesses are present in 50-90% of
ibs patients

Between 9% and 23% of people worldwide suffer from
irritable bowel syndrome (IBS), a persistent and debilitating
Functional Gastrointestinal Disorder (FGID) [26, 27]. IBS
is a multi-factorial and heterogeneous disorder that engages
pathophysiological central, peripheral, and genetic factors
[28]. Common symptoms of IBS include frequent stomach
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Figure 1: The parts and lines marked in red represent our simplified
hypothesis about how stress-induced long-term epigenetic memory
(SLEIM) may be programmed into the fetal ENS during pregnancy.
The other processes in Figure 1 indicate complex processes of the
intestine that could also play various roles in these processes. This
figure is adapted from our open access paper: Csaszar-N N, Bob
P, Bokkon I. Long-Term Implicit Epigenetic Stress Information in
the Enteric Nervous System and its Contribution to Developing and
Perpetuating IBS. Curr Neuropharmacol. 2024;22(13):2100-2112.
https://pmc.ncbi.nlm.nih.gov/articles/PMC11337685/
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pain, bloating, and alterations in bowel habits such as
diarrhea, constipation, or alternating bouts of constipation
and diarrhea, all of which occur without detectable structural
and biochemical abnormalities [29]. Patients with IBS also
frequently experience digestive symptoms such as nausea,
non-cardiac chest pain, dyspepsia, and dysphagia [30].
Women are more frequently affected by IBS than men;
however, the reasons for this gender prevalence remain
unclear. Furthermore, compared to men with IBS, women
have been found to experience higher levels of fatigue,
anxiety, sadness, and a diminished quality of life [31].

The possible mechanisms for the pathophysiology of IBS
have been linked to multiple factors. These include genetic
and epigenetic factors, impaired immune processes, stress-
related effects on the nervous and endocrine systems, HPA
axis dysregulation, disorders in the interaction of the brain-
gut axis, dysbiosis, altered gastrointestinal motility, visceral
hypersensitivity, infections, food sensitivity, carbohydrate
malabsorption, and abnormalities in serotonin metabolism.
However, the exact cause of the condition remains unknown
[32, 26, 33].

Psychiatric and mood disorders, including anxiety,
depression, bipolar disorder, suicidal thoughts, and eating
disorders, are increasingly implicated in the development and
maintenance of IBS [34-38]. It appears that IBS is the most
prevalent disorder related to bidirectional communication
via the MGBA [28]. IBS may be a condition characterized
by disruptions in brain-gut interactions and stress response
systems, such as the autonomic nervous system (ANS) and
HPA axis, with corticotropin-releasing hormone-dependent
dysregulation of the MGBA implicated in its presentation
[39].

Comorbid psychiatric illnesses are present in 50-90%
of IBS patients, with anxiety disorders and depression
being the most common [40, 41]. IBS patients are three
times more likely to suffer from anxiety or depression than
healthy individuals [42]. Additionally, studies have revealed
familial clusters of IBS, suggesting a potential generational
inheritance aspect [43-45]. While numerous factors may
contribute to the development of IBS, scientific evidence
suggests that stress could be a key factor in its onset.
Psychotherapy, medication, dietary changes, microbiota
transplantation, and complementary and alternative therapies
are some of the current methods used to treat IBS [46-48].
We should mention that the Vagus nerve stimulation could
be a promising treatment method for intestinal abnormalities
and depressive symptoms in IBS [49, 50]. It’s important to
remember that these therapies are intended to IBS alleviate
symptoms rather than provide a complete cure for IBS.

Maternal stress and anxiety during pregnancy

Maternal stress during pregnancy significantly impacts
fetal development and leaves a lasting effect on various

offspring’s developmental areas such as metabolic
functioning, cognitive growth, and emotional maturation
[51, 52]. Pregnancy may be the most mentally sensitive
period in a woman’s life. Approximately 10% of pregnant
women experience symptoms that meet the criteria for
a major depressive disorder, and up to 20% may face
depressed symptoms during their pregnancy [53]. Other
studies have reported that up to 25% of pregnant women
experience high levels of stress, which is associated with
a higher risk of unfavorable delivery outcomes and poor
mental health postpartum [54, 55]. Moreover, maternal
exposure to traumatic events during pregnancy has been
linked to a higher lifetime risk of psychiatric problems [56].
Furthermore, the fear of childbirth experienced by women
before a first pregnancy mirrors the fears reported by those
who are currently pregnant [57]. One in five women suffer
from peripartum anxiety disorders, which are more prevalent
than previously assumed [58]. However, [59] emphasize
the pivotal and deleterious role of maternal stress during
pregnancy. The link between the intestinal microbiota and
the HPA system is the primary communication mechanism
within the microbiota gut-brain axis (MBGA) [60]. Maternal
cortisol has garnered significant interest due to its critical
role in the physiology of fetal growth and maturation [61].
The wellbeing of both mother and fetus can be negatively
affected by disruptions in the operation of the maternal and
fetal HPA systems, often resulting from maternal stress
[62]. Maternal cortisol can disturb gut microbiota, microbial
metabolites, intestinal permeability, and other processes.
Given that it can cross the placental barrier, it can increase
circulating levels in the fetus and result in dysregulation of
the HPA axis [60].

The enteric nervous system with memory and
implicit learning

The gastrointestinal tract is the only internal organ that
develops its own independent nervous system, known as the
ENS. The ENS is the largest and most complex unit of the
peripheral nervous system. The gastrointestinal tract (GIT)
is innervated by approximately 200—600 million neurons
and glial cells embedded within its walls [63]. The ENS
plays a crucial role as an integrating hub for controlling
gastrointestinal physiology [1]. Enteric neurons and their
networks have traditionally been considered persistent
throughout life. However, growing evidence suggests
that neurogenesis and plasticity exist within the postnatal
ENS [64-67]. Most of the neurotransmitters secreted by
the ENS are also found in the CNS, such as acetylcholine,
GABA, dopamine, and serotonin, among others [68, 69].
The development of the ENS’s millions of neurons and glial
cells from neural crest cells (NCCs) is governed by genetic,
epigenetic, and various signaling processes [70]. Proper
epigenetic regulation is crucial for the ENS’s functionality
[3, 5]. Epigenetic control plays a pivotal role in the ENS’s
operation [2-5].
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For instance, studies indicate that the pathophysiology
of Hirschsprung’s disease can be affected by alterations in
gene expression, which include DNA methylation, histone
modification, and microRNA regulation, occurring during
ENS development [4, 3]. Additionally, microbiota-sensitive
epigenetic mechanisms have been detected in local intestinal
cells and peripheral tissues [71]. A variety of embryological
model systems, such as zebrafish, birds, and rats, have been
leveraged to investigate ENS development [72]. Specifically,
the zebrafish is considered a crucial model for understanding
vertebrate ENS development [73]. [74] discovered in
zebrafish studies that the ENS symptoms observed in double
mutants for uhrfl and dnmtl are no more severe than those
in single mutants. They suggested that complete DNA
methylation is required for appropriate ENS formation and
that Uhrfl and Dnmt1 function together. Hence, dnmtl and
uhrfl may be new candidates for Hirschsprung’s disease.
The ENS is a complex and autonomous neural system that
develops independently and before the CNS. Often referred
to as the “first brain” in evolutionary terms, the ENS can
operate without any neural input from the CNS even though
they can communicate bidirectionally via the MGBA [6, 75].
Moreover, several studies suggest that the ENS might possess
the capacity for learning and memory [7-9]. In other words,
the ENS could function as a “little brain” within the gut,
playing a role in memory retention and implicit learning [9].

Primordial emotions encoded in the fetal ENS

Recently, a new concept was suggested related to
embodied cognition and perception, specifically in relation
to the gut complex [25]. This new theory suggested that
embodied cognition is not representational but instead
distributes cognition in or through the body without relying
on the concept of representation. The primordial emotions are
postulated as the evolutionary beginning of consciousness
[76]. They frequently signal that the very existence of the
organism is threatened [77, 76]. Emotions play a critical role
in the evolution of consciousness and the operations of all
mental processes [78]. Primitive (or primordial) emotions,
such as thirst, hunger for air and food, or pain, provides longer-
lasting intentions and motivations, in addition to experiences
[76]. Studies on Hydra have provided evolutionary evidence
that the ENS developed before the CNS [75]. Despite lacking
a brain or spinal cord, Hydra has maintained an innate neural
system for over 600 million years. Moreover, even organisms
devoid of a nervous system, such as protists, fungi, and
plants, can exhibit various forms of elementary learning [79].
Furthermore, physical parts, activities, or content can play a
decisive role in forming and processing cognitive processes.

In the gut, unconscious perception is viewed as a
principle characteristic of visceral perception, occurring
“largely outside of awareness” [80]. Additionally,
unconscious mechanisms that dictate behavior include gut

microorganisms, which influence fundamental behavioral
patterns and cognitive function [81]. Furthermore, epigenetic
processes significantly contribute to the development of both
unconscious and conscious memory processes [16, 82-85].

Several theories attempt to explain the complex nature
of emotions. However, there are over 90 definitions in the
literature about emotion [77]. Theories about emotions
conventionally divide into two categories. According to
cognitive theories, emotions are or essentially involve
evaluative thoughts or judgments. The non-cognitive theories
claim that an emotion can occur without any thought.
Simply put, emotions are reactions that people experience in
response to events or situations. Primordial emotions such as
thirst, hunger for air, hunger for food, pain, etc. constitute
the subjective component of instincts, which are genetically
programmed behavioral patterns that result in homeostasis
[76]. Developing emotional systems play a key role in the
cognitive representational development [86]. We assume
that maternal stress generates SLEIMs in the fetal ENS,
which actually belong to primordial emotions (general, non-
representational fears) that the fetal ENS can record.

Conclusions

The ENS can operate independently of the CNS [6].
This indicates that, during embryonic development post-
conception, the early-formed ENS (with primordial emotions
and very basic cognition) can execute implicit learning
independently from the CNS. As previously discussed, a
significant proportion of pregnant women endure high stress
levels, which potentially disrupts fetal ENS development
due to stress-induced dysbiosis. Information regarding this
maternal stress, in the form of primordial emotions, may
be encoded within the fetal ENS via implicit, enduring
epigenetic processes, separate from the CNS. Maternal
stress can instigate dysbiosis, disturb gut microbiota and
microbial metabolites, and affect intestinal permeability,
among other processes. These factors can be influenced by
maternal cortisol, which can permeate the placental barrier,
elevate circulating levels, and cause HPA axis dysregulation
through the MGBA [60]. The pregnant women’s emotional
states affect actual fetal development [87]. However, the
fetus does not know what stressful events are happening in
its mother, it only senses that increased cortisol levels are
entering its system through the placenta, which creates a
general, unrepresentative fear (primordial emotions) in it. We
hypothesize that maternal stress creates SLEIM in the fetal
ENS [16], which are primordial emotions that the fetal ENS
can record independently of the CNS. In other words, the fetal
CNS cannot interpret these implicit primordial stress signals
from the ENS since they are not linked to representations
and operate independently of the CNS. Despite this, the CNS
must deal with the influx of SLEIM signals from the ENS,
triggering stress response systems such as the HPA axis
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and the immune system, which in turn influence intestinal
processes. Between the ENS and the CNS, this interplay
creates a "vicious circle" resulting in the malfunctioning of
emotional and pain processes in the CNS. Our assumption
may help to understand why IBS is difficult to treat with
various methods and medications. However, it’s crucial to
remember that diverse therapies may reduce symptoms rather
than offer a full recovery from IBS.
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