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Abstract
Keywords The microbiome-gutbrain axis (GBA) is referred to as the interaction of
Gut-Brain Axis,  synaptic signals between the microbiota and the central nervous system (CNS)
Neurophysiological Pathways, in the gut. It represents the cerebral response of microorganisms within brain

Neuroinflammation, Physiological  fynctions as well as the physiological health of the body. It is a review of the
Stress, Neurodegenerative Disease  developmental onset of the host-associated microbiome and how it is regulated
at the beginning of life, specifically the relationship between gut bacteria and
the nervous system. The study applies a mixed approach to see how brain
activity, neurotransmitter release, and neurophysiological processes shape the
growth and working of gut microbes. Findings point out that the
neurophysiological part is highly important for gutbrain connection and
wellbeing. This has medical value, since knowing how the brain impacts the
microbiome can help doctors design new treatments for gut and mental health
problems. When the study examines pathways like the vagus nerve and the
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circuitries. It is observed that stress significantly modifies the microbes of the
gut and eventually affects behavior and mental health. The review also
examines how the microbiome is linked to brain diseases, showing that
imbalance may make inflammation and brain decline worse. In the end, the
study suggests that adjusting the microbiome has value for therapy, proposing
the use of psychobiotics and clinical trials to confirm these methods. In general,
it highlights that knowing the GBA is wery important for guiding new
treatments for brain and mental health problems.

Introduction to Neurophysiology and Gut
Microbiome

Neurophysiology is a part of physiology that
deals with how the nervous system functions. It
explains how signals move between neurons
through electric charges and chemicals. The gut
microbiome refers to the many microorganisms
found inside the digestive system, and these are
very  important for  human  health.
Understanding the link between
neurophysiology and the gut microbiome is
necessary. There is a need to understand the

connection between neurophysiology and the
gut microbiome. The two-way bi-directional gut-
brain pathway enables the gut and brain to
communicate with each other. It also relates
the thoughts and feelings of the brain to the
functionality of the gut. This system supports
the gut as well as it has a role in mood,
behavior, and day-to-day thoughts.
Neurophysiology is a branch of research that
examines the structure and functions of the
brain and neurons where individuals gain
knowledge on how the nervous system
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influences human behavior. The nervous
system allows the brain to balance the body
through messages transmitted between the
brain and the spinal cord.

Muscles and organs are also controlled by the
neurons and maintain communication within a
human body. They deal with inflammation as
well as the immunological responses of the
body (1). Such processes have the ability to alter
the host microorganisms in the gut and their
functionality. The brain gut axis closely relates
to gastrointestinal concerns and problems.
Neurons may affect the digestive system and the
hormone system, whereas gut movements,
enzymes discharge, and gut defensive cover are
guided by the central nervous system (2). These
activities all influence the microbiome and
demonstrate the role of neurophysiology. A
proper brain- gut axis is required to allow the
modify its
environment, altering microorganisms balance.
This changes the microbial behaviour. The
microbiota are controlled by sending signals
sent to the brain by chemical processes in the
body. Through a combination of the study of
gut microbes, how the brain works, and
behavior, people can discover new approaches
to understanding life (3).

microbiome to wall and

Microbiome-Gut-Brain Axis
Microbes are first colonized in the human body

when a fetus becomes exposed to the

microbiota of the mother in the uterus. Most of
the research  indicates that neonatal
microbiome profiles seeding procedure is
affected by either vaginal or csection birth,
which results in observable differences among
them (4). An array of other conditions during
the early life stages of neonats (delivery,
preterm birth, breastfeeding, host genetics,
maternal infection, obesity,
stress, and the administration of antibiotics and
non-antibiotics) may change the microbiome
profile of the neonatals in a big way (5). The
GIT microbes remain fairly stable in terms of
composition throughout the lifetime of an
individual and person-specific. In other studies
on the metabolic activity of GIT microflora and

environment,

the crosstalks of the microbe-host interactions
introduce the value of microbial communities
to the homeostasis, and health of the host (6).

The CNS, ENS, and gastrointestinal (GI)
microbiota are associated with the biochemical
signaling between the brain and the GIT i.e.
gut-brain axis (GBA). Recent studies of GBA
the importance of intestinal
involvement in such

have shown

microbiota interactive
processes, namely between the GI microbiota
and the brain by humoral, immunological,
neurological, and endocrine pathways. (4).
Since GI microbiota imbalances can affect the
physiology, cognition, and behavior of the
brain, research on the GBA has received a lot

of attention in recent years (5-7).
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Figure 1: Microbiome Gut Brain Axis (8)
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Neuronal Pathways for Gut-Brain Axis
Interactions

There are two neuroanatomical pathways in
which the gut and the brain interact. Firstly,
the gut-brain communication is direct since the
autonomic nervous system (ANS) in the
backbone of the spinal cord and the vagus
nerve (VN) can interact. Second, the bilateral
communication of the gut and the brain based
on the GIT which in addition to the ANS and
VN enables the gut and the brain to interact
bilaterally (12). The bacteria establish direct
neural interaction between the brain and the
Gl microbiota via the stimulation of ENS
afferent neurons and VN (13). Likewise, anti-
inflammatory impact of the vagal stimulation
and various beneficial impacts on the gut
microbiota and probiotic stem are numerous
and critical. (12). There have been many
preclinical studies that indicate that the
pathophysiology ~ and  pathogenesis  of
neurological and psychiatric diseases such as
anxiety, depression, Alzheimer disease, multiple
sclerosis and Parkinson disease and intestinal
disorders such as inflaimmatory bowel disease
(IBD) and irritable bowel syndrome (IBS) are
related to imbalance of the gut microbial
communities, or more simply put, dysbiosis, in
the gut microbiota. (9-12).

Communicative Mechanisms

A connection of the gastrointestinal system
with the central nervous system (CNS) is
referred to as brain-gut axis. It has twoway
pathways, and these are, neural, immune,
hormonal and metabolic signaling (18). The gut
microbiota functions and forms can have their

way altered by the autonomic nervous system.
This rule influences gut motility, intestinal
passage, secretion and permeability (19). The
intestinal microbiota may mediate enteric
nervous system (ENS) and central nervous
system  (CNS)  signal  through  various
mechanisms which comprise: humoral and
neural mechanisms.

Recent research has categorically attributed the
direct interaction of the bacteria and the brain
to the vagus nerve. The intestinal microbiota
can also alter central and peripheral
neurochemistry by controlling the level of
neurotransmitters, neuropeptides, and
neurotrophic factors. Also, the microflora can
possibly have a direct route to alter the brain
chemistry via the vagus nerve in a short period
of time. (13). The regulation of intestinal
permeability through gut-associated lymphoid
tissue (GALT) and its release of antimicrobial
peptides also seems to be influenced by
communication between the ENS and
intestinal microbes. Lastly, since many
disorders associated with microbial changes are
accompanied by an inflammatory response, the
microbiota's modulation of central and
systemic inflammation is probably relevant.
While bioactive bacterial products, secreted
proteins, small molecules, neurochemicals, and
toxins can be transported via the lymphatic or
circulatory systems, other cargo may be
transported via the vagus nerve. Numerous
mechanisms for gut microbial signaling have
been proposed because the luminal microbiota
can affect gut-brain communication even when
there are no notable changes to the population
as a whole.
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Figure 2: Neurophysiological Pathways Shaping the Gut Microbiome (14).

Among these are:

1. The synthesis of microbiological
compounds that penetrate the mucosal barrier
and influence adjacent afferent neurons that
connect to the central nervous system.

2. The types and quantities of circulating
host molecules that originate in the intestinal
tract and subsequently impact brain function.
3. The activation of immune,
enteroendocrine, or epithelial cells that release
chemicals that impact circulation or afferents.
4. Direct communication with nearby
afferents that are situated within the epithelial
barrier.

5. Prolonged alterations in intestinal
permeability that allow gut luminal factors that
affect circulating or afferent factors to pass
through.

Alteration of other systems that affect luminal
cargo and its passage to the host, including
intestinal receptor expression, mucus
production, and gut motility. Consequently,
the microbiota may affect brain function
through a wide range of bioactive cargoes,
including microbial, environmental, and host
components (2).

Effects of Stress on Gut Microbiome
Psychological and physiological stress might
cause changes in the gut microbiota in terms of

composition (22). Norepinephrine and other
catecholamines have the ability to alter the gene
expression of a number of bacteria and result in
population increase of specific communities.
The increase in norepinephrine concentration
in the intestine in vivo leads to the gut
microbiota changes, indicating the possibility of
one of the mechanisms through which
psychological stress leads to shifts in bacterial
populations.

The expression levels of tight junction proteins
in the amygdala, hippocampus, and intestine
are decreased by psychological stress, which is
highly associated with intestinal microbiota
disruptions. In turn, this intestinal barrier and
blood-brain barrier hyperpermeability could be
driven by stress-induced changes in the gut
microbiome, thus being of particular
importance to gutbrain communication and
pathogenesis of psychological disorders. The
experimental interruptions of the microbiota
alter stress responses, anxiety behavior, and
HPA-activation. Social stress models also
contribute to changes in the gut microbiota
composition and in the production of
metabolites, which attribute the microbial
communities to  stressrelated  disorders,
including depression. (15).

Microbial Metabolites and Brain Signaling
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Gut microbiota exert a profound influence on
brain function through the production of
diverse bioactive metabolites that act as critical
mediators within the microbiome-gut-brain
axis (MGBA). These metabolites facilitate
communication between the gastrointestinal
system and the central nervous system (CNS)
via neural, immune, and endocrine pathways,
thereby contributing to the regulation of
neurological processes and behavioral outcomes
(16). Short-chain fatty acids (SCFAs), including
acetate, propionate, and butyrate, are among
the most extensively studied microbial
metabolites. They are produced through the
fermentation of dietary fibers by gut bacteria
and play a vital role in maintaining intestinal
barrier integrity and modulating systemic
inflammation. Importantly, SCFAs can cross
the blood-brain barrier and influence brain
physiology by promoting  neurogenesis,
enhancing synaptic plasticity, and reducing
neuroinflammatory responses. Apart from the
SCFAs, the gut microbiota has the capability to
synthesize and modulate neurotransmitters like
serotonin, gamma-aminobutyric acid (GABA),
and dopamine precursors.

A significant amount of serotonin is made in
the gastrointestinal tract which showcases the
importance of microbial activity in regards to
mood regulation as well as emotional stability.
These neurotransmitters can impact the
functioning of the brain directly or indirectly
via the activation of neural circuits and
immune signaling pathways. The microbial
metabolites also have an important role to play
in terms of immune modulation. Specific
bacterial products stimulate the immune cells
for releasing cytokines and other inflammatory
mediators which can impact the functioning of
the brain by modifying neuroinflammatory
pathways. The close relationship between gut
microbiota, immune responses, and
neurological health - in the context of chronic
inflammatory conditions - is highlighted in this
interaction.

Disruptions  within  microbial ~metabolite
production have been linked to numerous
neurological and psychiatric disorders like
depression, anxiety, and even
neurodegenerative diseases. Reduced levels of

beneficial metabolites and imbalances in
neurotransmitter  production may cause
progression in disease as well as impaired
cognitive functioning. Hence, the therapeutic
potential of targeting microbial metabolites
with the goal of restoring neurological balance
and improving mental health outcomes is

highlighted in these findings (14).

Impact of Gut Microbiome on Brain
Function

The gut microbiota produces multiple
neuroactive metabolites and neurotransmitters
which have a direct impact upon the neural
signaling and brain functioning like serotonin,
gamma-aminobutyric acid, and short-chain fatty
acids (24). These microbial products circulate
in the gut-brain axis as they impact the integrity
of the blood-brain barrier, neurogenesis and
synaptic plasticity, thereby effecting the mental
health and cognitive functioning (25).
Moreover, the pathophysiology of several
neurological and  psychiatric  conditions,
including anxiety, depression, and
neurodegenerative disorders have also been
closely linked to microbial dysbiosis, and this
demonstrates the importance of maintaining a
balance of gut microbes in the health of the
brain (26). Actually much of the serotonin in
the body is synthesized in the gut and the gut
microbiota directly affect mood and other
forms of affective behaviors via the production
and metabolism of neurotransmitters such as
serotonin (27).

Microbial metabolites including short-chain
fatty acids, with which the blood-brain barrier
has been demonstrated to be permeable, have
been shown to affect the function and integrity
of the central nervous system significantly and
capable of directly influencing neuronal
activity, neuroinflammation, and
myelinogenesis. (16). This intricate
communication between the gut and brain is
further mediated by various afferent and
efferent pathways, including the vagus nerve,
immune system, and neuroendocrine systems,
which collectively convey information about
the intestinal state to the central nervous
system and vice versa (17, 18).
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Figure 3: Microbiome gut-brain axis pathways and their neurophysiological interactions(19)

Psychological Stress and Microbial Diversity
In adverse environmental conditions, stress
leads to unified physiological modification that
assists organisms to keep or recuperate
homeostasis. Nevertheless, pathological effects
on the brain and peripheral nervous system
may be caused by prolonged, severe, and
repeated stress, affecting one negatively. It has
now been revealed that the gut microbiota is
very important in the regulation of stress
responses and health outcomes. There are
various definitions of stress in the literature
and therefore there is a need to critique them.
Defining psychology, stressors are unpleasant or
unpleasant psychological stimuli, which, by
definition, cause excessive load on the
psychophysiological reserves of the body. These
states that disturb or threaten the physiological
homeostasis of an organism are known as
stressors in the biology domain since they can
result in a stress response.

These definitions all focus on the conditions
that an organism is put under when it has had
its physiological or psychological threshold
surpassed even though more or less emphasis is
put on physiological or psychological variables.
Both the hypothalamic-pituitary-adrenal (HPA)
axis and the autonomic nervous system (ANS)
act synergistically to create the combined
neuroendocrine and autonomic response to
perceived or real homeostatic threat. The
corticotropin-releasing  factor (CRF) and

arginine vasopressin are released by the
paraventricular  nuclei (PVN) of the
hypothalamus and initiate the release of
adrenocorticotropic hormone (ACTH) by the
pituitary. This leads to the release of
glucocorticoids by the adrenal cortex which
helps in mobilizing the resources of energy. To
enhance the fight or flight responses, the
sympathetic nervous system (SNS) and adrenal
medulla concurrently release noradrenaline and
adrenaline (23).

It is important to note that integrative
neuroendocrine mechanisms involved in stress-
mediated  pathologies  since  stress s
omnipresent and chronic in contemporary life.
Such knowledge is quite broad in medical,
psychological, and social problems. One of
such challenges is the manner in which stress
influences the stability, diversity, and general
impact of the gut microbiota on stress
adaptation. The evidence of gut microbiota and
stress association is vast. The metabolic
activities and composition of gut microbiota
under animal stress was affected. Moreover
stress-related microbes were quite influential on
behavior, health, and brain functioning (e.g. by
activating specific pain receptors), colorectal
inflammation and a predisposition to infection.

(20).
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Integrative Modulators of the Brain Gut
Microbiome Axis

1. Biochemical Regulation

The brain-gut-microbiome axis is controlled
by a complex biochemical network of
neurotransmitters,  microbial = metabolites,
immune mediators, and endocrine signaling
molecules. A small number of neuroactive
molecules, such as serotonin, y-aminobutyric
acid (GABA), dopamine and acetylcholine, can
be produced or modified by gut microbes,
which can affect neuronal communication and
host behavior. The predominant source (~90-
95%) of the body’s serotonin is the
gastrointestinal (GI) tract, where microbial
metabolism of dietary tryptophan plays a key
role in serotonergic signaling. Alterations in the
microbial makeup can disturb the metabolism
of tryptophan. This results in compromised
neurotransmission and a greater propensity for
neurological and mental health conditions (21).
Bacterial products, short-chain fatty acids
(SCFAs), mainly acetate, propionate and
butyrate, are produced by fermentation of
dietary fibre. These metabolites help to preserve
the integrity of the intestinal barrier, modulate
immune responses, reduce oxidative stress and
affect  brain  function by  regulating
neuroinflammation, microglial development
and epigenetic signalling pathways.
Furthermore, dysbiosis increases the
production of pro-inflammatory cytokines, such
as tumor necrosis factor-at (TNF-at), interleukin-
6 (IL-6) and interleukin-1f (IL-1B), which
damage the blood-brain barrier and cause
neuroinflammation and cognitive decline (22).

2. Environment Influences
Environmental factors play a role in the
composition, diversity and metabolic activity of
the gut microbiota, which in turn modulate
bidirectional communication along the brain-
gut-microbiome axis. Diet is one of the key
modulators of microbial homeostasis. High-
fiber diets promote beneficial SCFA-producing
bacteria while Western dietary patterns rich in
saturated fats and refined sugars are associated
with dysbiosis, chronic inflammation, and
metabolic dysfunction (23).

Heavy metals, pesticides, endocrine disrupting
chemicals, air pollution and microplastics have
all become key modifiers of gut microbial

composition. By disrupting intestinal barrier
integrity, promoting oxidative stress and
activation of inflammatory signalling pathways,
these contaminants reduce microbial diversity,
impair  gut-brain  communication  and
predispose to metabolic and neurological
disease (24).

Microbial dysbiosis is further exacerbated by
lifestyle-related environmental variables such
long-term psychological stress, sleep disorders,
smoking, alcohol use, exposure to antibiotics,
and inactivity. These disruptions increase the
risk of anxiety, depression, cognitive decline,
and neurodegenerative disorders by altering the
activity of the hypothalamic-pituitary-adrenal
(HPA) axis, immunological control, microbial
metabolite synthesis, and neuroendocrine
signaling (15).

3. Exercise and  Physiotherapeutic
Interventions

Exercise is becoming more widely accepted as a
nonpharmacological intervention to modulate

the  brain-gut-microbiome axis.  Regular
moderate physical activity improves intestinal
barrier function, reduces systemic

inflammation and increases SCFA production
by increasing gut microbial diversity and by
enriching  bacterial  genera  such  as
Akkermansia, Faecalibacterium and Roseburia.
Exercise also improves cognitive performance,
neurogenesis and vagal nerve activity through
microbiome-mediated mechanisms (15).

According to a physiotherapeutic perspective,
such interventions as aerobic exercise,
resistance exercise, breathing exercises, vagal
stimulation techniques and rehabilitation
programmes may improve psychological well-
being, gastrointestinal motility and
autonomous regulation. These interventions
have shown promise as adjunctive therapies for
neurodegenerative diseases, anxiety, depression
and irritable bowel syndrome (IBS) by
improving gut-brain communication and
restoring microbial homeostasis. Nevertheless,
more randomized clinical trials are needed to
establish ~ standardized  physiotherapeutic
protools aimed at the brain-gut-microbiome

axis (25).
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Gut Microbiome and Neurodegenerative
Diseases

Human gut microbiome is mainly represented
by two bacterial phyla, Bacteroidetes and
Firmicutes, though other phyla, including
Actinobacteria, Proteobacteria, Fusobacteria
and Verrucomicrobia are also present (32).
Aging is a significant risk factor of
neurodegenerative illnesses, as it is associated
with an alteration of the intestinal microbes
characterized by both the disappearance of
useful species and a decrease in diversity. The
microbiota-gut-brain axis is a complex of neural,
endocrine and metabolic cues by which the
microbiota communicates both directions with
the brain. The microbial composition can be
made worse by causing hallmarks of chronic
inflammation of the Parkinson disease,
Alzheimer disease, and multiple sclerosis,
protein misfolding, dysfunctional clearance,
and autoimmune reactions. Through altering
neuroimmune interactions and  enteric
neuropathology, the microbiota influences the
activity of the central nervous system as well as
the enteric nervous system, although direct
study of such complex interactions remains a
daunting task (33).

It is expected that the complex microbiota-gut-
brain axis could be well studied based on a
variety of established protocols, such as targeted
small subunit ribosomal RNA (s rRNA)
metagenomics sequencing, breath testing,
culture methods, and untargeted shotgun

metagenomics sequencing. Evidence based on
research of germ free or antibiotic treated
animals indicate that diversity and presence of
gut microbiota are not only beneficial but also
required to facilitate healthy neurodevelopment
and healthy neuronal functioning. Moreover, it
has been well supported by the fecal microbiota
transplantation results that alterations in the
diversity and composition of the gut microbiota
may significantly contribute to the pathogenesis
of neurodegenerative diseases. Various animal
models can be used to examine the complicated
role of gut microbiota in cellular dysfunction
and neurodegeneration, such as nonhuman
primates as well as rodents. The relevance of
these various models is increased by their ability
to accurately replicate important elements of
disease pathology.

To allow for a thorough and concurrent
assessment of crucial factors like cognitive
function, learning capacities, and motor
function among the test subjects, a variety of
behavioral tests are also used. Results should
ideally be replicated across several pooled
animal models in order to maximize the
external validity of the findings, as
interpretative care is necessary to account for
the differences and variations that exist
between animal species and humans. However,
the information from these animal studies has
been crucial in developing potential microbiota-
based therapies for neurodegenerative illnesses
and other related brain disorders (26).

Table 1: Role of Gut Microbiota in Neuroinflammation (27, 28).

Factor / Component

Neuroinflammation Immune response of the
central nervous system (CNS)
to infections, injury, or other
stimuli.

Chronic Persistent inflammatory

Neuroinflammation response in the CNS.

Gut-Brain Axis

Bacteroidetes (Low levels)

microbiota.
Proteobacteria (High levels)

Description

Bidirectional communication
between gut microbiota and
brain functions.

Reduced abundance of
Bacteroidetes in gut

Increased levels of
Proteobacteria in the gut

Effect on Neuroinflammation

Alters central immune status and
contributes to development and
progression of CNS diseases.

Plays a major role in onset and
progression of neurodegenerative
diseases such as Alzheimer's disease.
Regulates immune response and
inflammatory processes in the brain.

Associated with increased
neuroinflammatory activity.

Promotes pro-inflammatory
responses leading to
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microbiota.
Pro-inflammatory microbial

Certain gut microbial species

neuroinflammation.
Contribute to development and

taxa that trigger inflammatory progression of neuroinflammation.
signaling.
Altered Gut Microbiota Changes in gut microbial May precede and accelerate

composition.

Erysipelotrichaceae, class
Neglecta, and
Bifidobacterium
Bacterial Amyloids and
Mediators

Dietary Modifications

by gut bacteria.

Antibiotic Treatment

Bacterial Load
microorganisms.
Future Prospects
Future work should be done upon the
understanding of how molecular mechanisms
of microbial metabolites impact immune cells
as well as the neuronal metabolic pathways in
order to impact neurophysiological outcomes
(29). This involves the utilization of multi-
omics method to  analyze
interconnections between microbiota and the

metabolic

host and comprehend the biochemical
pathways  of
neuroplasticity. The neurophysiological impact
and the evolving of the gut microbiome on a
person, especially those who have been affected
by or are at the risk of neurological conditions,
over a certain time period should be studied via
longitudinal studies so as to get insights for
disease progression and
Neurodevelopmental, psychiatric, and
neurodegenerative  diseases also demand
standardized  microbiome-specific  therapies
(probiotics, prebiotics, and fecal microbiota
transplantation) to be developed and
preclinically examined through the help of
translational research (30).

This can also evidence personal strategies of
medicine which is used in treating the
microbiota to stimulate the neurological well
being (31, 32). To establish causal relationship
between gut microbes and brain activities, large
scale human trials with well phenotyped
subjects becomes significant that would
necessitate the development of the targeted
interventions (33). These should not only stop

neuroinflammation and

treatments.

Specific microbial groups
influencing immune responses. neuroinflaimmatory pathways.

Bioactive molecules produced

Diet that enhances beneficial
microbiota composition.
Reduction of gut bacterial load
using antibiotics.

Overall number of gut

neuroinflammatory processes linked
to Alzheimer's disease.
Can directly or indirectly modulate

Trigger immune responses that
contribute to neuroinflammation.
Reduces neuroinflammation and
improves metabolic function.

Can prevent alcohol-induced
neuroinflammation.

Determines inflammatory outcomes
in the host.

at correlative outcomes and perish on seeking
biological mechanisms that can result in
possible new therapeutic approaches (34). To
achieve a higher level of comparability and
analysis of the studies, all of the studies are to
be subjected to common practice of collecting
samples, sequencing, and analyzing data (35).
The investigation  of
connectivity of giant population groups may
offer occurrences which may be of use as
baselines in consideration of disease population
and pathophysiology of illness.

Methodologies like the metagenomics and
metabolomics can be utilized in order to

microbiota  and

combine mechanistic data. This would help to
provide insights into the understanding of
metabolite production and microbial potential.
Moreover, in order to improve the factor of
comparability and replicability as well as
understanding the gut to brain connection gap,
there is a need for standardized methodologies
like multivariate analysis or processing pipelines
(36). This is the wider way of assistance as well
as in the aspects of developing improved
diagnostic systems i.e. Research Domain
Criteria, that link gut microbial measures with
other biological sources, such as genetic,
immunological, and neural indicators (37).
These synthesizing approaches are relevant to
demonstrate the dissimilar impacts of one-
strain or multi-strain probiotic preparations on
neuropsychiatric  performance. They also
permit generalizing correlative outcomes to

causal conclusions (38). This should be highly
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valued in the development of specific and
scientific methods of treating the gut
microbiota in the sense of alleviating the
mental and neurological conditions (39).

Therapeutic Approaches

Therapeutic modulation of the microbiome-gut-
brain axis (MGBA) has emerged as an assuring
strategy to manage neurological and psychiatric
disorders. The research highlights that targeting
the gut microbiota can impact neural signaling,
immune responses, and even metabolic
pathways as they prove to be a novel approach
in order to improve brain health as well as the
overall physiological balance (40). The regularly
assessed interventions are probiotics and
prebiotics which have an important role to play
in restoring gut microbial equilibrium.
Probiotics introduce beneficial bacterial strains
into the gastrointestinal tract whereas the
prebiotics provide substrates which help with
their growth and activity. These interventions
improve intestinal barrier function, reduce
systemic inflammation, and also enhance the
production of neuroactive compounds, all of
which contribute towards improved cognitive
and emotional outcomes. Psychobiotics are an
advanced and specialized category of probiotics
that directly impact the mental health. These
have been proven to regulate neurotransmitter
synthesis - including gamma-aminobutyric acid
(GABA) and serotonin - which moderate stress
responses as well as emotional behavior. The
clinical evidence highlights that psychobiotics
may prove to be helpful in terms of reducing
symptoms of anxiety, depression, and stress-
related disorders. Fecal microbiota
transplantation (FMT) is also another
innovative therapeutic approach which involves
transferring of the gut microbiota from a
healthy donor into a dysbiosis-impacted
individual. This methodology helps to restore
the microbial diversity and re-establish a
balanced ecosystem in the gut. Even though
FMT is generally used for gastrointestinal
conditions, recent studies have also highlighted
its potential application within neurological
disorders. This showcases the interlinked
nature of the MGBA. Dietary modulation also
has an important role in terms of shaping gut
microbiota and influencing the neurological
health. Nutrientrich diets (high in fiber and

fermented foods) allow for growth of beneficial
microbes and also help with the production of
metabolites like short-chain fatty acids. All
these changes can positively affect the
functioning of the brain, reduce inflammation,
and also support mental well-being. These
therapeutic approaches showcase the viability of
targeting the MGBA as an integrative strategy
for improving the neurological outcomes (14).

Discussion

This  review  highlights the role of
neurophysiological processes in regards to
shaping the composition of gut microbiota and
their influence on the brain functioning. The
MGBA  signifies a  coordinated and
bidirectional communication network that
incorporates the neural, endocrine, and
immune pathways. The signals that initiate in
the gut can impact the brain activity while
central nervous system responses can modulate
gastrointestinal  physiology and  microbial
balance with the help of these interconnected
systems. This helps to maintain homeostasis
and also regulate the cognitive and emotional
processes (19).

The evidence highlights that disturbance in the
gut microbial balance - also known as dysbiosis -
has an important role in the causation of
neuroinflammatory conditions. Changes within
the microbial composition can end up
compromising the integrity of the intestinal
barrier which leads to increased permeability as
well as the translocation of inflammatory
mediators into systemic circulation. These
inflammatory signals can influence or cross the
blood brain barrier which can cause
neuroinflammation as well as neuronal
dysfunction. Such mechanisms have been
associated ~ with  numerous  neurological
disorders (8).

The gut microbiota exerts influence on the
functioning of the brain via the production of
neuroactive  compounds  which  include
neurotransmitters like serotonin and gamma-
aminobutyric acid (GABA) and even short-
chain fatty acids (SCFAs) - which control
synaptic plasticity, neurogenesis, and neuronal
signaling pathways. These microbial metabolites
support normal brain functioning and also
protect against neurodegenerative processes by
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modulating the inflammatory and oxidative
stress pathways (40).

In regards to the limitations in the
understanding of the MGBA, most of the
evidence comes from preclinical and animal-
based studies which may not properly replicate
the human physiology. Individual differences in
microbiome composition - that may be
impacted influenced by diet, environment, and
even genetics - cause variability that ends up
further complicating the interpretation of
results. This shows that there is a need for
standardized and human-centered research
approaches that would help to recognize the
causal relationships in a much better manner.
Further  research  should focus upon
longitudinal human studies that would be able
to keep a track on the microbiome changes
over time and also correlate them with
neurological outcomes. Advanced multi-omics
technology - like metagenomics, metabolomics,
and transcriptomics - incorporation would offer
a viable approach to unravel the complicated
host-microbe interactions at a mechanistic level.
Furthermore,  targeted  microbiome-based
therapies like probiotics, prebiotics, and
psychobiotics are an emerging field that have a
significant potential in therapeutic terms as
they may help to restore the microbial balance
and improve neurological health outcomes

(14).

Conclusion

These results highlight the possibility of
treating neurophysiological and psychiatric
conditions by changing the gutbrain axis of
microbiota. Hence, in order to establish the
therapeutic protocols for regulating this axis,
planned clinical trials that assess the specific
probiotic or prebiotic regimens are needed. The
future studies should look into customized
psychobiotic regimens depending on the
particular neurophysiological phenotypes to
optimize the therapeutic efficacy.

Cultivating and  refining such tailored
psychobiotic interventions  will need
incorporation of multimodal biomarkers of
immune status, microbial metabolite profiles,
and neural activity. Metabolomic profiling and
high throughput sequencing will be combined
in order to find out the microbe-derived
neuromodulators and the neural circuits they

target. This opens up the door for mechanism-
driven psychobiotic treatments. To use these
medically, longterm studies that link brain
signs with microbial data will be required. Such
interdisciplinary approaches will make the
discovery of predictive biomarkers - that can
categorize patients who are most likely to gain
from focused microbiome modification - easier.
The translational potential of targeted
microbiome modification has been highlighted
by its proposal as a therapeutic approach for
neurodegenerative and neurodevelopmental
diseases. In order to circuitspecifically and
accurately modify the neurophysiological
pathways that are linked to neurodegenerative
and neurodevelopmental disorders, new
therapeutic approaches like vagus nerve
stimulation and engineered probiotic consortia
are being investigated upon.

REFERENCES

Panther EJ, Dodd W, Clark A, Lucke-Wold B.
Gastrointestinal ~ Microbiome  and
Neurologic ~ Injury.  Biomedicines.
2022;10(2).

Martin CR, Osadchiy V, Kalani A, Mayer EA.
The  Brain-GutMicrobiome  Axis.
Cellular and
gastroenterology  and
2018;6(2):133-48.

Savidge TC. Epigenetic Regulation of Enteric
Neurotransmission by Gut Bacteria.
Front Cell Neurosci. 2015;9:503.

Carabotti M, Scirocco A, Maselli MA, Severi C.
The gutbrain axis: interactions
between enteric microbiota, central
and enteric nervous systems. Annals of
gastroenterology. 2015;28(2):203-9.

Diaz Heijtz R, Wang S, Anuar F, Qian Y,
Bjorkholm B, Samuelsson A, et al.
Normal gut microbiota modulates
brain development and behavior.
Proceedings of the National Academy
of Sciences of the United States of
America. 2011;108(7):3047-52.

Mayer EA, Knight R, Mazmanian SK, Cryan JF,
Tillisch K. Gut microbes and the brain:
paradigm shift in neuroscience. The
Journal of neuroscience : the official
journal  of  the  Society for

Neuroscience. 2014;34(46):15490-6.

molecular
hepatology.

https://fmhr.net

| Waris et al., 2026 |

Page 3053



Frontier «n

Medical & Health
Research

Volume 4, Issue 3, 2026

ISSN: (e) 3007-1607 (p) 3007-1593

Jenkins TA, Nguyen JC, Polglaze KE, Bertrand
PP. Influence of Tryptophan and
Serotonin on Mood and Cognition
with a Possible Role of the Gut-Brain
Axis. Nutrients. 2016;8(1).

Sorboni SG, Moghaddam HS, Jafarzadeh-
Esfehani R, Soleimanpour S. A
Comprehensive Review on the Role of
the Gut Microbiome in Human

Neurological ~ Disorders.  Clinical
Microbiology Reviews.
2022;35(1):e00338-20.

Cryan JF, Dinan TG. Mind-altering
microorganisms: the impact of the gut
microbiota on brain and behaviour.
Nature reviews Neuroscience.
2012;13(10):701-12.

Foster JA, McVey Neufeld KA. Gut-brain axis:
how the microbiome influences anxiety
and depression. Trends in
neurosciences. 2013;36(5):305-12.

Jiang C, Li G, Huang P, Liu Z, Zhao B. The
Gut Microbiota and Alzheimer's
Disease. Journal of Alzheimer's disease
: JAD. 2017;58(1):1-15.

Scheperjans F, Aho V, Pereira PA, Koskinen K,
Paulin L, Pekkonen E, et al. Gut
microbiota are related to Parkinson's
disease and  clinical  phenotype.
Movement disorders : official journal
of the Movement Disorder Society.

2015;30(3):350-8.
Lyte M. Microbial endocrinology: Host-
microbiota neuroendocrine

interactions influencing brain and
behavior. Gut microbes. 2014;5(3):381-
9.

Loh JS, Mak WQ, Tan LKS, Ng CX, Chan
HH, Yeow SH, et al. Microbiota-gut-
brain axis and its therapeutic
applications in  neurodegenerative
diseases. Signal transduction and
targeted therapy. 2024;9(1):37.

Foster JA, Rinaman L, Cryan JF. Stress & the
gut-brain axis: Regulation by the
microbiome. Neurobiology of stress.
2017;7:124-36.

Ahmed H, Leyrolle Q, Koistinen V,
Kirkkiinen O, Layé S, Delzenne N, et
al. Microbiota-derived metabolites as
drivers of gut-brain communication.

Gut microbes. 2022;14(1):2102878.

1Petra Al, Panagiotidou S, Hatziagelaki E,
Stewart JM, Conti P, Theoharides TC.
Gut-Microbiota-Brain Axis and Its
Effect on Neuropsychiatric Disorders

With Suspected Immune
Dysregulation. Clinical Therapeutics.
2015;37(5):984-95.

Chaudhry TS, Senapati SG, Gadam S,
Mannam HPSS, Voruganti HV, Abbasi
Z, et al. The Impact of Microbiota on
the Gut-Brain Axis: Examining the
Complex Interplay and Implications.
Journal of  Clinical  Medicine.
2023;12(16):5231.

Mayer EA, Knight R, Mazmanian SK, Cryan JF,
Tillisch K. Gut microbes and the brain:
paradigm shift in neuroscience. Journal
of Neuroscience. 2014;34(46):15490-6.

Geng S, Yang L, Cheng F, Zhang Z, Li ], Liu
W, et al. Gut Microbiota Are
Associated With Psychological Stress-
Induced Defections in Intestinal and
Blood-Brain  Barriers. Frontiers in
microbiology. 2019;10:3067.

O’Mahony SM, Clarke G, Borre Y, Dinan TG,
Cryan JF. Serotonin, tryptophan
metabolism  and  the  brain-gut-
microbiome axis. Behavioural brain
research. 2015;277:32-48.

Dalile B, Van Oudenhove L, Vervliet B,
Verbeke K. The role of short-chain
fatty acids in microbiota-gut-brain
communication.  Nature  Reviews
Gastroenterology & Hepatology.
2019;16(8):461-78.

ValdesAM  W. Roleofthegut microbiotain
nutritionand health. BM] (Clinical
research ed). 2018;361:k2179.

Qhara TE, Hsiao EY. Microbiota-
neuroepithelial signalling across the
gut-brain  axis. Nature Reviews
Microbiology. 2025;23(6):371-84.

Cryan JF, O'Riordan KJ, Cowan CSM, Sandhu
KV, Bastiaanssen TEFS, Boehme M, et
al. The Microbiota-Gut-Brain Axis.
Physiological
2019;99(4):1877-2013.

Reviews.

https://fmhr.net

| Waris et al., 2026 |

Page 3054



Frontier «n

Medical & Health
Research

Volume 4, Issue 3, 2026

ISSN: (e) 3007-1607 (p) 3007-1593

Song JG, Yu MS, Lee B, Lee ], Hwang SH, Na
D, et al. Analysis methods for the gut
microbiome in neuropsychiatric and

neurodegenerative disorders.
Computational and structural
biotechnology journal. 2022;20:1097-
110.

Farooq RK, Alamoudi W, Alhibshi A, Rehman
S, Sharma AR, Abdulla FA. Varied
Composition and Underlying
Mechanisms of Gut Microbiome in
Neuroinflammation. Microorganisms.
2022;10(4).

Caldarelli M, Rio P, Marrone A, Ocarino F,
Chiantore M, Candelli M, et al. Gut-
Brain Axis: Focus on Sex Differences
in Neuroinflammation. Int ] Mol Sci.
2024;25(10).

Kim CS. Roles of Diet-Associated Gut
Microbial Metabolites on Brain Health:
Cell-to-Cell Interactions between Gut
Bacteria and the Central Nervous
System. Advances in  Nutrition.
2024;15(1):100136.

Charitos IA, Inchingolo AM, Ferrante L,
Inchingolo F, Inchingolo AD,
Castellaneta F, et al. The Gut
Microbiota’s Role in Neurological,
Psychiatric, and Neurodevelopmental
Disorders.
2024;16(24):4404.

Camberos-Barraza ], Guadrén-Llanos AM, De
la  Herran-Arita AK. The Gut
Microbiome-Neuroglia Axis:
Implications  for  Brain  Health,
Inflammation, and Disease. Neuroglia.
2024;5(3):254-73.

Panther EJ, Dodd W, Clark A, Lucke-Wold B.

Gastrointestinal ~ Microbiome  and

Nutrients.

Neurologic  Injury.  Biomedicines.

2022;10(2):500.

Martin CR, Mayer EA, editors. Gut-brain axis
and  behavior. Nestlé  Nutrition
Institute Workshop Series; 2017.

Ullah H, Arbab S, Tian Y, Liu C-q, Chen Y,
Qijie L, et al. The gut microbiota-brain
axis in neurological disorder. Frontiers
in neuroscience. 2023;17:1225875.

Li R. Global Meta-Analysis of the Gut-Brain
Axis:  Unveiling the Impact of
Microbiome Alterations on Psychiatric
Disorders. 2024.

Mulder D, Aarts E, Arias Vasquez A,
Bloemendaal M. A systematic review
exploring the association between the
human gut microbiota and brain
connectivity in health and disease.
Molecular
2023;28(12):5037-61.

Mulder D, Jakobi B, Shi Y, Mulders P, Kist JD,
Collard RM, et al. Gut microbiota

composition links to wvariation in

psychiatry.

functional domains across psychiatric
disorders.  Brain, Behavior, and
Immunity. 2024;120:275-87.

Joseph JM, Law C. Cross-species examination
of singleand multi-strain probiotic
treatment effects on neuropsychiatric

outcomes. Neuroscience &
Biobehavioral Reviews. 2019;99:160-
97.

Icenhour A, Tapper S, Bednarska O, Witt ST,
Tisell A, Lundberg P, et al. Elucidating
the putative link between prefrontal
neurotransmission, functional
connectivity, and affective symptoms in
irritable bowel syndrome. Scientific
Reports. 2019;9(1):13590.

Cryan John F. i Timothy G. Dinan. Mind-
altering microorganisms: the impact of
the gut microbiota on brain and
behaviour. Nature Reviews

Neuroscience,  published  online.
2012;12.

https://fmhr.net

| Waris et al., 2026 |

Page 3055



