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ABSTRACT
Muhammed Basith K T*, Sufiyan, Susmita The microbiota-gut-brain axis serves as a bidirectional
Kanaujiya communication system between the gastrointestinal tract
and the central nervous system. Within the intestines lies a
highly complex ecosystem comprising over 100 trillion
microbial cells, inhabiting both the small and large
of Pharmacy, Bengaluru-560091 India intestines. This dynamic interaction between the gut
microbiota and the intestinal lining can bring about
physiological changes in the brain, influencing mood and
behavior. Recent attention has been dedicated to
Accepted: 31 October 2023 investigating the impact of these interactions on mental

. health, with compellin evidence suggestin the
Published: 30 November 2023 involvement of gut mﬁcrob?ota in various neﬁ%ologifal and
psychiatric disorders. This review thoroughly explores how
gut microbiota can affect the brain and behavior in
conditions such as Alzheimer's disease, dementia, anxiety,
autism spectrum disorder, Parkinson's disease, and
“W H“ “ schizophrenia. The focus primarily centres on the pathways
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“HHHHH associated with intestinal metabolites produced by these
microbes, encompassing neural pathways, the immune
HUMAN JOURNALS system, and chemical transmitters, which contribute to the
ijppr.humanjournals.com development of these disorders. Furthermore, the review
underscores the clinical evidence supporting the potential
of prebiotics, probiotics, and fecal microbiota
transplantation as adjunct therapies for neuropsychiatric
disorders.
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1. INTRODUCTION

In the past decade, a lot of work has been made in understanding the function of the
bidirectional interactions between the brain, the gastrointestinal tract, and the gut microbiota,
mostly based on investigations with experimental animals. Research employing experimental
animals has demonstrated how the gut microbiota influences affective, social, nociceptive,
and ingestive behaviors. All creatures, including humans, have a close relationship with
microbial communities, which are made up of bacteria, archaea, fungi, and viruses. The
microbiota, or groups of bacteria, live on almost every surface of the body that is exposed to
the environment. The gut microbiota, or community in the gastrointestinal tract, is the most
numerous and densely populated microbiota in the human body. Numerous studies have
shown that the gut microbiota is vital to the health of our immune systems, metabolism!?],
and even the development of different organs®, rather than just being passive participants in
our bodies. Gut bacterial populations are dynamic organisms that can change throughout our
lives as well as in response to host factors like age and genetics*! as well as altering
environmental factors, with diet®™ and medicationst® being the primary causes. Although Gut
microbiota research encompasses the study of various microorganisms, such as fungi,
archaea, and viruses. However, the primary focus of this review lies in the analysis of
bacteria, as it is the source of the most extensive information, Bacteria found in gut
microbiota equal to several human cells in the body). To date, Firmicutes spp. and
Bacteroides spp. are known to be the most common, accounting for 3/4 of all intestinal

microbiomes 8.

The term "gut-microbiota-brain axis" refers to a network of relationships among many
biological systems that enables bidirectional communication between gut bacteria and the
brain. This communication is essential for maintaining the homeostasis of the
gastrointestinal, central neurological, and microbial systems of animals. These biological
network communication channels include direct and indirect signaling through neural
pathways, the immune system, and chemical transmitters®%. The scope of this axis has been
broadened to include the microbiota, now referred to as the microbiota-gut-brain axis.
Fascinating findings have emerged, suggesting that the bacteria residing in the gut could
potentially influence the central nervous system. As a result, the microbiome has emerged as

a potential diagnostic and therapeutic target in disorders as diverse as Parkinson's disease,
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Alzheimer's disease, amyotrophic lateral sclerosis, autism, stroke, depression, and drug

addiction[H,

Numerous studies linking microbial communities and their function to neuropsychiatric
disorders associated with development (such as schizophrenia and autism spectrum disorder
(ASD)™ | mood (such as depression™®land anxiety), and neurodegeneration (such as
Parkinson's diseasel**l, Alzheimer's disease and multiple sclerosis) have been conducted as a
result of this new perspective. Simplified animal models, which have limitations in their
ability to accurately represent the intricacies of human disease, have been heavily used in
research to understand these links. Recent technological advancements are striving to go
beyond just observing correlations and instead concentrate on discovering and verifying the
biological mechanisms that can effectively treat human diseases. However, it is crucial to
acknowledge that extensive validation of the links between gut microbiota and

neuropsychiatric disorders is currently limited ],

2. The microbiome in health: Development, influence, and Function

The gut microbiota exhibits extensive diversity and individual variation when examined at
the level of bacterial strains. However, when observed at higher organizational levels, certain
predominant patterns emerge. Specifically, two phyla, Firmicutes and Bacteroidetes,
dominate the human gut. Additionally, populations can be categorized based on the
prominence of specific species, namely Prevotella, Bacteroides, or Ruminococcus®l, These
groups of species are termed enterotypes, and their relative prevalence is thought to be

primarily influenced by dietary factors [16:17],

Recent evidence suggests that the colonization of an infant's gut might begin during the
prenatal stage from the placenta. However, the majority of the infant's microbiota is acquired
from the mother during childbirth, and subsequent development occurs through interactions
with the external environment and feeding 1. Within the first 2-3 years, the infant's
microbiota undergoes rapid changes and starts resembling that of an adult, influenced by
factors like delivery method (vaginal birth or cesarean section), nutrient source (breast milk
or formula), geographical location, and exposure to antibiotics'®24, This phase is considered
vulnerable because disturbances during this period may have significant effects on
development 25271 and future disease susceptibility 26281, The microbiota is largely constant

during development, adolescence, and maturity. However, certain changes are thought to
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happen throughout later life. Understanding the normal microbiota of older people is

significant since several neurological disorders are common in the elderly [2°1,

The diet plays a crucial role in age-related changes in the elderly microbiota. Inadequate
dietary intake may lead to a reduction in microbial diversity, which has been associated with
inflammation in older individuals, commonly referred to as “inflammaging"E%3!" Diet's
influence on the microbiota is significant throughout all stages of life and can be a
confounding factor in studies related to gut microbiota and various diseases 2. The overall
characteristics of the diet, including total calorie intake and whether it is primarily based on
highly processed foods or rich in vegetables and fruitst®33% greatly impact the composition
of the microbiota. Additionally, specific dietary elements like carbohydrates 1, proteins 7],
fats 381 fiber (3341 and vitamins*?! also play a role in shaping the microbiota. Due to their
typical age group, patients with neurodegenerative diseases often have other physical co-
existing conditions. Consequently, they may be prescribed medications that can alter the
composition of the gut microbiota, including antibiotics 344, proton pump inhibitors“>4¢],
and metformin[*7). Other prescription and over-the-counter drugs may also have an impact on

gut bacterial communities.

The role of the gut microbiota in upholding overall balance and health is constantly being
revealed. For the gastrointestinal system and the entire body to function properly, the
microbiota must be intact and healthy. The microbiota has roles that are well understood,
including supporting the growth and maturation of the mucosal immune system [84°1
maintaining the integrity of the gut barrier (which is thought to be important in some
neurological diseases)®, affecting gut neuromuscular functions*5% and carrying out
crucial metabolic functions®*%%1, Some of these metabolic processes might produce
molecules that affect how the brain operates.

3. Understanding the Gut-Brain Connection: Mechanisms and Pathways

The "gut-microbiota-brain axis" refers to a network connecting different biological systems,
enabling two-way communication between gut bacteria and the brain. This communication is
crucial for maintaining balance in the gastrointestinal, central nervous, and microbial systems
of animals %571 The pathways for communication involve direct and indirect signaling
through chemical transmitters, neuronal pathways, and the immune system. Multiple

mechanisms and pathways likely work together to influence disease development, but further
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research is required to fully comprehend these mechanisms. Throughout the Review, we
delve into the complexity of these connections and highlight areas where different

communication methods intersect in the context of human disease.

3.1 Chemical signaling between the gut and the brain:

The gut microbiota plays a role in maintaining balance and influencing behavior in its host
animal through chemical communication with the nervous system. This communication
encompasses both indirect and direct signaling, for example, short-chain fatty acids (SCFAS),
which are produced by gut microorganisms during the fermentation of dietary fiber, can
directly affect the central nervous system (CNS) in preclinical models by regulating
neuroplasticity, epigenetic processes, gene expression, and the immune system 81, Indirectly,
the microbiota can impact the nervous system and behavior by influencing the
neuroendocrine system. This can be observed in how gut microorganisms regulate appetite
and feeding behaviors by affecting the production of endocrine signals from enteroendocrine
cells (EECs) in the gut epithelium, including the hormone glucagon-like peptide 1 (GLP1)
[5960] ‘Mice that do not have a natural microbiota, known as germ-free (GF) mice, consume
less food compared to regular mice with a normal microbiota . Both GF mice and mice
treated with antibiotics produce lower levels of GLP1 (glucagon-like peptide 1) compared to
mice with a conventional gut microbiota 2. This indicates that the gut microbiota can
influence this behavior that is regulated by hormones. The bacterial metabolite indole, which
increases colonic vagal afferent activity in rats, can influence the release of GLP1 by colonic
enteroendocrine L cells. (%31, Furthermore, in model systems, the gut microbiota also regulates
the levels of neurotransmitters. This suggests that microorganisms may serve as agents
influencing the classical signaling molecules employed by the nervous system 4671 Gut
microbes can synthesize neurotransmitters on their own and can stimulate the creation of
neurotransmitters in their animal hosts. For instance, various microbes, including
Bacteroides, Bifidobacterium, Parabacteroides, and Escherichia spp., are known to create the

neurotransmitter -aminobutyric acid (GABA) 641,

Bacteria play a pivotal role in the synthesis of the neurotransmitter serotonin, which is also
referred to as 5-hydroxytryptamine or 5-HT. The production and secretion of 5-HT by
enteroendocrine cells (EECs) are influenced by microbial metabolites like indole, SCFAs,
secondary bile acids, o-tocopherol, p-aminobenzoate, and tyraminel®%8l Both germ-free

(GF) mice and mice treated with antibiotics have lower 5-HT biosynthesis, but this effect can
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be reversed by introducing spore-forming bacteria that increase tryptophan metabolism by
enterochromaffin cells %61, Notably, when spore-forming bacteria sourced from a healthy
human gut microbiota are transplanted into germ-free (GF) mice, they produce similar
effects. This indicates that the influence of the gut microbiota on tryptophan metabolism is a

shared characteristic throughout the evolution of mammals [61,

Most of the 5-HT is produced in the gut, and changes in gut levels do not directly affect brain
5-HT levels because 5-HT cannot cross the blood-brain barrier (BBB) 6. However, GF mice
have lower concentrations of 5-HT and its precursor tryptophan in the hippocampus,
indicating that gut microbiota may influence 5-HT signaling pathways in the central nervous
system (CNS). The exact mechanisms linking the gut microbiota to 5-HT production in the
brain are still unknown. It is challenging to determine how much microbial metabolism
directly influences CNS activity due to a lack of clear understanding of the transport rates of
many microbial metabolites into the brain. As a result, distinguishing the specific influence of
microbial metabolites on central nervous system (CNS) function from other communication

pathways, such as immune or neuronal pathways, poses challenges in vivo experiments [6%],

In future research, a better understanding of the impact of chemical signaling on gut-brain
connections can be achieved by integrating metabolomic and metagenomic profiles with
functional behavioral outcomes. This approach will provide more clarity on the role of

chemical signaling in the interactions between the gut and the brain.

3.2 Neuronal pathways for gut—brain interactions:

Neuronal pathways create a direct link between the gut and the brain, with the vagus nerve
being a major pathway. This nerve extends from the brainstem and innervates both the gut
and the enteric nervous system (ENS). The gut microbiota plays a role in the development

and function of the ENS, although this area of research is still relatively unexplored.

The afferent branch of the vagus nerve is essential for connecting the gastrointestinal (GI)
tract to the brain's nucleus of the solitary tract and higher emotion-regulating networks in
mammals [70]. While it may not directly interact with the gut microbiota, evidence suggests
that the vagus nerve can sense microbial signals in the form of bacterial metabolites 'Y, The
gut microbiota can influence the vagus nerve by affecting gut epithelium cells such as
enteroendocrine and enterochromaffin cells (ECCs), which impact various physiological

functions in the intestines [,
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Studies in mice that underwent vagotomy (surgical cutting of the vagus nerve) indicates that
the vagus nerve may be involved in communication between the central nervous system
(CNS) and the gut microbiota, potentially affecting mood and neurobehavioral disorders. For
instance, vagotomy in mice prevented certain gut bacteria like Lactobacillus and

Bifidobacterium species from exerting mood-modifying effects [/2-74],

Recent research suggests a bidirectional communication system between diet, the gut
microbiome, ECCs, and the vagus nerve. ECCs contain a significant amount of the body's
serotonin (5-HT), and the synthesis and release of 5-HT in ECCs are influenced by microbial
metabolites such as SCFAs and 2BAs Produeed py spore-forming Clostridiales [®761. These
microbial metabolites have more significant effects on ECCs when there is higher dietary
tryptophan availability. ECCs also communicate with afferent nerve fibers through synaptic
connections 71, On the other hand, the autonomic nervous system (ANS) can activate ECCs
to release 5-HT into the gut, impacting gut microbial function, and being taken up by

serotonin transporter-like mechanisms 781,

In conclusion, there exists a complex and interconnected system involving the gut microbiota,
the vagus nerve, and gut epithelium cells, which influence various physiological and
neurological processes in the gut-brain axis. Further research is required to fully comprehend

the mechanisms and implications of this communication system.

3.3 Gut microbiota—-brain signaling through the immune system:

A properly functioning immune system in the gut is essential to maintain a delicate balance
between accepting beneficial microorganisms and protecting the body from harmful ones.
Immunity also plays a critical role in facilitating communication among the gut microbiota,
the enteric nervous system (ENS), and the brain. Toll-like receptors (TLRs) and
peptidoglycans (PGNSs) act as sensors for microbial components %89 initiating the immune

response to microbes.

Maintaining an intact gut barrier is crucial to prevent inappropriate activation of immune
cells and systemic immune responses. Bacteria can release immune-stimulating substances
into the bloodstream, allowing them to reach the brain. TLRs have been found in the brain,
especially in microglia, and have been studied about diseases like Alzheimer’s®!,
Parkinson's®, visceral pain®, and depression®. Manipulating the gut microbiota, as seen

in germ-free (GF) or antibiotic-treated mice, affects the expression of receptors detecting
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PGNs in the brain, suggesting that the microbiota influences gene expression in the brain and

behavior 84,

Changes in the gut microbiome due to dietary shifts can compromise the protective mucus
layer, enabling luminal microbes to interact with dendritic cells and activate them, whether
they are harmful pathogens or beneficial commensals. This local immune activation can
increase the permeability of epithelial tight junctions, further compromising the intestinal
barrier. Such immune activation, triggered by diet, can lead to the release of immune
mediators into the systemic circulation, referred to as metabolic endotoxemia. This, in turn,
triggers immune responses in various organs, including the brainf®l. Low-grade immune
activation has been linked to specific types of depression and neurodegenerative disorders

like Alzheimer's and Parkinson's disease.

To gain a comprehensive understanding of the implications of immune signaling in health
and disease, more research is needed, particularly regarding the gut-brain axis. The intricate
interactions between the gut microbiota, the immune system, and the brain play a vital role in

maintaining overall health and well-being.

4. The microbiota-gut-brain axis and brain disorders

It is clear that an unstable gut microbiota in either early childhood or old age significantly
increases the likelihood of brain dysfunction. However, the precise relationship between these
observations is not fully understood. Discovering the mechanisms and pathways that link the
microbiota to brain function could provide valuable new insights into individual variations
and potentially lead to the development of innovative treatments for neurodevelopmental and

neurodegenerative disorders such as autism and Parkinson's disease.
4.1 Alzheimer's disease and dementia

Alzheimer's disease is a progressive form of dementia that affects the brain, leading to
memory and thinking difficulties, ultimately impacting daily activities. The disease is
characterized by the presence of amyloid plaque and hyperphosphorylation of tau protein in
the brain. Alzheimer's can be classified as familial (a small percentage of cases) or sporadic
(the majority of cases). In the case of sporadic Alzheimer's disease, infections may play a role
in the development of its pathology. There have been studies suggesting that various

infectious agents, such as viruses, parasites, bacteria, and fungi, could be contributing factors
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to the development of Alzheimer's disease (81 Interestingly, this idea is not new, as
Aloysius Alzheimer himself proposed the involvement of microorganisms in the disease's

progression [88:891,

Recent research has shown promising results with probiotics, which are beneficial
microorganisms, in the context of Alzheimer's disease. For instance, a probiotic combination
containing B. longum and Lactobacillus spp. improved cognitive function and metabolic
status in Alzheimer's patients %, Additionally, co-supplementation of probiotics and
selenium for 12 weeks showed improved cognitive function and reduced inflammation and
oxidative stress markers compared to selenium-only or placebo groups in Alzheimer's
patients. In another study, probiotic supplementation in Alzheimer's patients influenced the
composition of gut bacteria and the metabolism of tryptophan in the serum. Following the
treatment, these patients exhibited lower intestinal permeability and higher levels of
Faecalibacterium prausnitzii, a microorganism that produces beneficial short-chain fatty

acids (SCFAs), compared to the control group P,

These findings suggest that probiotics may hold potential to improve cognitive function not
only in Alzheimer's patients but also in healthy populations.

4.2 Anxiety

The connection between anxiety and the microbiota-gut-brain axis has mostly been studied in
animals (preclinical studies). Some studies administering probiotics have shown
improvements in certain anxiety measures. However, a meta-analysis of randomized
controlled trials that looked at the effectiveness of probiotics in treating anxiety did not find

any significant difference between probiotics and placebo in reducing anxiety symptoms 21,

In a study involving stressed adults, a 12-week treatment with Lactobacillus plantarum, a
type of probiotic, led to a reduction in stress and anxiety symptoms, as well as overall scores
on the Depression Anxiety Stress Scales-42. The individuals who received probiotics also had
lower levels of the stress hormone cortisol and pro-inflammatory cytokines in their blood
compared to those who received a placebo. Interestingly, in healthy adults over the age of 30,
the L. plantarum treatment resulted in improved cognitive and memory functions, such as
better attention, emotional cognition, and associated learning, compared to the placebo group

and a group of young adults (under 30 years old).
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The administration of probiotics seems to have an impact on the serotonin pathway, which is
involved in regulating mood. The levels of certain enzymes involved in serotonin production
and breakdown, such as dopamine b-hydroxylase, tyrosine hydroxylase, indoleamine 2,3-
dioxygenase, and tryptophan 2,3-dioxygenase, were reduced by probiotics. At the same time,
probiotics increased the levels of tryptophan hydroxylase-2 and 5-hydroxytryptamine
receptor-6 in the patients' blood [*3l. These changes in serotonin-related substances could be

linked to the observed improvements in anxiety and cognitive function.

In summary, while much of the evidence supporting the link between anxiety and the
microbiota-gut-brain axis comes from animal studies, some human trials with specific
probiotics have shown promising results in reducing anxiety and improving cognitive
function in stressed and healthy adults. However, a meta-analysis of overall probiotic trials
for anxiety did not find consistent positive effects. More research is needed to fully

understand the relationship between probiotics, gut health, and mental well-being.

4.3 Autism spectrum disorder

In the United States, there has been a noticeable increase in autism cases over the past few
decades. Recent evidence suggests a potential link between the gut microbiota
(microorganisms in the digestive system) and autism. The use of the antibiotic vancomycin in
children with regressive autism showed some improvement in behavioral issues, indicating a
connection with gut health 4. Individuals with autism often have a higher prevalence of Gl
disorders, including inflammatory bowel disease [*°!, which seems to be related to the severity
of their symptoms!®®l,

Maternal infection and inflammation during pregnancy have also been associated with an
increased risk of autism in children. Researchers used a mouse model of maternal immune
activation (MIA) to investigate the role of the gut microbiota in autism. Offspring from MIA
mothers had changes in their gut microbiota, along with increased intestinal permeability,
potentially allowing harmful components to enter the bloodstream. This was accompanied by
altered levels of certain metabolites, including 4-ethylphenylsulfate (4-EPS), which seemed

to influence the gut-brain axis and anxiety-related behaviors.

Notably, beneficial gut bacteria, such as Bacteroides fragilis, play a role in maintaining
intestinal immune responses 7%, When MIA offspring were colonized with a B. fragilis

strain containing a specific polysaccharide A, their gut barrier function improved, gut
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microbiota composition normalized, and 4-EPS levels decreased, leading to improved

behavior %9,

These studies highlight how imbalances in the gut microbiome, influenced by maternal
immune factors, can lead to changes in offspring, including behavior. Manipulating the gut

microbiota may offer new possibilities for therapeutic interventions in autism.

4.4 Parkinson’s disease

Parkinson's disease is characterized by the accumulation of alpha-synuclein protein, which
affects the enteric nervous system and parasympathetic nerves early on. A study by
Scheperjans et al. [1% provided initial evidence linking the gut microbiota to Parkinson's
disease. They compared the gut bacteria of Parkinson's patients with healthy individuals and
found that Prevotellaceae was significantly reduced (by 77.6%) in Parkinson's patients, while

Enterobacteriaceae was associated with postural instability and gait difficulty (1%,

Another study showed that Parkinson's patients experience gut bacteria imbalance (intestinal
dysbiosis) and reduced levels of LPS-binding protein, which is involved in combating
bacterial endotoxins. High acute levels of endotoxins increase LPS-binding protein, but

chronic exposure decreases it 10,

In a placebo-controlled clinical trial, Parkinson's patients received probiotics with beneficial
bacteria. After the treatment, patients showed improved Parkinson's disease scores, reduced
inflammation (measured by high-sensitivity C-reactive protein), lower oxidative damage, and

increased enzymatic defense [102,

Furthermore, a Swedish study suggested that truncal vagotomy, a surgical procedure
removing specific nerve fibers, might have a potential protective effect against developing

Parkinson's disease, as indicated by a matched cohort study.

In summary, research indicates a connection between the gut microbiota and Parkinson's
disease. Modifying gut bacteria and using probiotics show promise as potential therapeutic
approaches for managing Parkinson's symptoms and inflammation. Additionally, certain
surgical interventions, like truncal vagotomy, may offer protection against developing

Parkinson's disease.

Citation: Muhammed Basith K T et al. Ijppr.Human, 2023; Vol. 28 (4): 355-374.



ijppr.humanjournals.com

4.5 Schizophrenia

A recent study compared the gut microbiome of people with chronic schizophrenia to that of
healthy individuals. The results showed differences in the composition, with schizophrenia
patients having lower levels of Proteobacteria, higher levels of Anaerococcus, and lower
levels of Haemophilus, Sutterella, and Clostridium compared to healthy controls.
Schizophrenia patients also had an increased abundance of Ruminococcaceae, which was
associated with milder negative symptoms, and higher levels of Bacteroides and Coprococcus
sp., which were linked to more severe depressive symptoms and an increased risk of coronary

heart disease, respectively 1%,

In a trial involving 60 patients with chronic schizophrenia, treatment with vitamin D and
probiotics together showed significant improvements in their Positive and Negative
Syndrome Scale scores. It also led to increased antioxidant capacity related to the microbiota-
gut-brain axis and reduced levels of malondialdehyde and high sensitivity C-reactive protein

compared to the placebo 1041,

In an open-label study, all participants with schizophrenia received Bifidobacterium breve for

4 weeks, resulting in improvements in anxiety and depressive symptoms [1%],

Another placebo-controlled study investigated the effects of probiotics on yeast antibody
levels and bowel discomfort in schizophrenia patients. The researchers found that probiotic
treatment significantly reduced Candida albicans antibodies in men, leading to a
normalization of C. albicans antibody levels and reduced gut discomfort related to C.

albicans in many men 2061,

Furthermore, mice that received faecal transplants from individuals with schizophrenia
exhibited changes in neurotransmitter levels in the hippocampus and displayed behaviors

relevant to schizophrenial*®.

Overall, these findings suggest a potential link between the gut microbiome and
schizophrenia. Interventions such as probiotics and vitamin D co-supplementation show

promise in improving symptoms and antioxidant capacity in schizophrenia patients.
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5. The role of probiotics and prebiotics in MGB axis modulation

In recent years, there has been increasing interest in using pre- and probiotics to optimize the
gut microbiota and their potential impact on neuropsychiatric disorders, particularly anxiety
and stress.

Probiotics are live microorganisms that offer health benefits when taken in adequate amounts.
They mainly consist of Lactobacillus and Bifidobacterium bacteria. Animal studies have
shown the positive effects of probiotics on various diseases and cognitive outcomes [107],
Specific probiotics like Lactobacillus rhamnosus, helventicus, and fermentum have been
found to improve memory impairment in mice[108]. Clinical trials using combinations of
Lactobacillus subspecies have shown cognitive improvements in Alzheimer's disease

patients.

In autism spectrum disorder (ASD), a clinical trial using Lactobacillus rhamnosus
supplementation indicated a reduced risk of neuropsychiatric disorder development in infants
[1091Prebiotics, which are selectively utilized by host microorganisms for health benefits, can
also influence the gut microbiota and the gut-brain axis. Studies with fructo-oligosaccharides
(FOS) and galacto-oligosaccharides (GOS) in mice demonstrated antidepressant and
anxiolytic effects, while N-Acetylcysteine (NAC) administration in ASD infants reduced

repetitive behavior and irritability™,

In conclusion, pre-and probiotics show promise as potential treatment options for
neuropsychiatric disorders. However, more research, particularly randomized clinical trials, is
necessary to fully understand the underlying mechanisms and determine their true

effectiveness, always bearing in mind that correlation does not necessarily imply causation.

6. The role of fecal microbiota transplantation in MGB axis modulation

Fecal microbiota transplantation (FMT) is a treatment recommended for severe Clostridium
difficile infections and inflammatory bowel diseases, as it can significantly modify the
composition of the gut microbiota and potentially correct any imbalances **2. However, there
have been very limited studies conducted to assess FMT's effectiveness in treating

neuropsychiatric disorders 131,

In one particular study involving rodents, researchers transferred the gut microbiota from

patients with Parkinson's disease into healthy mice through FMT, resulting in the

Citation: Muhammed Basith K T et al. Ijppr.Human, 2023; Vol. 28 (4): 355-374.



ijppr.humanjournals.com

development of neuroinflammation and motor deficits 4. Moreover, FMT performed to
address constipation in three patients with multiple sclerosis (MS) and in two children with
autism spectrum disorder (ASD) showed promising outcomes, leading to significant
improvements in neurological and autistic symptoms, respectively %1 A different study
involving children with ASD reported a reduction in behavioral and gastrointestinal
symptoms for up to 8 weeks after a treatment involving two weeks of vancomycin followed
by FMT [116],

Additionally, there was a case report of a patient with drug-resistant epilepsy and Crohn’s
disease who underwent FMT for the latter condition and surprisingly achieved a seizure-free
condition without the need for antiepileptic medication. Despite the potential benefits of FMT

for neuropsychiatric disorders, its clinical application remains a distant possibility.

CONCLUSION

In conclusion, the gut microbiome consists of a diverse and dynamic community of
microorganisms residing in the gastrointestinal tract. It plays a vital role in maintaining
human health by influencing digestion, metabolism, and immune system regulation. Through
the gut-brain axis, a bidirectional communication system, the microbiota can directly impact

brain function and behaviour.

The communication pathways involved in this process are intricate, involving chemical
transmitters, neuronal pathways, and the immune system. Notably, short-chain fatty acids
(SCFAs) produced by gut microorganisms have direct effects on the central nervous system
(CNS), while the vagus nerve establishes a direct link between the gut and the brain.
Moreover, the immune system plays a crucial role in facilitating communication between the

gut microbiota, the enteric nervous system, and the brain.

Recent research suggests that imbalances in the gut microbiota may be associated with
various brain disorders, such as Alzheimer's disease, anxiety, autism spectrum disorder,
Parkinson's disease, and schizophrenia. Promisingly, probiotics (beneficial microorganisms)
and prebiotics (substances that support the growth of beneficial bacteria) offer potential
treatment options for these conditions. Additionally, fecal microbiota transplantation (FMT)
has shown positive effects in specific neuropsychiatric disorders, though more investigation

is needed.
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Understanding the interactions between the gut and the brain opens new avenues for potential
therapeutic interventions in neuropsychiatric conditions. However, further research is
necessary to fully grasp the mechanisms and implications of the gut-brain connection, as well
as to determine the true effectiveness of interventions like probiotics, prebiotics, and FMT in
managing brain-related disorders. As our knowledge of the gut-brain axis advances, it holds

the promise of innovative approaches to enhance both gut and brain health in the future.
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