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Gut - Brain Axis: A Driver in Neurodegenerative
Disease
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Abstract: The gut - brain axis (GBA) represents a critical communication network linking the gastrointestinal and central nervous
systems, influencing physiological and psychological health. This paper explores the multifaceted role of the GBA in the onset and
progression of neurodegenerative diseases, such as Alzheimer's and Parkinson's. It delves into how alterations in the gut microbiome
may contribute to neurodegenerative processes, potentially serving as early biomarkers for these conditions. Furthermore, the study
examines the interplay between genetic factors and gut microbiota, highlighting the potential for therapeutic interventions targeting the
GBA to mitigate disease progression. By synthesizing historical perspectives, and current research, the paper identifies significant gaps
in understanding the mechanistic pathways involved, particularly the causal relationships between gut dysbiosis and neurodegeneration.
Ultimately, this work aims to enhance early diagnostic methods and therapeutic strategies by emphasizing the importance of gut health

in neurodegenerative disease management.
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1. Introduction
1.1 What is the Gut - Brain Axis?

Have you ever felt nauseous before a presentation or had
anorexia (loss of appetite) when you were sad? That is
because of your second brain, the ENS - The Enteric Nervous
System is the largest and most complex network that governs
the functioning of the GI - gastrointestinal system. The Gut -
Brain Axis is a communication network that links your gut
and brain allowing them to influence the other’s action.
Therefore a person’s stomach or intestinal condition can have
a direct impact on the person’s mood and can be the cause of
their stress or anxiety.

1.2 What are Neurodegenerative Diseases?

Neurodegenerative Diseases are those diseases that gradually
damage and destroy parts of the nervous system, especially
areas of the brain. They develop progressively within several
years or even decades and show up later in life. You might
even have heard some of the names like Parkinson’s Disease,
Alzheimer’s Disease, Dementia Diseases and more. It has
been estimated that more than 50 million people are affected
worldwide.

1.3 Research Problem:

1) How do specific alterations in the gut microbiome
contribute to the onset and progression of
Neurodegenerative diseases like Alzheimer’s and
Parkinson’s?

2) What potential therapeutic interventions target the Gut -
Brain axis to prevent or slow down Neurodegenerative
diseases?

3) How do genetic factors interact with the gut microbiome
to influence susceptibility to neurodegenerative diseases?

4) Can alterations in the gut microbiome serve as early
biomarkers for detecting Neurodegenerative diseases?

1.4 Significance of the Study:

« To understand new potential therapeutic approaches.
« Enhancing early diagnosis methods by focusing on gut
health

2. Literature Review
2.1 Historical Perspective:

In the nineteenth century, doctors and patients were well
acquainted with the idea that their stomachs and minds were
somehow connected. In 1765 Scottish physician Robert
Whyatt developed the concept of ‘nervous sympathy’ to
describe the mechanisms that connected the inner body
organs. He observed that the gut possessed an abundant
supply of nerve endings which dispensed ‘nervous energy’
throughout the body. John Abernethy campaigned tirelessly
for wider recognition of the importance of the stomach and
the distressing consequences of ‘gastric sympathy’ and his
work was widely discussed. His book, Surgical Observations
on the Constitutional Origin and Treatment of Local Diseases
(1811). James Johnson wrote in 1827, ‘strange antipathies,
disgusts, caprices of the emperor, and eccentricities, which
are considered solely as obliquities of the intellect, have their
source in corporeal disorder’ - meaning odd dislikes, strong
feelings of disgust, sudden mood swings, and unusual
behavior, which one might think are just traits of personality
or mind, may come from physical problems in the body. In
the early twentieth century, a new breed of psychologists,
physiologists, and physicians including Water Cannon,
Walter C. Alvarez, and Franz Alexander insisted that the
gastric patient’s emotional state also needed consideration
while diagnosing and treating a digestive or gastric disorder.
The mid - Victorians saw an ill stomach as a root cause of
emotional and physical decline. Doctors published a wealth
of material that encouraged readers to eat moderately, digest
slowly, eat at regular intervals, abstain from alcohol, and
consume healthy foods. During the late Victorian period,
marked by poverty and economic depression, many working
- class women heavily relied on tea and white bread as their
meals and also to provide better food to their children and
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husbands. This heavy consumption of tea and bread seemed
to have exhilarating effects. The Dean drew from
contemporary nervous models to explain how the stomach,
disordered by excessive tea drinking, was causing
nervousness, emotional decline, and an epidemic of mental
health problems.

2.2 Current Research

To date, there is limited high - quality evidence regarding
alterations of microbial ecology or the production of
microbial - derived metabolic products in human patients with
brain or gut - brain disorders. In animal models, prenatal and
postnatal stress can alter the composition and total biomass of
the enteric microbiota. The majority of studies have compared
adult behaviors, brain findings, and physiological responses,
such as activation of the HPA axis, between animals born into
and raised in a germ - free environment and animals raised in
a laboratory cage environment.

Recent research on the gut - brain axis (GBA) emphasizes the
critical role of the gut microbiota in influencing brain function
and behavior, underscoring the complex bidirectional
communication between the gut and the brain through neural,
immune, and hormonal pathways. The gut microbiome,
composed of trillions of microorganisms, produces
metabolites like short - chain fatty acids that can affect brain
activity, mood, and cognitive processes, highlighting its
potential therapeutic applications in neurodegenerative
diseases such as Alzheimer’s. Evidence suggests that gut
dysbiosis, or an imbalance in gut microbiota, is linked to
mental health disorders like depression, anxiety, and autism
spectrum disorders, with altered gut flora often found in
affected individuals. This has led to the exploration of
probiotics and prebiotics that target the gut microbiome, as
potential interventions to improve symptoms of psychiatric
conditions.

Neurodegenerative disorders, such as Parkinson’s disease,
have also been linked to the gut - brain axis, with studies
suggesting that misfolded proteins, like alpha - synuclein,
may originate in the gut and travel to the brain via the vagus
nerve, contributing to disease progression. Furthermore, the
gut - brain axis plays a significant role in modulating immune
responses and inflammation, which are critical factors in
conditions such as multiple sclerosis and chronic fatigue
syndrome. Dysbiosis can trigger systemic inflammation,
exacerbating these neurological conditions. As research
advances, personalized microbiome - based therapies,
including fecal microbiota transplantation, are being tested
for their potential to restore gut health and improve cognitive
and mental outcomes, positioning the gut - brain axis as a
promising target for novel therapeutic approaches.

2.3 Gaps in Existing Research:

1) Mechanistic Understanding: the precise mechanisms—
such as the role of microbial metabolites,
neuroinflammation, or gut permeability—remain
unclear. How specific microbial species or metabolic
products influence neurodegenerative processes.

2) Causality vs. Correlation: Most studies to date establish
correlations between gut microbiome changes and

neurodegenerative diseases, but do not prove causation.
It's unclear whether changes in the gut microbiota
contribute to the onset and progression of these diseases
or if they are merely a consequence of the disease state.

3) Longitudinal Studies: There is a lack of long - term, large
- scale, and well - controlled longitudinal studies that
track changes in the gut microbiome and brain health
over time. Such studies are necessary to better understand
how gut microbiota changes might predict or influence
the progression of neurodegenerative diseases.

4) Therapeutic Interventions: While some preliminary
studies suggest that manipulating the gut microbiome (e.
g., using probiotics, prebiotics, or fecal microbiota
transplantation) may have therapeutic potential, there is
a lack of comprehensive clinical trials testing these
interventions specifically in neurodegenerative diseases.

5) Understanding of Gut - Brain Axis in Different
Neurodegenerative Diseases: Most research has focused
on Alzheimer's and Parkinson's diseases, leaving a gap in
the understanding of the gut - brain connection in other
neurodegenerative conditions like Huntington's disease,
amyotrophic lateral sclerosis (ALS), and frontotemporal
dementia.

6) Interplay  Between Diet, Microbiome,  and
Neurodegeneration: The exact role of diet in modulating
the gut microbiome and its subsequent impact on
neurodegeneration remains misunderstood. Research is
needed to explore how specific dietary components, like
fiber or certain fats, might affect disease risk or
progression.

2.4 Theoretical Framework:

1) Neuroinflammation Hypothesis: Neuroinflammation is a
complex response to brain injury involving the activation of
glia, increased vascular permeability, the release of
inflammatory mediators, such as cytokines and chemokines,
and the generation of reactive oxygen species (ROS) and
reactive nitrogen species (RNS). It involves the activation of
astrocytes and oftentimes the infiltration of peripheral
leukocytes into the central nervous system (CNS). While
neuroinflammation, temporarily mostly plays a protective
role, maladaptive neuroinflammation serves to be a key
leading cause of several neurological diseases, including
Neurodegenerative diseases, psychiatric illnesses, chronic
pain syndromes, stroke, and traumatic brain injury. An article,
titled Alzheimer's Disease and Neuroinflammation, 2000
states that “The regulations for CRP in the AD (Alzheimer’s
Disease) hippocampus are comparable to osteoarthritis joints.
This lends further support to the hypothesis that chronic
inflammation may be causing neuronal death in AD” Studies
in humans and animal models have been shown that in Major
Depressive Disorder, there are increased levels of
neuroinflammation. Recent researches also point out that
changes in the gut microbiota would lead to a systemic
inflammation that in different ways would reach the CNS
modulating inflammatory pathways and especially the
microglia, which could influence responses to treatments.

2) Leaky Gut Syndrome (LGS): It is a proposed digestive
condition where the intestinal lining allows bacteria and
toxins into the bloodstream. It also refers to an increased IP
(intestinal permeability) of the intestinal lining. LGS is not
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recognized as a diagnosable condition, however further
research into the syndrome may help doctors to better
understand the mechanisms and implications in humans. The
intestine contains a wide range of bacteria known as gut
microbiota. These bacteria help in digestion, protect the
intestinal walls, and support immune function. An imbalance
of these bacteria can affect the overall health of the intestine,
trigger the body’s immune response cause inflammation, and
increase IP.  Poor nutrition, uncontrolled alcohol
consumption, infections, autoimmune diseases such as lupus,
and stress and some of the factors of imbalanced gut health
that may lead to LGS. While suffering from the syndrome one
may suffer from the following health conditions: - « Irritable
Bowel Syndrome e« Crohn’s Disease ¢ Celiac Disease
Chronic Liver Disease ¢ Diabetes « Polycystic Ovary
Syndrome. An article, Gut Microbiota’s Effect on Mental
Health: The Gut - Brain Axis, 2017, suggests that a leaky gut
may contribute to mental health conditions such as anxiety
and depression. However further research needs to be carried
out to support this claim. In the article - The Possible Role of
the Microbiota - Gut - Brain - Axis in Autism Spectrum
Disorder, 2019 it was confirmed that there is a correlation
between Autism Spectrum Disorder and Gut Microbiota
imbalances. Certain dietary and lifestyle changes may help in
increasing the intestinal barrier such as eating whole meals,
less meat, dairy, and eggs, avoiding artificial sweeteners and
added sugars, exercising regularly, proper sleep, decreasing
stress, quitting smoking and drinking, and avoiding
unnecessary use of antibiotics.

3) Blood Brain Barrier Dysfunction; The blood - brain
barrier (BBB) is a fundamental component of the central
nervous system (CNS). Its functional and structural integrity
is vital to maintaining the homeostasis of the brain
microenvironment by controlling the passage of substances
and regulating the trafficking of immune cells between the
blood and the brain. The BBB strictly controls the transport
of nutrients and metabolites into brain parenchyma through a
tightly regulated transport system while limiting the access of
potentially harmful substances via efflux transcytosis and
metabolic mechanisms. The BBB has a low passive
permeability for water - soluble nutrients and metabolites
essential for the nervous tissue. On the other hand, specific
transporters present in the BBB allow for the transportation
of other essential substances, for instance, glucose and amino
acids that cannot pass through the BBB. BBB plays a
significant role in regulating the neurotransmitter in CNS by
keeping the central and peripheral neurotransmitter pools
separated. Uncontrolled release of neurotransmitters such as
glutamate into the brain CSF during hypoxia in ischemic
stroke conditions may cause severe and permanent neurotoxic
damage.

The functional alterations of structural and cellular
components in the BBB are responsible for BBB disruptions.
These alterations may include changes that occur in tight
junction expression, their distribution, and the local
microenvironment that could be conducive to the opening of
transport systems, enzymes, and the disruption of the
basement membrane, which may ultimately lead to serum
components and immune cell infiltration into the brain
parenchyma, disrupt the CNS homeostasis and damage the
surrounding brain tissues. Several studies have demonstrated
that the disruption of the BBB is related to the onset and

progression of various neurological and cerebrovascular
diseases, including stroke, traumatic brain injury, brain
tumor, multiple sclerosis, Alzheimer’s and Parkinson’s
disease, epilepsy, edema, glaucoma, and amyotrophic lateral
sclerosis. However, the disease conditions resulting from
BBB impairment or BBB disruption that occurs due to the
disease pathology are still somewhat in dispute (for instance,
in epilepsy). Various kinds of brain damage can trigger
different molecular pathways, which can ultimately disrupt
the integrity of BBB. Some of the prominent molecules
related to BBB disruption include but are not limited to,
vascular endothelial growth factors (VEGFs), matrix
metalloproteinases (MMPs), and endothelins (ETs). The
interaction between microglia and astrocytes can negatively
impact the integrity of the BBB and can promote
neuroinflammation.

Stroke is the leading cause of permanent disability and is
associated with various comorbidities such as hypertension
and hyperglycemia. Around 86% of stroke incidents are
ischemic and are a result of the interruption of the blood and
oxygen supply to a particular brain region, leading to a series
of interrelated.

Multiple sclerosis is an autoimmune disease in which reactive
T cells interact with the antigen presented by macrophages -
or microglia - expressing HLA - DR2a and HLA DR2b. It
leads to the destruction of the myelin sheath and the
underlying axons, NO, and various cytokines (interferon - v,
TNF - a, and IL - 3), secreted by activated macrophages,
damage oligodendrocytes and interfere with myelination and
myelin gene expression. Moreover, elevated amounts of
reactive oxygen species (ROS) have been detected in MS
lesions, leading to brain damage and contributing to several
mechanisms underlying the pathogenesis of MS lesions.

Traumatic brain injury or TBI is caused by the impact of
direct or indirect external mechanical force on the brain, for
instance, motor vehicle accidents, falls, assaults, sports -
related incidents, etc. The disruption of BBB is one of the
notable pathophysiological features of TBI as related to
neuroinflammatory events, which may result in brain edema
and cell death. It has been observed that during or post - TBI,
astrocytes, and microglia can rapidly respond to injury
through increased levels of multiple biological effects, which
may also affect BBB function.

3. Understanding the Gut - Brain Axis
3.1 Physiological basis:

1) Vagus Nerve: The vagus nerve (Fig. c) carries signals
between the brain, heart, and digestive system. They are a
key part of the parasympathetic nervous system. This
system controls specific body functions such as digestion,
heart rate, and immune system. The left and the right
vagaries' nerves consist of 75% of the parasympathetic
nervous system’s nerve fibers.

Vagus nerves are the longest cranial nerve, running from the
brain to the large intestine. The left vagus runs on the left side
of the body whereas the right vagus nerve runs down the right
side of the body. They exit from your medulla oblongata in
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your lower brainstem. Then, the nerves pass through or
connect with your:

o Neck (between your carotid artery and jugular vein).

o Chest (thorax).

o Heart.

e Lungs.

o Abdomen and digestive tract.

The left and right vagal nerves join to form the vagal trunk
The vagal trunk includes anterior (front) and posterior (back)
gastric nerves that go to the abdomen.

The vagus nerve branches are:

« Inferior ganglion branch that serves nerves and muscles
to the pharynx and larynx.

« Superior ganglion branch that serves nerves to the spine
and ear.

« Thevagus nerve branch serves nerves to the heart, lungs,
and esophagus (tube connecting the mouth and stomach).

Vagus Nerve Stimulation was created to reach centrally
located neurological structures by minimally invasive means.
In the conventional vagus nerve stimulation technique, a
device is implanted surgically under the skin in the chest, and
electrical wires connect to the left vagus nerve (the left is used
more often than the right, as the right vagus nerve is more
likely to have branches to the heart). Vagus nerve stimulation
is approved to treat epilepsy and depression; however, with
the wide distribution of the vagus nerve throughout the body,
stimulation is being explored for other purposes, such as the
treatment of obesity.

Enteric Nervous System (ENS)

The Enteric Nervous System (ENS) is the largest and most
complex division of the peripheral and autonomic nervous
systems (PNS and ANS) in vertebrates. It contains numerous
different types of neurons comparable in number to that of the
spinal cord and an array of neurotransmitters and
neuromodulators similar to those found in the central nervous
system (CNS). ENS components form an integrated circuitry
that controls the motility of the intestine, the exchange of
fluids across the mucosal surface, blood flow, and the
secretion of gut hormones. Although the gut also receives
extrinsic parasympathetic and sympathetic innervation, the
intrinsic neuronal circuits of the ENS can generate reflex gut
contractile activity independent from any CNS intervention,
setting the ends apart from other components of the ANS. The
neural crest origin of the ENS was first established by Yntema
and Hammond who showed that upon ablation of the vagal
(hindbrain) region of the neural crest in avian embryos,
enteric ganglia failed to form along the length of the
gastrointestinal tract. Enteric neurons are born and mature
throughout fetal life and in early postnatal stages.

Differentiation into distinct neuronal subtypes is an
asynchronous and heterogeneous process. Subtype - specific
neuronal progenitors exit the cell cycle during defined
developmental windows; however, immunoreactivity for the
related neurotransmitters or subtype markers might not
appear until several days later.

In other parts of the nervous system, immature enteric
neurons may express combinations of neurotransmitters and

neurotransmitter synthetic enzymes that are not observed in
mature neurons, while the full spectrum of enteric chemical
coding is only developed after birth.

Two major signaling pathways have been shown to regulate
the relative abundance of neuronal classes within the
developing ENS by controlling the proliferation of neuronal
progenitors: GDNF and BMP. A recent study has shown that
temporal control of GDNF expression regulates the
proliferation of specific precursors and thus the abundance of
specific subclasses of postmitotic enteric neurons.

Central nervous system The CNS consists of the brain and
spinal cord. The brain is protected by the skull (the cranial
cavity) and the spinal cord travels from the back of the brain,
down the center of the spine, stopping in the lumbar region of
the lower back. The brain and spinal cord are housed within a
protective triple - layered membrane called the meninges. The
central nervous system has been thoroughly studied by
anatomists and physiologists, but it still holds many secrets;
it controls our thoughts, movements, emotions, and desires. It
also controls our breathing, heart rate, the release of some
hormones, body temperature, and much more. The retina,
optic nerve, olfactory nerves, and olfactory epithelium are
sometimes considered to be part of the CNS alongside the
brain and spinal cord. This is because they connect directly
with brain tissue without intermediate nerve fibers. The brain
is the most complex organ in the human body containing an
estimated 15-33 billion neurons, each of which is connected
to thousands of other neurons. In total, around 100 billion
neurons and 1, 000 billion glial (support) cells make up the
human brain. Our brain uses around 20% of our body’s total
energy. The brain is the central control module of the body
and coordinates activity. From physical motion to the
secretion of hormones, the creation of memories, and the
sensation of emotion. The brain is roughly split into four lobes

(Fig. b):

Temporal lobe: Important for processing sensory input and
assigning it emotional meaning. It is also involved in laying
down long - term memories. Some aspects of language
perception are also housed here.

Occipital lobe: Visual processing region of the brain,
housing the visual cortex.

Parietal lobe: The parietal lobe integrates sensory
information including touch, spatial awareness, and
navigation. Touch stimulation from the skin is ultimately sent
to the parietal lobe. It also plays a part in language processing.

Frontal lobe: Positioned at the front of the brain, the frontal
lobe contains the majority of dopamine - sensitive neurons
and is involved in attention, reward, short - term memory,
motivation, and planning.

Brain Regions

Basal ganglia: involved in the control of voluntary motor
movements, procedural learning, and decisions about which
motor activities to carry out. Diseases that affect this area
include Parkinson’s disease and Huntington’s disease.
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Cerebellum: mostly involved in precise motor control, but
also language and attention. If the cerebellum is damaged, the
primary symptom is disrupted motor control, known as ataxia.

Broca’s area: this small area on the left side of the brain
(location depends on the individual's dominant hand) is
important in language processing. When damaged, an
individual finds it difficult to speak but can still understand
speech. Stuttering is sometimes associated with an
underactive Broca’s area.

Wernickes’s area: located in the left central lobe near
Broca’s area, controls the ability to understand the meaning
of words, when damaged one finds it difficult to
comprehend/express written or spoken language.

Corpus callosum: a broad band of nerve fibers that join the
left and right hemispheres. It is the largest white matter
structure in the brain and allows the two hemispheres to
communicate. Dyslexic children have smaller corpus
callosums; left - handed people, ambidextrous people, and
musicians typically have larger ones.

Medulla oblongata: extending below the skull, it is involved
in involuntary functions, such as vomiting, breathing,
sneezing, and maintaining the correct blood pressure.

Hypothalamus: sitting just above the brainstem and roughly
the size of an almond, the hypothalamus secretes several
neurohormones and influences body temperature control,
thirst, and hunger.

Thalamus: positioned in the center of the brain, the thalamus
receives sensory and motor input and relays it to the rest of
the cerebral cortex. It is involved in the regulation of
consciousness, sleep, awareness, and alertness.

Amygdala: two almond - shaped nuclei deep within the
temporal lobe. They are involved in decision - making,
memory, and emotional responses; particularly negative
emotions.

Spinal cord: The spinal cord, running almost the full length
of the back, carries information between the brain and body,
but also carries out other tasks. From the brainstem, where the
spinal cord meets the brain, 31 spinal nerves enter the cord.
Along its length, it connects with the nerves of the peripheral
nervous system (PNS) that run in from the skin, muscles, and
joints. Motor commands from the brain travel from the spine
to the muscles and sensory information travels from the
sensory tissues — such as the skin — toward the spinal cord
and finally up to the brain. The spinal cord contains circuits
that control certain reflexive responses, such as the
involuntary movement your arm might make if your finger
were to touch a flame. The circuits within the spine can also
generate more complex movements such as walking. Even
without input from the brain, the spinal nerves can coordinate
all of the muscles necessary to walk. For instance, if the brain
of a cat is separated from its spine so that its brain has no
contact with its body, it will start spontaneously walking
when placed on a treadmill. The brain is only required to stop
and start the process, or make changes if, for instance, an
object appears in your path.

White and grey matter: The CNS can be roughly divided
into white and grey matter. As a very general rule, the brain
consists of an outer cortex of grey matter and an inner area
housing tracts of white matter.

Immune System

The immune system is made up of a complex network of
organs, cells, and proteins that fight infection (microbes). The
immune system keeps a record of every microbe it has ever
defeated, in types of white blood cells (B - lymphocytes and
T - lymphocytes) known as memory cells. This means it can
recognize and destroy the microbe quickly if it enters the body
again before it can multiply and make you feel sick. Some
infections, like the flu and the common cold, have to be fought
many times because so many different viruses or strains of the
same type of virus can cause these illnesses. Catching a cold
or flu from one virus does not give you immunity against the
others. The main parts of the immune system are:

«  White Blood Cells

o Antibodies

« Complement System

e Lymphatic System

e Spleen
« Bone Marrow
e Thymus

White blood cells are the key players in your immune system.
They are made in your bone marrow and are part of the
lymphatic system. White blood cells move through blood and
tissue throughout your body, looking for foreign invaders
(microbes) such as bacteria, viruses, parasites, and fungi.
When they find them, they launch an immune attack. Include
lymphocytes (such as B - cells, T - cells, and natural Killer
cells), and many other types of immune cells.

Antibodies - Antibodies help the body to fight microbes or
the toxins (poisons) they produce. They do this by
recognizing substances called antigens on the surface of the
microbe, or in the chemicals they produce, which mark the
microbe or toxin as being foreign. The antibodies then mark
these antigens for destruction. There are many cells, proteins,
and chemicals involved in this attack.

3.2 Mechanisms of Communication:

« Neural Pathway

The neurotransmitter activity in the GIT, ENS, and vagus
nerve is a component of the neurological route and stimulates
the sensory nerves to release numerous hormones, including
serotonin, melatonin, and histamine. It also releases GABA,
acetylcholine, and catecholamines in the GIT [42]. The two
pathways are discussed here, i. e., the endocrine pathway and
the immune pathway.

« Endocrine Pathway

In the endocrine pathway, enteric endocrine cells (EEC)
release physiologically active peptides to affect the nutrient
availability of the GM, which shows the association between
nutrient sensing and peptide secretion by EECs and that this
biologically active peptide alters the GBA. EECs have an
impact on food aversions and nutrient digestion and
absorption, as well as defense mechanisms against toxins. The
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secretory components of EECs are released into the
bloodstream and use paracrine mechanisms to target the
neuron. Neurotrophin receptors promote the survival, growth,
and function of neurons as well as pre - and post - synaptic
proteins. The production of synaptic proteins raises the
possibility of connections between EECs and nerves
connecting the intestinal lumen via the ENS. Galanin is an
active peptide that affects sleep/wake, nociception, cell cycle
control, appetite, mood, regulation of blood pressure, and
parental and neurotrophic activities. It also affects the
production of the corticotropin - releasing factor and the
adrenocorticotropic hormone to activate the HPA axis
centrally. Galanin releases norepinephrine in the adrenal
medulla and cortisol from the adrenal cortex. This implies its
role in the hypothalamic—pituitary—adrenal axis (HPA) -
mediated stress response.

e Immune Pathway

Another important pathway is the immune pathway, which
involves immunity via cytokine modulation in the intestine.
Cytokine enters the bloodstream and is transmitted to the
brain by the GBA. Through the GBA, the immune system is
known to be an important coordinator of microbiota and the
brain. Activation of the immune system in both the gut and
the brain may lead to neuro - inflammation or neurological
disorders that are activated by microbes with associated
molecular patterns (MAMPs). These MAMPs are
recognized by toll - like receptors (TLRs) to activate the
various immune cells to generate pro - inflammatory
cytokines that enter the brain through the blood - brain barrier
and cause neurological disorders. During dysbiosis in the
GIT, the GM modulates the inflammatory metabolism,
primarily by releasing various inflammatory cytokines,
through the immune system. Irritable bowel syndrome (I1BS)
is well defined by ENS dysregulation, which results in
irregular microbial populations, activation of mucosal innate
immune responses, increased gut epithelial permeability, and
activation of gut sensory and epithelial permeability
pathways. The immune system’s influence on intestinal
motility and secretion may result in visceral hypersensitivity
and cellular entero - endocrine function abnormalities, as well
as an impact on GIT and GBA functions. Inflammasome
activation leads to caspase - 1 maturation and the release of
pro - inflammatory cytokines via specific MAMPs, resulting
in a neurological disorder. It has been demonstrated that
regulating immune cell homeostasis is an alternative strategy
for communicating microbes from the gut to the brain in the
GBA.

3.3 Influence on Brain Function

Appreciable evidence shows that gut microbiota produces
diverse neuroactive metabolites, particularly
neurotransmitters (and their precursors), stimulating the local
nervous system (i. e., enteric and vagus nerves) and affecting
brain function and cognition.

For example, spore - forming bacteria secrete their
metabolites, stimulating  serotonin  biosynthesis in
enterochromaffin cells. Moreover, some neurotransmitters
and their precursors produced by the gut microbiota and
enteroendocrine cells are transferred to the bloodstream and
could reach the brain. GABA, a nonprotein amino acid
generated by the decarboxylation of glutamic acid, is a

naturally occurring amino acid, and it functions as a
neurotransmitter at the inhibitory synapses of the vertebrate
and invertebrate nervous system.

A wide range of GABA - binding proteins are present in gut -
associated bacteria and are thought to be critical in bacterial
and inter - domain communication. The low level of GABA
in the brain causes severe psychiatric and neurological
disorders, including depression, anxiety, insomnia, and
epilepsy. Some evidence revealed that the gut microbiome
affects the level of GABA and subsequently influences
mental health. For instance, Bravo et al. (2011) reported that
L. rhamnosus elevated the abundance of GABAsww MRNA
(GABAg produces slow and prolonged inhibitory signals)
while decreasing the level of GABAA:MRNA (GABAA
mediates fast inhibitory signals) in the cortex of mice, leading
to the inhibition of anxiety and depression - like behaviors. In
mammalians, approximately 25-50% of neurons contain
GABA as a primary inhibitory neurotransmitter in their
central nervous system.

Gut microbiota also indirectly take part in the production of
serotonin: for instance, enterochromaffin cells produce
serotonin once they receive signals through gut microbiome -
produced metabolites that upregulate expression of the tphl
gene. Indeed, germ - free mice (GF) have substantially
reduced colonic Tphl mRNA expression, serum serotonin
levels, and increased serotonin - selective reuptake transporter
MRNA expression compared to control mice. In another
study, gut microbiome was shown to play a role in the
production of serotonin by comparing three mice groups: GF
mice, GF mice colonized with human gut bacteria, and
normally raised mice with mouse microbiomes. The
colonized mice with human gut bacteria and normally raised
mice expressed higher levels of colonic Tphl mRNA and
protein along with an increase in colonic serotonin level
compared to GF mice. There was no difference in
enterochromaffin cell density between the three groups, so the
gut microbiome could directly regulate serotonin levels in the
gastrointestinal tract. Recent studies implementing gut
microbiota interventions have demonstrated that specific
products (single - species or multi - species probiotic, or
prebiotic) can interact with the brain and have elicited a
positive bacteria - cognition relationship.

4. Link Between Gut - Brain Axis and
Neurodegenerative Diseases

4.1 Alzheimer’s Disease

The influence of gut dyshiosis on Alzheimer’s disease is
increasingly recognized, particularly regarding amyloid
plaque formation and neurofibrillary tangles (Fig a).
Dysbiosis can disrupt the balance of gut microbiota, leading
to increased production of pro - inflammatory cytokines and
metabolites that cross the blood - brain barrier, potentially
accelerating amyloid - beta accumulation and tau pathology
in the brain. Gut inflammation can  worsen
neuroinflammation, which is closely linked to cognitive
decline in Alzheimer's patients. Chronic gut inflammation
could, therefore, play a key role in the progression of
Alzheimer’s, suggesting that modulating the gut microbiota
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might offer a novel therapeutic approach to delay or mitigate
cognitive deterioration.

4.2 Parkinson’s Disease

Parkinson’s disease (PD) is closely linked to the gut - brain
axis, particularly through the involvement of alpha -
synuclein pathology. Misfolded alpha - synuclein proteins,
which are central to the disease, may originate in the gut and
travel to the brain via the vagus nerve, suggesting a possible
gut - to - brain progression of Parkinson’s. This connection is
further supported by early gastrointestinal symptoms, such as
constipation, which often precede motor symptoms by several
years and serve as potential predictive markers of the disease.
Alterations in the gut microbiota composition in Parkinson’s
patients are thought to influence these early gut symptoms and
may contribute to disease progression, highlighting the need
for early gut - targeted interventions.

4.3 Amyotrophic Lateral Sclerosis (ALS)

The gut - brain axis also plays a significant role in
amyotrophic lateral sclerosis (ALS), a progressive
neurodegenerative disease that affects motor neurons.
Emerging evidence suggests that dysbiosis and gut
inflammation may influence motor neuron degeneration in
ALS. Alterations in the gut microbiome can affect immune
system regulation and inflammatory responses, potentially
exacerbating neuronal damage. Studies have indicated that
specific gut microbiota profiles may be associated with
disease progression, and manipulating these microbial
communities could offer a novel approach to slowing ALS
progression.

4.4 Other Neurodegenerative Conditions

Beyond Alzheimer’s, Parkinson’s, and ALS, the gut - brain
axis may also be implicated in other less common
neurodegenerative diseases, such as Huntington’s disease and
multiple system atrophy. Although research is still in its early
stages, preliminary studies suggest that gut health and
microbiome composition could play a role in these
conditions. Dysbiosis - related inflammation and altered gut -
brain signaling pathways may contribute to disease
mechanisms, underscoring the potential of gut - targeted
therapies to mitigate symptoms and modify disease
trajectories.

5. Impact of Diet and Lifestyle on the Gut -
Brain Axis

5.1 Dietary Influence

A diverse diet rich in fiber, fruits, vegetables, and fermented
foods helps maintain a healthy gut microbiome, which is
crucial for the proper functioning of the gut - brain axis. A
diverse microbiome is linked to improved mental health and
cognitive function.

Diets high in processed foods, sugars, and unhealthy fats can
promote gut inflammation, disrupting the gut - brain axis and
potentially leading to mood disorders like depression and
anxiety. Consuming dietary fibers leads to the production of

SCFAs like butyrate, propionate, and acetate, which have
neuroprotective effects and can influence brain health by
maintaining the integrity of the blood - brain barrier and
reducing inflammation. Dietary components can modulate bi
- directional communication, influencing stress responses,
mood, and overall mental well - being. A healthy gut ensures
efficient absorption of essential nutrients like vitamins B6,
B12, and folate, which are critical for brain function.
Deficiencies in these nutrients can impair cognitive
performance and mood regulation. Poor dietary choices can
increase gut permeability (leaky gut), allowing toxins and
inflammatory agents to enter the bloodstream and affect the
brain, potentially leading to neuroinflammation and mood
disturbances.

5.2 Lifestyle Factors

From ancient times, it has been advised to have a good
lifestyle to remain healthy, this applies to the functioning of
the gut - brain axis as well. Chronic stress activates the HPA
axis, leading to increased cortisol levels, disrupting the gut -
brain axis by altering gut motility and exacerbating
gastrointestinal symptoms, further influencing mental health.
Poor sleep can also, of course, influence the gut, triggering
gut inflammation and allowing harmful substances such as
lipopolysaccharides directly into the bloodstream. Disrupted
circadian rhythms harm the metabolism as well as cause
different problems like insomnia, anxiety, restlessness, etc.

Antibiotics, if consumed frequently, can cause the loss of
beneficial bacteria by killing both harmful and beneficial
bacteria in the gut, leading to gut dysbiosis and also
contributing to the overgrowth of pathogenic bacteria.
Disruption due to antibiotics can also lead to altered
neurotransmitter production.

6. Emerging Therapeutic Approaches
6.1 Microbiota Modulation

Neurodegenerative diseases are highly prevalent but poorly
understood, and which few treatment options. Despite
decades of intense research, there are a few therapeutic
researches. One such mediator is the gut microbiota. Fecal
microbiota transplantation is a treatment method.
Traditionally used for stadium defile infections, it has
recently been used in neurodegenerative disease research as a
potential treatment method. Clinical trials with FMT have
been performed in patients with autism spectrum disorder and
showed beneficial effects on neurological symptoms for
multiple sclerosis and Parkinson’s disease. Several animal
studies suggested a positive effect of FMT supported by some
human case reports, and preliminary literature such that FMT
may be a promising treatment option for several neurological
disorders. However, the available evidence is still skin, and
some contrasting results were observed. A limited number of
studies in humans have been performed or are ongoing. While
for some disorders. Only animal experiments have been
conducted. Probiotics, prebiotics, and Synbiotics can be
considered a potential therapeutic and preventative strategy
for gut health. Prebiotics have a direct effect on microbial
growth as they stimulate the growth of beneficial bacteria and
supplies. The growth of pathogens probiotics render a local
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protective effect against pathogens and a systemic indirect
effect on immunological amelioration. Synbiotics are fusion
products of prebiotics and probiotics. Sin biotic, therefore,
provide the joint action of probiotics and prebiotics, which
can be classified as functional dietary components that may
enhance the survival of probiotics during their pass through
the upper digestive tract because of their specific substrate,
the probiotics help your body maintain a healthy community
of microorganisms.

6.2 Pharmacological Interventions:

The microbiota can have negative effects on the
pharmacological properties of drugs. The reverse pattern is
also valid. A large number of host - directed drugs across
therapeutic classes combined can affect the bacterial growth
of at least one chain. Psychotropic drugs have been
particularly highlighted for their antimicrobial -effects,
causing alterations of the microbiota as well as modifications
of gastrointestinal function, such as intestinal permeability.

7. Challenges and Future Directions
7.1 Research Challenges

Major populations are suffering from neurological disorders,
which are expected to rise by 13% by 2030. Hence, there is
an urgency to develop more reliable biomarkers and feasible
therapeutic options given the diseases’ pathogenicity. It has
been shown that the GUT microbiome in the GBA has been
reviewed for the association of multiple neurological
disorders such as AD, MS, PD, ASD, epilepsy, stroke and
brain injury, AML, HD, etc. However, deeper research is
needed for the understanding of the mechanism of the action
and function of GM in disease pathogenesis and its further
applicability for therapeutic or prognostic purposes.
Currently, several studies are based on correlation rather than
causation. To prove causation, more prospective studies are
needed. Another concern is that several studies have been
published that are performed with animal models and limit the
findings to human studies. Additionally, several confounding
factors connected with human fecal research, including food,
demographic, clinical, and socio - economic characteristics,
as well as sample collection, laboratory methods, and genetic
sequencing techniques, are likely to contribute to the
multiplicity of research findings. Researchers are needed to
conduct such research, which can help in determining more
thorough causes and the impacts of underlying pathways by
using interventional approaches such as the use of probiotics,
prebiotics, fecal transplantation therapy, etc. Additionally, it
is critical to take into account the appropriate dosages of
probiotics and other microbial therapies, as the ideal dosages
and lengths of treatment have not yet been fully elucidated.
Pre - clinical and clinical trials for probiotics and other
microbial therapies differ significantly in the timing,
formulation, and dosage of treatments for neurologic
disorders.

7.2 Future Research Directions:
« Find shared interest across broad areas of expertise that

can drive analysis and interpretation of the massive
amounts of sequencing data that are accumulating.

« Supplement sequencing studies with mechanistic studies.
Collect prospective data that can inform causality.

« Continue to explore not just the microbiome, but also the
metabolome and its role in human health and disease.

« Continue to explore the role of commensal microbes in
disease.

o Continue to explore fetal,
microbiome biology.

infant, and pediatric

8. Conclusion

The investigation into the gut - brain axis (GBA) has unveiled
significant insights into its role in neurodegenerative diseases,
illustrating a complex interplay between gut health and
neurological function. This paper has explored how
alterations in the gut microbiome can influence the onset and
progression of conditions such as Alzheimer's and Parkinson's
diseases, highlighting the potential for innovative therapeutic
approaches.

The GBA serves as a vital communication network linking
the gastrointestinal system with the brain, facilitating a
bidirectional flow of information that can affect both mental
and physical health. Research indicates that the gut
microbiome, composed of trillions of microorganisms,
produces various metabolites that can influence brain activity,
mood, and cognitive processes. Dysbiosis, or an imbalance in
gut microbiota, has been associated with numerous
neurodegenerative disorders, suggesting that maintaining a
healthy gut microbiome could be crucial in preventing these
diseases.

One of the most compelling findings from this research is the
potential for gut microbiota alterations to act as early
biomarkers for neurodegenerative diseases. Identifying
specific microbial signatures associated with these conditions
could enable earlier diagnosis and intervention, which is
critical for slowing disease progression. Furthermore, the
exploration of dietary interventions, probiotics, and prebiotics
as potential therapeutic strategies offers promising avenues
for improving both gut and brain health.

Despite the progress made, several gaps remain in our
understanding of the GBA. The precise mechanisms by which
gut microbiota influence neurodegenerative processes are still
not fully elucidated. Future research should focus on
establishing causality rather than mere correlation, as
understanding whether changes in the gut microbiome
contribute to the development of neurodegenerative diseases
or are simply a consequence of these conditions is essential.

Longitudinal studies are needed to track changes in the gut
microbiome over time and their relationship with brain health.
Such studies could provide valuable insights into how gut
health may predict the onset of neurodegenerative diseases,
leading to more effective preventive measures. Additionally,
the interplay between genetic factors and the gut microbiome
requires further investigation, as this could help identify
individuals who are more susceptible to these conditions.

The role of diet in modulating the gut microbiome and its
impact on neurodegeneration is another area that warrants
deeper exploration. Specific dietary components, such as
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fiber and polyunsaturated fats, may have protective effects
against neurodegenerative diseases, and understanding these
relationships could lead to actionable dietary
recommendations.

In conclusion, the gut - brain axis represents a promising
frontier in the study of neurodegenerative diseases. By
elucidating the connections between gut health and
neurological function, researchers can develop innovative
strategies for prevention, early diagnosis, and treatment. As
our understanding of this complex relationship continues to
evolve, it holds the potential to transform our approach to
neurodegenerative diseases, ultimately improving the quality
of life for millions affected worldwide. Continued research in
this area is imperative to unlock new therapeutic avenues and
enhance our understanding of the intricate connections
between gut health and brain function.
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