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Abstract

The microbial diversity associated with all life forms, including humans, plants, and animals, is
magnificent. Different regions of the body are inhabited by different species and forms of microbes.
Such transient interaction with the microbiome affects all organisms concerning their physiological
functioning as well as disease. Inherent functions of the body, like immune reactions, developmental
pathways, metabolic and endocrinological attributes coupled with genetics, lifestyle factors, diet, and
introduction of antibiotics in the system, and other metabolites, all play an important integrative role in
the maintenance or loss of health. Research indicates that the occurrence of diverse types of health
conditions, like autoimmune disorders, neurological problems like Alzheimer’s, mood alterations,
cancer, and even social behavior, are related to the changes in the microbial population in the human
gastrointestinal tract. This paper highlights the different effects of the gut microbiome-metabolome
conjugate and its effect on health conditions, with a brief reflection on the diverse modes of advanced
treatment and future research using nanotechnology and artificial intelligence.
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1. Introduction

The distribution and diversity of microorganisms in the human body are fascinating with an estimated
human flora to exceed the total number of cells by a factor of ten [1]. Since the activity of the human
microflora has been less appreciated and understood over the years, the collaborative interactions
between the human flora and the living human body needed elaboration. The shotgun sequencing
experiments coupled with microarrays contributed immensely to the characterization of the microbial
diversity in the human body that relied on the 16S rRNA, 18S rRNA, marker genes that allowed the
determination of the microbial diversity of an area with a genome in multiple of 150 in comparison to
the human genome [2, 3, 4].

The main concentration of microbes packed into the gastrointestinal tract measures about 1011-1012
bacteria/Icm?® [5] where a plethora of these tiny organisms play fundamental role in the functioning of
the digestive tract and aids other functions like the metabolic degradation of xenobiotics, metabolism of
vitamin b12 and Vitamin K.

Reports indicate that the absence or lack of the microbial diversity are potentially capable of producing
autoimmune diseases like type | diabetes, rheumatism , coagulation problems, muscular dystrophy and
hindrance in neural transmission pathways due to Vitamin K malfunction. It can also produce cancer,
loss of memory, depressive conditions,, autism, and even Alzheimer’s disease [4]. Microbial interaction
with human cells and health appears to pass on to the progeny. It is proposed that there are multiple
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ways by which the human flora interacts with human physiology. In addition to the genetic and
developmental regulations, the canvas of interaction includes environmental interactions that cause
remodeling of certain parameters of the interconnected physiology of immune system. The impact also
extends to metabolism, hormonal pathways, and brain function coupled with the tendency of epigenetic
modulation of the genome.

Research points to the fact of an interactive crosstalk between the microbial populations, environment,
plants and health in man [6]. This microbial diversity functions in a broader perspective of the terrestrial
and microbial ecosystems and their niches. Factors like agricultural developments, industrial influences
and others continuously challenge the balance of these interactive systems as consequences of the
lifestyle modification leading to unhealthy conditions [7]. There are various types of gut microbiota
interactions associated with different diseases [8]. The metabolic products produced by the gut
mircrobiota includes a host of different substances like bile acids, indoles, short chain fatty acids that
have specific regulatory and inflammatory responses leading to a diversity of health issues like colitis
[9], hepatic steatosis[10], Parkinson’s disease [11] Multiple sclerosis, obesity schizophrenia and a host
of others[ 8, 11, 12,13, 14]. The present paper highlights the nexus between the microbiome population
of the gut, and its implications in disease orchestrated by the metabolomics with highlights on treatments
and future prospects.

2. Microbial composition of the human gut

The gut microbiome is composed of a plethora of bacterial types associated with diverse types of
functions. Encoding over 3 million genes, the gut microbiome perhaps has the greatest microbiological
density. Genetic sequencing tools employed for analysis of the gut microbiome have identified bacteria,
yeast along with viruses [15]. The microbial diversity consists of a few phyla encompassing 160 species
including Actinobacteria, Proteobacteria, Fusobacteria, Firmicutes, and Verrucomicrobia. Almost a
staggering 90% of the microbial diversity is represented by Firmicutes and Bacteroidetes [16]. There are
over 200 genera in the phylum Firmicutes, including Lactobacillus, Bacillus, Clostridium, Enterococcus,
and Ruminicoccus. Of the Firmicutes phylum, 95% is composed of the genus Clostridium. Additionally,
prominent genera like Prevotella and Bacteroides make up the Bacteroidetes. Proportionally less
common is the Actinobacteria phylum, which is primarily represented by the genus Bifidobacterium.
[16].

3. Functional dynamics of gut microbiome

The gut microbiome is an essential component of the digestive system, although there is an association
between the commensal microbiota and the gut. From a functional standpoint, gut microbiota aid in
synthesizing and extracting metabolites as well as nutrients like short-chain fatty acids, amino acids,
vitamins, etc. In addition, they also exhibit immunological parameters by restricting the growth of
pathogenic microbes as well as the production of bacteriocins [17].

Additionally, they perform several unique functions in the immune system's regulation, the host's
nutrition and metabolism, the integrity of the intestinal mucosa barrier, and the defence of the gut against
infections. Everybody has a unique profile of gut microbiota [18] .The gut microbiota of each individual
is formed early in life. Various parameters like the baby's delivery style date of birth, appropriate milk-
feeding technique, duration of the weaning period, and external variables like antibiotic use affect the
gut microbiota composition of an individual.
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These personal, healthy core native gut microbiota stay relatively stable throughout adulthood. However,
different enterotypes, BMI, exercise, and lifestyle all contribute to the variation in gut microbiota
composition. Therefore, there is standard ideal gut microbiota composition because each individual's gut
microbiota composition is unique. The gut microbiome ecosystem is a specialized mechanism of
interspecific interaction stabilized by the selection process that plays diverse roles in health and disease

(Figl)

Figurel. Loss of barrier function of gut microbiota leads to infection (Reeved from Lu et al, 2020)

The primary function of the gut ecosystem is the provision of a portal for the digestive as well as
absorptive processes to function optimally, and it also acts as a barrier to pathogenic substances or
otherwise harmful ones, preventing them from passing from the gut into other systems, organs, or the
circulatory system. In addition, the human gut is the locale of a multitude of bacterial species, in addition
to other body region species [19].

Anatomical location in the gut, type of delivery, breast feeding, lifestyle, food, age and other factors
cause sequential alteration in gut microbiome composition

The microbial composition of the gut is a dynamic entity showing modifications or alterations with
various factors, including anatomical location in the colon, gestational age, and presence of normal or
medically assisted delivery, feeding methods, and other parameters. Considering the anatomical location
of the microbiome in the colon, the colon of the gut is populated mainly by Bacteriodetes and
Firmicutes, with minute amounts of Proteobacteria and no Fusobacteria (Fig2).

The microbial population differs even in a normal and C-section birth, with members of different genera
like Bifidobacterium spp., Bacteroides fragilis, Prevotella spp., Lactobacillus spp., Staphylococcus spp.,
Streptococcus spp., Escherichia spp., and Sneathia spp. increasing in a normal vaginal birth, while a
baby born before 37 weeks of pregnancy has a lower preponderance of Bifidobacterium spp. In a C-
section delivery, the number of Corynebacterium spp. and Propionibacterium spp. increases while the
population of Bacteroides spp., Shigella spp., Escherichia spp., and Staphylococcus spp. are reduced.
Breastfeeding increases the number of Bifidobacterium spp., Lactobacillus spp., Staphylococcus spp.,
and Enterococcus spp.; however, artificial milk increases the number of Clostridium difficile, Lactobac-
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illus spp., Escherichia spp., and other microorganisms. Age also appears to impact the microbial
composition. Above 70 years, there is a noticeable difference in the bacterial Proteobacteria (increment),
while Bifidobacteriaceae and Clostridium get reduced [19]

Bacteroidetes

Figure 2.phylogenetic tree depict Microbial diversity in human colon Red, blue and yellow
branches indicate unique diversity of the individual itself. (Retrieved from Ley et al, 2006, Cell.
2006 Feb 24; 124(4):837-48).

The gut microbiota has been implicated in different physiological conditions and diseases (Fig 3). It is
postulated that gut microbiota composition is intricately linked to the biological aging of the gut and is
not non-chronological. Exercise and mobility, dietary habits, and social customs all affect the healthy
composition of the gut microbiome, aiding in longer life spans. In mobility-deprived or very meagre
workout regimens, there appears to be an alteration of the gut microbiome leading to an increase in
immobility, digestion, and other physiological parameters like the immune system and muscular system,
involving sarcopenia and motor neural issues [20].

In ethnic communities, forced changes in diet have resulted in changes in the microbial composition of
the gut, and modern lifestyles are being regarded as sources of multiple diseases. Microbial
compositions of the gut are of different types in certain ethnic groups, like Irish travellers, resembling
pre-industrialized communities or societies. Thus, microbial composition and health have been
implicated in public health parameters under the pressure of lifestyle modifications [21]. The
environment also plays a significant role in the development of the gut microbiome in association with
cohabitation, health conditions, and microbiome compositions. It has also been linked to
socioeconomics, early and present-day vulnerability to microbiome that has been intricately linked to
functionality and diseases [22].
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Figure 3 .Role of gut microbiome in health and disease, (Retrieved from Zemanova et al, 2022)

4. Impact of alteration in microbiome composition and metabolome on Diseases

It has been implicated in different research studies that the gut microbiome is intimately related to a
wide spectrum of disease conditions, lifestyles, and even social behavior via its metabolome. There is a
statistically significant difference in the taxonomy of the gut microbiome composition between a healthy
and a diseased individual [23].According to available data, the microbiome is more stable in later
childhood and adulthood after being relatively variable during infancy and early childhood. Microbiota
effects can modify risk mechanisms and predispose to the development of diseases by altering the host's
metabolism in later life and during early development [24] (Fig4)
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Figure 4. Age related dependence of health, immune development, growth on microbiome
(used under CC 4.0 Copyright © 2022 Korpella & Vos, 2022)
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The gut microbiota plays an important role in human functional metabolic pathways by contributing
enzymes that are not produced by the human genome [25]. Introduction of Polyphenols in diet has been
linked to the changes in the gut microbiome in relation to diseases [26]. Gut microbiome composition
has also been significantly dependent on the diet and metabolites [27, 28]

4.1The cardiac diseases and the heart —gut axis

Researches indicate that alterations in the gut microbiome and the metabolome alternations pose
significant risks for the development of cardiovascular diseases via the influence of the altered
metabolome on the host metabolism [29]. Recent evidence suggests that the alteration of the gut
microbiota and its metabolites, like indole-3 propionic acid (IPA), significantly alters the function of the
cardiomyocyte mitochondria, leading to cardiomyocyte mitochondrial dysfunction that has been
extensively linked to cardiovascular diseases (CVD).

Different other compounds, like Trimethylamine N-oxide (TAMO), short-chain fatty acids, etc., have
been found to impact the gut-heart axis, leading to heart failure due to the consumption of indigestible
components in meals [30].

4.2Gut microbiome and the Gut -brain axis

Maintenance of health is dependent on the interplay between the gut microbiota and the brain, and
disruption of the gut-brain axis leads to the distortion of the normal activity of interaction, producing
diseases. The role of gut microbiota alteration as a causative agent in IBD has been implicated in recent
studies, contributing to the development of several factors leading to irritable bowel syndrome.
Alteration of the microbiota has been linked to various issues, like disruption of the gut-brain axis
(GBA), changes to visceral hypersensitivity, alteration of the mobility of the gastrointestinal tract,
impairment of the function of the epithelial barrier of the gut, and activation of the immune response,
etc.[24,31].

Similar microbial interventions have been reported in other intestinal problems like Crohn’s disease,
ulcerative colitis, and chronic inflammatory disorders of the gut, where lysogenic prophage components
have been incorporated and integrated into the bacterial genome of the gut [32]. Such signals are
presumed to cause the excision of phage components from the bacterial genome, leading to an increase
in phage activities during inflammation [9].Research indicate changes in the gut microbiome
composition between healthy an schizophrenia patients , the latter having a lesser diversity (alpha
diversity ) and different unique bacterial taxa like Veillonellaceae, Lachnospiraceae and others are
found to be related to the degree of schizophrenia as well as different conditions of anxiety, depressive
conditions and trauma in patients [14,33].\

4.3Gut microbiome gut- bone axis

Bone health, regeneration, and degeneration of the bone are extremely important in the maintenance of
bone structure homeostasis and disease prevention. Evidence indicates that the gut microbiome has a
strong influence on the health of the bones and appears to be a potent regulator of bone homeostasis.
Data also indicate that there is a significant relationship between the development of different diseases
like osteoarthritis, rheumatoid arthritis [34], bone cancer, etc., by influencing factors like calcium
absorption, production of short-chain fatty acids, and immune-endocrine control [35].There are also
evidences of involvement of oral and gut microbiome in periodontal ailments[36].

4.4Gut microbiome and gut- immune axis

The optimal functionality of the immune system is based on the delicate balance between the crosstalk
between the different arms of the immune system, namely the humoral and cell-mediated immune syste-

IJFMR240217155 Volume 6, Issue 2, March-April 2024 6



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

ms. The gut microbiome has been found to have a strategic and significant impact on the fine-tuning of
the immune system of the body, leading to a change in consistent status. This balance is strictly
regulated by the delicate interaction between regulator and responder molecules that play a fundamental
role in impaired lymphocyte function under disease conditions. It has been indicated that the inhibition
of the protest microbiome along with derived metabolites significantly alters the adaptive immune
response component of the immune system [37].

5. Application of microbiome and its related metabolome in disease treatment

With the implications and discovery of the potential impact of alteration of the gut microbiome and
metabolome on diseases, it is an obvious possibility that restoration of the microbiome-metabolome axis
may possess the potential for a new domain of treatment for multiple disease conditions. Thus, the
microbiome-metabolome axis has extensive potential for therapeutic applications in the restoration of
the normal microbiome-metabolome constitution of the body as a treatment since the impact of the
microbiome-metabolome axis is widespread, broad-spectrum, and integrated into multiple axes of the
body like the gut immune axis, the gut brain, the gut cardiac axis, etc.

Workers have pointed to the therapeutic application of microbiomes in disease conditions [38]. Research
indicates that the use of microbiota can alter the status of the body from a sub-health (condition
progressing to an unhealthy status) to a healthy status by altering and readjusting the balance and
interaction of the gut microbiota. The application of Bacillus licheniformis as a mature probiotic
regulated the microbiota balance. B. licheniformis decreased factors like tumor necrosis factor-alpha,
serum corticosterone, and cytokines that are programmed for inflammation to a considerable level. It
was observed that changes in the microbiota altered the state of behavior linked to anxiety by
remodeling the gut microbiome, altering it from a sub- health to a healthy status. The application of the
bacillus also altered the state of behavior linked to anxiety by remodeling the gut microbiome, altering it
from a sub- health to a healthy status [39] .Lifestyle alteration has also been linked to alterations of the
gut microbiome plasticity and microbiome metabolome interactions [21].

Bacteria and yeast included in probiotics have been successfully used extensively to treat various types
of disease conditions, and the use of probiotic bacteria is under continuous research as an adjuvant in the
treatment of intestinal diseases. Probiotics have been utilized to enhance the prognosis and management
of diseases. Microbiota has been used extensively against antibiotic-associated diarrhea, inflammatory
bowel disease, Crohn’s disecase, colorectal cancer, ulcerative colitis, and a host of other disease
conditions [40].

5.1. Fecal microbiota transplantation (FMT) and vaginal seeding

It has been well documented that different interventions like C-section, breastfeeding, etc. are significant
factors for microbial colonization of the infant gut, and the mechanism of development of the infant gut
microbiome dominance is obscure. Infant gut microbiota is also affected by various parameters like
intrapartum antibiotics, mode of birth (caesarian section), lactic acid bacteria, breastfeeding, and vaginal
seeding, which involves the transfer of the vaginal flora to the mouth of the newborn after C-section.
The most dominant populations of microbes normally undergoing material-to-fetal transportation are
Bifidobacteria and Bacterioid strains possessing the capacity to utilize the oligosaccharide in milk. Infant
gut microbiota is affected by maternal stress, maternal asthma, gestational diabetes, maternal diet etc.
Treatments to reestablish the infant microbiome has been researched and applied in various ways
including microbiota targeting treatments, probiotic lactic acid bacteria supplementations, vaginal seedi-
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ng and maternal FMT or Maternal Fecal microbiota transplantation delivering healthy donor stool to the
C section infant through various methods like colonoscopy, nasogastric tube etc.[41]

Gut microbiome restoration played a significant role in reversing the state of liver injury. Similar results
have been obtained for alteration of gut microbiota by probiotics in treatment of bone related disorders
[42, 35]. Thus, there are ample opportunities for the use of microbiome restoration for not only
identifying the disease condition in sub-health conditions but also treatment and prevention.

6. Advanced methods of treatment of altered microbiome and metabolome influx in disease by use
of nanomedicine

With the advent of nano-biotechnology as well as robotics and metabolome engineering, it has become
possible to substantially develop treatments for gut microbiome-metabolome-related diseases. Recent
advances in nanomedicine have emerged as one of the most promising technologies, with a specific
focus on the application of nanomaterial for the modulation of the gut microbiota by enhancing the anti-
cancer theory. Engineering the gut microbiome is paving the pathway for the most advanced treatment
options [43]. Nanotechnology, including diverse application parameters, can operate both at the in vitro
platform level and in diagnosis and treatment in a complementary fashion. Different metabolic pathways
synthesize different nanomaterials, which, when studied and modified concerning considerations such as
survival period, decreased cell diffusion rates, and insignificant reduction abilities, are being well
explored.(Fig5 ) Different diagnostic and therapeutic mediators have already been developed using
nanomaterials being deployed against inflammatory bowel disease, intestinal cancer, etc. A wide
spectrum of nanomaterials have already been developed and successfully used, which includes metal-
based nanoparticles, nanogels, nanofibres, and nanoclays possessing diversified functional domains like
antibacterial activity, tissue engineering, removal of antibiotic-resistant bacteria, drug diversity,
enzymatic catalysts, food delivery, ionic adsorption, etc.[44] Successful intervention in cancer
immunotherapy has been fabricated through the development and use of nanoparticle-coated bacteria as
a DNA vaccine.[45] (Fig 6 ).
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Figure: 5 Role of diverse nanomaterials and their impact on gut and its microbiome
(Retrieved from Fei et al, 2022)
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Figure: 6 Nanoparticle coated bacteria as DNA vaccine in cancer immunotherapy (Retrieved from
Hu et al, 2015).

7. Discussion

The influence of gut microbiome and metabolome in human disease is undeniably established. A wealth
of data suggests that changes in the gut microbiome and metabolome are responsible for disease
conditions. A broad range of factors, including C-section deliveries, breast milk, diet, and lifestyle, have
been associated with alterations in the gut microbiome and metabolome. These modifications have an
impact on various physiological and biochemical aspects of the body, and may even influence social
behavior. The majority of common diseases, like issues with the immune system, cardiovascular and
cardiomyocyte mitochondrial diseases, and psychological and neurological conditions like schizophrenia
and depressive disorders, are correlated with microbial changes or alterations of their metabolome in the
system. Hence, with the extensive role of gut microbiota in diseases, new treatment technologies and
methods are being invented and applied. The wide spectrum of treatment protocols, like the use of fecal
microbiota, genetically engineered microbiota, nanotechnology-associated drug delivery systems
involving microbes, and the use of nanobots and artificial intelligence, are focused on ushering in a new
era of treatment and health.

8. Future prospects: Nano-robotics and Al

The pathway for future research involving the gut microbiome and disease nexus will potentially focus
on the identification of prospective disease conditions by screening the gut microbiome and metabolome
of the individual. This will lead to a much faster prognosis and preventive measures. The application of
nanobots and artificial intelligence appears to be most suited for this purpose. Presently, the application
of nanobots is widespread in different disease conditions as potential drug delivery vehicles [46,4748]
and when integrated with artificial intelligence it may empower the feasibility to scan, accurately predict
the disease possibility, and render treatment in terms of tissue engineering, programmable antibiotics,
microbolome engineering, and microbiome -metabolome restoration [49,50,51] .With proper research
and application, it may be possible to use programmed nanobots to enter into the human system as
scanning, maintenance and repair unit (SMR) unit, to scan, maintain and or repair microbiome-
metabolome malfunction for optimum heath on a long term basis.
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