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ABSTRACT

The gut microbiome refers to the vast community of microorganisms—mainly bacteria, but also viruses, fungi, archaea, and
protozoa—that inhabit the digestive tract, primarily the intestines. These microbes form a complex ecosystem that interacts
with our body, influencing digestion, metabolism, immune function, and even aspects of mental health. Dysbiosis means the
loss of balance. The gut microbiota dysbiosis happens with their loss due to creating negative environment. It happens with
many reasons. One of the major causes of gut microbiota dysbiosis is exposure on pesticides used in the fields. The pesticides
in agricultural practices have raised concerns about its potential health effects on humans. This study explores the intricate
relationship between pesticide exposure and its detrimental impact on the gastrointestinal microbiome.
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1. INTRODUCTION

The gastrointestinal tract of human digestive system hosts a vast community of tiny living organisms known as
microorganisms, collectively referred to as the gut microbiota. These microbes include bacteria, viruses, fungi, protozoa
archaea, and other microscopic entities that play a vital role in supporting human health [1]. Gut microbiota provides
numerous essential benefits to the human body. These strengthen the gut wall and shape the intestinal lining [2]. They
produce energy from food and assists in digestion [3]. They protect the body from harmful pathogens and germs [4]. They
regulate the immune system, helping the body detect and respond to threats appropriately, maintains metabolic balance and
overall homeostasis in the immune system [5]. When the composition of the gut microbiota becomes disrupted — a condition
known as dysbiosis which weaken immune defense mechanisms, increase the risk of infections and inflammatory disorders,
lead to broader health complications like inflammatory bowel disease (IBD) [5,6]. The health significance of the gut has
been acknowledged for centuries. As far back as 400 B.C., Hippocrates declared, “Death begins in the gut.” Modern research
confirms that the gut microbiota is closely linked to both maintaining health and contributing to the development of various
diseases [1,6]. Dysbiosis has been associated with a wide range of chronic human health conditions, including mental health
disorders (anxiety, depression), cardiovascular diseases (high blood pressure, heart disease), metabolic disorders (obesity,
diabetes), digestive diseases (inflammatory bowel disorders), and even some forms of cancer [7].

The composition and diversity of an individual's gut microbiota are influenced by many host-related factors, including diet
(the most influential factor), lifestyle, age, environmental exposure [8]. In individuals at high risk for disease, alterations in
gut bacteria can impair immune function and increase the likelihood of inflammatory diseases like IBD. Therefore, restoring
microbial balance is seen as a promising therapeutic approach to managing such disorders [9].

Various roles of gut microbiota

The gut microbiome refers to the largest community of microorganisms residing in the human gastrointestinal (GI) tract.
These include bacteria, viruses, fungi, archaea (organisms similar to bacteria but with distinct molecular traits), and protozoa
[10]. These tiny microorganisms, collectively known as the human gut microbiota, usually live in a cooperative (symbiotic)
relationship with the human body both sides benefit. They help protect against harmful bacteria, assist in nutrient processing,
and support various bodily functions [11]. The gut microbiota plays numerous crucial roles, including metabolizing nutrients,
breaking down drugs and harmful chemicals, regulating the immune system, defending the body from pathogens and
maintaining homeostasis by producing essential metabolites [12]. Gut microbiota also influences how the body processes
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food and energy, which is particularly important as metabolic disorders like obesity and related health issues are becoming
more prevalent [13]. A balanced gut microbiota is essential for the central nervous system (CNS) to function properly. An
imbalance known as dysbiosis can lead to brain inflammation, contributing to mental health disorders like anxiety and
depression. The gut microbiota is a key regulator in the two-way communication between the gut and the brain, often referred
to as the gut-brain axis [14]. Experiments involving germ-free mice and probiotic trials in humans have shown that gut
microbiota affects not only mental health but also gastrointestinal disorders such as Irritable Bowel Syndrome (IBS), and
Inflammatory Bowel Disease (IBD) [15]. Certain microbial species may be especially important in mental health. These
include Phyla Firmicutes, Actinobacteria Genera: Bacteroides, Bifidobacterium. These microbes are being studied for their
roles in regulating mood, inflammation, and metabolism [16].

Gut dysbiosis

The term gut dysbiosis describes a disruption in the normal gut microbial balance, typically seen as fewer beneficial species,

greater numbers of pathogenic bacteria, or decreased overall microbial variety dysbiosis interferes with essential metabolic
and immune activities typically associated with a balanced and healthy gut microbiota [17]. Gut dysbiosis can result from a
variety of contributing factors, both internal and external. The broad-spectrum antibiotics, particularly 6-aminopenicilanic
acid such as amoxicillin, 6-aminocephalosporanic acid such as cefixime, and fluoroquinolones like norfloxacin, ciprofloxacin
and azalide such as clarithromycin, can significantly inhibit the gut microbiota sometimes for months or even years thereby
elevating the risk of gastrointestinal issues like loose motion, constipation, gastritis, obesity, allergic reactions, and asthma.
Additionally, numerous pharmaceuticals including proton pump inhibitors (PPIs), nonsteroidal anti-inflammatory drugs
(NSAIDs), antidepressants, antipsychotics, opioids, and statins are known to alter the composition and diversity of intestinal
microbes [18]. Dietary bad habits of intake of low in fiber diets, high in fat or sugar, sweets, chili, spicy, fried foods, night
awakening, insufficient sleep, chronic stress, smoking, and alcohol intake, all contribute to reduced microbial diversity and
promote the proliferation of pro-inflammatory bacterial species [19]. Both acute and chronic infections of the gastrointestinal
tract, alongside conditions like small intestinal bacterial overgrowth and other inflammatory disorders, can disrupt microbial
balance [20]. The genetic predispositions such as single nucleotide polymorphisms in genes like LCT as well as
environmental exposures during early development and increasing urbanization have been shown to shape and influence gut
microbial communities [21]. Gut dysbiosis is increasingly recognized as a contributor to immune system imbalance, where
disruptions in microbial equilibrium can elevate pro-inflammatory taxa while diminishing populations that mediate anti-
inflammatory effects [22]. This immune dysregulation often coincides with intestinal barrier dysfunction, as the depletion of
beneficial microbial by-products—such as short-chain fatty acids (SCFAs)—compromises mucosal integrity, allowing
endotoxins and microbial products to translocate across the epithelium [23]. Furthermore, dysbiosis leads to metabolic
derangements, including altered energy extraction, bile acid modification, and disrupted hormonal signaling, which
collectively fuel conditions such as obesity and metabolic syndrome [24]. The gut microbiota also influences the gut—brain
axis, modulating neurotransmitters like serotonin and gamma-aminobutyric acid (GABA), thereby impacting mood,
cognition, and behavior [25]. In terms of diagnosis, clinical evaluation typically relies on symptomatology, encompassing
gastrointestinal and systemic signs, along with tests such as stool analysis and breath tests for conditions like small intestinal
bacterial overgrowth [26]. More sophisticated diagnostic tools include microbiome profiling through sequencing
technologies, yielding dysbiosis indexes, although their routine clinical use remains under development [27]. Management
strategies for dysbiosis emphasize dietary interventions, including fiber-rich, plant-based diets abundant in prebiotics and
fermented foods, which help re-establish microbial diversity.

2. PESTICIDE EXPOSURE

Chronic exposure to pesticides whether through diet, water, or environmental contact introduces xenobiotic compounds that
can significantly influence host physiology and disrupt gut microbial homeostasis. These chemicals (e.g., organophosphates,
herbicides, insecticides) are linked to a range of health outcomes, from immune dysregulation and metabolic disturbances to
neurological effects [28-29]. Recent studies highlight that pesticide exposure disrupts gut microbiota, which functions like a
secondary endocrine system regulating immunity and hormones. Such disruption is linked to diseases like obesity, colon
cancer, and diabetes. This review explores how pesticides alter gut microbes and their metabolites, impacting host health and
metabolic functions [30]. Pesticides are chemicals used to control pests and weeds in agriculture. Various pesticides used in
agricultural fields are used on vegetables, wheat, rice, etc in the fields to prevent insect infection and disease carriers. The
increase in rate of population greatly demands an increase in food production [31].

The pests and insects attack the crops in the fields and loss the productivity. Without the use of pesticides, there would be a
78% loss of fruit production, a 54% loss of vegetable production, and a 32% loss of cereal production. Therefore, pesticides
play a critical role in reducing diseases and increasing crop yields worldwide [32]. Their widespread use raises concerns
about their impact on the environment and human health. Once sprayed, pesticides are volatilized and can be carried on air
currents away from the treated surface. The volatilization is increased by the high vapor pressure, higher temperature, low
relative humidity, and more open-air circulation in the field [33]. Pesticides are chemicals used to protect plants and people
from pests, diseases, and weeds. They include insect killers, fungus killers, weed killers, rat poisons, and plant growth
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regulators. They are commonly used in farming and public health programs to prevent diseases like malaria and dengue
fever. They are also used in public green spaces, sports fields, pet shampoos, building materials, and on boat bottoms to
prevent unwanted species. Pesticides can cause health and environmental problems. Some pesticides have been banned in
farming due to these issues. People can be exposed to pesticides through skin contact, eating, or breathing them in. The
degree of harm depends on the type of pesticide used, how long and how one is exposed, and the individual's health. Pesticides
can be broken down, excreted, stored, or build up in body fat. They can cause various health issues, including skin, stomach,
nerve, cancer, breathing, reproductive, and hormone problems. High exposure can lead to hospitalization and death. Pesticide
residues can be found in everyday foods and drinks, such as cooked meals, water, wine, fruit juices, and animal feeds.
Washing and peeling may not completely remove these residues. Although most concentrations are within safe limits set by
law, these limits might underestimate the real risk, especially when exposed to multiple chemicals simultaneously. Pesticide
residues have also been found in breast milk, raising concerns about effects on unborn babies and children. The exposure to
these pesticides may be linked to cardiovascular diseases, male reproductive issues, nervous system problems, dementia, and
an increased risk of non-Hodgkin’s lymphoma. Prenatal exposure has also been associated with shorter pregnancy duration
and neurological issues in children. In which stresses the urgent need to significantly reduce the use of chemical pesticides
in agriculture. It focuses on the chronic health effects of common pesticides, such as organochlorines, organophosphate,
carbamates, pyrethroids, triazines, and neonicotinoids. It particularly highlights the health risks associated with glyphosate,
a widely used herbicide in agriculture, showing the need for alternative solutions [34].

Gut Alteration

The human gut microbiota plays a vital role in maintaining host homeostasis, immune regulation, and metabolic functions.
This complex ecosystem is highly sensitive to environmental pollutants, particularly pesticides, which can disrupt microbial
diversity and functionality [35]. Pesticides, including organophosphates, pyrethroids, and carbamates, often accumulate in
the human body through contaminated food and water sources, exerting unintended toxic effects on the gut microbial
community [36]. These xenobiotics are increasingly recognized as non-target agents that perturb the composition and activity
of gut microbiota, thereby contributing to a range of chronic diseases [37].

Pesticide-induced dysbiosis alters the balance between beneficial and pathogenic microbes, often reducing the abundance of
commensal bacteria such as Lactobacillus and Bifidobacterium, while promoting the growth of pro-inflammatory taxa like
Proteobacteria [38]. These shifts can impair gut barrier integrity, increase permeability, and trigger systemic inflammation
commonly known as "leaky gut" which has been linked to the onset of metabolic syndrome, neurodegeneration, and
autoimmune conditions [39]. Additionally, chronic exposure to glyphosate, one of the most widely used herbicides, has been
shown to interfere with the shikimate pathway in gut bacteria, indirectly affecting host amino acid metabolism [40].

The gut microbiota also serves as a secondary endocrine organ by producing neurotransmitters, short-chain fatty acids, and
other metabolites essential for host signaling pathways. Disruption of this metabolite network by pesticides can impair energy
metabolism, modulate insulin signaling, and increase oxidative stress [41]. Emerging evidence suggests that pesticide-
exposed microbiota release altered microbial metabolites that may mimic, enhance, or inhibit host hormonal activity, thus
influencing endocrine and immune responses [42]. Such disruptions are particularly concerning in vulnerable populations
like infants, pregnant women, and immunocompromised individuals. The studies have identified links between pesticide-
driven gut alterations and increased risk for colorectal cancer, obesity, and type 2 diabetes [43]. Persistent organic pollutants
like DDT and PCBs, even at low doses, are capable of altering microbial composition and increasing the production of
endotoxins and lipopolysaccharides, both known to activate toll-like receptor pathways and contribute to low-grade chronic
inflammation [44].

3. GUT MICROBIOTA-BLOOD-BRAIN BARRIER AXIS

The human gut microbiota, comprising trillions of microorganisms, plays a pivotal role beyond digestion contributing
significantly to neural development and central nervous system (CNS) regulation through the gut—brain axis. One critical
component of this axis is the blood-brain barrier (BBB), a selective barrier that shields the brain from harmful substances.
Recent research indicates that gut microbiota can modulate the integrity and function of the BBB through various
mechanisms, including immune signaling, microbial metabolites, and neuroactive compounds [45]. Alterations in gut
microbiota composition, known as dysbiosis, can compromise BBB permeability, increasing the risk of neuroinflammation
and neurological disorders [46]. Short-chain fatty acids (SCFAs)—particularly acetate, propionate, and butyrate—are
microbial metabolites produced through the fermentation of dietary fiber. These SCFAs are essential in maintaining BBB
tight junction proteins like occludin and claudin-5, which are critical for barrier integrity [47] In humans, a decreased
abundance of SCFA-producing bacteria such as Faecalibacterium prausnitzii and Roseburia has been observed in
neurodegenerative conditions like Alzheimer’s and Parkinson’s disease [48]. Another key mechanism is the regulation of
systemic inflammation. Dysbiotic gut microbiota can lead to elevated levels of endotoxins like lipopolysaccharides (LPS),
which enter circulation and induce systemic inflammation. These proinflammatory signals can reach the brain and disrupt
the BBB by activating microglia and astrocytes, contributing to cognitive decline and mental health disorders [49]
Tryptophan metabolism by gut microbes generates neuroactive metabolites such as kynurenine and indole derivatives, which
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can cross the BBB and influence neurotransmitter balance, impacting mood and behavior [50]. Evidence also supports the
bidirectional nature of the gut microbiota—BBB axis. CNS disorders such as depression, autism spectrum disorder, and
multiple sclerosis are often associated with altered gut microbiota profiles [51]. Conversely, experimental restoration of
healthy gut microbiota through probiotics or fecal microbiota transplantation has shown potential in restoring BBB integrity
and improving cognitive function in animal models [52]. These findings highlight a promising therapeutic window for
targeting the gut microbiota in preventing or treating neurological diseases linked to BBB dysfunction.

4. GUT MICROBIOTA-BRAIN AXIS

The gut microbiota—brain axis is a bidirectional communication network involving microbial, neural, endocrine, and
immune signaling between the gastrointestinal tract and central nervous system [53]. Gut microbiota produce neuroactive
compounds such as serotonin, gamma-aminobutyric acid (GABA), and short-chain fatty acids (SCFAs), which influence
brain development and behavior [54]. Pesticide-induced dysbiosis disrupts the production of these neurochemicals, leading
to impaired neurodevelopment and emotional regulation [55]. Evidence from murine studies demonstrates that early-life
exposure to chlorpyrifos alters gut microbiota and induces anxiety-like behaviors [56] These behavioral changes are
accompanied by shifts in microbial communities, especially reductions in Lactobacillus and Bifidobacterium species [57].
Pesticide exposure increases intestinal permeability or “leaky gut,” allowing lipopolysaccharides and other microbial toxins
to enter systemic circulation [58]. This translocation triggers immune responses and promotes systemic inflammation, which
can impair the blood-brain barrier (BBB) [59]. Compromised BBB allows proinflammatory cytokines to infiltrate the brain,
aggravating neuroinflammation and neurodegeneration [60]. Pesticide-altered gut microbiota further reduces SCFA
production, which normally helps maintain BBB integrity [47].

Thus, dysbiosis acts as a central player in connecting gut dysfunction with neural damage under pesticide stress [61]. The
vagus nerve is a key pathway through which gut microbiota communicate with the brain, influencing mood and cognition
[62]. Microbial imbalance caused by pesticides disrupts vagal signaling, impairing feedback loops that regulate stress and
emotional behavior [63]. Additionally, alterations in microbial metabolites impact the hypothalamic—pituitary—adrenal
(HPA) axis, intensifying stress responses [64]. These changes may contribute to neurobehavioral disorders such as
depression, anxiety, and cognitive dysfunction [65].

Hence, the gut microbiota—brain axis represents a critical target of neurotoxicity in chronic pesticide exposure [66].
Neuroinflammatory changes following pesticide-induced dysbiosis are also linked to microglial activation in the brain [67].
Microglia, the CNS-resident immune cells, become activated in response to gut-derived cytokines and metabolites altered
by dysbiosis [59] Prolonged microglial activation has been implicated in neurodevelopmental and neurodegenerative
conditions, including autism and Parkinson’s disease [68]. Glyphosate-based herbicides reduce beneficial bacterial species,
further enhancing neuroinflammatory profiles [69]. These disruptions underscore the sensitivity of the gut—brain interface to
environmental toxicants like pesticides [70]. Intervening in this axis through probiotic or prebiotic therapy may restore
microbial balance and reduce neuroinflammatory consequences [71]. Clinical trials are beginning to explore gut-targeted
therapies for managing mood disorders linked to environmental exposures [72]. Public health measures should include gut
microbiota endpoints in pesticide risk assessments to capture these systemic effects [73]. Future research must focus on
longitudinal human studies to validate the role of dysbiosis in pesticide-induced neurological diseases [74].This will provide
a scientific foundation for therapeutic strategies that safeguard the microbiota—brain axis from environmental disrupt [75].

5. CONCLUSION

The gut microbiota, a diverse community of microorganisms in the digestive tract, plays a crucial role in digestion, immunity,
and overall health. Disruption of this balance, known as dysbiosis, is linked to various diseases including IBD, metabolic,
cardiovascular, and mental health disorders. Factors like diet, lifestyle, and environmental exposure influence microbiota
composition, making its restoration a potential therapeutic target. The gut microbiota is a diverse community of microbes in
the GI tract that aids in digestion, immunity, and maintaining bodily functions. It plays a vital role in the gut—brain axis,
influencing mental health and contributing to disorders like anxiety, depression, IBS, and IBD when imbalanced. Key
microbial species such as Bacteroides and Bifidobacterium are being studied for their impact on mood, inflammation, and
metabolism. Gut dysbiosis refers to the imbalance of gut microbes caused by factors like antibiotics, poor diet, stress, and
environmental exposures, leading to immune disruption, intestinal barrier damage, and various diseases. Pesticide exposure,
especially chronic and dietary, alters gut microbiota composition and metabolites, contributing to metabolic, immune, and
neurological disorders. Despite their agricultural importance, pesticides pose serious health risks—including hormone
disruption, cancer, and neurotoxicity—highlighting the urgent need for safer alternatives. Pesticide-induced gut dysbiosis
disrupts the gut—brain axis by compromising blood—brain barrier (BBB) integrity, reducing beneficial microbes, and altering
neuroactive metabolite production. These changes trigger systemic inflammation, microglial activation, and impaired
neurotransmission, contributing to neurodevelopmental and neurodegenerative disorders. Targeting the microbiota—brain
axis through probiotics or gut-focused interventions offers promising therapeutic avenues for pesticide-linked neurological
conditions.
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