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ABSTRACT 
Purpose: The gut microbiome, defined as the community of microorganisms residing in the digestive tract, is believed to play a 
crucial role in the development of neurological disorders, including schizophrenia.  
Design: Recent research indicates that individuals with schizophrenia have altered gut microbiomes, characterized by reduced 
levels of beneficial bacteria such as Bifidobacterium and Lactobacillus, and increased levels of potentially harmful bacteria, such 
as Proteobacteria.  
Findings: Furthermore, studies show that the communication between the gut and the brain, known as the gut-brain axis, is 
disrupted in individuals with schizophrenia. While the exact mechanisms underlying the association between the gut microbiome 
and schizophrenia are not yet fully understood, researchers suggest that changes in the gut microbiome may affect the immune 
system and neurotransmitters, which in turn contribute to the development of the disorder 
Practical Implication: Targeting the gut microbiome through interventions like probiotics and the Mediterranean diet may offer 
a promising therapeutic approach for individuals with schizophrenia. 
Conclusion: However, more research is needed to fully comprehend the complex interplay between the gut microbiome and 
schizophrenia, including the specific mechanisms by which the gut microbiome contributes to the development of the disorder.  
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INTRODUCTION 
The human body hosts a variety of metabolic reactions that 
contribute to immune system development, detoxification, and 
digestion. In addition to the inherited genome, the body also 
acquires a microbiome from the environment 1. While the inherited 
genome remains constant throughout an individual's life, the 
microbiome is highly changeable and affected by factors such as 
age, diet, exercise, hormonal cycles, and therapies. The gut 
microbiome is composed of various phyla, including firmicutes, 
Bacteroides, actinobacteria, and proteobacteria. High levels of 
bacteria can be found in the intestinal lumen and fecal samples. 
The gut microbiome can be altered by food, probiotics, prebiotics, 
and antibiotics, and these changes have been associated with 
gastrointestinal and chronic diseases. Recent research has shown 
a link between gut microbial diversity and psychiatric disorders 
such as major depressive disorder, schizophrenia, bipolar disorder, 
and autism spectrum disorder 2,3. Patients with depression have 
shown changes in microbiome diversity, while patients with bipolar 
disorder have been linked to high levels of Coriobacteriaceae and 
low levels of Faecalibacterium. Schizophrenia has also been linked 
to disruptions in the gut-brain axis, and the gut microbiome of 
schizophrenia patients differs from that of healthy individuals. The 
microbiota's diversity varies from person to person and is 
influenced by environmental factors 4,5. Microbiome modulators 
such as prebiotics and probiotics have been developed to correct 
dysbiosis and restore gut function, which may provide valuable 
insights into the diagnosis and prognosis of psychiatric disorders. 
Further research is necessary to better understand the relationship 
between the gut microbiome and psychiatric disorders in different 
populations without resorting to plagiarism 6. 
Maturation and development of gut microbiome: A series of 
critical windows of opportunities for healthy development of gut 
microbiome is started from conception to child’s second birthday. 
This period is important for human body to develop important 
foundations for long term health. The interaction and 
communication process in human biology is driven by abiotic and 
biotic environment 7. A diversified microbial community is present 
in a close proximity and share same habitat of gut is referred to as 

gut microbiome. It is composed of microbial diversity of bacteria, 
archea and protozoa which release different components e.g 
metabolites and mobile genetic elements (e.g transposones).The 
microbial diversity and production of metabolites in maintained 
balance habitat makes healthy gut ecology. Clinical observations 
evident the main disrupter of microbiome in children and adults, 
one disruptor is antibiotic and other is modulator (nutrition or diet). 
Gnobiotic animal experiments are required to find details of gut 
microbiome disruption in infants and children which can lead to 
many neurodevelopment and chronic diseases. Gut and brain 
interacts in different terms and this communication is referred to as 
gut brain axis, many scientists have worked on this interaction of 
brain with gut. In this condition, Microbial diversity plays a very 
important role to give signals for metabolites production and 
immune response. This gut brain axis interaction and microbiota 
develops individual’s behavior 8. Experimental Studies on animal 
model clearly evident that the effect of gut microbiota on 
neurochemical metabolism and gene expression is highly 
impacting on behavior and performance of subjects. Based on 
these changes, a modulating role of the gut microbiota has been 
demonstrated for a variety of neuropsychiatric disorders, including 
depression, anxiety, and movement including Parkinson’s, and 
importantly for the pediatric population autism. The way in which 
organisms that live in the gut influence the central nervous system 
(CNS) and host behavior is likely to be multifactorial in origin. This 
includes immunologic, endocrine, and metabolic mechanisms, all 
of which are pathways used for other microbial–host interactions 9. 
Research on working with germ free mice and conventionally 
raised mice demonstrated that GF mice was observed in more 
proper normal behavior development on stress related and anxiety 
related responses. GF condition cannot be applicable on human 
beings so it is very common to develop certain neuropsychiatric 
disorder in early development of gut and brain axis. Food and gut 
environment plays an important role in shaping microbiota diversity 
and host immunity. Gut microbiome in mammals have co-evolved 
and co-adapted an inseparable relationship.  This natural 
relationship of gut bacteria with metabolism and nutrition has also 
been considered a milestone in to fight against infectious diseases. 
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Recently, the advances in the study of the effect of antibiotics on 
the gut microbiome have raised many queries about its dysbiosis. 
Many antibiotics have different effects on the severity of microbial 
community disruption in the gut. It also has opened up the value of 
gut microbiome restoration, the unfavorable effects of antibiotics 
treatments, and the reversal of its adversity that need proper care 
and time to restore. The gut is the largest reservoir of microbes; a 
limitation to the study of bacterial identification is the use of 
conventional cultural techniques 10. Many of the microbes are not 
identifiable by using simple cultural techniques, special emphasis 
needs to be put on the anaerobic bacteria that are not easy to 
culture by standard methods. Recent advancements in culturing 
techniques along with advances in metagenomics and proteomics 
have opened up a new direction of composition function and 
restoration of bacterial community exploited by antibiotics 
treatment.  Bacteria are still considered as important participants in 
maintaining homeostasis but fungi, phage, virus, and protozoa are 
also identified in gut functioning. Five major bacterial phyla in the 
gut are Bacteroidetes, Firmicutes, Actinobacteria, Proteobacteria, 
and Verrucomicrobia, accounting for more than 90% of the total 
bacterial population that inhabit the gut. The rest of the bacteria 
are from less abundant phyla, such 
as Fusobacteria and Fibrobacteres 11. These prevalent microbial 
species reside in different segments of the gut and perform 
different tasks and also participate in a physiological processes. 
The main task of these gut microbes is to maintain and regulate 
the immune system, utilizing food and its digestion, and synthesis 
of essential amino acids required in the human body. Thousands 
of natural substances are used to synthesize antibiotics. The 
produced antibiotics are extensively used to save humans from 
many pathogenic diseases. However, excessive use of these 
antibiotics has raised many health issues related to the gut 
microbiome. They are considered to be the main issue of gut 
microbiome dysbiosis by causing many neurological and chronic 
diseases like depression autism, diabetes, inflammatory bowel 
disease, arthritis, and superinfections in severely ill patients 12. 
Antibiotics can affect gut microbiota in different ways, directly or 
indirectly, their association is direct with the depletion of 
pathogenic bacteria but their broad-spectrum activities lead to 
disrupting the commensal bacterial species in gut resulting in worst 
circumstances for the gut to function properly 13.  Antibiotics 
combination have different antimicrobial spectra and result in 
different changes in the gut microbiome, vancomycin is decreasing 
fecal microbial diversity absolute numbers of gram-positive 
bacteria from the firmicutes phylum are also decreased 14. A 
combination of antibiotics containing ampicillin, gentamycin, and 
neomycin not only decreases the number of beneficial bacteria in 
the gut but also shifts the composition of the gut microbiome 15. 
Whenever a scientist wants to study the effect of used antibiotics 
on microbiota on host health, first thing is to understand the 
relation of a particular antibiotic with the reshaping of specific gut 
bacteria. An increase in the use of antibiotics has rapidly 
disseminated bacterial-resistant genes 16.  Under selective 
pressure by antibiotics, sensitive strains will be eliminated, giving 
the antibiotic-resistant strains a growth advantage. The percentage 
of horizontally transferred antibiotic resistance genes is 
approximately 6 percent which is 4.8 percent higher than 
transmitted antimicrobial peptide resistance genes.  Antibiotics 
have also an effect on the production of metabolites in host cells 
and alter the signal transmittance in host cells e.g epithelial and 
immune cells are the major victims of these alterations. Depletion 
of commensal bacteria from the gut results in less fermentation of 
fiber to produce short-chain fatty acids in the large intestine can 
also lead to inflammatory disease 17. Clostridium difficile, a spore-
forming gram-positive anaerobic bacteria and the leading cause of 
antibiotic-associated diarrhea, is significantly inhibited by 
secondary bile acids. A combination of cefoperazone, clindamycin, 
and vancomycin is associated with the loss 
of Lachnospiraceae and Ruminococcaceae families and a reduced 
transformation of primary bile acids to secondary bile acids in the 

large intestine, increasing the risk of C. difficile infection. Antibiotic-
induced alteration in amino acid production and increased amount 
of proline in the gut can also deplete C. difficile 18. 
 Another clinical study on antibiotics consumption elaborated 
that oral antibiotics have also been used to examine the 
contribution of the maternal gut microbiota during pregnancy to 
offspring behavior by maternal treatment either preconception 
(non-absorbable sulfonamide) or early in gestation (neomycin, 
pimaricin, bacitracin) 19. Compared to controls, offspring of 
antibiotic-treated mothers demonstrated increased anxiety-like 
behaviors and diminished social interactions. Analysis of fecal 
samples from antibiotic-exposed offspring demonstrated a 50% 
decrease in the relative abundance of the order Lactobacillales 
and increase in the bacterial family Clostridium. The behavioral 
phenotypes in offspring can be only partly rescued by fostering 
them with normal dams beginning on postnatal day 1, implicating 
the perinatal period as a critical developmental window 20. 
 Gut microbiome can not only be associated with 
gastrointestinal and chronic diseases but there is also a strong 
connection between gut microbial diversity and psychiatric 
disorders. The important factors including stress, role of pre, pro-
biotics and bidirectional communication as “microbiome-gut axis”. 
The microbiota alterations and their results in the development of 
psychiatric disorders, including major depressive disorder, 
schizophrenia (SCZ), bipolar disorder (BD), and autism spectrum 
disorder (ASD) 21. Depression is described as a common mental 
disorder; a person in depression takes two weeks to recover from 
emotional disturbance and high sadness. The patient in depression 
is feel alone and helpless and prohibit any social gathering. It is 
also a cause of highly disturbed mental disturbance and can also 
end up in suicide. The studies showed data about the microbiome 
diversity alteration in depressed patients. The data showed 
Alistipes genus associated with inflammation and oscillibacter in 
high colonies with valeric acid production in depression patients 22. 
Zhang et al showed, using a mouse model, that microbiota 
dysbiosis was associated with greater intestinal permeability and 
systemic inflammation. As a result of endogenous melatonin 
reduction (EMR), the composition of the mice microbiota changed 
and consisted of a decrease in the relative abundance of 
Bacteroidetes, an alteration of the Firmicutes/Bacteroidetes ratio, 
and growth of the relative abundance of Lactobacillus. The study 
also revealed improved gut permeability (leaky gut) and systemic 
inflammation in EMR mice 23. 
 Bipolar disorder is similar to schizophrenia and cause 
episodes of depression attack, inflammation. The studies have 
been conducted on intestinal microbiome diversity, high amount of 
Coriobacteriaceae was directly linked with an increased cholesterol 
level and high amount of Lactobacilli contributes to the 
development of obesity associated with Bipolar Disorder 21. The 
low amount of Faecalibacterium, an autochthonous intestinal 
bacterium, can also be correlated with bipolar disorder. In patients 
diagnosed with BD, the number of Clostridiaceae involved in the 
fermentation of carbohydrates leading to the production of Short 
Chain Fatty Acids was four times lower than in the control group 
lead to obesity 24.   Recent studies have highlighted the crucial role 
of the gut microbiome, and its disruption, on the gut-brain axis in 
psychopathologies which includes schizophrenia (SCZ) and autism 
25. Association studies of microbiome and SCZ have been carried 
out on US, Chinese and European subjects. Such studies have 
provided evidence that gut microbiome in SCZ patients is indeed 
different from the normal healthy subjects. There is much interest 
in how the gut microbiome impacts the health of individuals. The 
diversity of microbiota varies from person to person and is 
also dependent on environmental factors. Besides bacteria, the gut 
microbiome also includes archaea, viruses, fungi, and protozoa. 
Microbiota shaping is influenced by various environmental factors 
such as living arrangements, smoking, depression, and also 
location 26. Alteration of gut microbiota-dysbiosis drives different 
disease conditions from neurodevelopment and neuropsychiatric 
disorder to chronic distress. Microbiome modulators, prebiotics, 
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are designed with the aim to correct dysbiosis, depending on the 
type, stage, and severity of the disease, and restoring its function 
27.  
 The advancements in sequencing technology with 
characterization and probing of SCZ gut microbiome have the 
potential to provide valuable clues for the diagnosis and prognosis 
of SCZ. Given the different culture, diet and conditions of the 
Pakistani population, this exercise is likely to generate data that 
could be used for further studies 28.  
Risk factors for schizopherenia  and association with the gut 
microbiota: Schizophrenia is a complex and debilitating mental 
disorder that affects approximately 1% of the global population. 
Despite extensive research, the underlying causes of 
schizophrenia are still not fully understood. However, there is 
growing evidence to suggest that the gut microbiota, the collection 
of microorganisms that live in the human gut, may play a role in the 
development of this disorder. There are several risk factors for the 
development of schizophrenia, including genetic predisposition, 
prenatal and perinatal complications, and exposure to 
environmental toxins. Studies have found that individuals with a 
family history of schizophrenia are more likely to develop the 
disorder, suggesting that genetic factors play a role. Additionally, 
exposure to certain toxins, such as lead and polychlorinated 
biphenyls (PCBs), during prenatal and perinatal periods may 
increase the risk of developing schizophrenia later in life 29. 
 Recent research has also suggested that the gut microbiota 
may be associated with the development of schizophrenia. The gut 
microbiome is known to play a key role in maintaining overall 
health, including the regulation of the immune system, the 
metabolism of nutrients, and the production of neuroactive 
compounds. Studies have found that individuals with schizophrenia 
have a distinct gut microbiome compared to healthy individuals, 
characterized by a reduced diversity of gut bacteria and an 
increased presence of certain types of bacteria, such as 
Clostridium and Lactobacillus 30. 
 One theory is that the gut microbiome may play a role in the 
development of schizophrenia through its impact on the immune 
system. The gut microbiome is known to play a key role in the 
regulation of the immune system, and imbalances in the gut 
microbiome have been linked to the development of immune-
mediated disorders. Studies have found that individuals with 
schizophrenia have an overactive immune system and increased 
levels of inflammation, which may contribute to the development of 
the disorder. Another theory is that the gut microbiome may affect 
the production of neuroactive compounds, such as serotonin and 
dopamine, which play a key role in regulating mood and behavior. 
Studies have found that individuals with schizophrenia have 
alterations in the levels of these compounds, which may contribute 
to the development of the disorder. The gut microbiome is known 
to play a key role in the metabolism of certain nutrients, such as 
tryptophan, which is a precursor to serotonin. Imbalances in the 
gut microbiome may affect the metabolism of tryptophan, leading 
to alterations in serotonin levels. 
 The gut-brain axis is a complex communication system 
between the gut and the brain, which is mediated by the gut 
microbiome. The gut microbiome is capable of producing a wide 
range of compounds, including neurotransmitters, hormones, and 
immune modulators, that can affect the brain (Table 1). The gut 
microbiome may affect the brain by altering the levels of these 
compounds, or by activating immune system response, which 
leads to inflammation, which affects the brain function 31. 
 While the underlying causes of schizophrenia are still not 
fully understood, there is growing evidence to suggest that the gut 
microbiome may play a role in the development of this disorder. 
The gut microbiome is known to play a key role in maintaining 
overall health and is capable of producing a wide range of 
compounds that can affect the brain. Studies have found that 
individuals with schizophrenia have a distinct gut microbiome 
characterized by a reduced diversity of gut bacteria and an 
increased presence of certain types of bacteria, such as 

Clostridium and Lactobacillus. Further research is needed to fully 
understand the relationship between the gut microbiome and 
schizophrenia, but this growing body of evidence suggests that the 
gut microbiome may be a promising target for the development of 
new treatments for this debilitating disorder 32. 
Microbiota and Immune cell interaction with gut microbiome 
in schizopherenia: The gut microbiota diversity plays a critical 
role in the development of the neuroimmune system, which 
includes myelination, neuronal remodeling and synaptic pruning. 
This signaling is of great important during early development post 
natal development stages; it’s also an important determinant of 
cognitive function and emotional behavior. The interaction between 
gut microbiome immune cells and brain has led to the discovery of 
unknown interactions which not only includes the maintenance of 
lipids and glucose homestasis. It is recently discovered that the 
gram negative bacteria present in gut and representing as the 
main bacterial colonization that triggered the synthesis of LPS 
which directly interact with innate immune system. The production 
of LPS in gut can also trigger the low grade inflammation and 
insulin resistance lead to metabolic endotoxaemia disease. This 
disease is highly associated with metabolism dysbiosis of LPS 
causing obesity by altering the metabolic pathway. Previously 
studies indicated that gut microbes are directly deal with epithelial 
cells and translocate bacterial components in to human body 33. 
Gut barrier must be highly efficient to deal with translocation of 
components. The gut barrier is controlled by highly efficient 
communications occurring between gut microbes and the host 
immune system. Immune cells intolerance is associated with bowel 
inflammation and increase the chance of diabetes 2 34. The 
complexity of these gut microbiome interactions raises the 
question about the level of current understanding and eventually 
contributes to explain why it is relatively difficult to develop specific 
therapeutic targets 35. The variation in host gut microbiome can 
trigger different responses and it is very difficult to find out and 
locate this alteration in interaction with immune cells. This study is 
limited till now due to the complexity of variation in immune cells 
interaction with host gut barriers 36. The study of rodents shows 
changes in behaviors and social interactions such as autism and 
schizopherenia. Addition of bacteriodes fragilis was considered 
beneficial to overcome anxiety, controlled behavior and corrected 
the overall gut permeability. In recent fecal microbiota 
transplantation (FMT) study, GF mice colonized with human autism 
and schizophrenia microbiota displayed alternative splicing of 
autism relevant genes, social and repetitive behavioral 
abnormalities and altered metabolome profiles compared to GF 
mice transplanted with fecal samples from typically developing. 
Furthermore, production of microbial metabolites like taurine and 
the fermentation product of proline - both GABA-A receptor 
agonists) to a BTBR autism mouse model, improved the ASD-like 
behaviors. Taken together, these pre-clinical studies suggest that 
microbial-based strategies may show promise in ameliorating 
social dysfunction, characteristic of both autism and schizophrenia 
37. 
Gut Microbiota and microglia in development and adversity of 
schizopherenia: One theory is that the altered gut microbiota in 
individuals with schizophrenia may contribute to the development 
of the disorder by altering the immune system and 
neurodevelopment. The gut microbiota is known to play a role in 
the production of neurotransmitters such as serotonin and 
dopamine, which are important for mood regulation. Additionally, 
the gut microbiota also plays a role in the production of 
inflammatory molecules such as cytokines, which may contribute 
to inflammation and neurodegeneration in schizophrenia 38. 
 Recent studies have highlighted the potential role of 
microglia and gut microbiota in the development of schizophrenia. 
Microglia, the resident immune cells of the central nervous system, 
play a crucial role in maintaining brain health and have been found 
to be activated in individuals with schizophrenia, potentially 
contributing to neuroinflammation and neurodegeneration. The gut-
microbiota-brain axis, a complex communication pathway 
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connecting the gut and the brain, has been found to be disrupted in 
individuals with schizophrenia, potentially leading to changes in 
neurotransmitters and inflammatory molecules. Studies suggest 
that this disruption may be caused by altered gut microbiota in 
individuals with schizophrenia, which can produce inflammatory 
molecules such as cytokines, activating microglia and impacting 
the activity of the vagus nerve, which connects the gut and the 
brain. While more research is needed to fully understand the exact 
mechanisms by which the gut microbiota and microglia contribute 
to the disorder and to develop new treatments targeting these 
systems, these findings suggest the importance of considering the 
gut-brain axis in the management of schizophrenia 39. 
 Stress and depression are common comorbidities in 
individuals with schizophrenia, and the role of the microbiome in 
these conditions has been the subject of recent research. The 
microbiome refers to the collection of microorganisms that inhabit 
the human body, with a particular focus on the gut 
microbiota.Studies have found that the gut microbiota is altered in 
individuals with schizophrenia, with decreased diversity and 
changes in the relative abundance of certain bacterial species. 
These changes in the gut microbiota have been associated with 
alterations in immune function and neurotransmitter production, 
which may contribute to the development of stress and depression 
in individuals with schizophrenia 40. One theory is that the altered 
gut microbiota in individuals with schizophrenia may lead to 
increased inflammation, which has been linked to the development 
of stress and depression (Table 2). Inflammatory molecules such 
as cytokines, produced by the gut microbiota, can impact the brain 
function and lead to changes in neurotransmitters such as 
serotonin and dopamine, which are important for mood regulation. 
Recent studies have also found that the gut-microbiota-brain axis, 
which connects the gut and the brain, is mediated by the vagus 
nerve. The gut microbiota can influence the activity of the vagus 
nerve and impact the brain function, which could be involved in the 
development of stress and depression in individuals with 
schizophrenia. Additionally, changes in the gut microbiome have 
been associated with changes in the gut-blood barrier integrity and 
an increase in permeability, which can lead to the leakage of 
bacterial products into the bloodstream and contribute to the 
systemic inflammation, which is a well-known risk factor for stress 
and depression 41. 
 The gut microbiome plays a potential role in the 
development of stress and depression in individuals with 
schizophrenia. Further research is needed to understand the exact 
mechanisms by which the gut microbiome contributes to these 
comorbidities and to develop new treatments that target the gut 
microbiome in individuals with schizophrenia. However, it is 
important to note that stress and depression are complex 
conditions that involve multiple interacting factors, and more 
research is needed to fully understand the role of the gut 
microbiome in these conditions in individuals with schizophrenia 42. 
Gut microbial Serotonin (5-HT) and kynurenine production 
pathways during schizopherenia patients: Serotonin (5-HT) and 
kynurenine are important molecules involved in the development of 
schizophrenia. Recent research has focused on the role of the gut 
microbiome in the production of these molecules in individuals with 
schizophrenia. Serotonin is a neurotransmitter that plays a crucial 
role in mood regulation and the gut microbiome is known to 
produce up to 95% of serotonin in the body 43. Studies have shown 
that individuals with schizophrenia have altered gut microbiome 
with decreased levels of beneficial bacteria such as 
Bifidobacterium and Lactobacillus, which are known to produce 
serotonin. This alteration in gut microbiome leads to the decrease 
in serotonin levels which may contribute to the development of 
schizophrenia. Kynurenine is an intermediate molecule in the 
tryptophan metabolism pathway, which is also involved in the 
development of schizophrenia. Recent studies have shown that the 
gut microbiome can modulate the kynurenine pathway by 
producing enzymes that metabolize tryptophan into kynurenine. 
The gut microbiome of individuals with schizophrenia has been 

found to have an altered kynurenine pathway, which may 
contribute to the development of the disorder 44. 
 Additionally, it is worth mentioning that the gut-microbiota-
brain axis is mediated by the vagus nerve, which connects the gut 
and the brain. The gut microbiome can influence the activity of the 
vagus nerve and impact the brain function, which could be involved 
in the development of schizophrenia. Also, the gut microbiome can 
influence the host's immune system, which can lead to an increase 
in inflammation, which is a well-known risk factor for the 
development of schizophrenia 45. 
 The gut microbiome plays a potential role in the production 
of serotonin and kynurenine in individuals with schizophrenia. 
Further research is needed to understand the exact mechanisms 
by which the gut microbiome contributes to the production of these 
molecules and how it is related to the development of 
schizophrenia. However, it is important to note that schizophrenia 
is a complex disorder with multiple interacting factors and more 
research is needed to fully understand the role of the gut 
microbiome in the production of serotonin and kynurenine in 
individuals with schizophrenia 46. 
 Short chain fatty acids (SCFAs) are a group of fatty acids 
that are produced by the gut microbiota through the fermentation of 
dietary fibers. These molecules play an important role in 
maintaining gut health and have been linked to various 
physiological processes including energy metabolism, immune 
function, and brain function. Recent studies have shown that the 
gut microbiota is altered in individuals with schizophrenia, with 
changes in the relative abundance of certain bacterial species that 
are involved in SCFA production 47. These changes in the gut 
microbiota may lead to alterations in SCFA production and 
contribute to the development and adversity of schizophrenia. For 
example, SCFA such as butyrate produced by the gut microbiota is 
known to have anti-inflammatory properties, and a decrease in 
butyrate production due to altered gut microbiota might contribute 
to the inflammation and neurodegeneration seen in schizophrenia. 
Additionally, SCFA such as acetate, propionate and butyrate can 
cross the blood-brain barrier and modulate the activity of the brain-
derived neurotrophic factor (BDNF) which is involved in the 
neuroplasticity and the development of schizophrenia Figure 1 48. 
 

 
Figure 1: Illustration of different metabolites production in SCZ patients and 
their gut  

 
Clinical schizophrenia studies and gut microbiota diversity 
variation: Clinical studies on schizophrenia (SCZ) and gut 
microbiota diversity have provided insights into the potential role of 
the gut microbiome in the etiology and pathogenesis of this 
psychiatric disorder. The gut microbiome, which includes bacteria, 
archaea, viruses, fungi, and protozoa, plays a critical role in 
regulating multiple physiological processes, including immune 
function, metabolism, and brain development. Alterations in gut 
microbiota, also known as dysbiosis, have been linked to various 
disease conditions, including neurodevelopment and 
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neuropsychiatric disorders. Several studies have reported 
differences in gut microbiome diversity between individuals with 
SCZ and healthy controls. A study by Li et al. (2018) found that 
individuals with SCZ had lower levels of bacterial diversity and 
increased levels of Lactobacillus and Streptococcus compared to 
healthy controls. Another study by Severance et al. (2016) 
reported an increase in the relative abundance of the genus 
Coprococcus and a decrease in the relative abundance of the 
genus Faecalibacterium in individuals with SCZ. These findings 
suggest that alterations in the gut microbiome may play a role in 
the development of SCZ 49. 
 The gut-brain axis, which refers to the communication 
between the gut and the brain, has been proposed as a potential 
mechanism by which gut microbiota may influence the 
development of SCZ. The gut microbiome produces various 
neurotransmitters, including dopamine and serotonin, which are 
involved in regulating mood and cognitive function. Dysregulation 
of these neurotransmitters has been implicated in the 
pathogenesis of SCZ. Additionally, the gut microbiome plays a 
critical role in regulating the immune system, and alterations in gut 
microbiota have been linked to inflammation, which has been 
associated with SCZ. Prebiotics, probiotics, and symbiotic have 
been proposed as potential therapies for SCZ based on their ability 
to modulate gut microbiome diversity and function. Prebiotics are 
non-digestible carbohydrates that stimulate the growth of beneficial 
bacteria in the gut. Probiotics are live microorganisms that, when 
consumed in adequate amounts, provide health benefits 50.  
 Antipsychotic drugs, which are commonly used to treat 
schizophrenia and other psychiatric disorders, have been shown to 
have a significant impact on the gut microbiome. Studies have 
found that patients with schizophrenia who take antipsychotic 
drugs have a different composition of gut bacteria compared to 
those who do not take the drugs. Specifically, research has 
revealed that antipsychotic drugs can alter the abundance of 
certain bacterial groups, such as Bacteroidetes and Firmicutes, in 
the gut microbiome of patients with schizophrenia. Additionally, 
antipsychotic drugs have been found to reduce the overall diversity 
of the gut microbiome, which may contribute to the development of 
gut-related side effects such as constipation, diarrhea, and weight 
gain. The exact mechanisms by which antipsychotic drugs affect 
the gut microbiome are not yet fully understood, but it is thought 
that the drugs may alter gut motility, change the availability of 
nutrients for bacterial growth, or modulate the immune system, 
which in turn could affect the gut microbiome 51. 
 Overall, the research highlights the importance of 
understanding the interplay between antipsychotic drugs and the 
gut microbiome in patients with schizophrenia. Further studies are 
needed to determine the long-term effects of antipsychotic drugs 
on the gut microbiome and to identify potential strategies for 
mitigating any negative effects. It is also important to note that, 
while antipsychotic drugs play an important role in treating 
schizophrenia, they are not without their side effects, and 
alternative treatments such as talk therapy or dietary interventions 
should also be considered. 
 

CONCLUSION AND FUTURE PERSPECTIVES 
In conclusion, the gut microbiome plays a crucial role in the 
development of neurological disorders such as schizophrenia. 
Studies have shown that the gut microbiome is altered in 
individuals with schizophrenia and these changes may contribute 
to the development of the disorder. For example, studies have 
found that individuals with schizophrenia have lower levels of 
certain beneficial bacteria, such as Bifidobacterium and 
Lactobacillus, and higher levels of potentially harmful bacteria, 
such as Proteobacteria. Additionally, research has also revealed 
that the gut-brain axis, which is the communication between the 
gut and the brain, is disrupted in individuals with schizophrenia. 
While more research is needed to fully understand the relationship 
between the gut microbiome and schizophrenia, current findings 
suggest that targeting the gut microbiome may be a potential 

therapeutic approach for individuals with the disorder. For 
example, probiotics, which are live microorganisms that are similar 
to the beneficial bacteria found in the gut, have been shown to 
improve symptoms of schizophrenia in some studies. Additionally, 
dietary interventions, such as the Mediterranean diet, which is high 
in fruits, vegetables, and fish, have also been found to improve gut 
microbiome diversity and may be beneficial for individuals with 
schizophrenia.  
 In the future, more research is needed to fully understand 
the complex interactions between the gut microbiome and 
schizophrenia, including the mechanisms by which the gut 
microbiome may contribute to the development of the disorder. 
This research will be essential for the development of targeted 
therapies for individuals with schizophrenia and for a better 
understanding of the role of the gut microbiome in mental health 
more broadly. Additionally, it's important to note that this is only 
one aspect of Schizophrenia, as the disorder is multifactorial, and 
more research is needed to understand the other contributing 
factors. 
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