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ABSTRACT 

Human gut microbiota is a complex microbial 

community where the host and each member 

have established a strong relationship with each 

other. The effects of gut microbiota on the 

immune system, brain development, and 

especially for mental disorders like depression 

and anxiety have attracted attention in recent 

years. Since clinical observations and animal 

trials have revealed much evidence of an active 

link between the gut and the brain, the 

interactions of gut microbiota with the 

surrounding environment have become a new 

and significant area of study in medical, 

biochemical, and many fields. However, there is 

very little knowledge about the nature of these 

interactions and how they caused changes in 

human physiology, development, immunity, and 

nutrition. By getting an exact idea of how gut 

microbiota affects depression and anxiety, more 

efficient treatments with lesser side effects can 

develop for patients with the above mental 

illnesses. Therefore, this field needs more 

research using animal and human patients. This 

review summarizes the connection between the 

alteration of gut microbiota composition and 

mental health to give a clear idea of how gut 

microbiota is involved in depression and anxiety 

disorders, including behavioral and 

neurochemical changes. 

1. HUMAN MICROBIOTA 

The mammalian body is a complex and thriving 

ecosystem populated by a huge and complex 

group of microbes. The microorganisms that live 

inside and on human bodies are referred to as 

microbiota, and the genetic material of those 

microbes is called the microbiome. The human  

 

microbiota is composed of bacteria, archaea, and 

eukarya, and they are important in nutrition 

regulation, metabolism, development, and 

function of the immune system (Allen et al., 

2012). Microbial diversity depends on host 

genetics, age, gender, body mass index (BMI), 

diet, environment, geography, diseases, and early 

microbial exposure. From the human 

microbiome project (HMP) microbiome of a 

healthy individual has been characterized. In a 

healthy human host, the majority of microbiota 

inhabits the distal gut of the gastrointestinal (GI) 

tract. Streptococcus dominated in the oral cavity, 

Lactobacillus spp. dominating the vaginal sites, 

Staphylococcus, and Corynebacterium are 

dominant in the skin, and Bacteroides are 

dominant in the gut (The Human Microbiome 

Project Consortium). The selective pressure from 

the host cells and microbial competitors toward 

gut microbiota leads to the homeostasis of the 

microbial ecosystem, where some microbes are 

in high abundance, and some are in low 

abundance (Evrensel & Emin, 2015). However, 

some factors like diet and antibiotic use (Bailey 

et al., 2010), exposure to prolonged restraint 

(Bailey et al., 2010), and social disruption (SDR) 

(Riesenfeld et al., 2004) can cause alterations in 

the community structures of gut microbiota.  

2. DEPRESSION 

Depression is a multi-factorial recurring and 

debilitating disease condition that is caused by 

biological, social, and psychological factors 

(Kleiman et al., 2015). It had affected nearly 300 

million people worldwide and is associated with 

nearly 800,000 suicide deaths annually 

(Davidsen & Fosgerau, 2014). According to Cui 

et al. (2015), psychiatry has debated about the 

diagnosis of depression for decades. Since 

existing knowledge of depression is incomplete; 
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there are no adequate treatments (Qin et al., 

2010). So, new insights into depressive disorder 

are needed urgently including innovative 

therapeutic interventions because available 

treatment options are far from being mechanism-

based (Dinan & Cryan, 2013; Jiang et al., 2015).  

2.1. Anxiety  

Anxiety is an emotional state, and it includes 

feelings of apprehension, tension, nervousness, 

and mainly worry accompanied by physiological 

arousal. It is something felt, and intense anxiety 

was prevalent in most psychiatric disorders. 

Generally, anxiety is a mix of disorders such as 

phobia, panic disorder, obsessive-compulsive 

disorder, social anxiety disorder, illness anxiety 

disorder, post-traumatic stress disorder, and 

separation anxiety disorder (Spielberger, 2009). 

Some differences exist between anxiety and 

depressive disorders and within anxiety 

disorders. However, it is difficult to divide these 

differences, and they are not consistent with 

subdivisions of fear disorders vs. anxious misery 

disorders. Still, there is much more data to collect 

through further research to identify unique 

features of anxiety and depressive disorders 

(Neumann & Landgraf, 2012) 

3. GUT-BRAIN AXIS  

The interactions between the gut and brain are 

highly complex, and the denomination of the 

Gut-Brain Axis (GBA) is used to describe them 

(Cryan & O’mahony, 2011). There is tremendous 

importance in a complex communication system 

of gut-brain crosstalk. Not only the proper 

maintenance of GI homeostasis, but gut-brain 

communication also has many influences on 

motivation and higher cognitive functions. GBA 

is regulated at neural, hormonal, and 

immunological levels (Neufeld et al., 2011). 

Foster and Neufeld (2013) mentioned that 

monitoring and integrating gut functions and 

linking cognitive and emotional centers of the 

brain with peripheral intestinal mechanisms as 

the roles of GBA. The GBA provides 

bidirectional communication (from microbiota to 

the brain and from the brain to microbiota), 

which is in a homeostatic route. The dysfunction 

of this route can have severe pathophysiological 

consequences. Specific alterations in the stress 

response and overall behavior factors are 

associated with the modulation of the brain-gut 

axis (Severance et al., 2013). According to 

Neufeld et al. (2011), the alterations in brain-gut 

interactions are associated with gut 

inflammation, obesity, chronic abdominal pain 

syndromes, eating disorders, and many other 

disorders, including irritable bowel syndrome 

(IBS) and inflammatory bowel disorder (IBD) 

which are found as related to depression and 

anxiety disorders. 

4. ROLE OF GUT MICROBIOTA IN DEPRESSION 

AND ANXIETY 

Recent findings prove that the microbiota-gut-

brain axis is involved in psychiatric disorders 

such as depression and anxiety disorders 

(Bastiaanssen et al., 2020; Cruz-Pereira et al., 

2020). Many tests have been conducted in this 

case using mainly animal models there is some 

research with human patients. There is a growing 

body of literature that supports and characterizes 

the possible role of gut microbiome imbalance in 

depression and anxiety.  In the process of 

studying the role of the intestinal microbiota on 

depression and anxiety, it was found that 

microbiota can alter the functions of the 

hypothalamic-pituitary-adrenal (HPA) axis and 

directly influences stress circuits 

(Naseribafrouei, 2014; Carabotti, 2015). 

Antibiotic use, GI infection studies, probiotic 

treatments, fecal microbiota transplantation, and 

germ-free mice studies have been used to study 

the effect and influence of the gut microbiota on 

mental health situations (Qin et al., 2010). 

4.1. Germ-Free Housing 

Germ-Free (GF) animals are animals free from 

any microbes, including bacteria, viruses, fungi, 

parasites, and protozoa and they are widely used 

to study microbiome-GBA. GF mice are used to 

investigate the impacts of probiotics on 

microbiome-GBA and to investigate the effect of 

the complete absence of intestinal microbiota on 
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behavior (Kennedy et al., 2012). According to 

the independent tests, the level of plasma 

corticosterone (CORT) and anxiety-like behavior 

has increased in GF mice when compared to 

specific pathogen-free (SPF) mice (Bennet, 

Eriksson, & Nord, 2002). Since it has previously 

been found that anxiety-like behaviors are not 

related to CORT levels (Rhee, Pothoulakis, & 

Mayer, 2009) these observed results should be 

because of the alterations of the microbiota. It 

was able to normalize some aspects of behavior 

by reconstitution of gut microbiota in GF mice in 

early life (Neufeld, Kang, Bienenstock, & Foster, 

2011). However, data from the studies done 

using these animals are useful only as research 

tools in neurogastroenterology, and they cannot 

be used as translational to human disease studies 

because GF mice do not represent any of the real 

situations in the human population. 

4.2. Antibiotic treatment 

The oldest drugs used in managing GI tract 

diseases are antibiotics. Antibiotic therapy is 

currently used in the treatment of disorders such 

as IBS, and there the composition of gut 

microbiota is modified to manage disease 

conditions (Cui et al., 2015). The frequent use of 

broad-spectrum antibiotics, especially for 

infectious diseases, has become one of the main 

reasons to reduce the biodiversity of the gut 

microbiota and delay the colonization by some 

probiotic strains such as Lactobacilli (Cani et al., 

2008). In another experiment, male adult mice 

who were exposed to a mixture of Neomycin and 

Bacitracin antibiotics (both in 5 mg/ml) together 

with Pimaricin antifungal agent, for seven days 

had shown reduced anxiety-like and altered 

behavior when tested with the step-down and the 

light/dark box tests. The use of antibiotics on GF 

mice did not show any behavioral changes, and it 

was confirmed that behavioral alterations of 

previous mice resulted from changes in gut 

microbiota because of the antibiotics (O’mahony 

et al., 2014). It has been observed that antibiotic 

therapy caused the reduction of luminal 

lipopolysaccharide concentration and led to an 

increase in hypothalamic proinflammatory 

cytokines expression and attenuated HPA axis 

stress response. However, these observations 

vary with the strains of mice as the microbiota 

composition changed with the strains of mice 

(Cui et al., 2015).  

4.3. Probiotics 

Probiotics are live microorganisms that can be 

administered as dietary supplements or as food 

products, like yogurt. Several probiotic bacteria 

such as Bifidobacterium sp. (Actinobacteria) and 

Lactobacillus sp. (Firmicutes) had tested for 

health benefits and used in the treatment of the 

GI symptoms of disorders such as IBS 

[Arumugam et al., 2011; Kennedy et al., 2012). 

There is much clinical evidence of probiotics 

used for depression and anxiety symptoms, but 

there is little published work that is concerned 

about the effects of probiotics on depression and 

anxiety symptoms in humans. In a group clinical 

trial, a mixture of probiotics containing 

Lactobacillus helveticus R0052 and 

Bifidobacterium longum R0175 or placebo had 

given to healthy human subjects for 30 days, and 

then anxiety, depression, and stress were 

evaluated using a questionnaire. Reducing 

anxiety and depression symptoms were observed 

as the results (Logana & Katzman, 2005). A 

recent study which was done with a combination 

of L. helveticus and B. longum probiotics and 

with the use of both human subjects and rats has 

found that probiotics reduced anxiety. Another 

research found an overall positive effect of 

probiotics on depressive symptoms in clinically 

depressed patients when used as a supplement to 

antidepressant treatment compared to 

antidepressant treatment alone (Nikolova, Zaidi, 

Young, Cleare, & Stone, 2019). Not only in 

reducing anxiety and depression but probiotics 

are also involved in decreasing serum cortisol in 

patients and causing beneficial psychological 

effects. Some probiotics have the potential to 

lower inflammatory cytokines, decrease 

oxidative stress, and improve nutritional status, 

and those will lead to an increased level of 

neurotransmitters, which are involved in the 

regulation of depression and anxiety (Cryan, 

Page, & Lucki, 2001). Another study was 

conducted using Lactobacillus plantarum PS12 
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probiotic, and it was found that probiotics caused 

an increase in levels of serotonin and dopamine 

in the striatum and had antidepressant-like 

effects in mice (Greenberg, Xu, Lu, & 

Hempstead, 2009). According to Chen et al. 

(2018), probiotic agents like Bifidobacterium 

infantis can initiate antidepressant-like behavior 

by having antidepressant properties in the forced 

swim test. It is a well-established model used in 

evaluating the activity of pharmacological 

antidepressants and it caused the increase of 

plasma tryptophan and suppression in 

stimulation-induced increases in peripheral pro-

inflammatory cytokines (both above had 

implicated in depression). So, certain probiotic 

strains can modulate various aspects of the 

microbiome-GBA and make changes in anxiety 

and depressive behaviors. 

4.4. Infection and Gut Inflammation Increase 

Anxiety-Like Behavior 

Many studies have been done using animal 

models to show that if pathogenic bacteria are 

present in the GI tract in the absence of systemic 

immune response, it can lead to an increase in 

anxiety-like behavior. These studies show the 

collective impact of infection and stress on the 

central nervous system (CNS) and point to the 

fact that commensal gut microbiota is necessary 

for both spatial and working memory. There are 

no human-related studies on this topic, but 

studies done by observing the behavior of 

animals following infections most times very 

well represented the human condition in specific 

instances (Kennedy et al., 2012). In a study, it has 

been found that mice with Trichuris 

muris (closely related to the human parasite T. 

trichiura) caused GI inflammation and related to 

increased anxiety-like behavior and hippocampal 

brain-derived neurotrophic factor (BDNF) 

alterations. When infected mice were treated 

with the probiotic Bifidobacterium 

longum, anxiety-like behavior was normalized. 

In GI inflammatory disease - Colitis, animals 

treated with dextran sodium sulfate (DSS) show 

GI inflammation and increased anxiety-like 

behavior. When B. longum probiotic-treated 

mice use for the same experiment, a reduction of 

anxiety-like behavior was observed [75]. There 

are several studies done with the use 

of Citrobacter rodentium, an infectious agent, to 

investigate GBA function. This pathogen only 

makes infections in some strains of mice and 

caused to increase in anxiety-like behavior 

(O’mahony et al., 2014). Sub pathogenic 

infection of enteric Campylobacter jejuni, led to 

the activation of brain regions involved in the 

processing of GI sensory information in mice and 

caused increased anxiety-like behavior. There 

are two more studies done with C. 

rodentium and C. jejuni, which showed 

increased anxiety-like behavior after eight hours 

of infection, but there was no difference in 

intestinal inflammation or plasma cytokine levels 

when compared with control mice (Powley et al., 

2008) 

4.5. Fecal Microbiota Transplantation 

The injection of filtrate stools from a healthy 

donor to a patient as a cure to heal from a specific 

disease is known as fecal microbiota 

transplantation (FMT). It was found that FMT 

caused improved sexual function in patients with 

Crohn’s disease, and this finding caused a 

stronger connection between gut microbiota and 

depression/mood (Griffiths, Calear, Banfield, & 

Tam, 2009). According to two studies conducted 

with patients with IBS or other functional 

gastrointestinal disorders, it was found that fecal 

microbiota transplantation alleviates depression 

and anxiety (Huang et al., 2019). 

4.6. Diet and Gut Microbiota 

According to Schreiner et al. (2019), IBS Patients 

who are on a vegetarian diet (VD) or gluten-free 

diet (GFD) have significantly higher depression, 

anxiety, and symptom levels. Also, this study 

found that there is a significant difference in gut 

microbiota composition in IBD patients 

following a VD or GFD than that of omnivores. 

5. FUTURE DIRECTIONS 

At present, the role of the microbiome in 

metabolic and immunologic aspects is well 

established, and the pathways that indigenous 

microbes used to modulate neurological function 
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in health and disease are only now becoming 

appreciated. The rapid and sustained growth of 

research needs on the GBA and intestinal 

microbiome connection can be used to discover 

new potential therapeutics for numerous stress-

related diseases like depression and anxiety, 

where some causes of those remain challenging 

to interpret and understand, treatment options are 

limited and ineffective, and have severe side 

effects. More broad and highly statistical 

powered research is needed to increase power to 

detect the role of imbalance of gut microbiota in 

mental disorders. Identification of microbial taxa 

that modulate the GBA axis will be advanced in 

efforts to explore the nature of the microbial-

derived signals and host pathways that influence 

specific neurophysiological and behavioral 

alterations during the depression and anxiety 

conditions. Not only depression and anxiety but 

understanding the signals that drive 

neurotransmitter production by intestinal 

bacteria can provide a foundation for therapies in 

diseases that are currently treated by 

pharmacological alteration of neurotransmitter 

levels such as Parkinson’s disease. Many studies 

today are on animals, and more human-related 

studies are needed with ideal study conditions 

such as a large sample of more severely ill, 

unmedicated patients diagnosed with depression, 

and assessed for severity by trained clinical 

researchers using validated instruments. The 

process of studying the relationship between 

intestinal microbiota with depression and 

anxiety-like behaviors is multi-disciplinary, and 

the service of microbiologists, psychiatrists, 

neuroscientists, immunologists, and 

bioinformaticians needs to understand the whole 

process. 

 

6. CONCLUSION  

There is a significant increase in the process of 

studying and recognizing the connection of 

microbial GBA with mental illnesses like 

depression and anxiety. Several findings show 

that microbiota imbalances in the gut caused 

alterations in the bidirectional communication of 

GBA and behavioral changes related to 

depression and anxiety. Also, much evidence is 

there to show the microbial mechanisms linked 

with generating and preventing those mental 

disorders. Because of limited human studies, it is 

not clear which gut microbial taxa are involved 

in the above diseases. With the development of 

science shortly, new technologies and tools will 

allow scientists to understand how imbalances of 

gut microbiota caused depression and anxiety-

like disorders and to develop new drugs, 

therapies, and treatments to cure those illnesses 
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