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Abstract
The journey from the discovery of normal flora to gut microbes and the resulting field of probiotics and psychobiotics has been a 
long and fascinating one. From the time normal flora and gut microbes came to be known researchers began to realize that these 
microorganisms played an important role in maintaining human health playing a crucial role in digestion, immunity, and even mental 
health. This led to the development of probiotics, which when ingested in adequate amounts, confer health benefits to the host. 
Probiotics have been shown to help treat a variety of health conditions, including gastrointestinal disorders, allergies, and even 
depression and anxiety. More recently, the field of psychobiotics has emerged, which refers to the use of probiotics and other dietary 
interventions to improve mental health. This field is still in its early stages, but initial studies suggest that certain probiotics may be 
effective in treating depression, anxiety, and other mental health disorders. This article reviews the emergence of Psychobiotics and 
discusses related topics and findings in context. 
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Abbreviations
GBS: Gut Brain Axis; CNS: Central Nervous System; ENS: En-

teric Nervous System; HPA: Hypothalamic Pituitary Axis; GABA: 
Gamma-aminobutyric Acid; ANS: Autonomic Nervous System; IBS: 
Irritable Bowel Syndrome; VIP: Vasoactive Intestinal Peptide; GI: 
Gastrointestinal; GLP-1: Glucagon Like Peptide; PYY: Peptide Tyro-
sine Tyrosine; CCK: Cholecystokinin; SCFA: Short Chain Fatty Acid; 
LDL: Low-Density Lipoprotein; GABA: Gamma-aminobutyric Acid; 
5HT: 5- Hydoxy Tryptophan; sCSDS: Sub Chronic and Mild Social 
Defeat Stress

Introduction

In the 19th century Theoder Escherich observed bacteria in the 
intestine of human individuals, ever since the microbial existence 
as inhabitants of human body has remained perplexing. Research 
pursuits to understand the relationship between the human host 

and the residing microbial flora, commonly referred to as the Nor-
mal flora, has given rise to horde of reports that has led to emer-
gence of varied applications and concurring fields, such as the sci-
ence of Gut Microbes, Probiotics and Psychobiotics. Psychobiotics, 
the most recent of all, has unraveled much to support the phrase 
‘you are what you eat’, paving way for unforeseen applications. 

Gut microbes
The term Normal Flora of humans is not nascent though, the un-

derstanding of the denizens of the normal flora in terms of their 
role and relevance as incumbents of the flora continues to intrigue 
us more than ever. While the collection of voluminous data that in-
dicate specific roles of individual species of the normal flora per-
sists, new and dynamic branches of applied science emerge that 
may have a large impact on the human populace in the future. Hu-
man intestinal microbiota, which is a part of the normal flora, also 
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Figure 1: A) Distribution of Gut microbiota at different stages of Life. B) Mechanism of regulatory functions of Gut microbiota towards 
human health.

referred to as Gut Microbiota or Gut Flora, are microorganisms that 
inhabit our digestive tract. The quantity of microbial cells present 
in our body is equivalent to number of human cells [1], needless to 
mention the relentless pursuit to understand their role.

Gut microbiota as normal flora at different stages of life
Gut microbiota begins to establish during the first few years 

of life and during these early years of life, microbiota is highly dy-
namic, low in diversity and instable. Gut colonization by microbes 
that begins right from birth, continues to persist, with modula-
tion, throughout the lifespan of individuals (Figure 1) [2] Every 
individual’s microbiome is unique, it is synonymous to one’s fin-
gerprint and continues to evolve through the lifespan [3]. The Gut 
microbial community of human beings consists of thousands of 
species belonging to five major phyla; Firmicutes, Bacteroidetes, 
Actinobacteria, Verrucomicrobia and Proteobacteria. Eckburg and 
colmicrobiomwleagues were in consensus with the findings of the 
past studies [4] which showed majority of bacteria harbouring the 
gut of children belonged either to the phylum Firmicutes or Bac-
teroidetes, followed by Proteobacteria and Actinobacteria. Similar 
phylum distributions were also detected among healthy adults as 

reported by others [5]. In elderly population a general decrease in 
species diversity was found for Bacteroides, Prevotella, Bifidobac-
teria, and Lactobacillus spp., and an increase in species numbers 
within the Enterobacteriaceae, Staphylococci, Streptococci and 
Candida albicans relative to healthy young adults. With an overall 
lower diversity, decreased levels of key species such as Faecalibac-
terium prausnitzii, and increased levels of Proteobacteria were also 
observed in aged population than most adults [6]. Similarly, during 
youth, bacteria belonging to the phylum Bacteroidetes have been 
reported to dominate the gut, which gets suppressed among the 
aged, when the bacteria of phylum Firmicutes increasingly domi-
nates [7]

It is evident that the composition of the gut microbiota is dy-
namic and can vary among individuals and within an individual at 
different time periods and this variation could be attributed to a 
number of factors. The composition of the gut microbiota is likely 
to be shaped by a gamut of factors including environmental factors 
genes, mode of delivery and diet [8], stress [9], medications such as 
antibiotics [10] and gastrointestinal infections [11].
The role of gut microbes in sustaining and regulating human 
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health 
When in balance, the gut microbiome confers significant immu-

nological, endocrinological and neurological benefits to the host 
[12]. Gut microbiota strongly affect the host’s health and disease 
status (Figure 1) [13].

When the microbial community in the gut ecosystem is imbal-
anced this leads to a condition known as “Dysbiosis’’. Research-
ers have confirmed that altered microbiota (Dysbiosis) attributes 
to causing several diseases including those that are psychiatric in 
nature [14]. Gastrointestinal disorders such as the Inflammatory 
Bowel (Disease IBD), peptic ulcer, Crohn’s disease, chronic diar-
rhea, constipation, besides intestinal motility disorders have been 
linked to dysbiosis [15]. Also, reports indicate that the changes 
in microbiota composition and its function may contribute to the 
host’s susceptibility to various diseases like Multiple sclerosis [16] 
certain type of cancers [17], allergies [18] and ischemic stroke [19]. 
Studies have also found possible linkage between immune func-
tion, gut health, mood, and mental health [20]. Gut flora has been 
linked to depression, anxiety [21], Parkinson’s Disease [22] and Al-
zheimer’s Disease [23]. Besides sustaining health by their gut pres-
ence, microbes have also been reported to regulate human health 
via nutrient metabolism, maintenance of the gut mucosal barrier, 
immunemodulation, protection against pathogens and xenobiotic 
metabolism.

Among the various roles of the gut microbiota and their rela-
tionship with the host, one of the intriguing aspect is that of their 
influence on the brain functioning. It is in this context relevant to 
understand the gut-brain nexus, the Gut-Brain Axis.

Gut-brain axis and gut microbiota
The Gut-Brain Axis (GBA) is the physical and biochemical sig-

naling that happens between the gastrointestinal tract and the 
central nervous system. It is a bidirectional communication system 
that connects the gut and the brain through a complex network of 
nerves, hormones, and signaling molecules (Figure 2). This commu-
nication occurs through the vagus nerve, neural pathways, and the 
release of various molecules such as neurotransmitters, hormones, 
and immune system factors. The gut-brain axis mediates constant 
communication and interaction between the gut and the brain, in-
fluencing various physiological processes and behaviors. It plays 
an important role in maintaining homeostasis of the body and is 

also known to be involved in several important processes, includ-
ing regulating inflammation, immunity, digestion, endocrinology, 
and metabolism. The gut-brain axis is involved in the coordination 
of numerous bodily processes, including energy balance, reward, 
taste perception, emotion, memory, and cognitive functions. 

The GBA also involves the interplay of the gut microbiota. 
Strong evidence have been established that indicate that the gut 
microbiota can influence the gut-brain axis and, in turn, impact 
various aspects of brain function and behavior. This bidirectional 
communication is thought to occur through several mechanisms. 
The GBA includes several pathways, such as the endocrinal, im-
munological, and neural pathways. The brain to gut direction of 
communication are via the Autonomic Nervous System (ANS) [24], 
the Enteric Nervous System (ENS) [25] and the Hypothalamic Pi-
tuitary Axis (HPA) [26] and on the other hand the gut microbiota 
influence the emotional and cognitive functioning of the brain via 
the expression of bioactive molecules or by regulating enteric cells 
to release modulating molecules that in turn modulate cells in the 
brain, which includes neurotransmitters, such as serotonin, dopa-
mine, and gamma-aminobutyric acid (GABA) [27]. Microbes can in-
fluence the gut to Brain communication via Expression of Neurto-
transmitters [28], hormones [29], enteric immune regulation [30] 
and expression of metabolites [31].

The bidirectional communication between the brain to gut is 
regulated via 1) Stress response on gut microbiota 2) Neuroen- 
docrine HPA axis 3) Immunoregulatory pathways, and the gut 
to brain via 1) Neurotransmission 2) Gut harmones secretion 3)  
En- teric immune regulation 4) Microbial metabolites.

Probiotics
The dynamics of gut microbial population is largely influenced 

by the diet, in other words our diet shapes our gut microbiota by 
diversifying or narrowing down the species abundance and there-
fore also influencing the individual and collective roles played by 
them [32]. One major contributing factor to the role of diet is the 
inclusion and ingestion of probiotics. Probiotics, as the name goes, 
are microbes that are ‘pro’ to our health and wellbeing (biotic). 
Probiotics include beneficial species of live organisms which con-
fer a large and lasting impact on the physical and mental wellbeing 
of the consumers by modulating gut flora. Use of Probiotics is to 
support and reset the colonization of microbial species in the gut 
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Figure 2: Gut-Brain Axis and the gut microbiota influence on the brain.

by way of addressing dysbiosis. Probiotics are live microorganisms 
used in their active state as a supplement to confer health benefits 
both to animal and human subjects, however this definition has 
been broadened with the advent of new terminologies like para-
biotics, para-psychobiotics and post-biotics which make use of in-
active and non-viable form of probiotics also. A list of organisms 
that have been categorized as probiotics is given in Table 1.

Probiotics have been associated with various health benefits 
such as cholesterol regulation, immune and hormonal regulation 
and skin and gut barrier function. In addition, they also mitigate 
the risk or severity of diseases such as Inflammatory bowel dis-
ease, Acute respiratory tract infection, diarrhea, cardiovascular dis-
eases and Type 2 diabetes, and pschological and mood disorders.

Our understanding of the role of gut microbiota in human health 
paved way to use of probiotics in the diet, which confer specific 
health benefits as has been discussed in a series of reports in the re-
cent past. Recent research suggests that probiotics reduce the risk 

of developing a variety of medical conditions, thus in the maintein-
enance of good health. Probiotics support in sustainenace via di-
gestive health [34], immune system support [35], heart health [36] 
and mental health [37]. Besides support in sustaining health, pro-
biotics have also been reported to have relevance in the mitigation 
of diseases related to the gastrointestinal and respiratory systems, 
metabolism and psychological disorders. An extensive and elabo-
rate significance of probiotics in the sustenance of human health is 
as shown in Figure 3.

Influence of the normal flora of the gut and the probiotic sup-
plements on the Brain 

Much could be derived on the significance of the gut micro-
biota and the probiotics from the earlier sections. Microbes have 
influence on various functions of the body, including the brain. 
Gut microbes and probiotics can have a variety of effects on brain 
activity and cognition, including changes in neurotransmitter lev-
els, synaptic plasticity, neuroplasticity, and memory. As discussed, 
studies have shown that gut bacteria have ability to  produce neu-
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Phylum Order Family Genus Species
Actinomycetota Bifidobacteriales Bifidobacteriaceae Bifidobacterium B. adolescentis

B. bifidum
B. bifidum

B. breve
B. lactis

B. longum
B. infantis

B. animalis subsp. lactis

Propionibacteriales Propionibacteriaceae Propionibacterium P. freudenreichii

Bacillota Bacillales Bacillaceae Bacillus B. subtilis
B. coagulans

B. pumilus
B. licheniformis

B. subtilis
B. cereus var. toyoi

B.clausii
B. laterosporus

Lactobacillales Lactobacillaceae Lactobacillus L. sacidophillus
L. bulgaricus

L. casei
L. ferementum

L. casei
L. feremetum

L. lactis
L. acidophilus
L. paracasei

L. rhnamosus
L. delbrueckii subsp. Bul-

garicus
L.brevis
L. brevis

L. johnsoni
L. plantarum
L. salivarrius
L. fermentum

L. kefir

Streptococcaceae Streptococcus S. thermophilus

Lactococcus L. lactis subsp. lactis

Enterococcaceae Enterococcus E. durans
E.  faecalis
E. faecium

Ascomycota Saccharomycetales Saccharomycetaceae Saccharomyces S. cerevisiae
S. boulardii

Table 1: Microbial species identified and listed as Probiotics.

07

Exploring the Microbiome through Probiotics and Psychobiotics: Deciphering the Gut-Brain Link

Citation: Prem Saran Tirumalai., et al. “Exploring the Microbiome through Probiotics and Psychobiotics: Deciphering the Gut-Brain Link". Acta Scientific 
Microbiology 6.12 (2023): 03-21. 

https://en.wikipedia.org/wiki/Propionibacteriales
https://en.wikipedia.org/wiki/Propionibacteriaceae
https://en.wikipedia.org/wiki/Bacillales
https://en.wikipedia.org/wiki/Bacillaceae
https://en.wikipedia.org/wiki/Bacillus
https://en.wikipedia.org/wiki/Streptococcaceae
https://en.wikipedia.org/wiki/Streptococcus
https://en.wikipedia.org/wiki/Enterococcaceae
https://en.wikipedia.org/wiki/Saccharomycetales
https://en.wikipedia.org/wiki/Saccharomycetaceae
https://en.wikipedia.org/wiki/Saccharomyces


Figure 3: Health benefits of Probiotics.

rotransmitters, such as serotonin, dopamine, and norepinephrine, 
which influence the brain. Also, studies have shown that probiotics 
contribute to cognitive health by improving overall cognitive per-
formance, especially in people with neurological and psychologi-
cal disorders, such as autism, Alzheimer’s disease, and depression. 
Furthermore, probiotics have to been observed to modulate the in-
flammation in the intestinal tract, leading to reduction in  reducing 
symptoms associated with anxiety and depression. 

The influence of the microbes as psychobiotics on the brain 
activity can be through 3 major mechanisms as shown in the Fig-
ure 4. Gut dysbiosis has been proposed to alter behavioural and 
psychological health of individuals [37]. Gut microbiota influences 
the brain development and its physiology and perseverance, which 
is regulated by production of secondary metabolites; Short chain 

fatty acids (SCFA), tryptophan metabolites and neurotransmitters 
including their precursors. 

Influence of microbial SCFA on brain
Among most examined microbiota derived SCFA 95% consist 

of  acetate, butyrate and propionate. Low level of SCFAs has been 
reported in models with changed brain physiology and behaviour 
including anorexia nervosa [38], Alzheimer disease [39], Parkin-
son’s disease [40] and chronic stress [41]. In addition low level 
of butyrate and acetate were seen in fecal of children with autism 
spectrum disorder [42]. SCFAs found in colon are transported 
across gut epithelium into bloodstream. It affects blood brain bar-
rier (BBB) integrity, functioning of glial cells and modulates neu-
rotropic factors. SCFA has been reported to ameliorate microglia 
immaturity and physiology in mice [43]. It is believed that neurons 
are activated by SCFA induced vagus nerve signaling in CNS. More 
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work is needed to understand the activation of specific neuron by 
SCFAs in the brain that result in behavior change. 

Microbial short chain fatty acids (SCFAs) produced in the colon 
by the microbial metabolism of dietary fiber are one of the primary 
sources of energy for the host. Currently, several studies have dem-
onstrated a close connection between the gut microbiota, meta-
bolic activities, and the central nervous system, suggesting that 
the metabolite-sensing capability of the gut-brain axis is impor-
tant for regulating normal physiology. SCFAs, particularly acetate, 
propionate, and butyrate, are the main end-products of microbial 
fermentation of dietary fiber [44]. These SCFAs will then enter the 
circulation to be metabolized in peripheral tissues and taken up by 
the brain. Acetate is thought to be the primary source of energy, 
as it is more rapidly converted to acetyl-coenzyme A than are the 
other SCFAs [45]. Propionate and butyrate appear to modulate in-
flammation and metabolism, while also influencing behavior and 
stress-related affects. 

In the brain, short-chain fatty acids (SCFAs) engage in direct 
interactions with various targets, including receptors on neurons, 
oligodendrocytes, astrocytes, and microglia. Additionally, they 
exert indirect effects by serving as a source of energy for specific 
activities and by initiating transcription-dependent neuroinflam-
matory processes. Direct SCFA binding at the cell surface and in-
tracellular signaling has been shown to influence the firing of neu-
ral pathways, stimulate neurogenesis, and activate neuroimmune 
processes, as well as metabolically supporting the oxidative energy 
needs of the brain [46]. There is growing evidence that SCFAs may 
play a role in neurotransmission and the neuropsychological health 
of the individual. It is well known that SCFAs can regulate neuro-
nal responses in the hippocampus, amygdala, and hypothalamus, 
and that they can be neuroprotective due to their antioxidative ef-
fects [47]. Further, SCFAs can directly bind to G-protein coupled 
receptors that are involved in the regulation of synaptic and as-
troglial functions, including those involved in the maintenance of 
homeostasis, biota are not just a fuel source for the body, but also 
modulate brain functions in an important manner. The modulation 
of these functions by SCFAs could offer potential treatments for a 
variety of neurological and psychiatric disorders.

Influence of Microbially secreted neurotransmitters on brain
The mechanism that implicitly play role in maintaining the 

brain physiology is the expression of neurotransmitters by gut mi-

crobiota [48]. Number of bacteria reside in GI tract are recognized 
to produce catecholamine such as norepinephrine and dopamine 
that are similar in chemical structure to those found in host [49]. 
Both gut microbiota and host have ability to convert the glutamate 
to Gamma amino-butyric acid (GABA) which is the major inhibito-
ry neurotransmitter of host nervous system [50]. Several Lactoba-
cillus spp. have known to produce GABA in the intestine lumen [51]. 
Lower level of GABA was reported in germ free mice compared to 
mice with microbiota [52]. The Human microbiome project re-
vealed that Glutamate decarboxylase is responsible for the con-
version of glutamate to GABA. Their precursor reaches to BBB and 
participates in the synthesis cycles of various neurotransmitters 
in brain, further influences functional capability of neurons. GAB-
Aergic neurons are found in hippocampus, thalamus, basal ganglia, 
hypothalamus, and brainstem, modulating brain’s response to dif-
ferent stressors. The GABA producing species had been seen to al-
leviate visceral hypersensitivity in rats [53].

The fate and course of microbial neurotransmitters from the 
gut is complex and varied. As microbes produce neurotransmit-
ters, they can be taken up into the body by the bloodstream or 
other routes and exerts their action on the nervous system. These 
microbial neurotransmitters may also interact directly with the 
enteric nervous system, the nerves that line the gastrointestinal 
tract. Alternatively, small molecules from the microbiota can be 
transformed into new substances with novel biological activities, 
including metabolites that act as neurotransmitters throughout 
the body. In some cases, microbial metabolites can become more 
concentrated in certain organs, allowing them to be transported to 
other regions of the body. Ultimately, the fate and course of micro-
bial neurotransmitters from the gut depends on many factors, such 
as the type of microbe, the environmental conditions, the body’s 
physiological processes, and the type of molecule being produced.
Microbial neurotransmitters from the gut, such as Dopamine, influ-
ence the brain in various ways. Inhibitory or excitatory neurotrans-
mission, regulating mood, sleep and appetite, controlling learning, 
motivation and pleasure are some of the actions linked to micro-
bial neurotransmitters. Microbial neurotransmitters are produced 
in the enteric nervous system, which is located in the gut. They are 
then released into the bloodstream and transported to the brain 
where they influence the functioning of neurons. The exact mecha-
nisms through which gut microbial neurotransmitters influence 
the brain are not yet fully understood, but are thought to involve 
various pathways, such as the hypothalamus-pituitary-adrenal-
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axis, the vagus nerve, and the immune system. Changes in these 
pathways have been linked with depression and anxiety.

In addition, some research has suggested that changes in the 
composition of the gut microbiota influences the activities of mi-
crobial neurotransmitters. An elevation in the concentration of 
beneficial bacteria, particularly Bifidobacteria, enhanced the pro-
duction of neurotransmitters, thereby exerting a discernible in-
fluence on the intricate functioning of the brain [54]. Microbial 
neurotransmitters from the gut may play an important role in the 
development of various mental health problems, such as depres-
sion, anxiety, and bipolar disorder [55]. Therefore, further research 
is needed to explore the potential therapeutic benefits of targeting 
microbial neurotransmitters in the treatment of such disorders.

Influence of Microbially secreted Tryptophan metabolites on 
brain 

Microbial tryptophan metabolites produced in the gut have been 
shown to influence brain activity through a variety of mechanisms, 
including modulation of the neurotransmitter serotonin [56]. 
Tryptophan is absorbed from the gut and enters the bloodstream, 
where it is converted into serotonin and then degraded into a vari-
ety of metabolites including the regulatory tryptophan metabolites 
3-hydroxykynurenine, kynurenine, and kynurenic acid.

Microbial serotonin (5-hydroxytryptamine, 5-HT) is a neu-
rotransmitter produced by the gut microbiome. It is shared by 
humans and animals and is believed to play a role in both the gut-
brain axis and the immune system. Microbial serotonin is involved 
in a range of neurological and physiological processes, including 
the regulation of mood and appetite. 95% of body’s Serotonin 
(5HT) is produced in gastrointestinal tract [57]. The gut microbiota 
influences hosts GI serotonergic system. Serotonin is derived from 
tryptophan metabolism; tryptophan can also enter in kyunerinine 
pathway that leads to less availability of serotonin in body [58]. 
A study reported that decrease in L. reuteri lead to chronic stress 
with increase in kyunerinine concentration [59]. Tryptophan de-
rived metabolites have been implicit to control glial cells in CNS 
[60]. The hormone of darkness, Melatonin is produced from sero-
tonin provides circadian and seasonal signals to host, great interest 
in therapeutics of diseases particularly sleep disorders [61]. The 
interconnection of the metabolic pathways of gut and brain reveals 
to be influenced by gut microbiota.

Microbial 5HT is broken down by the gut microbiome into in-
dole, skatole and 5-hydroxytryptamine and then transported to 
the epithelial cells along with dietary tryptophan-derived indole 
and skatole via transporter proteins. In the epithelial cells, 5-hy-
droxytryptamine is further broken down by monoamine oxidase 
and other enzymes, releasing 5-hydroxyindoleacetic acid and 
other metabolites, which are then transported to the blood and 
elsewhere in the body, where it is used as a neurotransmitter or 
a hormone [62]. These microbial metabolites can cross the blood-
brain barrier and influence the brain in various ways including 
influencing the levels of dopamine and other neurotransmitters, 
modulating neural excitability, and altering the expression of genes 
related to neuronal development and synaptic plasticity. Microbial 
tryptophan metabolites modulate the production of inflammatory 
molecules and even alter the permeability of the blood-brain bar-
rier itself. In summary, the microbial serotonin produced in the 
gut has an important role in regulating the gut-brain connection. 
It impacts both the gastrointestinal tract and mental well-being, as 
well as the immune system. Since microbial serotonin is absorbed 
in the bloodstream, it plays an important role in the modulation of 
systemic inflammation, which is linked to disease. Thus, microbial 
serotonin has the potential to influence a broad range of physi-
ological functions and mental states in both humans and animals.

The fate and course of microbial tryptophan metabolites from 
gut to brain, as well as their influence on the brain, are very com-
plex and are still being studied. The exact mechanisms through 
which these microbial metabolites influence the brain are likely to 
vary by species and by individual.

Emerging evidence on the impact of probiotics as psychobiot-
ics 

Probiotics are being increasingly studied to see if they could 
be used to treat certain mental health problems. Probiotics act 
by reducing inflammation, stimulating the production of certain 
neurotransmitters, and directly affecting parts of the brain. Probi-
otics may also help improve absorption of key vitamins and min-
erals, which can have a positive effect on mental health including 
mood. Probiotics are thought to help improve biomarkers related 
to depression, anxiety, and stress. Psychobiotics, a relatively new 
term, was coined to describe bacteria and other microorganisms 
that benefits mental health and well-being as stated above. More 
research is underway to determine exactly how probiotics could be 
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Figure 4: Mechanism of the microbial (gut microbiota/probiotics) influence on the brain activity.

used as psychobiotics. Emerging evidence on this purview hitherto 
is being discussed here.

Studies on animal models 
Animal model experiments for psychobiotics have largely fo-

cused on examining the effects of certain probiotic or prebiotic 
treatments on both the gut microbiome and related mental health 
outcomes. To study the effects of psychobiotics, researchers have 
used rodent models.In one study, researchers used a mouse model 
to investigate the effects of Lactobacillus rhamnosus on anxiety 
and stress-related behavior. Results showed that the mice given 
the probiotic exhibited fewer anxious behaviors than those with-
out them [63]. Another earlier study used a rat model to measure 

the effects of an oral probiotic supplement containing Lactobacil-
lus helveticus and Bifidobacterium longum on depression-like be-
haviors. It was found that probiotic supplementation was able to 
reduce depression-like symptoms in the rats [64].

There have been a number of animal model experiments sug-
gesting that certain probiotic treatments can be effective in im-
proving mental health outcomes in rodents and other animals, 
prompting the need for further research to validate these findings, 
as well as to investigate other potential effects of these treatments 
in humans.
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An exhaustive list of reports and mounting evidence on the sig-
nificance of Psychobiotics, using animal models is detailed in Table 
2.

Table 2: Studies on the effect of Psychobiotics on Animal Models.

Probiotic strain Animal model Behaviour effect

B. breve Adult male mice Reduced anxiety like behaviour and induced weight loss[65]

B. breve Male 10 year week old 
mice

Prevented amyloid-beta-induced dysfunction in Alzheimer’s disease 
model mice[66]

B. infantis Pregnant Sprague  
Daw- ley dams

Reversed behavioural deficits in maternal separation model of  
depression[67]

B. longum Male mice(6-8 weeks 
of age)

Reduced anxiety like behaviour, Normalization of the behaviour of mice
with induced colitis[68]

B. longum subsp. Infantis Male adult C57BL Reduced depressive behaviour of mice subjected to chronic unpredictable 
mild stress[69]

L. acidophilus EG004, L. paracasei 
EG005 and L. rhamnosus EG006

rats Improved cognitive ability by cognitive-behavioural tests[70]

L. helveticus/B. longum Male wistar rats Reduced anxiety like behaviour, Normalization of the behaviour of mice
with induced colitis[64]

L. plantarum Adult zebrafish Reduced anxiety-related behaviour and altered GABAergic and  
serotoner- gic signalling in the brain [71] 

Lactobacillus casei strain Shirota rats Plasma corticosterone were significantly suppressed[72]

Lactobacillus fermentum NS9 ampicillin-treated rats Reduced the anxiety-like behaviour and alleviated the ampicillin-induced 
impairment in memory retention [73]

Lactobacillus helveticus NS8 Adult rats Improved chronic restraint stress induced behavioral (anxiety and  
depres- sion) and cognitive dysfunction[74]

Lactobacillus helveticus strain
MCC1848

sub chronic and mild 
social defeat stress 

(sCSDS) model mice

Improved anxiety- or depressive-like behaviour, positive effect on  
stress- related disorder [75]

Lactobacillus plantarum 90sk and
Bifidobacterium adolescentis 150

mice for 2 weeks Reduced depressive-like behaviour in the forced swimming test; the effect
was similar to that of fluoxetine [76]

Lactobacillus plantarum strain PS128 Adult mice Influenced neurochemicals related to affective disorders in prefrontal
cortex[21]

Lactobacillus reuteri NK33,  
Bifido- bacterium adolescentis NK98

Mice with anxiety/ 
de- pression and colitis

Suppressed the occurrence and development of anxiety/depression[77]

Lactobacillus rhamnosus GG 6 female mice Relieved anxiety-like behavior [63]

Studies on human subjects
Experiments have been conducted to determine if probiotic 

supplementation could have an effect on mental health and, specif-
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ically, depression. A study published in 2019 found that probiotics 
had a beneficial effect on depression, anxiety, and stress in healthy 
adults who had recently experienced a stressful life event. The pro-
biotic supplement was associated with significantly lower levels of 
all three measures, compared to the placebo [64]. 

Recent studies published in 2021 have ratified the relevance of 
pyschobitoics using human subjects. A group of researchers exam-
ined the effect of a probiotic mixture on depressive symptoms in 
healthy adults. They found that the probiotic mixture significantly 
reduced self-reported symptoms of depression and anxiety, com-
pared to the placebo [78]. Subsequently, as per a study published 
in Frontiers in Psychiatry, researchers tested the effect of probi-
otic supplementation on depressive symptoms in older adults. 

They found that probiotic supplementation was associated with 
an improvement in depressive symptoms, compared to the control 
[79].  Similarly, a study published in Nutrients reported that pro-
biotic supplementation improved anxiety, depression, and stress 
in college students. The probiotic supplement was associated with 
significantly lower levels of all three measures, compared to the 
placebo [80]. 

A growing number of experiments has demonstrated that pro-
biotic supplementation is associated with improved mood and 
mental health, particularly for those experiencing depression, 
stress, and anxiety. An elaborate list of studies conducted on hu-
man subjects and their findings are shown in Table 3. Future re-
search will be needed to determine which probiotics and delivery 
methods may be most beneficial for these conditions.

Table 3: Studies on the effect of Psychobiotics on Human Subjects.

Probiotics Strains Human model Psychological effects

L. helveticus R0052, B. longumR0175 66 Healthy men/women Alleviated psychological stress in healthy volunteers[64]

L. helveticus R0052, B. longumR0175 7 Female 3 Male( 18-19 
year old) Significant Improvement in sleep quality[79]

B. longum NCC3001 44 adults with IBS and  
diarrhoea Reduced depression[81]

Bifidobacterium animalis subsp. lactis

BB-12

21 Chongqing young 
divers

Improved cognitive state anxiety, somatic state anxiety, and anxiety 
emotion[82]

Bifidobacterium breve CCFM1025 70 MDD patients Reduced the serum serotonin turnover compared with the  
placebo[83]

    Bifidobacterium. longum 1714 22 healthy volunteers Reduced stress and improved memory[84]

Bifidobacterium breve A-1 29 patients with schizo-
phrenia

Improving anxiety and depressive symptoms in patients with  
schizophrenia[85]

Lactobacillus casei strain Shirota Healthy medical stu-
dents

Salivary cortisol levels and the incidence rate of physical symptoms were 
significantly suppressed[72]

Lactobacillus plantarum 111 subjects Reduced symptoms of stress, anxiety, and total psychological scores[86]
Lactobacillus plantarum P8 103 subjects Reduced scores of stress[87]

Lactobacillus gasseri CP2305 60 Japanese medical 
students Reduced anxiety and sleep disturbance[88]

Lactobacillus plantarum 299v 79 patients with MDD Improved cognitive performance and decreased KYN concen- tration[89]

Lactobacillus plantarum 90 patients Improved symptoms of depression, anxiety, and cognitive and somatic 
components[90]

Lactobacillus Plantarum PS128 200 patients Improved the anxiety symptoms of patients[91]
Lactobacillus plantarum PS128 11 patients Reduced Depression and Somatic symptoms[92]

Lactobacillus plantarum PS128 40 participants Decrease in Beck Depression Inventory-II scores, fatigue lev- els, brain-
wave activity, and awakenings during the Deep sleep stage[93]

Lactobacillus rhamnosus CNCM I-3690 46 healthy students Stress-preventative effect[94]
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Findings in support of Psychobiotics
Anxiety

Multiple studies have reported the association of probiotic 
strains with anxiety like behaviour in animal as well as in human 
models. For instance, Liu., et al. (2016) reported reduction of anxi-
ety like behaviour in mice when they were subjected to open field 
test after being ingested L. plantarum strain PS128. The altered 
dopamine and serotonin level were observed in prefrontal cortex 
that promising the role of L. plantarum in gut-brain signalling. The 
strain L. plantarum were also reported to reduce anxiety related 
behaviour in zebra fish model by validating behaviour tests. Mod-
ulation in GABAergic pathway were found to be associated with 
anxiety like behaviour including up regulation of GABA- A- alpha 
1 receptor and serotonin transport encoding genes in L. plantraum 
treated zebrafish [71]. B. adolescentis, Bifidobacterium adolescentis 
NK98, Lactobacillus helveticus NS8, Lactobacillus helveticus strain 
MCC1848, Lactobacillus fermentum, Lactobacillus reuteri NK33, 
Lactobacillus rhamnosus have also shown similar pattern with sup-
pression the occurrence and development of anxiety, and influenc-
ing biochemical pathways on murine models. A study on human 
model involved 111 participant recruited with moderate stress 
level, they were given L. plantarum for 12 weeks. The symptoms of 
anxiety were reduced as early in 8 weeks among adults as compare 
to control, accompanied by biochemical change in plasma cortisol, 
plasma pro-inflammatory cytokines, and dopamine and serotonin 
pathways [86].

Depression
Immobilization stress induced mice were orally administered 

L. reuteri and B. adolescentis strains. The organisms synergisti-
cally supressed IS-induced depression followed by alleviating gut 
dysbiosis and immune modulation [77]. L. helveticus MCC1848 sig-
nificantly reduced symptoms related to depression in sub chronic 
and mild social defeat stress (sCSDS) model mice by ameliorating 
sCSDS induced gene expression alterations. Schizophrenia patients 
were given B. breve strain A-1 for 4 weeks. Depression score was 
significantly improved in 4 weeks baseline with the increase in the 
expression of IL-22 and abundance of parabacteriodes [85]. Inter-
estingly, Lactobacillus plantarum 90sk was found to be positively 
associated with depression as equal to fluoxetine. In addition L. 
plantarum was assessed with combination SAMe (S-adenosylme-
thionine) [90]. This warrants further research to study the treating 
psychological illnesses with pychobiotic species along with reduc-
ing dosage of antidepressant drugs. 

Sleep
Probiotic studies are being conducted for psychological prob-

lems which also include exploring its association sleep quality. 
Effect of Lactobacillus plantarum  PS128  was assessed on 20 to 40 
year old age group with insomnia. Questionnaires and miniature-
polysomnography recordings at baseline and on the 15th and 30th days 
of taking capsules showed that the strain decreased brain wave activity 
and awakening period during deep sleep stage after 30 days [93].  
Lactobacillus gasseri  CP2305 shortened sleep latency and wake 
time after sleep onset and increased the delta power ratio in the 
first sleep cycle, and modulation in gut microbial composition in 
Sixty Japanese medical students (41 men and 19 women) [85]. 
Similarly, B. longum also improved duration of sleep and sleep cycle 
of students with exam stress. However, no changes were found with 
working memory compared to placebo. This association of probi-
otic strains with the circadian rhythm warrants further research. 

Cognition
Lactobacillus helveticus NS8 improved cognitive function in 

mice by lowering plasma corticosterone and adrenocorticotropic 
hormone levels with higher plasma interleukin-10 (IL-10) levels, 
and restoring hippocampal serotonin and norepinephrine levels, 
and more hippocampal brain-derived neurotropic factor (BDNF) 
mRNA expression compared to control [74]. L. acidophilus EG004, 
L. paracasei EG004, and L. rhamnosus EG004 have improved cogni-
tive ability compared to control mice models. However L. acidophi-
lus has highest ability to improve cognitive performance than other 
strains. It was observed that Firmicutes and Proteobacteria phyla 
increased in L. plantarum fed models which led to alteration in 
neurotransmission and neurotropic factors. Lactobacillus spp. and 
Bifobacterium spp. have improved cognition in human [70].

Future and scope of psychobiotics
Overwhelming evidences on the impact of gut microbiota and 

their secretions on the Gut-Brain axis and the brain indicate the 
implications of Psychobiotics for the future. Pyschobitoics, a term 
that was coined by Ted Dinan and John Cryan [95], referring to a 
group of microbes, is the net result of the growing evidence on the 
impact of the gut microbiota and probiotics on the mental wellbe-
ing of human subjects. The past decade has had mounting reports 
on the role and relevance of microbes in sustaining mental health, 
supporting the birth of the science of Psychobiotics. Studies indi-
cating decrease in symptoms of depression [81,85,90,92], reduc-
ing stress and anxiety [82,84,87,88,94] decreased risk of cognitive 
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disease(including Alzheimer’s disease) [84, 87], positive effect on 
neurological conditions (including Autism, Schizophrenia, Parkin-
son’s disease etc.) [96] have gathered momentum to the research 
pursuits in the stream. It is believed that specific bacterial strains 
can be beneficial in sustaining mental well-being, namely, Lactoba-
cillus and Bifidobacterium species (Table 3). These findings have 
been amply supported by studies conducted on rodent models and 
human subjects both, as discussed in the previous section.

Studies in the context prompt to explore the possibilities of in-
cluding Psychobiotics in the diet. Researchers have studied foods 
spiked with specific bacterial strains as a part of clinical trials. 
Strains of Lactobacillus casei [72], Lactobacillus helveticus [64], 
Lactobacillus gasseri [88], Lactobacillus plantarum [90], Bifidobac-
terium animalis [82] have been included in fermented food prod-
ucts as part of clinical trials and the results reported have shown 
positive effects on the subjects. Reports from these studies indicate 
that foods spiked with specific strains improved cognitive func-
tions (in both old and middle aged adults) [74,97], improved sleep 
quality [98], improved moods and provided protective mechanism 
against cognitive impairment [99], improved memory [100], de-
creased stress and anxiety [101] in human subjects. It seems clear 
that eating foods that contain scientifically proven strains of bac-
teria with known physiological, physical and mental benefits is 
close to reality. It is also of relevance and noteworthy to mention in 
this context that several species of Bifidobacterium have made it to 
mainstream application in medicines and many of them have been 
listed as GRAS (Generally Recognized as Safe) [102]. Although list-
ed as GRAS, some of the species of Bifidobacterium have had nega-
tive effects in certain cases [103,104], therefore, this warrants for 
more in-depth studies giving clarity on specific bacterial strains, 
prior to their inclusion in diet as part or as supplement and to tread 
cautiously, seeking application with or without restrain.

Mounting evidence in support of probiotics as pyschobiotics 
has led to the emergence of the Next Generation Probiotics (NGPs) 
[105]. Pure cultures of Akkermansia muciniphila, Faecalibacterium 
prausnitzii, Bacteroides fragilis, Eubacterium hallii, and Roseburia 
spp. have been termed as Next Generation Probiotics (NGPs) 
[106]. NGPs are likely to widen our understanding of the under-
lying mechanisms of probiotic-host health interactions, molecular 
mechanisms in animals, applications, and safety. Applied research 
for better use of NGPs is anticipated. For instance, research pur-
suits are underway to modify obligate anaerobic strains such as 

Faecalibacterium prausnitzii with anti-inflammatory properties, to 
be able to survive in oxygen-rich environments of the human gut 
[107]. Gut microbiome deficient in F. prausnitzii has been linked to 
conditions like type 2 diabetes and cardiovascular disease [108]. 
However, Molecular studies involving the understanding of the 
genome and invivo expression studies of a candidate psychobiotic 
strain, validating the activity and effect needs to be carried out, 
prior to their use as a part of or as supplement to diet. It is pivotal 
to screen for psychotic potential of the candidate strain at genetic 
and molecular level, following which their potential in animal/mu-
rein models and human subjects need to be ascertained. It is also 
essential to check for bio-safety and toxicity of the strains. While 
studies on psychobiotic strains in food matrices with admixtures 
are underway [109], research findings are yet to yield concrete de-
tails on these aspects.

It is interesting to observe that despite the ongoing studies and 
research pursuits to validate and whether the role of probiotic 
strains with psychobiotic significance, the market is already set. 
More than 10 global brands have ventured into the Psychobiotics 
market and products such as HOWARU Calm © (DUPONT) are al-
ready available in the market [110]. As on date, awareness on the 
benefits of probiotics among the population of the developing and 
developed nations is growing, it has been reported that in the U.S. 
alone about 4 million were using Probiotic supplements a decade 
ago [111]. According to a report by Grand View Research, Inc., the 
global probiotics market size was valued at USD 58.17 billion in 
2021 and is expected to grow at a compound annual growth rate 
(CAGR) of 7.5% from 2021 to 2030 [112]. also suggest that brain/
mood supplement products in the U.S. had grown at the rate of 
6.5% from 2013 to 2018 and it is projected that Psychobiotics as 
supplement will have a market size of value 140.3 million USD in 
2023, which will rise to 201.8 million USD in 2033 at a compound 
annual growth rate (CAGR) of 3.7% globally [113]. 
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