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Abstract

In humans, cognitive functions are controlled by the central nervous system, which is controlled by the
brain. Any damage to the neuronal system causes serious impairment to the host as it may lead to
neurodegenerative diseases like Parkinson’s, Alzheimer’s, autism and epilepsy. The physical and
mental health of an individual is associated with food habits and brain health. The hypothalamus is the
region of the brain that initiates a response to different types of stress. However, recent findings have
revealed that food play a major role in regulating stress and mental health. In this regard, probiotics are
beneficial microbes that are claimed to offer health benefits when consumed in adequate quantities.
Probiotics alter the gut microbial composition in a positive way. Several in vitro, in vivo and pre-clinical
studies have been conducted to determine the effects of probiotics or probiotic based food
supplementation on the cognitive function of model system and human volunteers. Most of the studies
suggest that the consumption of probiotic formulations improves cognitive function, stress management,
and decision-making. This paper reviews recent findings regarding the influence of probiotic
supplementation on cognitive function, especially in human subjects. The role of probiotics in
maintaining healthy gut microbiota and detailed outcomes of clinical trials are here reported for easy
understanding of the concept. However, more studies involving clinical trials are still required in the field
of probiotics and cognitive function.
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INTRODUCTION

Probiotics are living microbes that boost the
healthy life of the host's system, when
supplemented appropriately. Probiotics exhibit
health promoting properties by improving the
immune system, supplying antioxidants and

improving mental health. Fermented foods, like
yogurt and kefir, are the major sources of
probiotics as well as certain fermented
vegetables, which are available as dietary
supplements in the market [1]. They reduce the
side effects of gastrointestinal tract diseases,
antibiotic treatment-related symptoms [2], and
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also exhibit several health benefits [3-6].

The use of probiotics in infant formulas
commenced recently. In this regard, the
supplementation of specific Bifidobacterium or
Streptococcus strains was found to exhibit a
significant reduction in cases of gastrointestinal
infections, without altering the normal growth and
development in infants [7].

Probiotics need nutrients for their survival,
reproduction, and existence. These nutrients are
termed prebiotics, and the probiotic microbes
feed on them. Plant based foods, such as fruits,
vegetables, and nuts, are the sources of probiotic
dietary fiber [1]. Prebiotic-mediated growth and
development of probiotics (Lactobacillus and
Bifidobacterium genera) show several beneficial
effects on host system [8].

In humans, cognitive functions are controlled by
the central nervous system, which is controlled
by the brain. Any damage in the brain or nervous
system may lead to neurodegenerative diseases
like Parkinson’'s, Alzheimer's, autism and
epilepsy. A recent study showed that selective
modifications in alpha-synuclein protein, which is
abundantly present in erythrocytes, can act as a
biomarker for Parkinson’s disease [9].

The physical and mental health of an individual is
controlled by both the brain and the habitat. The
hypothalamic region of the brain responds to
different types of stress. However, recent studies
have shown that feeding behavior too could play
a role in regulating stress and mental health [10].
Accordingly, the intake of probiotics might have a
beneficial effect on mental health [10].

The present review focuses on the role of
probiotics in mental health and diseases.
Researchers now believe that the complex
bidirectional communication that occurs between
the brain and gut microbiota (GM) could be a
new way forward in determining therapies for
mental illness [11]. Clinical studies are required
for  further  confirmation before  being
implemented in the field of pharmacy. However,
studies with several animal models have been
reported revealing the specific role of GM in
mediating mental illnesses including anxiety and
trauma [12]. The research articles and reviews
were collected form scientific repositories,
including Scopus, PubMed, and Google Scholar,
using the keywords “Probiotics and cognition”,
“Probiotics and microbiome”, as well as
“Probiotics and brain function”. The relevant
documents were used for the preparation of the
manuscript without any chronological restrictions.

INFLUENCE OF MICROBIOME ON HUMAN
HEALTH

Several bacteria are known to cause adverse
effects to mankind. The prevalence of these
bacteria causes damage to the overall health and
cognitive functions of an individual. These
infectious microbes damage the normal microbial
flora residing inside the host, causing an
imbalance between the beneficial bacteria and
pathogenic bacteria, which affects the host’s
immune system. One of the most prevalent
bacterial infections, urinary tract infections
(UTIs), is caused by different pathogens among
which, Escherichia coli is the most prominent.
Lactobacillus, a well-known probiotic species,
has been observed in the vaginal microbiome of
healthy individuals. In this regard, administration
of probiotics (Lactobacillus) could be considered
as an effective treatment strategy against UTIs
[13].

It has been known for ages that breast milk is the
complete food for infants since it contains
enough nutrients that will develop the immune
system of infants. Moreover, it helps in the
inoculation and development of the GM [14]. The
establishment of the GM starts during early
childhood. As age increases, the diversity of the
GM also increases and becomes stable during
adulthood. The GM is dominated mostly by
Firmicutes and Bacteroidetes during the adult
stage [15].

Infants fed with breast milk have GM dominated
by Bifidobacterium followed by Bacteroides [16].
The growth and development of Bifidobacterium
[16] and Bacteroides [16] in breast fed infants are
promoted by the oligosaccharides present in
breast milk, which act as prebiotics [17]. Obesity,
diabetes and intestinal dysbiosis in a mother
during pregnancy could increase the risk for
neuropsychiatric disorders [18] and sex-specific
behavior [19] in the offspring. Prenatal and
postnatal maternal oral probiotic therapy could
be considered as an effective treatment method
to prevent allergy [20], and atopic dermatisis
[5,20].

Different factors like change in diet, change in
habitat, illness and consumption of antibiotics,
can cause an imbalance in GM [21], which could
be regained over time. However, chronic and
prolonged conditions can lead to serious issues
ranging from obesity, allergies, psychiatric, and
behavioral problems [1,21,22]. It has been
observed that 95 % of serotonin is synthesized in
the gut [23] and the GM regulates the
biosynthesis of serotonin [24].
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The GM s also known to regulate the
permeability of blood-brain barrier [25]. Thus,
imbalance in the GM could adversely affect the
brain and nervous system leading to depression
[26], and neurodegenerative diseases like
Parkinson’'s and Alzheimer’'s [2]. A recent study
reported that germ-free mice showed increased
permeability of blood-brain barrier [25]. The study
also revealed that reduced permeability of blood-
brain barrier and increased expression of tight
junction proteins were observed in germ-free
mice when exposed to the GM of normal mice
[25]. The intervention of Lactobacillus species (L.
helveticus and L. rhamnosus) have been found
to prevent memory dysfunction in Citrobacter
rodentium infected mice (C57BL/6) by improving
the expression of brain-derived neurotrophic
factor (BDNF) [27]. The reduced expression of
BDNF has been reported in the blood and brain
of Alzheimer’s patients [28].

INFLUENCE OF PROBIOTICS ON MENTAL
HEALTH

Several studies have reported that the GM play a
significant role in the emotion and behavior of an
individual, and it could be of considerable
importance in mental health treatment. The
stress mediated physiological effects in the gut,
such as nausea, and bouts of diarrhea, thereby
having a vital impact on the equilibrium of the
GM [29]. A new group of probiotics, named
psychobiotics are used to improve the cognitive
functions in patients with psychiatric illness [30].
Many distinct gut microbial species produce

diverse neuromolecules involved in mood
regulation, which affects host physiology.
Different species of Bifidobacterium and

Lactobacillus generate gamma-aminobutyric acid
(GABA), while Enterococcus, Escherichia,
Streptococcus, and Candida species synthesize
serotonin and Bacillus species produce
dopamine [31].

In vivo effect

In a recent study, researchers found that a
commensal L. reuteri strain restores the normal
social behavior and oxytoxin levels in mice with
maternal-high-fat-diet mediated dysbiosis [32].
Periodic maternal separation induces stress in
rats, which reduces the diversity of the
gastrointestinal microbiome when compared with
the control [33].

In a study, BALB/c mice and NIH Swiss mice
were compared by switching the GM between
them. Naturally, BALB/c mice are more nervous,
whereas NIH Swiss mice are much more
exploratory in nature. Interestingly, the BALB

mice exhibited some behavior of Swiss peers,
like increased exploratory behavior and BDNF
expression in the hippocampus. Similarly, Swiss
mice also demonstrated anxiety and other
behavioral features of their microbiome donors
[34]. However, the changes were not permanent
in nature. Nonetheless, this study [34] revealed
that alterations in GM can have a direct effect on
the behavior and brain. These findings
highlighted the bi-directional communication
between the GM and the brain, which could be
termed as “second” brain [29].

Clinical trials

A double-blind, placebo-controlled, randomized
study using different species of probiotics (B.
longum RO175 and L. helveticus R0052) showed
beneficial effects, such as reducing the levels of
anger-hostility, depression, and somatization in
healthy human volunteers [35].

The consumption of yogurt containing L. casei
Shirota improved the mood of healthy individuals
[36]. Another similar study reported that a group
of forty healthy young adults showed significant
reduction in overall cognitive reactivity to
depression as well as ruminative and aggressive
thoughts after consuming a probiotic mixture
(Ecologic®barrier) for 4  weeks [37].
Consumption of probiotic supplement (B. bifidum,
L. casei, and L. acidophilus) significantly
decreased the Beck Depression Inventory (BDI)
scores and improved the mood as well as overall
symptoms in patients diagnosed with depression
[38]. In another study, the intensity of pain
caused by functional abdominal pain and irritable
bowel syndrome in children were reduced by the
administration of L. reuteri DSM 17938 [39].

The intervention of L. acidophilus reduced the
concentration of D-arabinitol and the ratio of D-
arabinitol to L-arabinitol in the urine of 22 autism
patients; it also improved their ability to follow
directions [40]. The consumption of a probiotic
mixture (B. bifidum, B. longum, L. delbrueckii, L.
casei, and L. acidophilus) along with the
immunomodulator Del-Immune V (L. rhamnosus
V lysate) reduced the severity of autism in 33
children [41].

A study using the mouse model of early prenatal
stress showed changes in the vaginal
microbiome; the changes are associated with the
shift in the abundance of Lactobacillus, which
causes alterations in the metabolic profiles of the
gut and brain of the offspring [42].

However, probiotics were also found to decrease
anxiety and stress levels in subjects under
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Table 1: Role of probiotics in mental health and diseases: Results from representative clinical studies

SIN Intervention/ Supplement  Subject Duration Results Reference
1 Bifidobacterium longum Healthy human 30 days N Anxiety and depression- [35]
R0175 and Lactobacillus volunteers related behaviors.
helveticus R0052
2 L. casei Healthy human 3 weeks Improved the mood [36]
volunteers
3 L. salivarius W24, L. brevis  Healthy young 4 weeks { Negative thoughts linked [37]
W63, B. bifidum W23, L. adults with sad mood.
casei W56, B. lactis W52, . o
L. acidophilus W37, and Rumination and
Lactococcus lactis aggressive thoughts.
4 B. bifidum, L. casei and L. Patients with 8 weeks { Beck Depression [38]
acidophilus major depressive Inventory total scores
disorder .
1 Plasma total glutathione
level
5 L. reuteri DSM 17938 Children with 4 months | The severity and [39]
functional frequency of functional
abdominal pain abdominal pain.
and irritable bowel
syndrome
6 L. acidophilus Rosell-11 Autistic children 2 months | p-arabinitol concentration [40]
and the ratio of p-arabinitol
to L-arabinitol
7 B. bifidum, B. longum, L. Autistic children 21 days { Severity of autism [41]
delbrueckii, L. casei, and L.
acidophilus
8 L. casei DN-114001 Academic student 6 weeks { Stress and anxiety [43]
associated with exam
stress
9 L. helveticus and B. Patients who 8 weeks No significant changes in [44]
longum taking psychological outcome
psychotropic measures
medications
10 L. helveticus IDCC3801 Healthy older 12 weeks T Cognitive function [45]
adults

Abbreviations: |, Decreased; 1, Increased

academic examination stress [43]. A recent study
reported that consumption of probiotics (B.
longum and L. helveticus) showed no significant
beneficial effects in treating mood disorders [44].
Fermented milk containing L. helveticus
IDCC3801, which was observed to improve
cognitive function in healthy elderly people, had
no effect on stress or geriatric depression
symptoms [45] (Table 1, Figure 1).

CONCLUSION AND FUTURE PERSPECTIVES

The probiotics used in the food industry are the
traditional probiotics that have been considered
safe for decades. Next-generation probiotics are
novel microbes the human GM that are
associated with health and have no history of

usage in the food industry [46]. New and novel
techniques are being implemented to determine
new probiotics with better activities. Through
various pre-clinical trials, new probiotics, such as
Clostridium  clusters, Bacteroides uniformis,
Akkermansia  muciniphila,  Faecalibacterium
prausnitzii [47], Bacteroides fragilis [48], and
Eubacterium hallii [49] that have health beneficial
effects have been developed and are considered
as next-generation probiotics [50]. Probiotic
based treatment has a wide industrial application
since it can provide a better way to manage
disease resistance [50]. However, the safety,
stability and shelf life of the next-generation
probiotics must be carefully studied to ensure
their health promoting properties.
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Figure 1: Effect of probiotic on mental health status via gut microbial regulation
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