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ABSTRACT

Recently, there have been advances in research on the role of probiotics in the improvement of

interaction between enteric micobiota with gut-brain axis, important for the proper maintenance

of gastrointestinal homeostasis and its association with emotional and cognitive functions of the

brain. The neural, immune and hormone mediated communication exert its regulation on the

brain to influence the activities of intestinal cells, which in turn, are affected by the gut

microbiota. This communication, based on the available published information, represents an

update the role of probiotics in brain-gut-axis functioning.
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INTRODUCTION

The gut-brain axis (GBA), refers to the
two-way reciprocal connection between the
emotional and cognitive centers in the brain
and the gastrointestinal tract [1]. The GBA
comprises the central nervous system

(CNS), the autonomic nervous system

(ANS), the enteric nervous system (ENS)
and the hypothalamic pituitary adrenal
(HPA) axis [2]. The sympathetic and
parasympathetic division of the ANS,
transmits afferent signals from the lumen to

CNS wvia enteric, spinal and vagal
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pathways, and efferent signals from CNS to
the intestinal wall. The HPA axis, which is
a part of the limbic system involved in
memory and emotional reactions, is
triggered by environmental stress and
systemic pro-inflammatory cytokines that
causes release of the corticotropin-releasing
factor (CRF) from the hypothalamus,
which  stimulates  adrenocorticotropic
hormone (ACTH) secretion from pituitary
gland that, in turn, causes the stress
hormone, cortisol to be released from the
adrenal glands [3]. The HPA acts as a
coordinator through which exposure to
psychological stress produce intestinal
barrier dysfunction, changed composition
of the gut microbial community, and
behavioral anomalies of mood disorders
and cognitive defects [4].

INTERACTION BETWEEN
COMMENSAL MICROBIOTA AND
GBA

The microorganisms inhabiting the gut
have a mutual association with their host
that assist in the catabolism of food
products into absorbable nutrients, function
to maintain immune homeostasis, and
defend against stress-induced upsurges in
vulnerability to infection with enteric
pathogens [5]. Besides  microbial

community in the gut affect brain

neurochemistry that is relevant for
memory, exploratory behavior,
susceptibility to anxiety and depression [4].
The mechanism behind the interaction
between microbiota and the brain-gut-axis
is bidirectional, one from gut microbiota to
brain and the other from brain to gut
microbiota [6]. The former is mediated by
formation, expression and turnover of
neurotransmitters like serotonin, GABA
and brain-derived neurotrophic factor
(BDNF), protection of intestinal barrier and
tight junction integrity, modulation of
enteric  sensory  afferents,  bacterial
metabolites, mucosal immune regulation,
while the latter is mediated by change in
mucus and biofilm formation, motility,
intestinal permeability, immune function
[2]. The intestinal microbial dysbiosis is
associated with the pathophysiology of
chronic gut disorders, such as irritable
bowel syndrome (IBS) and inflammatory
bowel diseases (IBD) [1], and the probiotic
manipulation of gastrointestinal microflora
exerts positive effects on IBS and IBD
symptoms [7].

EFFECT OF PROBIOTICS ON GBA
Probiotics are live microorganisms capable
of  providing  favorable  nutritional
advantage and health benefits to their host

when adequate amounts are administered
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continuously [7]. As per the International
Scientific Association for Probiotics and
Prebiotics consensus statement probiotics
are defined as the “live microorganisms
that, when administered in adequate
amounts, confer a health benefit on the
host” [8]. Probiotics as microbial feed
supplement function to improve the
intestinal microbial balance and the
properties of the indigenous microflora
through  their = metabolic  activities,
competitive exclusionof medically
significant pathogens, stimulation of the
immune system, treatment and
neutralization of the side effects of
antibiotic ~ therapy  [9].  Probiotics
functionality has been maintained through
immune modulation, organic acid, mainly
lactic acid, and antimicrobial (viz.,
hydrogen peroxide and bacteriocin)
production, production of short chain fatty
acids (acetate, butyrate and propionate),
interaction with gut microbiota, and by
colonization resistance and enzyme
formation [10].

Probiotics are being increasingly used as
alternative treatment options and there are
innumerable reports of probiotics with
demonstrated beneficial effects in patients

with infectious diarrhea, allergies, IBS and

IBD cases [7]. An example of probiotic

interaction with GBA through excitation of
enteric sensory afferents is Lactobacillus
reuteri that is reported to modulate gut
motility and pain perception by impeding
the  opening of calcium-dependent
potassium  channels [11]. The gut
microbiota and oral probiotics influence
systemic inflammation, oxidative
stress,glycemic control, tissue lipid content
and mood [12]. Lactobacillus-containing
probiotics have been reported to beuseful in
both gut and the brainregion [13].
Supplementation of probiotics prevented
chronic stress-induced bacterial
translocation, colorectal hypersensitivity
and repaired intestinal barrier dysfunction
[14]. Probiotics cured and prevented the
infection caused bybacterial pathogensas
well as its associated anxiety-like behavior
and stress-induced memory dysfunction
[15]. Bifidobacterium longum showed
anxiolytic effect in chronic colitis
associated anxiety disorder, however this
effect was absent in mice that were
vagotomized before the induction of colitis
[16]. Oral Bifido bacteria reduced systemic
inflammatory cytokines and normalized
brain levels of stress hormones, and
Lactobacillus decreased  anxiety-like
behavior [17]. Administration of a

combination of L.helveticus with B. longum
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restored tight junction barrier integrity and
decreased HPA axis and ANS activities, in
terms of cortisol and catecholamine
releases [18]. Prolonged usage of
L.rhamnosus induced increase in GABAg;,
in cortical cingulate and prelimbic regions
and decrease GABAg;pin the hippocampus,
amygdala, and locus coeruleus, while a
reduced GABA 4, expression was found in
the prefrontal cortex and amygdala, but
increase in the hippocampus; thus L.
rhamnosus regulated GABA expression in
the brain causing decrease in the prefrontal
cortex and increase in the hippocampus via
vagus nerve apart from also reducing
corticosterone, and exhibiting anxiolytic
action and depression reducing activities
[19]. The mitigation of antibiotic-induced
visceral hypersensitivity and mucosal
inflammation with L. paracasei
supplementation [20].

CONCLUSION

The gut microbiota exerts vital influence on
bidirectional communications between the
gut and the nervous system by regulating
neural chemistry and neuro-endocrine
systems. There has been comprehensive
research on the modulation of gut
microbiota through the administration of
probiotics in health and disease, all of

which have been studied in animal models.

The evaluation of probiotics in man with
respect to its influence on GBA in health
and disease is required to be carried out
through strain characterization [21, 22],
dosage optimization and formulation for
large scale clinical trials. Elucidation of the
mechanisms behind interactions between
the brain-gut-microbiota axis and the
significant role of probiotics has great
therapeutic implications for a wide-ranging
disorder of the gut and beyond.
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