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Abstract: The human intestine houses an astounding number and species of microorganisms,
estimated at more than 10'* gut microbiota and composed of over a thousand species. An indi-
vidual’s profile of microbiota is continually influenced by a variety of factors including but
not limited to genetics, age, sex, diet, and lifestyle. Although each person’s microbial profile is
distinct, the relative abundance and distribution of bacterial species is similar among healthy
individuals, aiding in the maintenance of one’s overall health. Consequently, the ability of gut
microbiota to bidirectionally communicate with the brain, known as the gut-brain axis, in the
modulation of human health is at the forefront of current research. At a basic level, the gut
microbiota interacts with the human host in a mutualistic relationship — the host intestine pro-
vides the bacteria with an environment to grow and the bacterium aids in governing homeostasis
within the host. Therefore, it is reasonable to think that the lack of healthy gut microbiota may
also lead to a deterioration of these relationships and ultimately disease. Indeed, a dysfunction
in the gut-brain axis has been elucidated by a multitude of studies linked to neuropsychologi-
cal, metabolic, and gastrointestinal disorders. For instance, altered microbiota has been linked
to neuropsychological disorders including depression and autism spectrum disorder, metabolic
disorders such as obesity, and gastrointestinal disorders including inflammatory bowel disease
and irritable bowel syndrome. Fortunately, studies have also indicated that gut microbiota may be
modulated with the use of probiotics, antibiotics, and fecal microbiota transplants as a prospect
for therapy in microbiota-associated diseases. This modulation of gut microbiota is currently a
growing area of research as it just might hold the key to treatment.
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Introduction: the gut-brain axis
Bidirectional communication between the brain and the gut has been recognized with
studies in the early 19th and 20th century showing that emotional state can alter the
function of the gastrointestinal (GI) tract.!> One of the best examples is the work of
Beaumont, an army surgeon, who was able to monitor gastric secretions through a
fistula in a patient’s stomach and noted an association between mood and gut function.!
Early postnatal life in mammals represents a period of bacteria colonization. Normal
microbiota, also referred to as commensal microbiota, colonize the mammalian gut
shortly after birth and remain there throughout life. In humans, the lower intestine
contains 10'*-10'5 bacteria, that is, there are 10-100 times more bacteria in the gut
than eukaryotic cells in the human body (10'3).4¢ The interactions between commensal
microbiota and its host are for the most part beneficial, and the presence of commensal
organisms is critical to immune function, nutrient processing, other aspects of host
physiology, and to brain development and function.” '3

Our understanding of the complexity and diversity of the microbiome has flour-
ished in the past 5 years with the development of high-throughput molecular and

submit your manuscript
Dove

http:

Neuropsychiatric Disease and Treatment 2015:11 715-723 715
© 2015 Thou and Foster. This work is published by Dove Medical Press Limited, and licensed under Creative Commons Attribution — Non Commercial (unported, v3.0)

Al License. The full terms of the License are available at http://creati fl /by-nc/3.0/. Non- ial uses of the work are permitted without any further
permission from Dove Medical Press Limited, provided the work is properly attributed. Permissions beyond the scope of the License are administered by Dove Medical Press Limited. Information on
how to request permission may be found at: http://www.dovepress.com/permissions.php



http://www.dovepress.com/permissions.php
http://creativecommons.org/licenses/by-nc/3.0/
www.dovepress.com
www.dovepress.com
www.dovepress.com
http://dx.doi.org/10.2147/NDT.S61997
mailto:jfoster@mcmaster.ca

Zhou and Foster

Dove

metagenomic tools that provide a detailed and comprehensive
analysis of the composition and diversity of species found in
the gut and other microbiota communities.'* Several bacterial
phyla are represented in the gut (reviewed by Diamant et al's)
and commensals exhibit considerable diversity, with as many
as 1,000 distinct bacterial species involved.'® Further, an
individual’s profile of microbiota is continually influenced
by genetics, age, sex, and diet.'”!'®* While metagenomic
population approaches have shown that, in general, certain
bacterial populations are shared among groups of people, '’
it is important to note that detailed analyses demonstrate
considerable variability in bacterial content between related
and unrelated individuals.** As such, the microbiota profile
may be a good representation of the environmental history
of the individual. This dynamic nature and the diversity of
the microbiome determined to date extends far beyond what
researchers expected. Overall, molecular and metagenomic
studies emphasize that microbiota colonies are dynamic in
structure and function.

Bidirectional communication

in the gut-brain axis

Established pathways of gut-brain communication include
the autonomic and enteric nervous system (ENS), the neu-
roendocrine system, the metabolic system, and the immune
system. In the past few years, there has been a rethinking of
how the central nervous system (CNS) and periphery com-
municate, largely due to a growing body of experimental
data from animal studies focused on the microbiome. Neu-
roscientists are now taking notice of these novel reports that
highlight the “bottom-up” influence of microbes themselves,
with a number of recent studies showing that resident gut
bacteria are important to CNS function. Here we highlight
the neural pathways that are important to microbiota—brain
communication.

Autonomic system and ENS

Gut—brain neural communication pathways include sym-
pathetic and parasympathetic nerves and the ENS, all com-
ponents of the autonomic nervous system.?' Related to the
gut-brain axis, the sympathetic nervous system primarily
innervates the vascular beds of the GI tract and the ENS,
and secondarily innervates the lamina propria and Peyer’s
patches, mainly in regions of T lymphocytes. The role of the
sympathetic nervous system in the gut—brain axis includes
regulating motility, blood flow, barrier function, and immune
system activation.?? Bidirectional communication via the
vagus nerve, a component of the parasympathetic nervous

system, is a well-established pathway for gut-brain signaling
and, in recent years, has emerged as an important microbiota
to brain communication pathway.? The ENS, sometimes
referred to as “the second brain” comprises intrinsic primary
afferent neurons, motor neurons, and glial cells contained
within the myenteric plexus and the submucosal plexus that
extends along the entire length of the gut.?! The ENS plays
an essential role in normal intestinal function including
motility and secretion.

Microbiota—ENS interactions are a fundamental factor
that influences gut—brain axis function. Evidence linking gut
microbiota and the ENS is provided by recent work conducted
in germ-free (GF) mice.**? GF mice have no commensal
intestinal microbiota and as such exhibit an undeveloped
immune system.®?¢2% In the past decade, significant advances
to our understanding of how microbiota influence gut—brain
function come from research in GF model animals. Both
structural and functional abnormalities were observed in GF
mice at postnatal day 3 compared to specific pathogen-free
(SPF) mice and mice colonized with altered Schaedler flora
that normalizes the immune system.?* The myenteric plexus
of the jejunum and ileum of GF mice showed an unorganized
lattice-like appearance, with fewer ganglia, and thinner nerve
fibers.?* Intestinal motility, measured as frequency of sponta-
neous muscle contractions, was decreased in GF mice, as was
the amplitude of muscle contractions in GF mice compared
to SPF and altered Schaedler flora—colonized mice.** In adult
GF rats, several reports have examined intestinal myoelectric
activity and enteric neuromuscular function.”=! These studies
observed altered gut function in GF rats, which was normal-
ized by conventionalization with normal microbiota.?*!
In adult GF mice, myenteric afterhyperpolarization (AH)
neurons, a subtype of intrinsic primary afferent neurons in
the ENS, were shown to have reduced cell excitability and
reduced duration of the inhibitory slow AH following a
single action potential generated by a short current pulse.”
In addition, resting membrane potential and input resistance
were altered in GF compared to SPF mice.?® Colonization of
GF mice with SPF microbiota normalized excitability and
reversed the changes on passive membrane characteristics?
demonstrating that the neuronal function of these ENS neu-
rons is mediated by the presence of gut microbiota.

The ability of gut microbiota to influence ENS function
has also been demonstrated by a series of reports examin-
ing the impact of probiotic feeding on myenteric neuronal
function. In rats, feeding of Lactobacillus reuteri for 9 days
increased excitability in myenteric AH neurons and decreased
the duration of the slow AH.?? Intraluminal application of
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L. reuteri in an ex vivo preparation has also been shown to
directly affect intestinal motility.** Interestingly, perfusion
of an in situ preparation of mouse myenteric plexus neurons
with Bifidobacterium longum—fermented medium decreased
the excitability of ENS neurons,**** suggesting that there may
be some specificity in the influence of different bacteria on
ENS function.

While the ENS can operate independently from the
CNS, microbiota—ENS communication also influences CNS
signaling systems.*3* Neuronal processes of ENS neurons
terminate in the gut epithelial lining and can respond directly
to luminal contents or indirectly to neurochemicals produced
by luminal bacteria or enteroendocrine cells.’’*? One pathway
implicated in microbiota—~ENS—brain communication is via
the vagus nerve.? It was recently suggested that ENS neurons
can activate vagal afferents and thereby influence CNS func-
tion.*® In parallel, primary vagal afferents also communicate
with the CNS in response to gut hormones and regulatory
peptides.*®*! Evidence for the importance of the vagus nerve
in microbiota—brain communication is provided by animal
studies that employ subdiaphragmatic vagotomy. Probiotic
administration (Lactobacillus rhamnosus) to healthy Balb/C
mice resulted in reduced anxiety- and depressive-like
behaviors and long-term changes in gamma-aminobutyric
acid receptor expression in the CNS.** These effects were
not observed in vagotomized Balb/C mice.** Similarly, nor-
malization of coiltus-induced anxiety-like behavior in AKR
mice by B. longum was vagally mediated.’* Furthermore, in
an ex vivo preparation in Swiss Webster mice, intraluminal
administration of L. rhamnosus increased the firing rate of
the mesenteric nerve bundle indicating activation of neural
pathways by this probiotic.” This effect was blocked by sub-
diaphragmatic vagotomy demonstrating a role for the vagus
in the earlier mentioned probiotic response.** Overall, these
animal studies demonstrate that both ENS neurons and the
vagus nerve are important components of microbiota—brain
neural pathways.

The gut-brain axis in disease

The human intestine houses a tremendous number and
species of gut microbiota, but understanding the ability of
the gut microbiota to bidirectionally communicate with the
brain in the modulation of human health is at the forefront of
research examining the microbiome—gut—brain axis.!>!34445
At abasic level, the gut microbiota interacts with the human
host in a mutualistic relationship. The host intestine provides
the bacteria with rich energy resources and an anaerobic,
protected environment in which to grow and the bacterium

aids in governing homeostasis within the host, commonly
linked with the well-being of mood, metabolism, and the
GI tract itself.!>!3444 Therefore, it is reasonable that the
lack of healthy gut microbiota may also lead to a deteriora-
tion of these relationships and ultimately disease. Indeed, a
dysfunction in the gut-brain axis has been elucidated by a
multitude of studies linked to neuropsychological, metabolic,
and GI disorders.

Neuropsychological disorders
It has long been understood that healthy microbiota play
a critical role in human development, particularly in areas
such as immune development and metabolism.® Although
in its early stages, the emerging field of human microbiome
research has indicated that gut microbiota may also play an
important role in influencing brain development, behavior,
and mood in humans.***” In a recent study, healthy female
volunteers consumed a fermented milk product with a mix-
ture of probiotics, including Bifidobacterium animalis subsp.
Lactis, Streptococcus thermophilus, Lactobacillus bulga-
ricus, and Lactococcus lactis subsp. Lactis, for 4 weeks.
Results showed that probiotic consumption influenced brain
activity in emotional centers in healthy individuals.” The
relationship between stress, microbiota, and behavior is an
important area of investigation in the field.'>*® One study
showed improved mood in healthy volunteers following
3-week consumption of a probiotic-containing milk drink
that contained Lactobacillus casei Shirota.*” More recently,
30-day consumption of a probiotic mixture containing
Lactobacillus helveticus and B. longum showed beneficial
effects on anxiety and depressive measures and showed
reduced levels of stress hormone, cortisol, in healthy vol-
unteers.*® Interestingly, a recent study that administered
prebiotics (oligosaccharides that can promote growth of ben-
eficial commensal bacteria) to healthy volunteers resulted in
lower cortisol levels at awakening and improved attention
to positive stimuli compared to negative stimuli in an emo-
tional categorization task and in an emotional recognition
task.’! Overall, these studies in healthy individuals provide
clear evidence of a link between microbiota and emotional
processing; however, to date, clinical studies focused on
microbiota in psychiatric disorders have only considered
depression, hepatic encephalopathy, autism spectrum dis-
order (ASD), and in some cases, anxiety-related symptoms
associated with other medical conditions.

Though depression is a complex chronic mood disorder
associated with many factors influencing its etiology includ-
ing genetics and the environment, it has recently been linked
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to alterations of the gut microbiota.”* Depression is commonly
described as a mood disorder in which depressed mood and/or
loss of interest or pleasure in life activities are present over a
period of at least 2 weeks. In addition, it must be accompanied
by at least five additional symptoms that cause clinically sig-
nificant impairment in social, work, or other important areas
of functioning such as significant unintentional weight loss or
gain, insomnia or too much sleep, fatigue or loss of energy,
feelings of worthlessness or excessive guilt, diminished abil-
ity to think or concentrate, and recurrent thoughts of death.
It is suggested that the gut microbiota affects the brain via
the humoral and neural mechanisms of the gut-brain axis,
with particular attention on the vagus nerve.*> Though several
links between altered gut microbiota and depression have
been established in animal models, few clinical studies have
been conducted. However, one study that did specifically
examine microbiome alterations and depression in humans by
the analysis of fecal microbiota of 37 patients diagnosed with
depressive disorder compared to 18 nondepressed controls
did find many significant correlations.* The most pronounced
result was a general underrepresentation of Bacteroidetes in
those diagnosed with depression. More specifically, Alistipes,
a genus in the phylum of Bacteroidetes was overrepresented
in depressed patients. Interestingly, it has been reported in
Balb/C mice to show a marked increase after a period of
stress.> Alistipes is also overrepresented in chronic fatigue
syndrome® and in irritable bowel syndrome (IBS),” suggest-
ing a possible common feature in several disorders that have
comorbid anxiety and depression. It has been suggested that
Alistipes in particular is associated with inflammation and
thus potentially linked to depression through inflammatory
pathways.> Of note, it has been shown that Alistipes levels
and other gut microbiota can be modified through dietary
intervention,*® which may prove as an influential intervention
for depressive disorders.

Anxiety and mood disorders are often comorbid with
other medical conditions and in several studies that examine
comorbid anxiety, a link between microbiota and psychologi-
cal symptoms is observed. For example, administration of
the probiotic, L. casei Shirota, decreased anxiety in patients
with chronic fatigue syndrome.* Anxiety and depression are
highly comorbid in individuals with IBS.*° In IBS patients
with clinically significant anxiety, daily treatment with a
prebiotic galactooligosaccharide mixture for 4 weeks reduced
anxiety scores and had a significant positive impact on qual-
ity of life.*! In one study, a higher Firmicutes:Bacteroides
ratio in IBS patients was correlated with clinically significant
depression and anxiety.®? In a more general sense, higher

anxiety scores in IBS patients and healthy controls were
associated with lower fecal microbial diversity supporting
a link between microbiota and psychological state.> More
studies considering the role microbiota in clinical popula-
tions with anxiety disorders, mood disorders, and comorbid
psychiatric symptoms are needed.

Porto-systemic encephalopathy (PSE), also known as
hepatic encephalopathy, is a neuropsychiatric syndrome
associated with altered gut microbiota. Its symptoms include
a fluctuating level of consciousness, confusion, and progres-
sion to coma. In severe cases, it can also lead to death.%
PSE is due to an accumulation of gut-derived toxins in
the bloodstream that are normally removed by liver — thus
caused by hepatocellular failure or portal-systemic venous
shunting.* Both these causes would allow the hypothesized
nitrogen-containing toxins such as ammonia, believed to be
generated by gut bacteria from food, to enter the bloodstream
and cross through the blood—brain barrier. When these toxins
cross into the brain, however, they can cause the symptoms
previously mentioned with regard to PSE. PSE is diagnosed
by the presence of impaired liver function and an exclusion
of any alternate explanation of symptoms.® The effects of
PSE are reversible with treatments that work by suppress-
ing the production of toxic substances in the intestine, and
currently, the majority of these therapeutic options in use
include prebiotics, laxatives, and antibiotics.% Prebiotics act
by directly stimulating the growth of bacterial strains poten-
tially beneficial to hosts like Bifidobacteria and Lactobacilli,
thereby reducing the number and effects of potentially more
harmful toxin-producing resident microbiota. One Cochrane
meta-analysis of 550 randomized participants over seven
trials concluded that while it is clear that probiotics are able
to reduce plasma ammonia concentration when compared
with placebo or no intervention, probiotics have shown some
benefit in improving clinical PSE outcomes, although further
randomized clinical trials are needed.®

ASD is yet another neurodevelopmental disorder in which
the role of microbiota is key and another neurodevelopmental
disorder at the forefront of neuroscience and child psychiatry
research. ASD encompasses neurodevelopmental disorders
that are defined by behavioral observations, in particular
dysfunctions in social interaction and communication skills.>
The underlying causes of ASD are not yet elucidated, but
it is understood that both genetic and environmental factors
play a role.* A recent review paper considering the role
of gut microbiota in the etiology of ASD found that many
studies have indeed identified the microbiota composition
in ASD subjects to differ from those in healthy controls.®’
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For instance, Clostridium bacteria has been found consis-
tently to be significantly elevated in those with ASD.%*7° On
the other hand, there are some conflicting trends found with
regard to some other strains of gut microbiota findings. For
instance, Bacteroidetes have been found both to be higher”
and lower” in ASD subjects. Other possible markers suggest-
ing a role for gut microbiota have been found in a study that
reported higher fecal bacteria fermentation product, higher
ammonia concentrations, and higher short-chain fatty acid
(SCFA) levels in 23 children with ASD as compared to the
9 controls.” Further evidence of the role of the microbiota in
ASD is presented by the observation that interventions with
antibiotics and probiotics have led to an improvement of
behavior and communication in ASD subjects.’ Looking for-
ward, interventions that target the microbial balance may be
effective in the treatment of neuropsychiatric conditions.

Metabolic disorders
Several animal and clinical studies in the past decade have
demonstrated that alterations in gut microbiota may con-
tribute to the development of obesity.” Differences in the
diversity and composition of microbiota in obese individuals
have been reported.’®’” Normal intestinal flora in humans
consists of several phyla, including Firmicutes and Bacteroi-
detes, accounting for approximately 90% of all microbiota
in the human intestine.”® There is an emerging hypothesis
that gut microbiota is a modulator for the obese genotype
by way of an increase in the Firmicutes/Bacteroidetes (F:B)
ratio. Supporting this hypothesis, one study compared the
dietary intake, fecal SCFA concentrations and gut microbial
profiles in 52 lean (body mass index [BMI] under 25) and
42 overweight or obese (BMI over 25) participants, finding
a positive relationship between the combination of the log
(F:B) ratio and SCFAs with one’s BMI.” These results were
reproduced in a separate study that recorded fecal SCFA and
F:Bratiosin 11 lean and 11 overweight or obese individuals.
It was similarly found that overweight or obese individuals
had a higher relative Firmicutes abundance, a higher F:B
ratio, and increased fecal SCFA. These results are consistent
with the hypothesis that overweight or obese individuals
produce more colonic SCFA than lean individuals due to
the differences in colonic microbiota.®

There are several possible mechanisms related to how
gut microbiota may affect metabolism, such as through the
regulation of GI hormones, the production of vitamins, aid in
the breakdown and digestion of nutrients, and fat storage,®!
which all lead to the increased efficiency of caloric extrac-
tion from food. In particular, it is suggested that Firmicutes,

whose numbers have been found to be increased in obese
individuals, express genes that encode enzymes that break
down otherwise indigestible dietary polysaccharides, thus
increasing the host’s ability to harvest more energy. SCFAs
are suggested to be the mediator in this obesity epidemic as
a high F:B ratio leads to excess SCFA production, leading to
increased colonic energy availability, contributing to overall
weight gain.®® With increased interest in this field, there is an
increasing number of studies and theories dedicated to the
specific mechanism by which gut microbiota may contribute
to weight.

Gl disorders

Gut microbial imbalance has also been linked to many
GI tract disorders. IBS is associated with alterations in
the gut microbiota® and is often comorbid with anxiety
disorders.®*%3-% Syndrome (IBS) is another common GI
disease affecting about 20% of persons in the developed
world at some point in their lives.’’ It is a chronic disorder
that affects the large intestine and commonly causes cramp-
ing, abdominal pain, bloating, gas, diarrhea, and constipa-
tion. Though it is known that the muscles of the intestinal
walls either contract too strongly causing gas, bloating, and
diarrhea or too weakly causing slow food passage and dry
stools, it is not known what directly causes these contraction
changes. Though factors such as food intolerance, stress, and
hormones are believed to play a role, IBS is a GI disorder
most closely related to altered gut microbiota.®* In fact, a
study using pyrosequencing to examine the fecal microbiota
profiles of 37 IBS patients age- and sex-matched to 20 con-
trols found that the microbial signature may be related to the
clinical phenotype in a subset of IBS patients. In particular,
an increase in Firmicutes-associated taxa and a depletion of
Bacteroidetes-related taxa best characterizes IBS subjects
from the normal population.®* Similarly, a study examining
the bacterial cultures of 320 subjects found a direct link
between IBS and an overgrowth microbiota.®® The study
found that of those patients with IBS, 37.5% were positive
for small intestine bacterial overgrowth (SIBO), compared to
the less than 10% without IBS. In addition, this overgrowth
of bacteria in the small intestine was more prevalent in those
with the more severe diarrhea-predominant version of this
disease.®® This study also found a greater number of species
of bacteria in IBS patients, confirming a key role of gut
microbiota in IBS.%

SIBO, as previously mentioned, is a GI disease caused
by an increased number and species of bacteria in the small
intestine.® Though the overall prevalence of SIBO is unknown,
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itis thought to be substantially underdiagnosed.® This is largely
due to the fact that the etiology of the SIBO remains unclear and
the clinical symptoms vary greatly from asymptomatic to many
nonspecific symptoms such as bloating, flatulence, abdominal
discomfort, diarrhea, and abdominal pain, many of which
overlap with the symptoms of IBD.* In more severe cases,
symptoms may also include malabsorption leading to weight
loss and nutritional deficiencies, liver lesions, and skin mani-
festations such as rosacea.”® In a more extreme case, a severe
complication known as D-lactic acidosis may occur, caused by
an excessive overgrowth of lactobacilli leading nonabsorbed
saccharides to be fermented into the D-isomer of lactic acid, a
product that cannot be metabolized by the human body.”

The concept that long-term changes in brain circuitry
and function contribute to the symptoms associated with gut
disorders such as IBS is supported by research conducted
by imaging scientists in patients with IBS in comparison
to healthy volunteers.”! Researchers conducted functional
Magnetic Resonance Imaging assessment of healthy con-
trols and IBS patients during colon distention and showed
differences in central patterns of activation.”® In particular,
IBS patients showed increased activation of affective brain
regions in response to painful visceral stimuli and the healthy
volunteers showed greater activation of arousal and attention
centers. This work demonstrates that several brain regions
respond to visceral pain stimuli via gut-to-brain signaling
events; however, the regions activated differ between IBS
patients and healthy volunteers, which may exaggerate the
pain perception in patient populations.®!

Modulation of microbiota and

prospects for therapy

Understanding the important role that gut microbiota play
in health, it is reassuring that gut microbiota can indeed be
modulated as a prospect for therapy in a variety of micro-
biota-associated diseases. Though the use of probiotics and
antibiotics has been used extensively in animal studies with
regard to neuropsychological disorders such as anxiety and
depression, there is limited research concerning their effects
in clinical populations. However, there is increasing evidence
that probiotics may be beneficial by reducing depressive
and anxiety-like symptoms. For example, it was found, in a
double-blind, randomized clinical trial, that healthy subjects
who were given a mixture of probiotics, containing L. helve-
ticus and B. longum, for 30 days demonstrated significantly
less psychological distress, as measured by various question-
naires, than their matched counterparts on placebo control.>
Similarly, another double-blind, placebo-controlled trial,

demonstrated that healthy subjects who scored in the lower
third for depressed mood showed significant improvement,
after being fed a probiotic-containing milk drink for 3 weeks,
as compared to their counterparts on placebo control.”” Gut
microbiota alterations have also been reported in a substan-
tial number of children with autism, particularly citing a
10-fold increase in Clostridium numbers as well as greater
diversity.™ It is thought that the administration of probiotic
bacteria to address changes in the microbiota may be able
to reduce inflammation, restore epithelial barrier function,
and potentially ameliorate behavioral symptoms associated
in children with autism.” Though the clinical studies linking
the therapeutic impact of probiotics on neuropsychological
disorders are limited in the early stages, their results support
those from preclinical studies, suggesting that the modulation
of microbiota may indeed be targeted for their therapeutic
potential in neuropsychological disorders.

It has also been reported that altered gut microbiota
proportions may contribute to the development of obesity
with a number of theories and metabolic pathways proposed.
The modulation of gut microbiota in overweight or obese
individuals with probiotics is an attractive concept as a way
to combat obesity and related disorders.”® Modulation of the
gut microbiota can be carried out by various methods includ-
ing probiotics, antibiotics, and fecal microbiota transplant.
Modulation of microbiota by probiotics has proven effec-
tive in both preclinical and clinical trials — in diet-induced
obese mice, those who were treated with L. curvatus and
L. plantarum showed reduced weight gain as well as down-
regulation of proinflammatory genes in adipose tissue.”
A study in healthy individuals with a large amount of visceral
fat showed that consuming fermented milk containing Lacto-
bacillus gasseri for 12 weeks was associated with a reduction
in BMI, although cessation of consumption lead to partial
reversal of effects, suggesting that continuous consumption
may be required to maintain beneficial effects.”> Both these
studies demonstrate the potential benefits of probiotics in
obesity treatment. Antibiotics such as vancomycin have
also proved effective. When introduced in mice, vancomy-
cin has significantly reduced the proportions of Firmicutes
and Bacteroidetes and increased Proteobacteria, resulting
in reduced weight gain and improved fasting