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Gut microbiota dysbiosis is a condition in which there is a lack of diversity in the microbes that colonize the gut microbiome.
Mental health disorders like depression are one of the most prevalent diseases on a global scale. While there are a plethora of
treatments for depression, none of these specifically target gut dysbiosis which has been implicated in the pathophysiology of
depression. The gut-brain axis is the neural system that connects these two structures. Through the gut-brain axis, a healthy
and diverse gut might stand to improve host brain health and minimize the risk of depression. The objective of this systematic
review is to answer whether or not prebiotics or probiotics are a necessary intervention for depression through their impact on gut
dysbiosis. From this review, it was uncovered that probiotics and prebiotics could be possible interventions for depression because
of their ability to restore homeostasis in the gut which in turn eliminates pathogenic microbes that are involved in the process
of synthesizing metabolites that tend to be elevated in depressed individuals. Additionally, these supplements may promote the
growth of beneficial microbes involved in the synthesis of neurotransmitters that affect mood and mental health.

Introduction

The thousands of microorganisms that colonize the Gastroin-
testinal tract form what is known as the gut microbiomel. The
gut microbiome is involved in modulating human metabolism,
the digestive system, and immune function. A healthy and
diverse gut microbiome works to recover energy from the
metabolism of non-digestible fibers and helps to protect the
host from pathogenic invasion and disease. The microbiota
is composed of archaea, viruses, eukaryotic, and prokaryotic
microbes. Specifically, prokaryotic bacteria are especially abun-
dant; there are roughly 500 to 1,000 unique species that con-
tribute to nearly 2 million genes in the gut microbiome®. The
common bacterial phyla in the gut microbiota are Firmicutes,
Bacteroidetes, Actinobacteria, Proteobacteria, Fusobacteria, and
Verrucomicrobia®

Gut microbiome dysbiosis describes an imbalance in the di-
versity of microbes that colonize the gut. The gut microbiome
is an ecosystem and like all ecosystems, requires biodiversity
to maintain stability, resilience, and robustness®.The gut micro-
biota requires a diverse abundance of different bacterial species
because a lack of diversity has been known to negatively affect
the host. Gut microbiota dysbiosis is linked to host inflamma-
tion, and frailty, and has also been linked to multiple neurogenic
disorders by causing motor deficits and microglial activation.
All 500 to 1,000 unique species of bacteria are important, even
if one taxa were to somehow be removed from the gut, the entire
microbiota would have an entirely different composition as well
as changes in its function” . One popular method in combating

dysbiosis and sustaining diversity within the gut microbiota is
through dietary supplementation. Examples of these include
vitamins, prebiotics, and probioticsg.

Probiotics are manufactured sources of healthy microbes that
benefit the host’s gut®. Probiotics’ main function is to populate
the gut microbiota with healthy microbes that neutralize bad
microbes and thus support overall gut microbiome diversity1%,
They are often used in succession to antibiotic treatment. Two
common bacterial species in probiotics are the Lactobacillus
species and the Bifidobacterium species'!. By contrast, pre-
biotics are non-digestible food substances that stimulate the
growth of specific bacteria in the gut microbiome. Prebiotics
work in tandem with probiotic treatments to target gut dysbiosis.
Common prebiotics include inulin, fructooligosaccharides, and
lactulose”.

Recently, scientists have made a connection between the gut
microbiome and the brain known as the gut-brain axis where
both organs send signals to each other to support the health of
the host'?. Studies surrounding the gut-brain axis show that
there are strong connections between the brain’s cognitive and
affective functions and the gastrointestinal tract'®. The gut-brain
axis plays an important role in maintaining homeostasis, and
thus dysbiotic gut health disrupts this homeostasis and has been
linked to several mental health disorders like depression‘#

Despite the well-known understanding of prebiotics and pro-
biotics’ usage in treating gut dysbiosis , little is known about
how prebiotics and probiotics’ effects on the gut can indirectly
impact mental health. Depression is a growing urgent public
health concern. Severe depression symptoms are often very dis-
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tressing and can endure long periods often resulting in suicide in
severe cases'”. Depression is a mental disorder that can affect
anyone of all ages and sex. In 2017, depression affected 322
million people worldwide and contributed to 8% of all years
lived with a disability'®. During 2020, one out of every ten
adults were diagnosed with depression and one in every five
adolescents and young adults were found with depression'.
Depression is also starting to become a relevant issue among the
elderly. In 2020, the expected rate of being diagnosed with de-
pression amongst the elderly on a global scale was a staggering
31.74% which could increase to 40.78% in certain countries 5.

There are a plethora of other treatments that one can con-
sider that also are used to treat gut dysbiosis. For example,
fecal microbiota transplantation (FMT) is often used to diversify
microbial communities in the GI tract. Fecal microbiota trans-
plantation involves the transfer of fecal matter from a healthy
donor into the gut of a patient in need?. Unfortunately, FMT
comes with its downsides being that FMT is not FDA-approved
because of questions over its safety”). Additionally, FMT is
extremely expensive and typically costs $1770 with some forms
upwards to $4000%L. Probiotics and prebiotics are less invasive
solutions as they are found in our everyday food as well as in
prescribed treatments.

This research paper aims to identify if and how probiotics
and prebiotics could be deployed as methods of depression treat-
ments by analyzing their role in the gut microbiome and their
relationship with the brain and overall mental health. A possible
hypothesis to the previous prompt would be that probiotics and
prebiotics should each be considered as depression treatments
because of probiotics and prebiotics ability to cure gut dysbiosis
which in turn leads to overall healthier mental health.

Methods

In this review article, numerous resources like peer-reviewed
articles and books regarding probiotics and prebiotics, mental
health, and gut microbiota diversity were selected and compiled
using the search engines Pubmed and Google Scholar. Re-
sources selected for this literature review have been last updated
no earlier than 2010 to ensure accuracy. Sources that included
the following keywords: ‘mental health”, “depression”, “gut
microbiome”, “gut microbiota”, “Depression related dysbiosis”,
and “Current forms of Pro and Prebiotic treatment”, amongst
others were collected for this review. The main criteria rules
for what resources that were chosen were the resource’s date of
publishcation, it’s accuracy compared to other resources, and it’s
overall clarity and understandability. The information was ana-
lyzed to determine whether or not the probiotics and prebiotics
can alleviate depression by determining if neurotransmitters re-
lated to depression are connected to the function of bacterial

microbes in the gut microbiome.

Mental Health

Poor mental health has been a growing public health concern.
Mental health disorders are recognized by the Global Burden
of Diseases Injuries and Risk Factors (GBD) study as a top
10 leading cause of burden worldwide®? . Global number of
disability-adjusted life-years (DALYs) is a measurement that
combines the number of years an individual lived with that
disability and the number of years that were considered lost
because of that disability. The global number of DALYs due
to mental disorders increased by 56% from 1990 to 201922 .
This indicates that even on a global scale, mental health is being
recognized as a life-long deterrent to an individual.

Mental health disorders can be classified into the following
groups: anxiety disorders, bipolar disorders, attention-deficit
disorders, and depressive disorders. According to GBD depres-
sive disorders are some of the most prevalent mental health
disorders in the world%. There are five main classifications of
depressive disorders. These include “Disruptive mood dysregu-
lation disorder”, “Major depressive disorder (MDD)”, “Persis-
tent depressive disorder”, “Premenstrual dysphoric disorder”,
and additional depressive disorders resulting from other medical
conditions??, Of the five, MDD is the most prevalent as it was
the fourth leading cause of disabilities in 202022,

MDD is a pervasive disorder that is expected to be the most
common mental health disease by 2030%>, There has been an
increase in depression from 2015 to 2020 for individuals of all
ages from 12 to 34 years old. Between 2015 and 2020, 12 to
17-year-olds experienced a 4.2% increase in prevalence of de-
pression. For 18 to 25-year-olds, there was a 6.9% increase and
there was a 2.4% increase for 25 to 34-year-olds'”. On a global
scale, MDD prevalence ranges from 2% in China to 11.5% in
Europe. Specifically, France has a 21% lifetime prevalence
of MDD?#, With an increase in MDD prevalence around the
world, society needs new operative treatments for this growing
problem.

Major depressive disorder occurs from hyperactivity in the
amygdala, striated nucleus, and limbic and subcortical regions
in the brain“®. For an individual to be diagnosed with Major
Depressive Disorder, he/she must be experiencing five of nine
MDD symptoms. The 9 symptoms are appetite change, persis-
tently low moods, decreased interest in pleasurable activities,
increase in feelings of guilt, lack of energy, sleep disturbances,
suicidal thoughts, psychomotor retardation, and poor concen-
tration?”, Originally, scientists theorized that the root cause of
MDD was an imbalance in different neurotransmitters such as
serotonin. Serotonin levels have historically been low in sui-
cidal individuals. MDD is now being linked to more complex
neuroregulatory systems rather than a single neurotransmitter’.
For instance, GABA is an amino acid that serves as a neuro-
transmitter that is linked to MDD. However, MDD isn’t linked
to specifically only GABA but instead linked to a much larger,
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neuroregulator system called the Central Nervous System of
which GABA is a part. GABA inhibits the activity of mesocorti-
cal and mesolimbic systems, contributing to its antidepressant
effects. Thus, MDD patients are associated with having low
GABA levels in the brain“®.

There are two main categories of depression treatment. These
include therapy and pharmaceutical treatments'>. Cognitive
behavioral therapy is a type of time-limited psychotherapy that
helps people modify their broken thinking or behavior?”. Phar-
maceutical treatments, as the name entails, are typically pills,
supplements, or prescribed medications.

Understanding to the extent of how much depression has been
riddled throuhout all ages of human society puts into context the
urgent need to find a permanent yet affordible treatment option
for it. Additionally understanding the context of how certain
depression disorders like MDD are caused and diagnosed can
provide insight into how scientists can treat a specific depression
disorder through the gut microbiome.

The Gut Microbiome

The gastrointestinal tract is the most colonized tract in the hu-
man body, with the colon containing over 70% of all human
microbes=". With a 250 square meter surface area, the GI tract
necessitates a diverse and heavily populated microbiota!. The
trillions of microbial cells and other microorganisms that colo-
nize the GI tract are known as the gut microbiome'l. Bacteria
in the gut microbiome perform many different functions includ-
ing metabolizing nutrients from consumed foods, regulating the
body’s immune system, and natural defense against infections=2.
The gut microbiome is home to over 1000 bacterial species that
all have a symbiotic relationship with their host=*. Despite hav-
ing nearly 50 different phyla of bacteria, the gut microbiome is
dominated by only two of them: Bacteroidetes and Firmicutes.

Bacteroidetes’s main cellular components are lipopolysac-
charides and flagellin and Bacteroidetes enhance immune re-
actions through cytokine synthesis®*. Bacteroides, a species
under the Bacteroidetes phyla, is usually used to metabolize
polysaccharides and oligosaccharides, and metabolizing these
substances allows for the Bacteroides to extract its nutrients and
distribute them to other intestinal microbes throughout the gut
microbiome®>. Polysaccharides are a huge benefit to the gut
microbiota as they serve as nutrient sources for the growth of
other bacterial species in the microbiota while also having anti-
inflammation and epithelial barrier protection properties that
provide the host with overall strong intestinal health*®. Mucin
glucans, which are proteins produced by epithelial cells and
can be found in gastric juices, are important to the fitness and
stability of Bacteroides®Z. Specifically, Mucin-type- O-glycans
is a mucin polysaccharide that directly influences Bacteroidetes’
interactions with the host’s GI tract by producing Short-chain
fatty acids (SCFA) that provide an energy source for intestinal

epithelial cells*® . Additionally, B. thetaiotaomicron is used
to break down the polysaccharides that the Bacteroides come
in contact with. B. thetaiotaomicron can bind to mucins in
the GI to regulate the genes that synthesize its outer capsule=>.
B. thetaiotaomicron can act as host polysaccharides when di-
etary polysaccharides are lacking. B. fragilis serves a similar
function as it synthesizes polysaccharides to maintain optimal
colonization in the gut=>.

Firmicutes are the most common of the two and play a
key role in maintaining homeostasis in the gut microbiome
by synthesizing SCFAs and decreasing LDL cholesterol levels.
High LDL cholesterol levels are shown to increase the risk of
atherosclerosis as well as other conditions like coronary artery
disease and peripheral arterial disease””. Having high LDL lev-
els significantly increases the incidence of depressive moods in
males“’. Firmicutes are able to produce butyrate and SCFAs
by breaking down polysaccharides via hydrolysis“*!. SCFAs are
one of the main metabolites produced by the gut microbiota
and modulate several metabolic pathways*2. Specficaflly, the
propionate and butyrate in SCFAS play a crucial role in gastroin-
testinal health. SCFAs also show vast amounts of biological
effects on the host including anti-inflammatory and anti-diabetic
properties®®. SCFAs help with regulating epigenetic modifica-
tion in the central nervous system which in turn alleviates and
reduces depression syndromes?. Firmicute bacteria can commu-
nicate with other tissues and organs that regulate host hunger
through their metabolic production of SCFAs=#. SCFAs are in-
volved in appetite and hunger by stimulating appetite-regulating
hormones like peptide YY'©. Firmicutes bacteria are divided
into 3 classes: Bacilli, Clostridia, and Eryspielotrichia®*,

Bacilli’s major role in the gut microbiome is to metabolize
dietary components, xenobiotics, and drugs that maintain in-
testinal homeostasis. Lactobacillus, and Bacillus, are two of the
most distributed Bacilli species in the gut*>. Both are great aids
to overall host health by preventing intestinal diseases like irrita-
ble bowel syndrome and colorectal cancer*>. Bacillus can have
positive effects on the colon area because of quorum sensing.
Quorum sensing is a type of cell-to-cell communication that
allows Bacillus bacteria species to exert important regulatory
effects on the gut microbiome resulting in positive effects on
the colon*®. Additionally, a clinical study shows that mice with
colorectal colitis have their gut microbiota microbes restored
if taking Bacillus subtilis. Beneficial bacteria like Bifidobac-
terium and Lactobacillus are in higher abundance while negative
bacteria like Ruminococcus and Clostridium are reduced”.

Gut Dysbiosis Mechanisms

Dysbiosis refers to a persistent change in the balance of the
microbial species and an overall reduction in the diversity of the
microorganisms within the gut microbiome®. Gut microbiome
dysbiosis has been linked to multiple diseases such as inflamma-
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tory bowel disease, diabetes, and cancer, and even has a close
connection to an individual’s mental health and mood“®. A high
Bacteroidetes to Firmicutes ratio is highly abundant among Ma-
jor Depressive Disorder (MDD) patients®. Specifically, there is
an increase in the genus Eggerthella lenta and a decrease in the
Sutterella, a species of bacteria from the Sutterellaceae family
that has been frequently associated with inflammatory bowel

disease?.

The gut microbiota and the brain communicate via the gut-
brain Axis. This axis is bidirectional, indicating that the axis
sends signals both from the gut and to the brain and vice versa°",
In addition to connecting the gut microbiome to the brain, the
gut-brain axis regulates homeostatic functions like food intake
and sleep¥. The gut-brain Axis works in close relation to the
endocrine system and is composed of a plethora of nerves that
transfer signals from the gut to the brain. The gut-brain axis
also consists of metabolites derived from the gut microbiome>L.
Among the many nerves found in the gut-brain axis, the vagus
nerve is the most notable. The vagus nerve is a key component
of the parasympathetic nervous system and controls digestion in

the gut microbiome.

Another axis that is involved in the connection between gut
dysbiosis and depression is the hypothalamic-pituitary-adrenal
(HPA) axis. The mechanism behind the HPA axis and how it is
linked to host mental health is the increase of pro-inflammatory
cytokines connected to host stress. Similar to the gut-brain axis,
the HPA axis runs bi-directionally. This means that depression
may lead to perturbations in the gut microbiome, and vice versa.
Thus this cyclical pathophysiology highlights the necessity for
ensuring homeostasis on each end. Hyperactivity in the HPA
axis results in an increase in nitrogen and oxygen-producing
species that damage bacterial endotoxic lipopolysaccharides
which leads to the activation of the inflammatory response sys-
tem. Activating the inflammatory response system leads to an
increase in multiple pro-inflammatory cytokines found in the
gut microbiome that is connected to host stress>>. For example,
when the host experiences stress, the cytokine that is increased
is interleukin-6. Interleukin-6 causes host inflammation through
increasing permeability of the intestinal epithelial barrier. The
increased permeability causes the translocation of pathogenic
bacteria to colonic tissue which causes a dysregulated inflam-
matory response>*. Thus the increase of pro-inflammatory cy-
tokines in the HPA axis is related to host mental health problems
like stress. Additionally, inflammatory cytokines activate the
enzyme indoleamine 2,3-dioxygenase which is known to de-
crease serotonin concentration within the brain®> . Serotonin
is a neurotransmitter produced by the gut microbiota that influ-
ences emotional behavior and regulates local gut physiology=9.
Low serotonin levels are involved in numerous diseases related
to the central nervous system including anxiety, schizophrenia,
Parkinson’s disease, and even depression®”. Thus if there is Gut
dysbiosis, it may cause hyperactivity in the HPA axis which
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Fig. 1 The Gut Brain Axis and it’s metabolites (which includes
Serotonin). Source:>8

leads to the activation of the inflammatory response system.
The activation of the inflammatory response system increase
pro-inflammatory cytokines which activates indoleamine 2,3-
dioxygenase, an enzyme that decreases serotonin levels which
have been linked to increasing the risk of depression.

90% of body serotonin is produced in intestinal epithelial cells
with multiple microbial metabolites playing a roll in it’s regu-
lation. Bacterial microbes in the gut regulate serotonin produc-
tion through controlling the enzyme used to create and develop
tryptophan, which is the precursor amino acid for serotonin.
Clostridia bacteria is usually one type of bacteria that plays this
role. Clostridia bacteria produced metabolites that have been
identified as signaling molecules to increase the gene expression
of tryptophan hydroxylase 1 (TPH1) in colonic cells®>?. TPH1
is used to catalyze tryptophan into 5-hydroxytryptophan which
then goes through decarboxylation to produce serotonin®¥¢l
Moreover, the decarboxylation can also be done by Staphylococ-
cus, a genus of bacterial microbe found in the gut microbiota.
Staphylococcus species that expresses the SadA gene, can per-
form the decarboxylation from the 5-hydroxytryptophan into
serotonin®2.,

In addition to serotonin, there are molecules outside of neu-
rotransmitters involved in the communication between the gut
and the brain including secondary bile acids, Trimethylamine-
N-oxide (TMAO), and metabolites that are produced from gut
microbes”.

Patients with Major Depressive Disorder often lack high lev-
els of secondary bile acids. High bile acid levels lead to an
increase in other taxa of bacteria like Turicibacterales which
have been linked to reducing depression-related symptoms®.
TMAO is another major microbiota-derived metabolite that may
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be implicated in the development of neuropsychiatric disorders.
Choline, an example of a source of TMAO, enters the brain
through CTL1 and CTL2 proteins and increases TMAO levels
throughout the mitochondria. From the mitochondria, an in-
creased amount of TMAO levels leads to oxidative stress and
neurodegeneration®. The bacteria in charge of the production
of trimethylamine (TMA), which is a precursor to TMAO, from
choline are typically a part of the Clostridium genus. These
bacteria are found in the gut microbiome like Clostridium as-
paragiformis, C. hathewayi, and C. sporogenes. Additional
microbes include Desulfovibrio desulfuricans®.

There has reportedly been a positive association between
TMAQO levels and depression severity, with an increase in TMAO
in the gut microbiome linked to an increased risk of depression®.
One big influence on TMAO levels in the gut microbiome is
the host’s diet. The dietary intake of certain foods increases or
decreases TMAO levels within the gut microbiota. For example,
clinical studies indicate that the consumption of fish like cod or
salmon leads to an increase in TMAO levels in urine.

TMAO and other gut metabolites reach the brain by crossing
the blood-brain barrier (BBB), unlike neurotransmitters like
serotonin. Serotonin and other neurotransmitters are unable
to cross the BBB because neurotransmitters like Serotonin are
often too big. Only their precursor amino acids are able to
penetrate into the brain®”. While metabolites reach the brain via
the BBB, neurotransmitters reach the brain via the vagus nerve
and the enteric nervous system.

The enteric nervous system, often referred to as the “second
brain” is a series of connected nerves in the Gastrointestinal
tract that further serve as a communication line between the
brain and the gut, containing over 600 million neurons. The
vagus nerve is one of the key nerves that play a role in facili-
tating communication between the enteric nervous system and
the brain during depression through the transmission of signals
produced by the microbes in the gut, to the brain®. Stimulation
of the vagus nerve, or vagus nerve stimulation (VNS) is a type

of treatment used for depression. VNS, does not directly in-
crease serotonin production, but instead alters the transmission
of the neurotransmitter serotonin by increasing basal neurons
that produce serotonin within the brainstem and dorsal raphe

nucleus® .

Current Forms of Treatment

There are several treatment options available for depression.
Treatment for mild stages or early stages of depression can be
simply waiting for symptoms to resolve on their own without
further treatment”’?. The three main phases in treatments for
more severe depression are the acute, continuation, and mainte-
nance phases’’. The acute phase generally lasts for about two
months and is the initial stage of depression treatment. The
acute phase is when a psychiatrist starts to choose whatever
initial treatment they believe would be best for their patient.
Treatments during the acute phase include pharmacotherapy and
psychotherapy amongst others? . Pharmaceutical medication
may also be applied during the acute phase. Ultimately, the
selection of the initial treatment is influenced by the severity of
the symptoms that the patient is experiencing. The end goal of
the acute phase treatment is to find a way to improve patient
quality of life and functional capacity .

During the continuation stage, the treatment that the psychia-
trist chooses will be continuously applied by the patients. This
phase keeps going until the treatment starts to alleviate more
depression symptoms and finally starts to go away as a whole
which can typically last up to 9 months. Further pharmaceutical
or talk therapy will typically be implemented in patients during
this stage if needed. For example, psychotherapy may be needed
to prevent relapse of the same symptoms. If psychotherapy then
fails, different treatment options like electroconvulsive therapy
would be implemented”V . Patients who enter the continuation
treatment experience milder depressive symptom severity and
improvement in other outcomes outside of depressive symp-
tomsZ!. If patients are stable during the continuation stage, the
next phase of treatment may not be necessary ",

In the maintenance phase, the main goal is to limit depressive
symptoms that arise within the patient for the long-term future.
Typically, the same treatment during the acute and continuation
stages will be used during the maintenance phase. Occasionally,
more medications may be prescribed during the maintenance
phase”. Patients who have a high chance of recurring depres-
sion are often prescribed medication periodically throughout
their lifetime">.

One popular depression treatment is Cognitive behavior ther-
apy (CBT)!2. CBT is a combination of both cognitive therapy
and behavioral therapy. Cognitive therapy involves the identifi-
cation and recognition of harmful beliefs that may be the cause
of depression-related symptoms and reforming those beliefs.
Cognitive therapy aims to help the patient recognize what activi-
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ties the patient does and if it does or doesn’t cause depression.
Behavioral therapy tries to associate how that said activity di-
rectly or indirectly causes depression and how the individual
can change or prevent it. For example, individuals diagnosed
with depression often give up their hobbies and thus feel iso-
lated and unhappy. Cognitive therapy would help individuals
recognize the fact that giving up hobbies is the activity that leads
to depression. Behavioral therapy would be understanding that
isolation and unhappiness are the behavioral underlying feelings
of depression and the solution would be to engage in social
activities and hobbies'™.

CBT is a beneficial method for helping depression because
it allows the patient to understand the root cause and make ad-
justments. However, CBT, compared to other psychological
depression treatment options like psychoanalysis, isn’t as ana-
lytical. Thus, CBT may not be the best option for those who
are looking to have a deeper understanding of the specific cause
of their depression. CBT also requires a personalized therapist
whom one must form a close relationship with which may be
time-consuming and financially unsustainable long term“2,

Aside from psychological treatment and talk therapy, phar-
maceutical treatment is also another solution that physicists
can prescribe to patients. Antidepressant pills are growing to
be one of the most popular forms of pharmaceutical treatment,
as prescriptions have more than tripled in usage from 1998 to
201872,

There are seven main classes of antidepressants and some
of them like SSRI, SNRI, and tricylic antidepressants prevent
the reuptake of monoamines into presynaptic neurons so that
they remain in the synaptic cleft’*7>, Monoamines are essen-
tially a type of neurotransmitters like serotonin and dopamine
that play a role in various cognitive processes like emotions
and memory“®. Preventing the reputaking of monoamines does
not necessarily increase the total number of monoamines but
instead redistributes monoamines throughout the brain””. This
allows the monoamines to improve the communication between
nerve cells as it increases the amount of signaling sent to dif-
ferent brain neurons throughout the brain’®. The improvement
in cell communication presumably correlated to helping the im-
balances in brain function that contribute to depression. On the
opposite end of the spectrum, the redistribution of monoamines
will also possibly set up conditions that favor the depletion of
monoamines if proper levels of nutrients are not administered’

MAOISs are an antidepressant that is unique because instead
of inhibiting the reuptake of monoamines, they inhibit the break-
down of monoamines. Preservation of monoamines presumably
improves the efficiency of synaptic neurotransmission which
may correct for neurophysiological deficits that underlie de-
pression’”. While antidepressants are effective treatments for
patients with depressive disorders, antidepressants do come with
a plethora of negative side effects. For example, common side

effects when taking SSRIs include anxiety, insomnia, and sexual
difficulties among other symptoms”® . In rare cases, patients
who take SSRIs have experienced extremely dangerous and
near-fatal cutaneous reactions like Stevens-Johnson syndrome,
erythema multiforme, and toxic epidermal necrolysis®’.,

Probiotics and Prebiotics: An Overview

One of the functions of probiotics is to benefit host health by di-
versifying the gut microbiome due to containing non-pathogenic
microbes such as bacteria which once released colonize and
give diversity in the gut. Probiotics can aid in the prevention
of multiple diseases including Crohn’s disease, cardiovascu-
lar and urogenital infections, cancer, and oral diseases U The
majority of probiotics include two genera: Lactobacillus and
Bifidobacterium®.

L. salivarius in the adult diet enhances immune response by
activating natural killer cells, monocytes, immunoglobulins, and
IL-10 cytokines in the plasma. L.casei Shirota increases the
expression of the CD96 activator marker T cells and killer cells
which also further helps the host ward off pathogens. L. casei
Shirota also improves the concentration of important cytokine
receptors like IFN-y8Y. IFN-y enhances antigen recognition
by cognate T-cell interactions and induces anti-viral responses.
IFN-v activity is able to destroy cancer cells and contribute to
necessary effector cell activation and the creation of antibodies
that are used to mediate bacterial infections like Chlamydia®% .

The two main sources of probiotics are food and pharmaceu-
tical supplements. Fermented foods in particular are rich in
beneficial microbes®?. Yogurt is a common fermented food that
contains probiotic microorganisms like L. bulgaricus and Strep-
tococcus thermophilus®. Some foods on the market are com-
mercially engineered such that beneficial microbes are added in.
However, these microorganisms typically do not reach the distal
gut® . This is because they do not survive transit in the stomach
and are unable to resist degradation in the small intestine by hy-
drolytic enzymes and bile salts®>. However, naturally occurring
probiotic strains that are typically found in yogurt do survive
intestinal transit and can effectively reach the distal gut®>.

Supplement forms of probiotics often have a wider variety
of live microorganisms compared to the single strains found
in the food versions®®. Probiotic supplementation has been
linked to better host health by improving bacteria concentration
within the gut microbiome®’. Supplemental probiotics improve
stool consistency, bowel movement, and lipid blood profile®”.
A lipid profile measures the total concentration of cholesterol in
the blood. This included both high-density lipoproteins (HDL)
and low-density lipoproteins (LDL)%%. LDL is much more
detrimental to mental health compared to HDL. Borderline and
high levels of LDL were significantly associated with depressive
mood and behavior®?. On the other hand, studies have shown
that HDL levels are positively associated with mental health
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and overall cognitive function®?. Thus, an improvement in lipid
blood profile or higher concentration of HDL cholesterol and
lower concentrations of LDL may be linked to better mental
health outcomes.

Prebiotics also help mediate gut microbiota dysbiosis. The
prebiotic concept was initially introduced in 1995 by Glenn
Gibson and Marcel Roberfield”® . Compared to probiotics,
prebiotics’ main function is not to release microbial strains in
the gut microbiota but to instead enhance the growth of these
beneficial microbes and bacteria in the GI tract®!. Prebiotics
also help to improve activity against certain pathogens within
the GI tract like Salmonella and Escherichia coli®Z.

To be considered a prebiotic, the following characteristics
must be covered: resistance to acidic pH levels in the stomach,
cannot be hydrolyzed by mammalian enzymes and cannot be
absorbed within the GI tract, must be able to be fermented by
the intestinal microbiota, and finally, growth of prebiotics must
improve host health %3 However, the World Health Organization
defines prebiotics more broadly by calling prebiotics non-viable
food substances that benefit host health through the modulation
of the microbiota. The prebiotics that seem to universally fulfill
all prebiotic requirements are bifidogenic oligosaccharides like
inulin and galacto-oligosaccharides®?.

Most oligosaccharides are non-digestible carbohydrates that
are between monosaccharides and polysaccharides. Oligosac-
charides typically are made up of less than a dozen monosaccha-
rides while polysaccharides are composed of more than a dozen
monosaccharides®?. Oligosaccharides can be naturally sourced
from foods like asparagus, garlic, chicory, onion, or banana®?,
Oligosaccharide’s ability to resist the acidic pH levels in the
stomach, as well as being unable to be broken by mammalian
enzymes allows it to successfully reach the distal gut. Thus, the
bacteria in the gut microbiota can ferment and utilize oligosac-
charides often and produce SCFAs%. A higher abundance of
SCFAs in the gut microbiota improves the host’s in many ways
including reducing host inflammatory responses and reducing
the host’s blood pressure’.

Inulin promotes host health by regulating lipid metabolism,
weight loss, and lower inflammatory symptoms, amongst other
qualities®®. Inulin is also the reason for prebiotics indigestible
characteristics. The -(2-1)-D- fructose bonds that are gener-
ated between the fructose units of inulin and the -configuration
of anomeric carbon make prebiotics indigestible in the small in-
testine. Prebiotics are instead fermented in the large intestine of
the microflora through the production of several metabolites. For
instance, SCFAs are produced which are essential for balancing
redox reactions in the gut-microbiota=Z,

Similar to probiotics, prebiotics can be found in natural food
sources. Fructooligosaccharide (FOS) is a prebiotic that is natu-
rally occurring in many food products like garlic, onion, bananas,
and leeks®!. FOS fermentation positively impacts the host in
many ways. For example, FOS fermentation leads to stronger

bone health by potentially preventing the onset of osteoporosis.
Fermentation of FOS releases SCFAs which in turn lower the
pH levels in the lumen of the stomach. The drop in pH allows
calcium phosphate ions to dissolve which promotes passive dif-
fusion of calcium from the stomach to the bones®?. An adequate
intake of calcium is needed to promote general bone health10%,

Fructosyltransferase is an essential enzyme that FOS from
sucrose. Aspergillus niger and Auerobasidium pullans are two
microorganisms that use sucrose as their main source of carbon
that have demonstrated that they can produce FOS on an indus-
trial scale®?. Auerbasidium pullans have been abundant in fresh
grapes and Aspergillus niger is abundantly found in numerous
fruits and vegetables like onions or mangoes] 102"

Both treatments can be used at any time during the day, but
probiotics are recommended to be used after meals. Neutral-
ization of gastric acid after food enters the stomach makes it
more conducive for probiotics to exhibit their effect!?. Like
any treatment, an overdose of probiotic treatment does not al-
ways equate to healthier host health. Overloading probiotics can
lead to negative side effects like abdominal cramping, nausea,
flatulence, and taste disturbancel%

While still new, prebiotics and probiotics as possible treat-
ments for depression has already been looked into and have
shown positive signs of becoming a necessary intervention for
depression related to gut dysbiosis. Indeed, a 2019 clincal study
showed that patients who received probitiocs and/or prebiotics
have significantly improved symptoms of depression compared
to those in a placebo group'?> Regardless, more clinical trials
and further research needs to be conducted in order for probi-
otics and prebiotics to be approved depressive treatment options.

Probiotic Intervention

The most common microbes that probiotics contain are a part
of the Actinobacteria and the Firmicutes phylum of bacteria.
This includes bacterial species from the Bifidobacterium and
Lactobacillus genus'%®. Both Bifidobacteria and Lactobacilli
are regarded as the main screening makers of intestinal health
and screening markers for the identification of prebiotics within
the GI tract!¥” | Bifidobacterium is important in decreasing the
growth of pathogenic bacteria and protecting against intestinal
barrier dysfunction'l¥®, Bifidobacterium decreases the chances
of inflammatory bowel species, aids digestion, increases resis-
tance to infection while lessening constipation, and can reduce
diarrhea®’.

In metabolism, Bifidobacterium is used for the catabolism of
monosaccharides. The catabolism of monosaccharides and other
carbohydrates can be used to produce cell ATP through the 6-
phosphate pathway, otherwise known as the bifid shunt'"?. The
bifid shunt is run by the fructose 6-phosphate phosphoketolase
(Xfp) enzyme. The Xfp enzyme has a dual substrate specificity
with fructose 6-phosphate and xylulose 5-phosphate1?.
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Lactobacillus can provide intestinal barrier defense by en-
hancing mucous secretion. L. casei T21 regulates the MUC2
gene' | The MUC?2 is a gel-forming mucin that provides a
protective gel barrier for the colon'M2. In the absence of MUC2,
bacteria can easily penetrate the crypts and can access the ep-
ithelial cell barrier of the stomach which leads to severe host
inflammation13.

L. fermentum, L. corynifromis, and L. gasseri are able to
reduce reactive oxygen species (ROS) concentrations within the
gut microbiome#, This is important because if ROS levels
are too high, it leads to metabolic problems, cancer, and other
neurological conditions . These species of Lactobacillus are
able to decrease NADPH oxidase (NOX) —an enzyme that pro-
duces ROS —which ultimately lowers the enzymatic reactions
and chemical processes that generate ROS in the first place'l1°.

Through probiotics production of different Lactobacillus and
Bifidobacterium genus in the gut microbiome, there has been
reason to believe that probiotics can also play a role in alleviating
depression as well. There are over 178 different species and sub-
species of probiotics that can reduce the chance of depression,
most of which fall under the Lactobacillus and Bifidobacterium
genus. For example, L. helveticus, L. rhamnous, B. longum,
and B. creve CCFM1025 are four species that have clinically
been successful in the treatment of depression®. B. longum
demonstrates anti-depressive effects through their fixation of
diseases related to the gut microbiota dysbiosis. A clinical trial
has shown that B. longum treatments used in individuals with
irritable bowel syndrome also improve depression-related symp-
toms by lessening the limbic reactivity to negative emotional
stimuli'.,

An example of probiotics found in natural foods is L. plan-
tarum, which is commonly found in traditional sourdough
bread 18, L. plantarum is a natural probiotic that could poten-
tially improve systemic inflammation and help alleviate insulin
resistance mediated by the gut microbiota'l?. Reducing insulin
resistance can decrease the possible development of MDD!12U.
Insulin resistance is the impaired biological response of tar-
get tissues to insulin stimulation''2l, Tnsulin regulates glucose
metabolism. Insulin causes glucose to be deposited in the liver
as glycogen, then releases the glycogen from the liver and into
the rest of the body like the brain in the form of glucose'%4.
If insulin resistance occurs, glucose is unable to reach other
organs like the human brain, where a lack of glucose is corre-
lated to individuals who are depressed’'?’ One way probiotics
can potentially increase gut microbiome diversity is by vitamin
production. Taking probiotic supplements that include the Bi-
fidobacterium or Lactobacillus genus can produce vitamins B
and K!8, Vitamin B reduces gut microbiota dysbiosis by in-
creasing multiple bacterial genus that are not limited to specific
Lacotbacillus or Bifdiobacterium®®. For example, taking bi-
otin, or vitamin B7, increases the concentration of Ruminoccus
gauvreauii and Coprococcus 3 bacterial?3. The Coprococcus

bacteria is typically associated with a higher quality of life. In-
dividuals with depression often lack Coprococcus levels within
the gut microbiota and reduced amount of Ruminoccus have
been found in individuals with bipolar depression23.

Prebiotic Intervention

Prebiotics are a group of nutrients that can be degraded by the
gut microbiota®?. Prebiotics’s main characteristics are that they
are nondigestible and also beneficially stimulate the growth
and activity of gut bacteria. In modern society, prebiotics have
developed a more broad characterization as they are simply
being referred to as dietary components that can be used by the
host’s microorganisms to improve health''?#, Thus, one may
assume that prebiotics have a rather indirect impact compared
to their probiotic counterpart.

For example, galactooligosaccharides are a form of prebiotic
that is commonly used to promote the proliferation of Bifobdac-
terium, which again is one of the two major genera of bacteria
that probiotics contain. In healthy infants, Bifidobacterium abun-
dance was much higher when fed a baby formula containing
galacto-oligosaccharides '8, Additionally, Inulin-type fructans
can serve as prebiotics that stimulate the metabolism of Bifi-
dobacterium and Lactobacillus in the colon and GI tract108, It
is imperative that prebiotics can help supplement the growth of
these probiotic bacterial strains because the proper growth and
reproduction probiotics would be most effective if prebiotics are
also present1%5,

In addition to increasing healthy probiotic bacterial strains,
prebiotics themselves can eliminate negative bacteria found in
the gut flora by affecting the other genus that probiotics typi-
cally contain—the Lactobacillus species. Prebiotics can eliminate
the production of the gram-negative bacteria Klebsiella pneu-
moniae!?>. All of this happens because adding prebiotics like
inulin, lactulose, and fructooligosaccharides to the Lactobacillus
species lowers the pH levels of the cell-free supernatant which
increase the inhibitory percentage of Lactobacillus strains that
produce Klebsiella pneumoniae'?>, Klebsiella pneumoniae is a
negative gram bacteria that is the leading cause of healthcare-
associated infections like pneumonia and urinary tract infections.
A study has shown that a preexisting history of depression of-
ten increases the likelihood of a Klebsiella infection''2¢. While
there isn’t solid evidence to propose that the opposite is true, the
fact that depression and Klebsiella pneumoniae are positively
correlated indicates that Klebsiella pneumoniae is worthwhile
to look into as a possible treatment option for depression.

In addition to Klebsiella pneumoniae, a the prebiotic Glyco-
macropeptide (GMP) is able to reduce levels of Desulfovibrio
bacterial species in the gut microbiome. GMP is able to do this
by the production of SCFAs. GMP is able to produce SCFAs in
the cecal area which disrupts the environment needed to produce
Desulfovibrio by lowering intestinal pH levels'*Z. Additionally,
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some propose that GMP reduces Desulfovibrio by altering the
mucin synthesis. Desulfovibrio is typically found in the mucus
gel layer of the colon%. This is likely because Desulfovib-
rio main job is to metabolize sulufate mucopolysacchrides that
are found in the mucin. If, if GMP lower mucin production,
it would also wipe out Desulfovibrio concentration. However,
there has been little to no concrete studies of GMP affecting
mucin production'#Z.

Fructooligosaccharide (FOS) is a prebiotic that is naturally
occurring in many food products like garlic, onion, bananas,
and leeks®!. FOS has been observed to alleviate depression-like
behaviors by lowering corticosterone levels in the plasma and
urine of rats'??. Corticosterone in rats is similar to cortisol
in humans. Studies have shown that high levels of cortisol in
humans are associated with increases in the severity of MDD
like psychotic and melancholic MDD'3?, Additionally, the rats
receiving the FOS exhibited a higher diversity of beneficial
bacteria like Acinetobacter, Barnesiella, and Dialister within
the gut microbiota'??. This indicates that the ability of FOS
to improve gut dysbiosis may in turn reduce depression-like
symptoms.

Fructooligosaccharides are an example of prebiotics found in
food. On the opposite end would pharmaceutical prebiotic treat-
ment, and although not exactly a pharmaceutical supplements, a
new form of prebiotics is being discovered in the form of herbal
medicine. Herbal medicine is considered a form of prebiotics
because of their ability to modulate the gut microbiota and im-
prove colonic epithelium function’3!. Herbal medicine as a
whole like Triphala, which is a specific herb itself, or Ayurveda,
which is a type of medical system that involves herbal medicine
have been well documented to have benefits on gastrointestinal
health. Herbal medicines are able to increase the abundance
of bacterial species that are a part of both the Bifidobacterium
and Lactobacillus genera. Additionally, another prebiotic trait
that herbal medicine has is the ability to decrease the concen-
tration of pathogenic bacterial species. The negative bacterial
species that herbal medicine decreases are Citrobacter freundii
and Klebsiella pneumoniae, both of which are linked to Leaky
Gut syndrome"3!.

Discussion

Depression is an extremely well-known mental health disorder
that has affected numerous individuals on a global scale. There
are many treatments that scientists have concocted for depres-
sion. However, treatments for depression are currently targeted
to the brain itself by working on neural networks. There is
limited research tackling the efficacy of treating depression by
targeting the gut brain connection. There are strong connec-
tions between gut dysbiosis and depression through multiple
pathways that connect the gut to the brain like the HPA and the
gut-brain axis. The gut in these bidirectional pathways produces

many neurotransmitters that have a close affiliation with the
brain and its numerous mental health disorders. Specifically,
the bacterial microbes within the gut are responsible for the
creation of these neurotransmitters, most notably the creation of
serotonin amongst other substances. However, if gut dysbiosis
occurs, this reduces the abundance of bacterial microbes which
results in limited production of the neurotransmitters in this
gut-brain communication.Hence, medications that specifically
modulate gut dysbiosis may have the potential to double as a
treatment for depression.

Prebiotics and probiotics sustain bacterial microbes that are
involved in the creation of key neurotransmitters that connect
the gut microbiota and depression. One such neurotransmitter is
serotonin. Serotonin is a neurotransmitter linked to alleviating
depression. Nearly all serotonin products in the body come
from the gut microbiota. The Clostridia genus is one of the
bacterial microbe that is used to promote serotonin. On the other
hand, most probiotics are generally limited to containing strains
of Lactobacillus and Bifidobacterium genera, not Clostridia.
Considering this, one limitation of traditional food probiotics
as possible treatments for depression may arise. To counteract
the lack of Clostridium genus is conventional probiotoic, the
idea of modifying these probiotics to contain more clostridia
genus to produce more serotonin should be further researched
and developed.

However, there is another form of probiotic treatment other
than just food. Probiotic supplements, through the producint of
different vitaminss can offer a wider variety of live microorgan-
isms. For instance, vitamin B, a vitamin that certain genuses of
bacteria found in probiotics can produce, can support the growth
of Coprococcus 3 bacteria which is part of the Coprococcus
genus. Thus, probiotic supplements are not limited to the Lacto-
bacillus and Bifidobacterium genera. Therefore, they do have
the potential to promote the growth of Clostridia bacteria which
in turn can promote serotonin production and help to mitigate
depression related symptoms.

In a similar fashion, prebiotics can also be used to alleviate
depression through their interactions with metabolites produced
by the gut microbiome that play a role in the HPA axis. One
role that prebiotics have is the ability to reduce the negative,
pathogenic bacterial microbes in the gut microbiome. When
gut dysbiosis occurs, there is a shift towards higher abundance
of pathogenic microbes. These pathogenic bacterial microbes
convert choline derived from the diet to TMA which is further
oxidized into TMAO. TMAO is a metabolite produced in the gut
microbiome that serves as a form of communication between
the gut and the brain by crossing the blood brain barrier. It is
worth noting that high TMAO levels are often found in individu-
als suffering from depression. One of the pathogenic bacterial
microbes that uses choline is Desulfovibrio desulfuricans. The
prebiotic Glycomacropeptide is able to reduce Desulfovibrio
bacterial microbes by lowering intestinal pH levels. Therefore,
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in theory, glycomacropeptide reducing Desulfovibrio desulfu-
ricans would decrease the amount of total bacterial microbes
available to covert choline into TMAO. Hence, the use of prebi-
otics and probiotics can allow for the restoration of homeostasis
in the gut microbiome. This will result in the reduction of
pathogenic microbes that produce molecules such as TMAO
that have negative impacts on brain health. Therefore, reducing
depression related symptoms.

Probiotics and prebiotics are individual supplements often
taken separately. Synbiotics aren’t as well studied compared
to probiotics and prebiotics and little is known about the differ-
ences between them. Synbiotics is another type of nutritional
supplement and is the synergistic combination of both probi-
otics and prebiotics. An exploration of symbiotics would be
beneficial in that it would provide insight into whether or not its
use would provide the same benefits for treatment of depression
as taking prebiotics and probiotics in their individual form.

Another topic that can be further explored is the use of nat-
ural vs manufactured probiotics and prebiotics found in food.
Typically, natural probiotics are found in fermented foods like
kimchi, which is Korean fermented cabbage. However, probi-
otics can also be added into food. This is typically done by
food manufacturers to produce large amounts of food products
at once for commercial use. These probiotics have been pro-
posed to not have the same effects on host health, as they are
typically only used to keep these food items fresh. Therefore,
future research should explore the differential impact of prebi-
otics and probiotics derived from natural sources vs those that
are commercially produced.

Regardless, a limitation in this study is simply the fact that the
entire field of nutrional psychiatry, that is the field that connects
nutrition to mental health and brain health has been a rather new
field. There is still moer information left to be revealed about
to how both the overall gut organ and the gut microbiome are
related to brain health and mental health. Thus prebiotic and
probiotic and their relationship to mental health can only be
studied so much before the relationship between the gut and its
microbiome is solidified and more scientifically researched.

However, because of probiotics and prebiotic’s popularity
in the world of gut health and gut dyboisis, future research
and field advancements regarding nutroinal psychiatry is on the
upswing and is bound to happen to hopefully provide proper
mental health and gut health for all.

Conclusion

Probiotics and prebiotics are two forms of treatment for dysbio-
sis of the gut microbiome through their ability to repopulate and
sustain the growth of bacterial microbes in the gut microbiome.
Through diversifying the gut, it has a possible inadvertent effect
in also treating depression and boosting brain health. This re-
view article aimed to answer if this possible inadvertent effect

should be further looked into as a necessary intervention for
depression related to gut dysbiosis. Through the analysis of the
sources gathered for this review article, probiotics and prebiotics
should be further discussed as possible treatment options for
depression because of their work in the gut microbiome. Pro-
biotics and prebiotics have the ability to support the growth of
healthy bacteria that produce molecules connected to depression.
They also possess the ability to reduce pathogenic bacteria that
produce molecules that may increase risk of depression. Thus,
both of these supplements may be possible interventions for
depression that may be connected to gut microbiota dysbiosis.
Though the evidence for the use of prebiotics and probiotics as
treatments for depression may be encouraging, further studies
need to be conducted to fully confirm their therapeutic potential.
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