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Abstract

The effects of microorganisms on the central nervous system are manifested
in both health and disease states. The symbiotic microorganisms in the hu-
man gut have certain effects on the brain development before and after birth.
Chronic inflammation in patients with irritable bowel syndrome (IBS), psy-
chiatric disorders such as PTSD, anxiety disorders, etc., is likely to be asso-
ciated with an imbalance in gut flora. Intestinal flora regulates the central
nervous system mainly through nerve, endocrine, metabolic and immune
pathways. The mechanisms involved in the influence of intestinal flora on the
central nervous system are diverse, so it is necessary to explore the role of in-
testinal flora in mental and psychological diseases.
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1. Introduction

The direct link between the brain and gut flora may seem implausible, but the

use of antibiotics and probiotics in the clinic has shown that gut flora can influ-

ence brain function. In decompensated cirrhosis, the use of antibiotics and pro-

biotics can alleviate or reverse hepatic encephalopathy [1] [2]; in addition, in pa-

tients with gastrointestinal diseases associated with psychological disorders, such

as irritable bowel syndrome, the imbalance of intestinal flora is common, and

the use of probiotics can improve gastrointestinal symptoms and their accom-

panying depressive and anxiety symptoms [3]. At the same time, animal experi-
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ments have also proved that intestinal flora is involved in the occurrence and
development of neurological diseases caused by immune disorders, and can re-
gulate brain development in rats with multiple sclerosis model [4]. Therefore,
this emerging field of research not only gives us a better understanding of this
range of diseases, but also provides us with new ideas to find treatments for
these diseases. Based on the existing animal experiments, this paper mainly dis-
cusses how the intestinal flora regulates the brain activity and leads to the oc-
currence and development of mental and psychological diseases. At the same
time, the limited relevant clinical research is also reviewed, so as to provide new
ideas for the research and treatment of mental and psychological diseases.

There is a complex ecosystem of microorganisms in the human gut, including
bacteria, fungi, archaea and viruses. These microorganisms are collectively called
intestinal microbiota [5]. The human intestinal microflora is mainly composed
of Firmicutes and Bacteroidetes, which are dominated by clostridium. In addi-
tion, actinomycetes and proteobacteria also occupy a certain amount of intestin-
al microflora. The number, species and distribution of intestinal microbiota are
related to the age, sex, diet, medication, infection and environment of the indi-
vidual [6] [7]. The intestinal microbiota colonized in a patchy form, forming a
biota zone, there is no obvious distribution pattern. Although the distribution of
intestinal microflora varies greatly among host individuals, the higher-order taxa
are similar, so the random distribution needs to be further explored. A large
number of bacteria inhabit the human intestinal tract. The total number of bac-
teria colonized in the intestinal tract of an average person is estimated to be
about 1000 kinds, and the total number of genes is about several hundred times
that of human genes, which has an important impact on human life activities [8]
[9]. Colonization of the host intestinal flora plays a very important role in the
physiological functions of the host, including the uptake of energy from food,
production of important metabolites, promotion of the development and matu-
ration of the immune system, and protection of the host against pathogen infec-
tion [10]. Previous studies have focused on the relationship between intestinal
bacteria and digestive diseases, such as irritable bowel syndrome and infectious
diarrhea. There are also many reports that changes in intestinal flora are closely
related to diabetes, arthritis, and even tumors [11] [12] [13] [14] [15]. Recent
studies have shown that intestinal flora has a huge regulatory effect on the de-
velopment and behavior of host brain [16] [17] [18]. Under pathological condi-
tions, the balance of intestinal microenvironment is broken, resulting in the im-
balance of bacterial flora. The team, led by Professor Zhao Liping, found changes
in the number of certain bacteria in the intestines of diabetic model animals
[19]. It suggests that some kinds of lactobacillus in the intestinal tract may be
involved in the development of diabetes. The change of flora is not only a con-
sequence of diabetes, but also a possible cause of diabetes. Intestinal microeco-
logical imbalance has been found to be closely related to irritable bowel syn-

drome, inflammatory bowel disease, asthma, obesity, diabetes, liver cirrhosis and
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other pathological conditions [20] [21] [22]. In recent years, studies have found
that intestinal flora plays an important role in the human immune, neuroendo-
crine and other physiological functions and the occurrence of many diseases [23]
[24]. Recent research has revealed that gut flora interacts with the brain through
the gut. Evidence suggests that gut flora plays an important role in regulating
mood and brain activity. Whether it is the downstream regulation of the brain or
the upstream regulation of the intestinal flora, it mainly plays a role through
immunity, HPA axis and neurotransmitter [25]. Exactly how the gut flora is re-
lated to the brain is still being explored and it is speculated that increased per-
meability of the intestinal wall caused by stress may play an important role. The
colonized intestinal flora and its products enter the circulatory system through
the intestinal wall, thus activating the immune system and HPA axis in rats.
Taking probiotics prevents translocation. Researchers have found evidence of
intestinal bacterial translocation in the serum of people with mental illness, such
as depression, which may be linked to abnormally activated immune systems
and the HPA axis [26]. The findings suggest that gut flora may be a potential
target for the treatment of mental illness. In particular, animal studies in recent
years have shown that depression can cause changes in gut flora [27]. Mean-
while, the composition of intestinal flora of rats exposed to long-term stress was
significantly different from that of the control group. In addition, Bailey [28] et
al. exposed rats to social stress resulting in structural changes in the intestinal
flora of the rats, which were observed early in the exposure period. Although
these animal models confirm the effects of depression on the intestinal micro-
ecosystem, whether this relationship exists in people of different RACES and re-
gions needs further confirmation. Recently, the correlation between intestinal
microbiota and some mental and psychological diseases has become a new re-

search hotspot.

2. Intestinal Bacteria and Post-Traumatic Stress Disorder

Post traumatic stress disorder (PTSD) is a type of stress related disorder in
which sudden, threatening or catastrophic life events lead to delayed appearance
and long-term persistence of individual clinical symptoms that are severe and
greatly impair mental health. Studies have shown that the average incidence of
PTSD due to different types of trauma is about 12% and can be as high as 80%
[29]; epidemiological studies show that more than half of people with PTSD
have comorbidities such as depression, other anxiety disorders, and substance
abuse. In recent decades, with the rapid development of society and the accele-
rated pace of life, the frequent occurrence of various traumatic events, such as
natural disasters, wars, terrorist incidents, traffic accidents, public safety inci-
dents and so on, people are under increasing psychological stress, and the inci-
dence of PTSD is on the rise. PTSD has become a serious public health and so-
cial problem. PTSD has attracted more and more attention and is one of the
current research hotspots. Research on the pathogenesis of PTSD has focused on
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its association with genetic susceptibility, neuroendocrinology, neuroimmunol-
ogy, biochemistry, and psychosocial environment [30] [31] [32] [33]. As an in-
dicator of the activity of the hypothalamic-pituitary-adrenal axis (HPA), cortisol
secretion regulates and reflects the physiological response of the body to fear and
stress, which has become a consensus among experts. Recent studies have found
that the development and maintenance of PTSD is closely related to functional
changes in the HPA axis [34] [35]. Typically, exposure to stress triggers an emo-
tional response, which activates the hypothalamus through a connection to the
limbic system of the brain, triggering activity in the HPA axis. Corticotropin re-
leasing hormone (CRH) followed by paraventral hypothalamus neurons ACTS
on the anterior pituitary and releases Adrenocorticotropin (ACTH) hormone.
ACTH is transported to the adrenal cortex through peripheral blood circulation,
which promotes the production and release of cortisol. This whole process is
called forward feedback function of the HPA axis, while the process in which
elevated cortisol levels inhibit the pituitary, hypothalamus, and hippocampus
through a negative feedback mechanism is called negative feedback function of
the HPA axis. The HPA axis should play an important role in pressure response
and homeostasis maintenance. Other studies have found that urine and plasma
dopamine (DA) levels are noted to be positively correlated with PTSD [36] [37],
DA is a neurotransmitter closely associated with memory, and PTSD is at least
partly a mental disorder associated with emotional memory, so the association
between the DA system and PTSD symptoms is understandable. The researchers
found that the different stages of conditioned fear memory formation are regu-
lated by the DA system. Although these studies, along with related genetic stu-
dies and phenotypic polymorphism studies, provide some compelling evidence
for the complexity of the pathogenesis of PTSD. However, a full, comprehensive
and systematic understanding of the etiology and pathogenesis of PTSD is not
yet available, and new related factors, especially important common links, need
to be actively explored in order to obtain key measures to intervene in the de-
velopment of PTSD.

The brain-gut axis is the bidirectional regulating axis of the interaction be-
tween the brain and the gastrointestinal tract, including central nervous system
(CNS), autonomic nervous system (ANS), enteric nervous system (ENS), HPA
axis and other structures. The functions of each part are coordinated. The ga-
strointestinal tract is the only organ controlled jointly by CNS, ANS and ENS in
the body, which has both sensory function and motor function. It is called
“emotional reactor”. Gastrointestinal discomfort is often accompanied by emo-
tional response, which, in turn, activates the neural activity of CNS related parts,
transmits regulatory information down the brain-gut axis to the gastrointestinal
tract, changes its dynamic and secretory functions, activates intestinal mucosal
immunity, and affects intestinal mucosal barrier function. Irritable bowel syn-
drome patients are often accompanied by physical discomfort, anxiety, depres-
sion, fatigue and other symptoms, and some animal models of irritable bowel

syndrome are also based on the brain-gut axis theory [38] [39] [40]. Some pa-
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tients with inflammatory bowel disease are associated with anxiety and depres-
sion, and the severity of anxiety and depression parallels the activity of the dis-
ease [41]. Most functional gastrointestinal patients were associated with HPA
axis abnormality and ANS dysfunction. In patients with gastroesophageal reflux,
there is a strong correlation between anxiety, depression and gastrointestinal
symptoms such as heartburn, and psychological or antidepressant treatment is
effective in some patients [42]. In psychiatric patients, depression and genera-
lized anxiety disorders are often accompanied by gastrointestinal discomfort.
These studies suggest that disorders of the brain-gut axis may play a role in the
development of mental illness.

3. Intestinal Bacteria and Autism and Depression

Autism spectrum disorder (ASD) is a neurobehavioral developmental disorder
associated with impaired social and verbal communication. Autism is a classic
autism spectrum disorder. Studies have shown a link between gut flora and aut-
ism. The imbalance of intestinal flora may lead to the overproliferation of neu-
rotoxin-producing bacteria and induce autism symptoms. Many patients with
GENERALIZED anxiety disorder often see the gastroenterology department for
gastrointestinal symptoms for the first time [43]; especially in children with aut-
ism, gastrointestinal symptoms such as nausea, vomiting, constipation, diarrhea
and other common [44]. It has been reported that oral vancomycin has a certain
effect on aggressive children with autism in the short term [45]. Changes in in-
testinal flora and specific intestinal symbiotic strains play a role in autism spec-
trum disorders [46]. Clostridium difficile is presumed to cause autism. In fact,
two studies have found that in addition to C. difficile, autistic people have im-
balances in other intestinal flora [47] [48] [49] [50] [51]. Autism patients have
an imbalance between firmicutes and bacteroidetes [48]. It was found that bac-
teroidetes dominated the autistic patients and firmicutes dominated the healthy
controls [49]. In addition, intestinal flora composition changes, such as bifido-
bacteria, lactobacillus. However, studies have cast doubt on the link between gut
flora and autism. This difference may be due to sampling and detection tech-
niques, while differences in the metabolic components of urine and faeces in au-
tistic and healthy people may also lead to differences in the bacterial flora. De-
pression is a common mood disorder caused by neuropsychological or immune
imbalance [52]. Probiotics can relieve depressive symptoms in animal models of
depression. Lactic acid bacteria are also thought to have antidepressant proper-
ties. Lactobacillus rhamnosus and Lactobacillus helveticus can relieve depressive
symptoms caused by mother and child separation by restoring cortisol levels
[53]. Similarly, Lactobacillus rhamnosus has been shown to regulate cortisol and
GABA receptors through the vagal pathway, thereby reducing depressur-related
behavior [54]. Bifidobacterium also has potential antidepressant effects. Infant
bifidobacteria can reduce depressive symptoms in rats that were forced to swim

or separated from their mothers. These mechanisms may be associated with lo-
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wering inflammatory cytokines, regulating serotonin and central nervous system
transmitters [55]. In rat models of myocardial infarction accompanied by de-
pression, the probiotics Lactobacillus and Bifidobacterium have been shown to
act as antidepressants by reducing inflammatory factors and rebuilding the in-
testinal wall membrane barrier [55]. In addition, intestinal microbial metabolites
such as butyrate have been found to have antidepressant effects in animal expe-
riments. In addition, the mixture of unsaturated fatty acid N. 3, Lactobacillus
rhamnosus and Lactobacillus helveticus can also reverse the depressive symp-
toms in rats after myocardial infarction [55].

4. Gut Bacteria and Anxiety

Anxiety disorders are common neurological, endocrine and immune-based
mood disorders. Exposure to stress can lead to reactions such as nervousness
and anxiety, accompanied by activation of the HPA axis. Many diseases asso-
ciated with tension and anxiety often have intestinal dysfunction, indicating ab-
normalities in neurotransmitters and immunity in the signaling of the brain's
gut axis. Compared with the normal rats, the sterile rats showed more activity
and less anxiety [56] [57]. This behavioral change is associated with reduced
neurotransmitter receptors in the central nervous system and increased seroto-
nin metabolism. Therefore, it can be speculated that intestinal flora plays a role
in neurotransmitter regulation [58] [59]. Opportunistic pathogens in the gut can
cause anxious behavior. Campylobacter jejuni infection can lead to anxious be-
haviors, mainly by inducing FOS protein production in the central nervous sys-
tem and autonomic nervous system [60] [61]. However, probiotics can relieve
anxiety symptoms. In animal studies, both bifidobacteria and lactobacillus were
found to correct symptoms in anxious rat models. Intestinal flora can also affect
the function of the HPA axis. The hyperactivity of HPA axis in sterile rats was
accompanied by an increase in peripheral neurotransmitters and a decrease in
brain-derived neurotrophic factors [62]. In addition, external stress can affect
the composition of gut flora [63]. It was found that mother-child isolation re-
sulted in decreased bacteroides and increased clostridium in the intestinal flora
of rhesus monkeys, accompanied by an increase in peripheral inflammatory fac-
tors. Lactobacillus helveticus and Lactobacillus rhamnosus were administered to
rats to relieve the psychological stress caused by water restriction and to reshape
the integrity of the intestinal mucosal wall [64]. Lactobacillus farciminis also
prevents an increase in intestinal permeability caused by stress and reduces se-
rum cortisol levels [65]. Bifidobacterium longum can correct anxious behavior
and restore BDNF level in the central nervous system of rats with infectious coli-
tis through vagal nerve pathway [66]. Lactobacillus helveticus and Bifidobacte-

rium Jongum have anti-anxiety effects in both animals and healthy people.

5. Conclusion and Prospect

More and more animal and human studies show the brain, the bowel, and the
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presence of microbial axes. Microbes regulate the central nervous system, im-
munity, and behavior in both disease and health. Although the interaction be-
tween gut microbes and the brain has been gradually recognized in recent years,

the role of microbes in psychiatric diseases needs further study.
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