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Abstract

With the aging in whole world, it has become a great challenge to explore the
relationship between the cognitive and behavioral performance of senile de-
mentia and the underlying pathology of the brain. Alzheimer’s disease (AD)
is a common age-related and progressive neurodegenerative disease characte-
rized and one of the main causes of senile dementia. The pathogenesis and
treatment mechanism of AD are not completely clear. In recent years, it has
been found that the Gut microbiota (GM) disorder is related to nervous sys-
tem diseases. The objective of this review is to summarize the etiology and
pathogenyon the role of GM in the development of AD, metabolites of GM
and the occurrence of AD, and GM, diabetes and occurrence of AD. Under-
standing the relationship between GM and AD will help provide possible in-
terventions to improve the structure of GM and prevent AD through differ-
ent treatments, and it may provide clinicians with a new and more effective
way for early diagnosis, prevention and treatment of AD.
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1. Introduction

With the aging in whole world, it has become a great challenge to explore the
relationship between the cognitive and behavioral performance of senile demen-
tia and the underlying pathology of the brain. Alzheimer’s disease (AD) is a
worldwide neurodegenerative disease and one of the main causes of senile de-
mentia, accounting for 50% to 70% of all senile dementia cases. Although the on-
set of AD is slow, the disease will worsen progressively, from initial short-term

memory loss to behavioral problems such as language disorder and orientation
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disorder, and gradually lose body function, resulting in death [1].

AD is related to neuronal injury and progressive synaptic dysfunction. Wheth-
er there is deposition of extracellular amyloid S (Ap) and hyperphosphorylation
of intracellular Tau protein which lead to neurofibrillary tangles is the patholog-
ical diagnostic criteria of the disease [2]. Amyloid precursor protein (APP) is a
highly expressed normal transmembrane protein of neurons. In the process of
cell metabolism, f and y secretase cleavage into A, Ap aggregates outside the
cell to form oligomers and fibers, and finally forms plaques [3]. Tau protein is a
kind of intracellular microtubule binding protein. Hyperphosphorylation will
cause the disintegration of microtubules and lead to axonal transport disorders
[4]. The exact cause of AD is not clear, so far there is no effective cure for AD.

The human gut is an anaerobic bioreactor with a diverse population of mi-
croorganisms, including bacteria, yeast, archaea, viruses, protozoa, and parasites
such as helminths, collectively known as microbiota, which occupy different
niches of the mucosal surfaces in the gastrointestinal (GI) tract [5] [6]. The gut
microbiota (GM) is numerous and rich in species, which have more than 10 000
species with a number of 10" colonized in the intestinal tract of an adult. The
GM is mainly composed of Firmicutes, Bacteroidetes, Proteobacteria and Acti-
nobacteria [7], and other 2% microorganisms include Cyanobacteria, Fusobacte-
ria, some fungi and viruses [4]. In general, these microorganisms are in dynamic
equilibrium and maintain a mutually beneficial symbiotic relationship with the
host. GM can degrade foods that are usually not digested, promote the absorp-
tion of nutrients, synthesize vitamins, participate in bile acid metabolism, affect
lipase activity, thus affect the absorption and distribution of fat, promote the de-
velopment of the immune system, maintain the normal function of the immune
system, and inhibit the proliferation of pathogenic microorganisms [8].

GM is constantly changing. The species and number of GM bacteria are af-
fected by the stage of human development, health status and food, resulting in
flora dysbiosis. In the elderly, the diversity of bacteria decreased, and although
Firmicutes and Bacteroidetes were still the main flora, but some potential pa-
thogenic bacteria (such as Proteobacteria) increased and beneficial bacteria (such
as Bifidobacterium) decreased. Flora dysbiosis is associated with a variety of dis-
eases, including gastrointestinal diseases (irritable bowel syndrome, inflam-
matory bowel disease, etc.), metabolic diseases (obesity, hypertension, hyperli-
pidemia and diabetes, etc.), liver disease, cancer, chronic fatigue syndrome, be-
havioral and psychiatric diseases (such as autism and depression) [8]. Recent stu-
dies have shown that GM is also related to the onset of AD [4] [7] [9] [10] [11].
The GM of 85% AD patients is abnormal [12]. These diseases are accompanied
by changes in GM. The important feature of AD is a decline in memory and
cognition. A study has shown that memory disorders in mice were caused by
high-fat diets or GM disorders caused by Citrobacter rodentium. The composi-
tion of microflora, toxin level and inflammatory response were also different in

patients with liver cirrhosis with different cognitive abilities. Alcaligeneceae and
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Porphyromonadaceae are positively correlated with the decline of cognitive abil-
ity [11]. By changing GM, such as GM transplantation, antibiotics or food, the
state of the disease can be improved, and even the purpose of treatment can be
achieved [8].

2. GM Participates in the Disease Process of AD

1) The basis of the interaction between GM and central nervous system (CNS):
the gut microbiota-brain axis

The between brain and intestinal microflora communicate through the brain-
visceral-sympathetic axis (gut microbiota-brain axis). The gut microbiota-brain
axis consists of the CNS, neuroendocrine system, immune system, sympathetic
nerve, parasympathetic nerve branches, intestinal nervous system and intestinal
microflora [13]. There are three main ways of communication between the in-
testinal tract and the brain: afferent nerve fibers, neuroimmune regulation and
the use of neuroendocrine pathways [14]. Intestinal microflora is involved in
regulating many functions of the brain, for example, bacteria can regulate the
activity of the peripheral nervous system and CNS through a variety of commu-
nication methods such as vagus nerve and adrenergic nerve; regulate the activa-
tion of the hypothalamic pituitary adrenal (HPA) axis, stimulate the HPA axis to
release cortisol, and then control the activation of brain microglia; affect the re-
lease of cytokines and the migration of monocytes from the periphery to the brain;
and produce neurotransmitters, neuropeptides and hormones etc., which affect
the mental health of the host [15].

In addition, brain injury and different psychological states can affect the com-
position of GM and may induce diseases. For example, brain injury caused by
stroke has been proved to change the composition of cecal flora in mice, which is
characterized by a significant decrease in Prevodiaceae and an increase in the
proportion of Enterococci, which is positively correlated with the severity of brain
injury [16]. In patients with acute depression, the proportion of Bacteroides, Pro-
teus and actinomycetes was higher, while the proportion of Firmicutes decreased
significantly [17].

2) GM participates in the disease process of AD by affecting the stability of
intestinal barrier

The increase of intestinal mucosal permeability is considered to be one of the
mechanisms of abnormal gut microbiota—brain axis information transmission.
Changes in GM can affect intestinal mucosal permeability and cause systemic
and intestinal inflammatory reactions through ectopic bacteria and their meta-
bolites. Lipopolysaccharide (LPS) can not only affect inflammatory response, but
also affect intestinal mucosal permeability by affecting the tight junction of in-
testinal mucosal epithelial cells [18]. Anaerobic bacteria such as Bifidobacterium,
Lactobacillus, and Clostridium tenuiformis are the dominant flora in the intes-
tinal tract under physiological conditions, which can regulate the physiological

function of the intestinal tract and inhibit the reproduction of pathogenic bacte-
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ria. Enterobacter and enterococci are common pathogens in the intestinal tract.
In the course of liver cirrhosis, the intestinal mucosal barrier is destroyed, ente-
robacteria and enterococci begin to multiply in large numbers, and translocate
into blood circulation and ascites, participating in the occurrence and develop-
ment of SBP and hepatic encephalopathy [19]. Under normal circumstances, cy-
tokines cannot pass through the blood-brain barrier, but through the synthesis
and release of pro-inflammatory cytokines and interleukin-6 (IL-6), it affects the
brain to activate the HPA, thus affecting the nervous system [20].

3) GM participate in the disease process of AD through regulated inflamma-
tory response

Researchers have been studying the possible causes of infections in neurode-
generative diseases for a long time. It has been reported that AD is associated
with the infection of herpes simplex virus, spirochetes, chlamydia pneumoniae
and fungi [21] [22] [23]. In APP/PS1 double transgenic mice, it was preliminari-
ly observed that compared with the wild type control group, the Allobaculum
and Akkermansia decreased, while Rikenellaceae increased [24]. Neuroinflam-
mation is considered to be one of the main causes of pathological changes in
neurodegenerative diseases [25]. Proinflammatory cytokines produced in CNS
and peripheral nervous system regulate neuronal function and can cause patho-
logical cell death [26]. Microglia cells play an important role in preventing and
promoting neurodegenerative diseases, so it is reasonable to speculate that GM
may affect these inflammatory diseases that lead to brain aging. The change of
GM may promote the process of inflammation, which leads to neuroinflamma-
tion of AD. Some bacteria of GM can secrete large amounts of LPS and amyloid
proteins, which may be the pathogenesis of AD in aging. The permeability of ga-
strointestinal epithelial cells and blood-brain barrier increases with age. It has
been suggested that LPS and amyloid may directly or indirectly pass through
protective physiological barriers such as the damaged gastrointestinal tract or
blood-brain barrier, and then trigger cytokines or other small proinflammatory
molecules that are normally transported [27] [28]. A recent study [29] reported
that lipopolysaccharide from Bacteroides fragilis (BF-LPS) exposed to human
major brain cells, and it is a potent inducer of proinflammatory transcription
factor NF-kB (p50/p65) complex, which is known to trigger the expression of pa-
thogenic pathways in inflammatory nervous system degeneration. The characte-
ristic of the brain of patients with AD is that BF-LPS can further recognize TLR2,
TLR4, CD14 microglial receptors and Ap42. In addition, many intestinal bacte-
ria also produce large amounts of amyloid protein, including Bacillus coli, Ba-
cillus subtilis, Salmonella typhimurium, Salmonella entericus, Mycobacterium tu-
berculosis, and Staphylococcus aureus. Folding into A through abnormal pro-
tein accumulation contributes to the pathological changes of AD [30]. It is spe-
culated that functional amyloid produced by intestinal bacteria may be the source
of protein misfolding in neurons and initiate innate immunity and activate neu-

roinflammation through cross-seeding [31].
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4) GM affects AD through neurotransmitters

At present, many studies have shown that GM has changed in patients with
AD, which may be involved in the pathogenesis of AD. Through the 16srRNA
sequencing of 43 AD patients, it was found that at the classification level, the
bacterial groups of AD patients were different from those of the control group,
such as Bacteroides, actinomycetes, rumen cocci, spirochetes, selenomonas and
so on, were significantly increased in AD patients. In addition, many bacteria
can synthesize and release many neurotransmitters and neuroregulators them-
selves, and intestinal endocrine cells can secrete neuropeptides. All these suggest
that intestinal microflora may be involved in the pathological development of
AD [32] [33] [34]. Gram-positive bacteria such as Lactobacillus and Bifidobacte-
rium can produce y-aminobutyric (GABA) in the intestinal tract. GABA is an
important inhibitory neurotransmitter in the human CNS [35]. The concentra-
tion of GABA in the nervous system is related to the concentration of GABA in
the intestinal tract. If the number of Gram-positive bacteria such as Lactobacillus
and Bifidobacterium in the intestinal tract decreases, the GABA in the intestinal
tract will decrease, which will lead to a decrease in the level of GABA in CNS.
However, GABA mediates neuroregulation and transmission of neurotransmit-
ters, and if its level decreases, the dysfunction of the system can lead to cognitive
disorders, such as AD. By autopsy comparison with individuals without AD, the
levels of GABA in frontal lobe, temporal lobe and parietal lobe cortex of AD pa-
tients were decreased [36]. Serotonin (5-HT) plays an important role in the reg-
ulation of cognitive function. Selective 5-HT reuptake inhibitors can reduce the
synthesis of ASin the brain, so increasing the level of extracellular level of 5-HT
can reduce the formation of senile plaques, thereby reducing the risk of AD [37].
Candida albicans, Streptococcus and Escherichia coli synthesize more than 95%
of the 5-HT in the intestine, while the blood 5-HT level of aseptic mice is about
60% lower than that of non-pathogenic mice with normal GM, but an increase
in 5-HT concentration can be detected after GM reconstruction of aseptic mice
[38]. Glutamate is an important excitatory neurotransmitter in human CNS.
N-methyl-D-aspartate (NMDA) glutamate receptor plays an important role in
normal learning and memory of the brain [39]. Through the observation and
study of aseptic mice and mice fed with antibiotics, it was found that there was a
correlation between NMDA receptor and GM, and the expression of NMDA
mRNA and NMDA receptor level in the hippocampus of aseptic mice and mice
given antibiotics decreased significantly [40].

In addition, the decrease of intestinal Lactobacillus will lead to a correspond-
ing decrease in the level of acetylcholine (Ach) [41], and the decrease of Ach will
lead to the dysfunction of cholinergic neurotransmitters in the cortex, which is
the basis of cognitive impairment in patients with AD [42]. Brain-derived neu-
rotrophic factor (BDNF), which blocks the accumulation of A fand tau proteins
at synapses, was found to decrease in the brain and serum of patients with AD

[43], and the expression of BDNF in the hippocampus of aseptic mice was also
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lower than that of non-pathogenic mice with normal GM [44]. Increased levels
of cyanobacteria in the intestine will produce too many neurotoxins, for exam-
ple, /-N-Methylalanine-I-Alanine (BMAA) will interfere with the normal physi-
ological activities of NMDA, and long-term exposure to BMAA will cause intra-
cellular neuronal fiber tangles and Ag deposition, increasing the risk of AD [45].
Clam toxin and Anabaena toxin-a can further cause neurological diseases with

age and increase the risk of AD [46].

3. Metabolites of GM and the Occurrence of AD

1) GM affects animal behavior

GM has a great influence on the development of nervous system and animal
behavior, for example, the aseptic mice have obvious anxiety symptoms and cog-
nitive decline, but after the implantation of normal GM, the behavior and mem-
ory status of these aseptic mice return to the level of normal mice. This change is
related to 5-HT receptor 1A and BDNF [4] [11]. BDNF is very important for the
development and differentiation of nervous system and human cognitive func-
tion [47]. The content decreased in the brain and serum of patients with schi-
zophrenia, anxiety and AD, as well as in aseptic mice. The decrease of BDNF in
hippocampus and cerebral cortex caused by abnormal GM is related to progres-
sive cognitive loss [4].

2) Protective and toxic effects of metabolites of GM

A variety of bacteria can produce 5-HT, adrenaline, dopamine, acetylcholine
or GABA to play the role of hormone or neurotransmitter-like substances [48].
Lactobacillus, Lactococcus and Bifidobacterium can convert glutamate into GABA,
and GABA is a major inhibitory neurotransmitter. The abnormality of its signal
pathway is related to anxiety, depression [4] [49] and cognitive impairment in-
cluding AD [50]. In addition, 3-indole propionic acid is the deamination prod-
uct of tryptophan. And as a strong antioxidant, it can scavenge free radicals in
plasma and cerebrospinal fluid and has preventive and therapeutic effects on
AD. Clostridium sporogenes of GM can produce 3-indole propionic acid from
tryptophan [48].

However, GM often produces large amounts of brain-toxic metabolites, in-
cluding D-lactic acid and ammonia [51]. Bacteria that produce D-lactic acid in-
crease in the feces of patients with chronic fatigue syndrome and neurocognitive
impairment. Ammonia is usually converted into urea through the urease of bac-
teria, which is absorbed and detoxified by the liver. In liver cirrhosis, ammonia
can enter the blood directly, causing hepatic encephalopathy [51]. The content
of neurotoxic BMAA is increased in patients with AD, which is related to cya-
nobacteria of GM. BMAA can activate NMDA receptor, AMPA receptor and
glutamate receptor 5 in motoneurons, which leads to the enhancement of oxida-
tive stress and the decrease of antioxidant components such as glutathione (GSH),
and in turn leads to neuronal apoptosis [52]. In addition, BMAA also appears in

misfolded proteins, leading to inflammatory neurodegeneration and AD. Saxitox-
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in and anatoxin-a produced by other cyanobacteria can increase the toxicity of
BMAA [52]. With the increase of age and the decrease of intestinal endothelial
barrier, stress, intestinal disease and lack of nutrition will increase the produc-
tion of BMAA, leading to more serious neurological disorders [4].

3) GM and S-amyloid protein

Amyloid protein is formed by the aggregation of some insoluble protein mo-
lecules, which has a S-folding structure and is rich in lipoproteins. Abnormal
accumulation and folding of amyloid proteins, especially Aj,, and AB,, bind to
TLR2 receptors on the surface of microglia, activate cells, release inflammatory
factors, and produce neuroinflammation, and in turn leads to AD. Some bacteria
and fungi of GM produce large amounts of endotoxin, amyloid protein or their
degradation. With increasing age, the permeability of intestinal epithelium and
blood-brain barrier increases, and they enter the brain through the circulatory
system. Fungal amyloid was found in the blood of patients with AD. It has been
found that Streptomyces, Bacillus, Pseudomonas, Staphylococcus and Bacillus co-
li can secrete amyloid proteins. The precursor protein pathogen associated mole-
cular model protein (PAMP) secreted by Bacillus coli is very similar to AS,, in
structure and immunogenicity, and can bind to TLR2, which results in leading
to the occurrence of AD [7] [27].

4. GM, Diabetes and Occurrence of AD

GM plays an important role in the glucose and lipid metabolism of the host.
When the GM is dysbiosis, the endotoxin produced by bacteria will induce a low
level of inflammation, leading to intestinal diseases such as irritable bowel syn-
drome [50]. Furthermore, Low-level inflammatory response is one of the causes
of diabetes mellitus type2 (T2DM), hypertension, hyperlipidemia and cardiovas-
cular disease, while T2DM or insulin resistance increases the risk of AD.

1) Short-chain fatty acids and inflammatory reaction

GM can degrade undigested plant polysaccharides into short-chain fatty acids
(SCFA), which can be further oxidized and provide energy for the host, and the
resulting SCFA can provide up to 10% to 15% energy. At the same time, SCFA
also has a regulatory effect, affects cell proliferation and differentiation, and sti-
mulates the secretion of hormones [8] [53]. SCFA has a protective effect on the
intestinal barrier. When the number of bacteria producing SCFA decreases, the
integrity of intestinal endothelium is impaired and inflammation is prone to oc-
cur [51] [53]. In diabetic patients, the bacteria that can ferment dietary fiber and
produce SCFA decrease, while the content of TNF-q, IL-6, IL-8 and C-reactive
protein in blood increases [51]. This increase is also related to endotoxins pro-
duced by bacteria. When Bifidobacterium bacteria reduce or eat a high-calorie
diet for a long time, bacterial endotoxin can increase the permeability of intes-
tinal mucosal barrier and cause inflammation [11] [53] [54].

2) AD is associated with insulin resistance and diabetes

When GM is maladjusted, the activity of lipoprotein lipase is enhanced, which
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promotes the production of fat and the synthesis of triglycerides in the liver, and
increases the energy intake from food, which leads to obesity and diabetes or
insulin resistance [55]. The incidence of AD is higher in obese elderly, but AD
can occur when people have a normal weight. After being fed a high-fat diet, the
mice became obese and their GM changed. And after these altered GM were
transplanted into normal mice, the normal mice without obesity appeared en-
dotoxemia, neuroinflammation and cerebrovascular disorders, and cognitive and
stereoscopic behavior also became abnormal. It is suggested that neurological
symptoms can be weakened by changing GM, and GM can also cause behavioral
and neurological disorders without obesity [56].

AD and T2DM have similarity and correlation. Insulin resistance is not only
the cause of T2DM, but also an important risk factor of AD [57]. Patients with
AD have symptoms of insulin resistance regardless of whether their blood glu-
cose level is normal or not. Insulin resistance can promote the accumulation of
amyloid protein, while the increase of amyloid protein is accompanied by the
decrease of cognitive ability and the activation of GSK-3f in insulin signal
transduction pathway [57]. The degree of insulin resistance in patients with AD
is related to the decrease of their cognitive function, so AD can also be regarded
as the result of insulin resistance occurring in the brain [53] [55].

Patients with diabetes are more likely to develop AD, especially in middle-aged
patients with diabetes and in the elderly with borderline diabetes or impaired
glucose tolerance [11]. Up to 80% of AD patients suffer from diabetes or glucose
metabolism disorders [55]. Patients with diabetes often show low executive abil-
ity, information processing ability and visual memory function [58]. On the one
hand, diabetes damages cerebral vascular function, affects insulin signal trans-
duction and mitochondrial function in the brain, on the other hand, it changes
the metabolism of amyloid protein and leads to more pathological changes [58]
[59]. Coupled with the fact that AD, like T2DM, is associated with GM and in-
flammation, AD is considered to be type 3 diabetes [53] [55].

5. Intervention of AD by Regulating GM with Different
Treatment Methods

1) Intervention of AD by transplanting fecal flora to regulate GM

In infancy, GM begins to colonize, and babies are exposed to maternal flora
during delivery, which is very important in early life. GM affects brain function
and is beneficial to the development of gastrointestinal tract and brain, and trains
the body’s immune system. Fecal microflora transplantation refers to the trans-
fer of fecal microflora samples from healthy donors to AD patients or animals
with AD. This method is a treatment to reconstruct healthy intestinal flora to
improve neurological defects. It was found that the mice transplanted with fecal
flora of AD patients showed significant cognitive impairment in object localiza-
tion tests and object recognition tasks [60]. In addition, essential metabolites of

the nervous system decreased, including y-aminobutyric acid, taurine and valine
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[60]. On the contrary, frequent transplantation of fecal flora from normal mice
into mice with AD-like pathology with amyloid and neurofibrillary tangles
(ADLP**") improved the formation of A and neurofibrillary tangles (NFTs) and
cognitive impairment in ADLP**" mice [61]. A study has shown that fecal flora
transplantation between animals can transfer behavioral characteristics to each
other [62]. Other studies have found that fecal flora transplantation reduces the
abundance of Proteus and Ackerman in AD mice, and increases the abundance
of Bacteroides [63]. Proteus is closely related to inflammation, and Bacteroides
can promote the production of SCFA. As an important medium of intestin-
al-brain axis, SCFA has a protective effect on the nervous system [63]. SCFA has
been shown to inhibit the aggregation of Ag in vitro [64]. In addition, there is a
positive correlation between Ackerman and hippocampal atrophy [65]. These
bacteria can regulate the pathological changes of AD. Fecal flora transplantation
is an effective measure to interfere with GM at present. It can be expected that
transplanting fecal flora from healthy people into patients with AD to reduce the
abundance of harmful flora and increase the abundance of beneficial flora is a
potential strategy for the treatment of AD.

2) Intervention of AD by ingesting probiotics and prebiotics to regulate GM

Prebiotic refers to some organic substances which are not digested and ab-
sorbed by the host but can selectively promote the metabolism and proliferation
of beneficial bacteria in the body, thus improving the health status of the host.
Edible prebiotics contain dietary fiber that promotes the growth of intestinal flo-
ra, which is beneficial to the health of the host. Mice treated with the mixture of
probiotics and prebiotics had higher levels of gastrointestinal hormones such as
ghrelin, leptin, glucagon-like peptide-1 (GLP1) and insulin-stimulating peptide
in plasma, among which ghrelin could counteract the memory impairment and
synaptic degeneration of AD [66]. Leptin is a neurotrophic factor that exerts
neuroprotective effects against A oligomer-induced toxicity in vitro [67]. GLP1
participates in improving the cognitive activity of AD and the plasticity of hip-
pocampal nerves, reducing the formation of A5 [68]. Yang et al. [69] found that
probiotic-4 (a probiotic preparation composed of multiple species of bacteria)
could regulate the imbalance of intestinal flora and reduce the abundance of
Proteus and Pseudomonas in aged SAMP8 mice for 12 weeks, thus improving
memory impairment, brain neurons and synaptic damage. The mechanism is
related to the inhibition of nuclear factor kappa B signal pathway mediated by
Toll-like receptor 4 and retinoic acid inducible gene I. In addition, probiotic-4
also improves memory impairment associated with aging by inhibiting oxidative
stress and neuroinflammation in the brain. The probiotic Bifidobacterium iso-
lated from human GM can change the composition of GM in mice, especially
the proportion of protein bacteria, reduce the level of LPS in feces and blood, in-
hibit the expression of ABin hippocampus, and slow down the rate of cognitive
decline [70]. Chen et al [71] have confirmed that probiotics rich in R13 (a pro-

drug of 7,8-Dihydroxyflavonoid) can reduce intestinal leakage and oxidative stress
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in 5xFAD mice, and reduce the abundance of inflammatory protein bacteria, es-
pecially Helicobacter in the intestines of mice. R13 is used as a tropomyosin re-
ceptor kinase B (TrkB) agonist, and the mechanism of its treatment of AD lies in
the direct activation of TrkB, up-regulation of brain-derived neurotrophic factor
in CNS, and inhibition of intestinal CCAAT/enhancer binding protein f/asparagine
endopeptidase signal transduction pathway. Probiotics and prebiotics show po-
tential effects in delaying the progression of AD, and have less adverse reactions,
and have a synergistic effect on re-colonization and restoration of GM when
used with clinical drugs.

3) Intervention of AD by regulating GM with different dietary structure

Dietary structure plays a key role in regulating the composition of the GM.
Depending on the dietary intake, the composition of the GM also changes in
specific ways. Specific food and dietary patterns can affect the composition and
abundance of different types of bacteria in the intestine, so as to maintain the
balance of intestinal flora in the host. Long-term intake of high-fat diet leads to
the imbalance of GM, induces inflammation, causes excessive activation of glial
cells [72], and induces the secretion of inflammatory factors such as IL-1p, IL-6
and tumor necrosis factor-a. Inflammatory response mediated by these inflam-
matory factors can lead to Af and NFTs aggregation and accelerate the progress
of AD [73]. The Mediterranean diet, which is mainly composed of fruits and
vegetables, olive oil, legumes, red meat and wine, is rich in polyphenols and un-
saturated fatty acids, which can restore the homeostasis of GM, reduce Af ag-
gregation and contribute to the development of cognitive health [74] [75]. Dairy
products fermented from fresh milk in Qinghai Tibetan area produce Lactoba-
cillus, peptides and fatty acids in the production process, which plays a positive
role in the prevention of dementia or cognitive impairment [76]. A study has
shown that Tibetan fermented milk can reduce the abundance of mucus spiro-
chetes in the intestinal tract of APP/PS1 mice, while mucus spirochetes are nega-
tively correlated with cognitive function [77]. Long-term intake of Tibetan fer-
mented milk can improve cognitive function, enrich the species of intestinal flo-
ra, reduce the level of Afin the brain, and delay the progress of AD [77]. Keto-
genic diet can increase the abundance of intestinal beneficial flora (mucophil
Ekman and Lactobacillus), reduce the abundance of intestinal proinflammatory
flora (Desulphurization vibrio and Bacillus Zurich), and increase cerebral blood
flow and p-glycoprotein transport on the blood-brain barrier to promote the
clearance of AB[64] [78]. A healthy and nutritionally balanced diet is considered
to have neuroprotective properties. Improper lifestyle and unbalanced diet are
key exogenous factors in the development of AD. Diet as a non-drug therapy
may become an effective way to prevent or delay the progress of AD.

4) Intervention of AD by intake of oligosaccharides to regulate GM

There is growing evidence that oligosaccharides can regulate the composition
of GM. Sun et al. [79] studied the effects of fructooligosaccharides (FOS) on the
AD of APP/PS1 mice. It was found that 6-week treatment with FOS could re-
verse the changes of GM, increase the abundance of Lactobacillus in the intes-

DOI: 10.4236/0jmn.2022.124022

206 Open Journal of Modern Neurosurgery


https://doi.org/10.4236/ojmn.2022.124022

X.R.Lietal.

tines, reduce the abundance of Proteus, Helicobacter pylori and Vibrio desulfu-
riaceae, alleviate cognitive impairment, reduce Af deposition and improve neu-
ropathological changes. Lactobacillus can reduce the production of A by acting
on GLP1, and improve the cognitive impairment of mice. Liu ef a/ [80] found
that Mannose oligosaccharide can reshape GM and enhance the formation of
neuroprotective metabolite SCFAs, reduce the aggregation of A in the brain of
5xFAD transgenic AD mice, and alleviate the cognitive and behavioral impair-
ment of AD mice. GV-971, a sodium mannan oligosaccharide extracted from
algae, has been shown to improve cognition in a phase III clinical trial [81]. It
can change the composition of intestinal flora, reduce the concentration of phe-
nylalanine and isoleucine in feces and blood, and reduce Thl-related neuroin-
flammation in brain tissue, thus significantly reduce the activation of microglia
and the levels of various proinflammatory cytokines, reverse cognitive impair-
ment and inhibit the progression of AD [81]. The oligosaccharide component
CA-30 extracted from Liuwei Dihuang decoction has been shown to regulate GM,
rebalance GM-neuroendocrine immune regulatory network, and improve cogni-
tive degradation in SAMP8 mice [82]. The above studies suggest that oligosac-
charides can be used as a target to delay the progress of AD.

5) Intervention of AD through modulation of GM by compounds in plants

Some compounds from plants with anti-AD activity can regulate the compo-
sition of GM. It has been found that, in APP/PS1 mice, silymarin and its main
active component silybin can change the composition of GM, alleviate memory
impairment, reduce Af deposition in the brain, and delay the progress of AD
[83]. Sun et al. [84] found that curcumin, a natural polyphenol isolated from
turmeric, can reduce the deposition of ABin the hippocampus of mice and resist
the progress of AD by regulating the composition of GM. In addition, ginseno-
side Rgl from plants can improve AD by changing the abundance of GM and
reducing the production of tau protein [85]. These results suggest that sub-
stances derived from plant components may have a protective effect on patients
with AD and may be an option for the treatment of AD.

6) Intervention of AD by exercise regulating GM

Exercise training can affect the occurrence of neurodegenerative diseases and
can prevent and slow down the progress of AD. A study has shown that regular
exercise for the elderly can not only slow down the decline of cognitive function,
but also improve the level of Af protein and reduce the incidence of disease [86].
Exercise is called the regulator of GM, which promotes the health of the body by
improving the richness of GM, increasing the abundance of beneficial microflo-
ra, and maintaining the balance of GM. Exercise can increase the diversity of
GM and regulate the balance between beneficial flora and pathogenic bacteria.
Recent evidence has shown that exercise can improve the cognitive function and
histological markers of AD, reduce the level of GM that worsen the disease, and
increase the abundance of SCAFs-producing flora [87]. In addition, Abraham et
al. [88] found that running in APP/PS1 transgenic mice for 20 weeks could in-

crease the abundance of Clostridium in the intestines of AD mice. Clostridium
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could promote the production of butyrate, which as a component of SCFAs,
could inhibit the formation of AS. The above studies suggest that the combina-
tion of exercise and medication is also a potential strategy for AD treatment.

7) Intervention of AD by regulating GM by circadian rhythm

Circadian rhythm refers to the regular cycle established by various physiolog-
ical functions of organisms to adapt to the diurnal changes of the external envi-
ronment, and circadian rhythm disorder may be one of the causes of AD. A study
showed that the deposition of amyloid plaques composed of AS in the hippo-
campus of mice with circadian rhythm disorder accelerated the progress of AD
[89]. Circadian rhythm can regulate the composition of GM, and the disorder of
circadian rhythm can lead to intestinal barrier dysfunction and increase the ab-
undance of Enterococci, but reduce the abundance of Lactobacillus yoelii [90].
In addition, circadian rhythm disorders can change the normal GM structure of
the host, affect the metabolism of neurotransmitters, and lead to the occurrence
of neurodegenerative diseases, which is consistent with the changes of GM struc-
ture in patients with AD [91]. Sleep interruption can promote the development
of AD, and lack of sleep can induce Af aggregation in the brain of healthy indi-
viduals [92]. Therefore, regulating circadian rhythm is also an important factor

in interfering with the progression of AD.

6. Conclusions

The healthy gastrointestinal tract which is in steady state in the body has normal
and stable GM, which can provide nutrition and energy for the normal life of the
body. GM affects human health and diseases, and regulates brain-gut interactions
through the gut microbiota-brain axis. The onset of neurodegenerative diseases is
closely related to GM and neuroinflammation, but the specific mechanism is not
clear. GM can produce amino acids as a component of neurotransmitters that
affect the activity of neurons in CNS. In addition, amyloid deposition, neurofi-
brillary tangles, GM and neuroinflammation have all been confirmed to play an
important role in the pathogenesis of AD. At present, we can diagnose AD by
imaging markers of brain structure and function, while in the future, we may
combine the imaging findings of neuroinflammation and inflammatory markers
for early diagnosis of AD, so as to facilitate timely intervention guidance for AD
patients. It is also possible to find new methods for the treatment of patients with
AD based on the changes of neuroinflammation and GM associated with AD,
such as non-steroidal anti-inflammatory drugs used to treat neuritis and probio-
tics that improve intestinal microorganisms.

In general, GM may lead to AD through the combination of amyloid deposi-
tion, neurofibrillary tangles and neuroinflammation. In order to study the rela-
tionship between GM and AD, it is necessary to develop new methods to assist
the clinical diagnosis of AD. Based on GM, it may provide clinicians with a new
and more effective way for early diagnosis, prevention and treatment of AD.

However, more evidences are needed to confirm these hypotheses. We also look
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forward to using this as a breakthrough to bring hope to AD patients and their

families.
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