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1 | THE ROLE OF GUT MICROBIOTA IN

HOST PHYSIOLOGY
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Abstract

Gut microbiota (GM) is a collection of bacteria, fungi, archaea, viruses and protozoa,
etc. They inhabit human intestines and play an essential role in human health and
disease. Close information exchange between the intestinal microbes and the host
performs a vital role in digestion, immune defence, nervous system regulation, espe-
cially metabolism, maintaining a delicate balance between itself and the human host.
Studies have shown that the composition of GM and its metabolites are firmly related
to the occurrence of various diseases. More and more researchers have demon-
strated that the intestinal microbiota is a virtual ‘organ’ with endocrine function and
the bioactive metabolites produced by it can affect the physiological role of the host.
With deepening researches in recent years, clinical data indicated that the GM has a
significant effect on the occurrence and development of cardiovascular diseases
(CVD). This article systematically elaborated the relationship between metabolites of
GM and its effects, the relationship between intestinal dysbacteriosis and cardiovas-
cular risk factors, coronary heart disease, myocardial infarction, heart failure and hy-
pertension and the possible pathogenic mechanisms. Regulating the GM is supposed

to be a potential new therapeutic target for CVD.
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can be roughly classified into three categories according to their
effects on the human body: (a) Physiological bacteria (symbiotic

with the host), such as Bifidobacterium, Lactobacillus. (b) Conditional

Many microbes inhabit the human gastrointestinal tract including vi-
ruses and bacteria, fungi and protists, which make up the intestines’
symbiotic microbes.! The number of bacteria carried by the human
body is approximate to about 10%, mostly including anaerobes and
the composition of the gut microbiome is similar up to the phylum
level (mainly Bacteroidetes and Firmicutes), but the diversity and rich-
ness of species are variable between individuals.?> These bacteria

pathogens, such as Enterobacteriaceae, Enterococcus. (c) Pathogens,
such as Proteus, Staphylococcus aureus. The microbiota in the gut has
many crucial functions in human health and affects the host via var-
ious distinct pathways. Studies have shown that the gut microbiota
(GM) is directly involved in the body's nutrient absorption, growth
and development, biological barriers, immune regulation, metabo-

lism and many other aspects.®8
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2 | METABOLITES AND EFFECTS OF GM

Metabolites produced by GM include trimethylamine-N-oxide (TMAO),
bile acids (BAs), short-chain fatty acids (SCFAs), protocatechuic acid
(PCA) and other metabolites, such as phenylacetylglutamine, p-cresyl
sulfate, indoxyl sulfate (IS), enterolactone and H,S.

2.1 | Trimethylamine-N-oxide

Trimethylamine-N-oxide is a biologically active molecule and a putative
promoter of chronic diseases including atherosclerosis in humans.? In
the human body, TMAO is established as trimethylamine (TMA). TMA
comes directly from foods rich in choline, lecithin and L-carnitine, such
as red meat, eggs, dairy products and saltwater fish.}%*! Most of TMA
is absorbed into the bloodstream and then rapidly oxidized to TMAO
by flavin-containing monooxygenase-3 (FMO3), a hepatic enzyme.*°
TMAO can affect lipid metabolism causing accumulation of cholesterol
in cells and it can also have a direct impact on platelet function, pro-
mote an inflammatory response and so on. The effect of the TMAO will
accelerate the development of atherosclerosis and the level of plasma
TMAO and its associated metabolites are directly proportional to the
risk of cardiovascular disease (CVD), which will be pointed out in the

following sections.}271¢

2.2 | Bile acids

Bile acids are amphipathic molecules synthesised from cholesterol in
the liver. This process is an important way to eliminate cholesterol from
the human body. After eating, BAs stored in the gallbladder are se-
creted into the intestine to assist the emulsification of dietary fats and
assist the intestinal absorption of lipid nutrients and lipid-soluble vita-
mins.}”*® BA itself regulates metabolism, mainly through two receptors,
namely the nuclear farnesyl X receptor (FXR) and the G protein-coupled
receptor TGR5.7* BAs can control intestinal bacterial overgrowth, in
turn, intestinal bacteria can regulate host metabolism by metabolism
BAs.?° Recent studies have shown that BA has a pleiotropic and hormo-
nal activity that regulates lipid and glucose metabolism, controls inflam-
mation and fibrosis, maintains vascular integrity, restores the intestinal
barrier and controls ageing and circadian rhythms.19 Further studies
have confirmed that FXR activation can reduce intestinal ischemia-
reperfusion injury and preserve internal structure and permeability.
Also, FXR agonists decrease the release of pro-inflammatory cytokines,
reduce autophagy inhibition and modulate obesity and related meta-

bolic phenotypes.?'?2

2.3 | Short-chain fatty acids

Short-chain fatty acids primarily originate from the fermentation of
dietary fiber in the gut and they are subsequently absorbed into the
bloodstream of the host, in which they interact with host proteins,
thereby affecting host physiology.23 Acetate, propionate and bu-
tyrate (roughly 60:25:15 in the colon) account for 80% of the SCFA
produced by intestinal microflora.?* In addition to their important
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role as fuel for colonic epithelial cells, SCFAs also modulate different
cell signal transduction processes via G protein-coupled receptors
GPR43 and GPR41.232% Recent evidence has suggested that SCFAs
also play an important role in glucose and lipid metabolism and bu-
tyrate has been demonstrated to decrease LPS translocation, inhibit
macrophage activation, thus reducing the production of inflamma-
tory factors and reactive oxygen species (ROS) production.?6-??
SCFAs can also inhibit the inflammatory reaction by reducing the mi-
gration and proliferation of immune cells, reducing various cytokines
and inducing apoptosis. Therefore, SCFA is considered to have an

anti-inflammatory effect.*°

2.4 | Protocatechuic acid

Protocatechuic acid is chemically known as 3,4-dihydroxybenzoic
acid and is one of the main metabolites of complex polyphenols
such as anthocyanins and procyanidins that are normally found in
high concentrations in vegetables and fruit, such as onions, plums,
gooseberries and grapes.’®? More and more evidence support
that PCA can play diverse biological effects by acting on differ-
ent molecular targets, such as antioxidant, anti-inflammatory and
anti-hyperglycemic and neuroprotective activity.*> PCA has been
implicated in the progression of atherosclerosis. Some scholars con-
cluded that PCA could inhibit OA-induced vascular smooth muscle
cells proliferation, improve the endogenous antioxidant capacity
of macrophages and promote cell proliferation and cell survival via
IGF-1 signalling.33'35 Besides, studies have demonstrated that PCA
can improve cardiac function and cardiac autonomic balance, pre-
vent cardiac mitochondrial dysfunction and increase anti-apoptotic
protein.®® In a recent experimental study on Type 2 diabetes mouse
models it was found that, PCA could significantly stimulate glucose
metabolism in skeletal muscle, regulate glycemic and lipid status, re-

duce the secretion of pro-inflammatory cytokines.37

2.5 | Phenylacetylglutamine, P-cresyl sulfate, IS,
enterolactone and H,S

Proteins in the intestine are metabolized by harmful microorgan-
isms (such as Clostridium perfringens) to produce harmful amines,
phenols and ammonia, causing human diseases and discomfort,
which have a great impact on the human cardiovascular system.83?
Studies have found that phenylacetylglutamine and p-cresyl sul-
phateare lower in patients with non-coronary heart disease and
p-cresyl sulphate is a significant independent predictor of carotid
plaque burden.® Escherichia coli-based intestinal flora produce a
large amount of quinone by metabolizing the tryptophan in food
and further oxidize it to indophenol under the action of microbial
oxidase. Similar to TMAOQ, indophenols in the liver are sulphonat-
edto form 15.*! Excessive accumulation of IS may affect oxidative
stress in cardiomyocytes, induce myocardial cell damage and cause
vascular endothelial cell damage to inhibit self-repair and increase
vascular access thrombosis.*? Enterolactone is produced primarily
by intestinal digestion of fibre-rich foods. In a meta-analysis, it was
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found that the higher risk of acute coronary accidents was lower in
patients with higher serum enterolactone and therefore the lower
enterolactone may be another risk factor for coronary heart disease
(CHD).*® In addition, some sulphate-reducing bacteria in the human
intestinal tract produce a large amount of H,S using sulphate as a
substrate. Studies indicate that H,S acts as a gas transmitter in the
human body. H,S is an essential mediator of various physiological
processes in the human body including cell protection, vasodilation,
angiogenesis, blood pressure regulation and heart rate reduction. It

plays a major role in CVD (Figure 1).#44°

3 | INTESTINAL DYSBACTERIOSIS AND
CARDIOVASCULAR RISK FACTORS

Hyperlipidaemia, obesity, diabetes and atherosclerosis are impor-
tant risk factors for CVD. Plenty of evidence indicates that the GM is
closely related to these four risk factors.

3.1 | Hyperlipidaemia

A recent survey found that the GM composition can explain 6.0% of
the variation in triglycerides and 4.0% of that in HDL-C and 4.5% of
that in BMI, independent of age, sex and genetics at the human pop-
ulation level.*¢ Studies have also found that individuals with low mi-
crobial richness have increased fasting triglycerides and decreased
HDL-C. Reverse cholesterol transport (RCT) is a key pathway in-
volving the return of excess cholesterol from peripheral tissues to
the liver to excretion of bile and eventually to faeces.*’ In a recent
article, a researcher found that TMAO reduced the expression of
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cholesterol 7-alpha-hydroxylase 1 (CYP7a1), the major BA synthetic
enzyme in the catabolism of cholesterol, whose reaction is the rate-
limiting step. This finding may in part explain the impact of TMAO
on RCT and upregulation of CYP7al has been reported to lead to
increasing RCT and reduced atherosclerosis in susceptible mice.*®4’
Recent research shows that BA-mediated activation of FXR inhibits
the activity of CYP7al leading to RCT disorders and elevated cho-
lesterol, but reduced triglycerides.”‘50 However, there are also stud-
ies showing that FXR knockout mice exhibit high-density lipoprotein

1.°! Recent stud-

metabolism and RCT leading to elevated cholestero
ies have found that TMAO can cause cholesterol accumulation in
cells by increasing the expression of the scavenger receptors, CD36
and SR-A1 and the formation of foam cells.*®%% In conclusion, intes-
tinal flora metabolites are closely related to lipid metabolism, but its

mechanism of action needs further investigation.

3.2 | Obesity and type 2 diabetes mellitus

In 2013, Liou et al transferred caecal contents from RYGB donors
to sterile mice and showed that the recipient mice showed signifi-
cant weight loss indicating a correlation between GM and obesity.52
Study shows that Enterobacter cloacae B29 is part of the direct cause
of obesity, which is the first internationally recognized ‘fat bacte-
ria.”>® Recent study indicates the characteristics of the flora associ-
ated with obesity, namely the increase in the number of Firmicutes
and the reduction of Bacteroides. Similarly, this situation can occur
in type 2 diabetes as well.**>> GM may cause obesity by reducing
fasting-induced adipokine factor (Fiaf) expression. Mandard et al®®
found that Fiaf gene over-expressing mice showed a 50% reduc-
tion in body fat storage compared to wild-type mice. Intestinal flora
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FIGURE 1 Gut microbiota and its metabolites linked to cardiovascular diseases
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can also stimulate the production of various inflammatory factors
through the LPS-CD14-TLR4 pathway leading to chronic systemic
inflammation and further cause obesity and insulin resistance.
Animal study showed®’ that high-fat-fed mice had increased LPS
Gram-negative bacteria in the intestine, elevated plasma LPS levels,
causing metabolic endotoxemia and obesity and continued subcuta-
neous injection of LPS in mice also induced the above reaction. CD14
gene knockdown can reduce the inflammatory state of mice caused
by LPS; TLR4 gene knockout can also prevent obesity and insulin
resistance caused by high-fat diet, thereby reducing obesity.sg’59
Obesity is often a leading factor associated with type 2 diabetes
mellitus (T2DM), so the above mentioned mechanisms of intestinal
flora causing obesity can also increase the risk of T2DM. By combin-
ing with GPR41 and GPR43, SCFA can promote intestinal L cells to
secrete GLP-1 and peptide YY (PYY). GLP-1 can increase glucose-
dependent insulin secretion and promote islet cell proliferation. PYY
can improve the survival and function of islet cells. Therefore, in-
testinal flora disorder can affect the occurrence and development
of diabetes by affecting SCFA.®° There is evidence in other studies
that activation of FXR and TGR5 mediated by BA can increase insulin
sensitivity and regulate GLP-1 secretion. However, its pathways are
complex, many studies use animal models and the formation of a
complete BA signalling pathway system needs further study.®* BA
can also indirectly activate signal molecules such as inducible nitric
oxide synthase, interleukin 18 (IL-18) and fibroblast growth factor 19
(FGF-19).%2 Related study®® shows that FGF-19 can improve glucose
tolerance, reduce weight gain and increase the metabolic rate. So
BA plays a major role in the occurrence and development of diabetes
mellitus.

3.3 | Atherosclerosis

Hyperlipidaemia is an independent risk factor for atherosclerosis. In
the above discussion, we have discussed the effects of GM on lipid
metabolism, which we will not state it here. In addition, studies have
shown that TMAO can also directly affect platelet function and in-
crease thrombosis risk. When platelets are directly exposed to high
levels of TMAOQ, the intracellular storage of Ca2+ is released, which
enhances platelet activation via a variety of agonists (thrombin, ADP,

or collagen).*

There are also studies showing that TMAO enhanced
the platelet reactivity and thrombosis risk and promoted vascular in-
flammation by activating the NLRP3 inflammasome. ¢ Using pyrose-
quencing to analyse the microbial species of atherosclerotic plaques
and intestinal microflora in the same atherosclerotic patients, the re-
sults show that several bacteria exist simultaneously, suggesting that
bacteria found in the plaque may be derived from intestinal flora.®*
In another study using shotgun sequencing method it was found that
atherosclerosis patients were rich in Collinsell, and healthy people
were rich in Roseburia and Eubacterium.®® The above results suggest
that the GM is directly related to the occurrence of atherosclerosis.
In the above section, we have already mentioned that BA-mediated
FXR and SCFA, PCA have anti-inflammatory effects and can regu-
late glucose metabolism; so the intestinal flora can also inhibit the
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development of atherosclerosis. However, the core mechanism that

causes atherosclerosis remains to be further clarified.

4 | GUT MICROBIOTA AND
CARDIOVASCULAR DISEASE

4.1 | Coronary heart disease

Coronary heart disease is one of the most common CVD in clinical
practice, which is extremely harmful to human health. Some schol-
ars have found that plasma TMAO levels are elevated in patients
with coronary heart disease and the structure of intestinal flora is
also changed and manifested by the decrease of Lactobacillus and
Bacillus.%® A research showed that the structural changes in the
GM could be used as a diagnostic marker for coronary heart dis-
ease.” Using a high-choline diet to feed ApoE-/- C57BL mice, re-
sults display that higher the serum TMAO level in mice, larger was
the area of the sizeable atherosclerotic plaque .%% Tang et al®” were
followed up for 3 years in more than 4000 patients with coronary
angiography and results showed that the concentration of plasma
TMAO was positively correlated with the risk of the cardiovascular
endpoint. Among all 2235 patients with coronary heart disease, the
all-cause mortality rate of TMAO (>6.5 mol/L) was 3.9 times higher
than that of patients at a low level (<2.5 mol/L). At the same time,
independent of the traditional predictors (hypersensitivity C reac-
tive protein, myeloperoxidase, estimated glomerular filtration rate,
etc.), TMAO can predict the long-term risk of death in patients with
coronary heart disease. From the perspective of metabonomics, the
intestinal microflora metabolite TMAO indirectly proves the clini-
cal prognostic value of intestinal microecology for coronary heart
disease. TMAO can also be used to assess the degree of plaque bur-
den of coronary heart disease.”® In short, the current research on
TMAQO is thorough and the level of TMAO is expected to become
the standard for diagnosis and risk assessment of patients with cor-
onary heart disease.

4.2 | Myocardial infarction

Different from some other chronic CVD, acute myocardial infarc-
tion (AMI) is a critical stress injury to the body. Under this trauma,
does the structure of the intestinal microbiota and the metabolites
undergo stress changes? In myocardial infarction (Ml) patients,
typical intestinal flora disorders will occur, probiotics will decrease
significantly, pathogenic bacteria will multiply in large numbers and
a series of changes such as impaired intestinal barrier function and
increased intestinal permeability will occur in the body. Analysing
the blood flora of 49 healthy controls, 50 stable coronary heart dis-
ease and 100 ST-segment elevations myocardial infarction (STEMI)
patients, the researchers found that after STEMI, the abundance
and diversity of blood flora were increased and more than 12% of
the blood bacteria were from the intestinal flora. This indicates that
a significant increase in intestinal flora in plasma is associated with

systemic inflammation and cardiovascular adverse events after
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STEMI.”* Animal studies showed that AMI rats were parallel to in-
testinal barrier injury and intestinal flora richness was significantly
higher than the sham group. Therefore, the intervention of intesti-
nal flora structure to improve the clinical prognosis of AMI may be
a new method of AMI treatment.”? Study has shown that probiot-
ics can reduce cardiac hypertrophy in Ml rats.”® Further study also
showed that antibiotics could improve the area of Ml in AMI mice,
which may be related to the regulation of intestinal flora. However,
the above study does not show if improvement in the structure
of intestinal flora can prevent coronary atherosclerosis and reduce
the incidence of AML’* In the MI model, left ventricular dysfunc-
tion and intestinal perfusion inadequacy, reduce tight junction
protein expression, intestinal mucosa damage, increased intestinal
permeability, antibiotic treatment to eliminate the intestinal bacte-
rial translocation. It can reduce systemic inflammatory reaction and
myocardial injury in model mice.”* Recently, Tang et al”® found that
supplementation of SCFA can improve the physiology and survival
of ABX (antibiotic-treated mice) mice after Ml and this study also
found that Ml caused a decrease in Lactobacillus. This indicates that
the composition of intestinal flora and SCFA have obvious repair
effect on heart tissue after MI. Therefore, the stability of intestinal
flora may be of great significance to the rehabilitation of patients
with MI.

4.3 | Heart failure

As shown in recent studies, changes in intestinal microecology can
directly damage cardiac muscle cells and cause cardiac dysfunc-
tion. In the mouse model of dietary intervention, it was found that
elevated serum TMAO levels in mice resulted in cardiac injury and
fibrosis and increased TMAO levels were prone to heart failure
(HF).”¢ There are also studies which found that the levels of TMAO,
choline and betaine were involved in left ventricular diastolic dys-
function.”” Also, studies found that, higher the TMAO level in
patients with HF, higher the mortality rate in 5 years. Compared
with the risk factors for HF, heart and kidney index and systemic
inflammatory markers, TMAO can better evaluate the prognostic
value.”® After a 1-year follow-up of 972 patients with acute HF,
investigators found that serum TMAO levels could predict adverse
prognostic events, whereas TMAO+NT-proBNP could predict a
higher value.”? A clinically controlled cohort study showed that
serum TMAO levels were elevated in patients with chronic HF,
and TMAO levels were associated with cardiac function and sur-
vival.8% Besides, chronic HF patients had significantly more patho-
genic bacteria and Candida than healthy controls, which is a result
concluded by multiple researchers. The inflammatory, intestinal
permeability and right atrial pressure of these chronic HF patients
were significantly increased and these were signals of venous con-
gestion. Also, these correlations were stronger in patients with
moderate to severe HF (NYHA heart function IlI-1V) than those
with mild HF (NYHA cardiac function I-11).8* Therefore, improv-
ing intestinal flora and lowering TMAQO level are both expected to
improve the prognosis of patients with HF.

4.4 | Hypertension

Recent findings show that SCFA bind the G protein-coupled recep-
tors GPR41 and GPR43 and olfactory receptors olfO78 in the kid-
ney, heart, sympathetic ganglia and blood vessels to modulate blood
pressure.828% SCFA can induce the release of renin from the affer-
ent arteriole and increase the blood pressure, which is mediated by
Olfo78. This, in turn can be counteracted by the vasodilator action
of GPR43.8284 GPR41 can increases energy expenditure by stimu-
lating the sympathetic nervous system, but this could also lead to
an increase in blood pressure.85 Other researchers have found that
TMAO can increase blood pressure and hydrogen sulphate can di-
rectly act on blood vessels to modulate blood pressure. 8487 Studies
have shown that high salt may induce hypertension by inducing T
helper 17 (TH17) cells, and Lactobacillus can reduce the number of
TH17 cells and prevent the deterioration of salt-sensitive hyperten-
sion.®8 The Firmicutes and a Bacteroidetes ratio (F/B) was recently
reported being increased in spontaneously hypertensive rats and
Angll-induced hypertension rats.8” Some scholars believe that GM
facilitates Angll-induced vascular dysfunction and hypertension, at
least in part, by supporting an MCP-1/IL-17 driven vascular immune
cell infiltration and inflammation.’® In addition, obstructive sleep
apnoea (OSA) can increase the risk of systemic hypertension in in-
dividuals. Studies have demonstrated that intestinal flora imbalance
may be a direct cause of OSA-induced hypertension.”* There are
also studies that confirm probiotics and their fermentation products
have been shown in many studies to inhibit the production of nitro-
gen oxides in macrophages, reduce the species of ROS and increase

the absorption of dietary calcium to lower blood pressure (Table 1).22

5 | THE ROLE OF GUT MICROBIOTA IN
CARDIOVASCULAR DISEASE

Gut microbiota is an essential micro-ecosystem in the human body
and even some scholars believe it is the ‘virtual endocrine organ’
of the human body. Summarizing the above and combining current
research progress, the mechanism of intestinal flora affecting CVD
mainly includes three aspects including: (a) Intestinal flora disorder
leads to bacterial endotoxin translocation and promotes the release
of inflammatory factors leading to an inflammatory response; (b) in-
testinal flora disorder leads to abnormal metabolism of substances,
which causes CVD such as lipid, glucose and tryptophan metabolism;
(c) intestinal flora disorder promotes oxidative stress in the body and
aggravates the development of CVD. As the first two mechanisms
have already been discussed in the previous discussion. In next sec-
tion, the discussion would be concentrating on oxidative stress.

Gut microbiota is also involved in the metabolism of purine
and uric acid (UA). For example, xanthine dehydrogenase, the key
enzyme responsible for the oxidative metabolism of purines is
generated by the secretion of Escherichia coli in intestinal bac-
teria.”® Therefore, the decomposing activity of GM on UA is pos-

itively related to the content of Escherichia coli. The study found
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TABLE 1 Association of gut microbiota and related metabolites with cardiovascular disease

Hypertension

Coronary heart disease Myocardial infarction Heart failure

Obesity, T2DM Atherosclerosis

Hyperlipidaemia

Firmicutes/Bacteroidetes

ratioT
SCFA
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Probiotics|,

Lactobacillus,
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FirmicutesT
Bacteroides,
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Enterobacteria?
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Escherichia coli

TMAO
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SCFA
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FXR

Probiotics|,
TMAO
FXR
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TMAO and FXR

Possible mechanism

of action

pressure with GPR41,
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Left ventricle
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LPS?T

Abnormal glucose and lipid

metabolism;
Inflammation
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function and
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inflammation and

significantly

inhibits RCT;
CYP7all
CD367
SR-A17T

diastolic

insulin resistance;

LPS 1
Fiafl

Infusionof Ang II/TMAO
associated with blood

pressure;

dysfunction?T
Myocardial

SCFAl

Phenylacetylglutamine?
P-cresyl sulphate?
Indoxyl sulphateT

thrombosis risk;
CholesterolT
NLRP3 1
FXRJ
PCAJ

fibrosis 1

GLP-1]
PYYL

H2S can dilate blood

Foam cells?T
CholesterolT

vessels and reduce

heart rate

Enterolactone T

FGF-19]

that the number of E. coli in patients with coronary heart disease
increased, blood UA levels increased significantly, whereas high
concentrations of UA showed prooxidation. Increased blood UA
levels can lead to high level nitrite/nitrate in the blood, decreased
bioavailability of NO and oxidative stress.®®* There are also
studies showing high UA decreased cardiomyocyte viability and
increased ROS production in cardiomyocytes.”® In addition, carot-
enoids, as antioxidants have an anti-angina effect. The carotenoid
genes were increased in healthy patients compared with arterio-
sclerosis patients.®®> The GM disorder causes the decrease of the
bacteria containing the synthetic carotenoid gene, the reduction
of the level of carotenoid and the weakening of the antioxidant
effect, thus promoting the development of AS. There have been
studies that rigorously characterize the effect of probiotics on
antioxidation regarding the intestinal microbiota composition.
Probiotics may modulate the redox status of the host via their
metal ion chelating ability, antioxidant systems, regulating sig-
nalling pathways, enzyme producing ROS and intestinal microbi-
ota.”® In addition to the above mechanisms, intestinal microflora
can also increase the level of nitric oxide through nitrate reduc-
tion in the non-enzymatic pathway.39 At the same time, changes
in the structure of GM, also affect the expression and activity
of some other molecules acting on the blood such as the AMP-
activated protein kinase, hypoxia-inducible factor-1a and peroxi-
some proliferator-activated receptor-y coactivator-1a.”” These
molecules can promote angiogenesis in skeletal muscle and other
parts. Thus, intestinal microflora can not only affect the course of
AS but also have potential effects on vascular dilatation, angio-
genesis and blood supply.

6 | THE TARGET OF FUTURE TREATMENT

At present, the improvement or reversal of intestinal microflora has
become a hot spot for CVD, which includes the faecal microbiota
transplantation, dietary regulation, probiotics, prebiotics, antibiotic
intervention and so on.

6.1 | Dietary regulation

Dietary regulation has been proven to be an effective strategy to
reduce cardiovascular risk. The Mediterranean diet refers to the eat-
ing styles of vegetables, fruits, fish, Cereals, beans and olive oil in
the southern European countries on the Mediterranean coast, such
as Greece, Spain, France and southern Italy. This diet is especially
popular in recent years and is confirmed to prevent CVD and reduce
the mortality of CVD in men and women.”® Studies have shown that
the level of TMAO in the urine of patients who did not adhere to
the Mediterranean diet increased.”® In addition, high fibre diet and
acetic acid (fibrous fermentation) can reduce the proportion of F/B,
increase the number of bacteriobacterium, reduce myocardial fibro-
sis in hypertensive mice and prevent the progress of hypertension
and HF.10°
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6.2 | Probiotics and prebiotics

Probiotics in animals mainly include lactic acid bacteria, bifi-
dobacteria, actinomycetes, yeasts and so on. Probiotics can
inhibit inflammation, protect and repair the intestinal mucosal
barrier and improve intestinal function. Probiotics are active
microorganisms, which are beneficial to host health. The ath-
erosclerotic plaque of the aorta was less than the control group
after feeding the probiotic rhamnosus GG (LGG) to the ApoE-/-
mice fed with a high-fat diet and various biomarkers including
endotoxin were improved to some extent.’°? Studies showed
that after 3 months of treatment with Brucella, patients with
chronic HF showed a decrease in creatinine, UA, hsCRP and
a decrease in the diameter of the left atrium and a higher left
ventricular ejection fraction (LVEF).1°2 Research has also shown
that probiotics can directly absorb cholesterol and reduce the
content of cholesterol in the medium and in the process of the
growth of probiotics such as lactic acid bacteria, it can promote
the metabolism of cholesterol, thus reducing the cholesterol
content.'®® Prebiotics are a dietary supplement (including iso-
malt oligosaccharides, oligosaccharides, Bifidus factors, etc.).
They has a beneficial effect on the host by selectively stimu-
lating the growth and activity of bacteria. A recent study has
shown that probiotics can improve metabolic syndrome and
infiltration of small intestinal cells.®* However, probiotics re-

main at risk of infection and their safety needs further study.

6.3 | Fecal microbiota transplantation

Faecal microbiota transplantation (FMT) is a treatment that intro-
duces flora or metabolites in donor faeces into diseased recep-
tors to correct intestinal microecological imbalances and rebuild
normal intestinal function. A meta-analysis speculates that faecal
transplantation may be more effective than probiotics in restor-
ing intestinal flora, because faecal flora infusion can overcome
the short-term efficacy of probiotics and make a permanent
change in flora.’%> At present, FMT has achieved ideal efficacy
in the treatment of recurrent or refractory Clostridium difficile
infection. Recently, FMT has also been tested as an emerging
therapy to manage cardiometabolic disorders. Vrieze et alt0¢
performed FMT treatment in patients with metabolic syndrome
and the results showed that insulin sensitivity and intestinal acid
production in the faecal donor group were significantly elevated
suggesting that FMT could be a potential therapeutic strategy
for metabolic-related diseases. In addition, in a randomized
controlled trial, researchers transplanted the faeces of thinner
people into fatter ones and 55% of the participants showed im-
proved insulin resistance after 6 weeks.'®” However, the use of
FMT is currently limited because of its associated risks includ-
ing the possible transfer of endotoxin or dangerous drugs that
may cause new gastrointestinal complications. Further studies
are needed to test whether FMT can extend to other aspects of

cardiac metabolic disorders.!

6.4 | Antibiotics

Antibiotic therapy has greatly disrupted the short-term and long-
term microbial balance including reducing the richness and diversity
of bacterial flora. Murphy et al'%® fed mice with vancomycin and the
results showed that the number of Firmicutes and Bacteroides de-
creased significantly, whereas the number of Proteus increased sig-
nificantly. Tiihonen et al'® reported that the use of non-steroidal
anti-inflammatory drugs affects the composition of intestinal flora in
elderly samples and the use of anti-inflammatory drugs can reduce the
content of isobutyric acid, isovaleric acid and L-lactic acid. But there
are also studies showing that Vancomycin can change the intestinal
flora richness, reduce Ml area and improve the recovery of mechani-
cal function after ischemia/reperfusion injury in rats.*® Polymyxin B
and tobramycin can reduce the endotoxin content of Gram-negative
bacteria in the intestine and faeces and the contents of IL-1beta, IL-6
and TNF-alpha in vivo in patients with HF.1*' However, polymyxin
B has been clinically restricted because of its toxicity. This situation
suggests that we should pay attention to the side effects of antibiot-
ics as well as their clinical effects. The improper use of antibiotics can
kill beneficial bacteria in vivo, make pathogenic bacteria resistant and
bring various adverse reactions. At present, how to clarify the mecha-
nism of adverse reactions of antibiotics and maximize its clinical cura-

tive therapeutic effect is still an problem to be solved.

6.5 | TMA inhibitors and other intervention
methods

Research shows that choline structural analogues
(3,3-dimethyl-1-butanol) can block the choline metabolic pathway,
reduce TMA production and play a role in the prevention and treat-
ment of CVD.'? However, studies have shown that drugs that in-
hibit production of TMA-FMOs can lead to acute hepatitis and fish
odour syndrome.68 Another recent study shows that resveratrol can
stimulate the growth of beneficial bacteria in the intestinal tract
through the reconstitution of intestinal microflora, thus decreas-
ing the production of TMAO.X*3 In addition, for colectomy, a study
showed that patients with an average age of 45 years of age survived
1000 days after colectomy and compared with other five groups of
non-gastrointestinal surgery patients, colectomy did not reduce the

risk of CVD and only reduced the risk of hypertension.*

7 | CONCLUSION

Intestinal microecology is the largest microorganism system repre-
sented by intestinal microflora and the intestinal microflora together
with the host maintains its microecological balance. Once the intes-
tinal microflora is out of balance, it can quickly lead to a series of
pathological and physiological changes including CVD. We have a
new understanding of the pathogenesis of CVD and the prevention
and treatment of CVD, especially for the development of new micro-

ecological agents in the clinical trial stage. At present, the research
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on intestinal microecology and CVD is mostly based on the basis and

the internal mechanism is not fully understood. Therefore, the pri-

mary and clinical study of intestinal microecology and CVD needs to

be further carried out, especially for guiding treatment of coronary

heart disease and HF.
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