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Abstract: In recent years, several studies have shown that the stability of intestinal bacteria, which acts as a natural 

barrier, plays a key role fighting against cardiovascular disease. Dysbiosis of the gut microbiome can trigger 

inflammatory responses and oxidative stress damage, cause abnormal cholesterol metabolism and disrupt the levels of 

short-chain fatty acids, oxidized trimethylamine and bile acids, thus influencing the occurrence and development of 

atherosclerosis. Chinese medicine believes that the formation of atherosclerosis is related to the malfunction of the 

spleen in transportation and transformation, with the interplay of phlegm and blood stagnation being the primary 

pathogenesis. In addition, the gut micro biome is inextricably linked to the spleen. Ancient medical books recorded “the 

spleen is the source of phlegm production” and “the heart and small intestine are in close proximity to each other”, 

exploring its TCM pathogenesis from the perspective of phlegm and stasis. Therefore, this review explores the 

mechanisms by which intestinal micro biota affects atherosclerosis and summarizes the role of Chinese herbal medicine 

in modulating intestinal microbes in the treatment of AS, providing new ideas for the prevention and treatment of 

cardiovascular disease. 
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INTRODUCTION 
 

Cardiovascular disease is still one of the greatest threats 

to human health and one of the major causes of death 

(Zhao et al., 2019). Atherosclerosis (AS) is an important 

pathological basis of cardiovascular disease in middle-

aged and elderly people, which begins with endothelial 

lesions, followed by lipid accumulation, fibrous tissue 

proliferation and calcium deposition and ultimately 

evolves into intra-plaque haemorrhage, rupture and 

thrombosis, etc (Jiang et al., 2022). The etiological 

mechanisms of AS include the theory of lipid infiltration, 

thrombosis, immuno-inflammation and smooth muscle 

cloning, etc (Wang et al., 2021). At present, many 

scholars believe that the endothelial damage response 

theory is related to inflammation and bacteria is an 

important factor leading to inflammation (Lotti et al., 

2023). At present, in addition to surgical or interventional 

treatment, the main preventive and curative measures of 

conventional western medicine drugs are lipid-lowering, 

antiplatelet, anticoagulation and thrombolytic therapy 

(Lin et al., 2020). The treatment principles are as follows: 

First, for patients with LDL-C >1.8, lipid-lowering 

therapy should be performed to prevent plaque rupture 

and slow down the rate of plaque progression (Jukema et 

al., 2019). Statins such as atorvastatin can be used and if 

the effect is not good, cholesterol inhibitors such as 

ezetimibe tablets can be used to bring the lipid level to the 

desired level; second, antiplatelet therapy can inhibit 

platelet aggregation and prevent vascular embolism, such 

as aspirin, clopidogrel, etc. (Pęczek et al., 2021); third, 

vasodilator therapy can improve the endothelial 

proliferation in the atherosclerotic blood vessels 

effectively and relieve the vasospasm; finally, anti-

inflammatory therapy is also essential for the treatment of 

AS (Su et al., 2020). Therapy is also an essential and 

important means of treating AS, which can reduce the 

causative factors of AS triggered by inflammatory factors, 

such as statins, aspirin and other drugs (Su et al., 2020). 

Although these drugs have obvious efficacy in stabilising 

plaques, their side effects cannot be ignored, especially 

they can cause some damage to liver and kidney functions 

and regular review is needed during the period of 

administration. In recent years, with the continuous 

deepening of the research on AS, we found that traditional 

Chinese medicine can play an anti-atherosclerotic role by 

regulating the intestinal flora (Xu et al., 2021). Traditional 

Chinese medicine can effectively control the occurrence 

and development of AS, improve lipid metabolism, 

inflammatory response and stabilise plaque and achieve 

the goal of treating cardiovascular disease from the root 

(Verhaar et al., 2020). At the same time, compared with 

conventional Western medicine treatment, the side effects 

of traditional Chinese medicine are significantly reduced 

(Ma et al., 2024). In this paper, we will explore the 

relationship between traditional Chinese medicine, 

intestinal flora and AS, and provide an overview of the 

research progress of Chinese medicine in treating AS. 
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Mechanisms of action of intestinal flora in the treatment 

of atherosclerosis: Influence on immune cells 

AS is an autoimmune and chronic inflammatory disease 

whose greatest danger is plaque rupture. During this 

process, cholesterol, inflammatory factors and immune 

cells (monocytes-macrophages, T-lymphocytes, dendritic 

cells, etc.) accumulate, leading to thickening of the blood 

vessel wall, which promotes the onset and progression of 

AS. Experimental studies have shown (Chan et al., 2016) 

that dysregulation of intestinal flora accelerates the 

progression of AS and that probiotics (e.g.: Lactobacillus, 

Bifidobacterium, Bacteroidetes and Bacteroidetes, etc.) in 

the intestinal flora can slow down the development of 

atherosclerosis by regulating the levels of immune cells 

and inflammatory factors. 

 

Structural changes in the intestinal flora can lead to the 

development of an inflammatory response. 

Lipopolysaccharide (LPS) is a pro-inflammatory mediator 

usually derived from Gram-negative bacteria (Yang et al., 

2015). It has been shown (O'Morain et al., 2021) that 

reduced intestinal barrier function as well as increased 

permeability may lead to the entry of endotoxins into the 

bloodstream, which may cause vascular endothelial 

damage and promote plaque formation. Victoria L. et al. 

demonstrated (Kim et al., 2013) that under in vitro 

Lactobacillus culture conditions, there was a reduction in 

the proliferation of vascular smooth muscle cells, as well 

as a reduction in the formation of monocytes, 

macrophages and foam cells; it was further demonstrated 

that Lactobacillus lowered plasma cholesterol and LDL 

levels thereby reducing lipid aggregation in plaques, 

allowing inflammation to be reduced and plaques to be 

stabilised. More recently, Kim (El-Daly et al., 2018) et al. 

found that lipophosphatidic acid (LTA) in Lactobacillus 

could reduce the inflammatory response of plaques and 

inhibit the development of atherosclerosis by down-

regulating vascular adhesion factor, inhibiting 

lipopolysaccharide (LPS) production, attenuating the 

adhesion of THP-1 cells to HUVEC and inhibiting the 

production of pro-inflammatory factors and CO. All of 

these studies suggest that probiotics, as a type of intestinal 

flora, can be effective in treating atherosclerosis by 

improving the accumulation of macrophages and foam 

cells, etc., in the vascular wall and attenuating the 

inflammatory response of plaques. 

 

Attenuates oxidative stress damage 

Oxidative stress injury results from an imbalance in the 

ratio of the body's own antioxidant capacity to the 

production of reactive oxygen species (ROS), which leads 

to dysfunction of the vascular endothelium and the 

production of pro-inflammatory mediators such as 

leukotrienes and thromboxanes, which activate leukocytes 

and increase adhesion to endothelial cells (El-Daly et al., 

2018). Hyperuricaemia is one of the risk factors for the 

formation of atherosclerosis, uric acid has antioxidant 

capacity and intestinal metabolism as the main pathway of 

metabolism in the human body, if uric acid is elevated and 

reactive oxygen species in the body can not be removed in 

a timely manner, the antioxidant capacity is reduced, 

which will be directly involved in the development of 

atherosclerosis and cardiovascular disease (Singh et al., 

2022). It has been found (Jitapunkul et al., 1991) that 

intestinal flora dysbiosis correlates with hyperuricaemia 

and atherosclerotic cardiovascular disease. Uric acid is 

mainly excreted through the kidneys, but a small portion 

is also degraded by intestinal bacteria, and thus 

disturbances in the intestinal flora correlate with blood 

levels of uric acid (Yin et al., 2022). By measuring uric 

acid levels in the faeces of patients with hyperuricemic 

coronary artery disease and normal control subjects, the 

researchers found that the patients with coronary artery 

disease had significantly higher numbers of gut bacteria, 

including Escherichia coli, Helicobacter pylori and 

Streptococcus, while there were no significant differences 

in the numbers of Staphylococcus, Pseudomonas 

aeruginosa and Weilonella. In contrast, uric acid levels 

were significantly higher in bacteria (Yin et al., 2022). 

This suggests that high uric acid is one of the factors 

contributing to oxidative stress damage, and also provides 

direct evidence that high uric acid has a significant impact 

on cardiovascular disease (Wang et al., 2023). In addition, 

probiotic interventions can reduce oxidative stress, 

inflammatory responses and improve gut flora imbalance, 

as well as enhance the resistance of the natural immune 

system to hyperuricaemic damage (Zhao et al., 2022). 

These studies suggest that oxidative stress plays a key 

role in the development of atherosclerotic cardiovascular 

disease and is also closely associated with inflammatory 

responses, which together influence disease progression. 

 

Metabolites of intestinal flora affect AS 

Intestinal flora can not only delay the progression of AS 

by affecting the immune system, oxidative stress and 

inflammatory response, but also its metabolites have a 

certain impact on the formation and rupture of 

atherosclerotic plaques, which include metabolites such as 

short-chain fatty acids (SCFAs), trimethylamine oxidation 

(TMAO), bile acids (BAs) and so on (Yoo et al., 2022). 

 

Short-chain fatty acid 

Short-chain fatty acids (SCFAs) are a class of organic 

fatty acids with a carbon chain length of less than 6, 

which are mainly produced by intestinal flora involved in 

the metabolic activities of dietary fibre and carbohydrates, 

including acetic acid, butyric acid and propionic acid. Bai 

Hongbo et al (Li et al., 2011) conducted a clinical 

randomised controlled trial and found that short-chain 

fatty acids have an anti-AS effect, which can regulate the 

expression of intestinal compact proteins mediated by 

GPR41, resulting in a significant reduction in intestinal 

permeability and LPS levels, which reduces the area of 

AS plaques and inhibits the development of 
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atherosclerosis. Studies have shown (Bartolomaeus et al., 

2019; Yoo et al., 2020) that SCFAs can prevent and treat 

atherosclerosis by regulating Treg cell production and 

inhibiting histone deacetylase (HDAC) to enhance 

protection of vascular endothelial function and reduce 

inflammatory expression. Arash et al. explored the role of 

SCFAs in their study (Haghikia et al., 2022) and found 

that propionic acid lowered total cholesterol levels in high 

adiponectin mice total cholesterol levels and significantly 

ameliorated lesion size in diet-induced atherosclerosis in 

ApoE-/- mice. Propionic acid also down-regulated major 

intestinal cholesterol transporter proteins by increasing 

IL-10 levels in the intestinal environment, thereby 

stabilising the intestinal cholesterol internal environment 

and enhancing anti-atherosclerotic effects (Haghikia et 

al., 2022). Overall, as one of the metabolites of intestinal 

flora, SCFAs can inhibit the production of inflammatory 

factors by lowering LDL and play an important role in 

lipid metabolism in AS, which is a new direction to study 

the treatment of atherosclerosis. 

 

Trimethylamine oxide 

Recent studies have shown that trimethylamine oxide 

(TMAO) is also one of the risk factors for the 

development of cardiovascular disease, which has become 

a new hot spot in the study of atherosclerosis (Swanepoel 

et al., 2022). Trimethylamine (TMA) is absorbed into the 

blood and enters the liver via the portal circulation, where 

it is oxidised by flavin monooxygenase (FMO) to TMAO, 

which is produced by phosphatidylcholine metabolised by 

intestinal flora (Lv et al., 2022). Studies have shown 

(Wang et al., 2011) (Zhong et al., 2024) that elevated 

levels of TMAO in vivo can upregulate the number of 

scavenger receptors on the surface of macrophages, 

increase foam cell production and macrophage cholesterol 

accumulation, thereby accelerating atherosclerotic plaque 

formation. A study by Tang Jinghui et al (Zhong et al., 

2024) found that the levels of cholesterol reverse 

transcription factors, such as Sr-b1, Abcg5, Cyp7a1, etc., 

in the livers of ApoE-/- mice were significantly increased 

after administration of choline chloride or Lactobacillus, 

while the in vivo levels of TMAO were effectively 

reduced in ApoE-/- mice. In addition, the detection of 

local AS plaques revealed a significant decrease in the 

levels of macrophages and lipid metabolism, suggesting 

that Lactobacillus was able to promote the efflux of lipids 

metabolised by the liver by decreasing the levels of 

TMAO, increasing cholesterol reverse transcription and 

ultimately preventing atherosclerosis due to the elevation 

of TMAO in the serum (Tan et al., 2019). In addition, 

monocyte adhesion and endothelial dysfunction are also 

key links in the process of AS development (Ma et al., 

2017; Ma et al., 2015). Studies have shown that TMAO 

can lead to endothelial cell injury through activation of 

protein kinase C (PKC) and NF-kB, as well as enhance 

monocyte adhesion and up-regulate the expression of 

adhesion molecules in vascular endothelial cells, and 

these results suggest that TMAO may participate in the 

prevention of atherosclerosis by affecting the activity of 

monocytes and the endothelial cell function, which is 

involved in the pathophysiological process of AS (Ma et 

al., 2017). In summary, the production of TMAO is 

related to the metabolism of intestinal flora. In addition, 

TMAO is closely related to macrophage and foam cell 

production, inhibition of reverse cholesterol transport and 

enhancement of monocyte adhesion to the arterial wall. 

All three of these aspects are important factors that trigger 

the development of AS, as well as cardiovascular disease 

(Luo et al., 2022). 

 

Secondary bile acid 

Bile acids (BAs) are synthesised from primary bile acids 

in hepatocytes by cholesterol via the action of enzymes, 

and then primary bile acids are combined with taurine and 

glycine to form bile acid complexes, which enter the 

intestine and are synthesised into secondary bile acids by 

hydrolytic enzymes and 7α/β-dehydroxylase(Rani et al., 

2024). Secondary bile acids have the following three main 

roles: Firstly, as signalling molecules involved in the 

regulation of substance metabolism, secondly, involved in 

lipid metabolism and absorption and thirdly, when bile 

acids accumulate in excess in the body, they can have 

toxic effects on the organism (Ma and Patti, 2014). 

Abnormal metabolism of bile acids promotes the 

development of AS, in which the bile acid receptor (FXR) 

and the G-protein-coupled receptor TGR5 play important 

roles (Branchereau et al., 2019). As a nuclear receptor for 

bile acids, FXR is mainly expressed in the small intestine 

and liver and induces fibroblast growth factor 19 (FGF19) 

to activate fibroblast growth factor receptor 4 (FGFR4), 

which inhibits CYP7A1 and reduces bile salt synthesis 

(Fu et al., 2016). A study by Jan et al. Revealed (de Boer 

et al., 2017) that FXR, upon activation, can induce blood 

cholesterol to enter the intestinal epithelium directly 

through the low-density lipoprotein receptor (LDL-R) and 

stimulate cholesterol influx into the intestinal lumen, i.e., 

increase cholesterol efflux from the TICE pathway, 

thereby reducing cholesterol levels in the body, improving 

lipid metabolism disorders, and delaying the onset of 

atherosclerosis. In addition, the study of Takeshi et al. 

also showed (Inagaki et al., 2006) that FXR agonists can 

effectively inhibit the damage caused by intestinal 

inflammation. Experimental results showed that mice 

lacking FXR were susceptible to bacterial attack, causing 

damage to the intestinal epithelial barrier and elevated 

bacterial levels in the ileum (Nijmeijer et al., 2014). This 

suggests that activation of FXR can prevent systemic 

infections and enhance protection of the intestinal tract by 

reducing its exposure to inflammatory damage, making it 

a potential therapeutic target for AS. As an important 

component of the bile acid signalling pathway, TGR5 is 

mainly expressed in the liver, gallbladder, stomach and 

intestine and regulates the anabolism of bile acids as well 

as influencing the expression level of bile acid synthase 
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(Reich et al., 2021). The findings of Thijs et al. Showed 

(Pols et al., 2011) that TGR deficiency exacerbates the 

progression of AS plaques by the mechanism of inhibition 

of macrophage NF-kB activity through the cAMP 

signalling pathway, causing the inhibition of macrophage 

NF-kB activity and uptake of oxidised LDL in 

macrophages, thus radically reducing the inflammatory 

response in atherosclerotic plaques. Sui Guoyuan et al 

(Chen et al., 2008) divided the ApoE -/- mouse model into 

blank group, statin group, and chemoexpectorant group, 

and gave mice a high-fat diet, and the results of the study 

showed that, after the intervention of chemoexpectorant 

formula, the expression level of hepatic FMO3 protein in 

mice was significantly reduced, and the inflammation and 

lipid deposition in the AS plaques were significantly 

improved, which radically inhibited the formation of 

aortic plaques. In summary, it can be seen that bile acids, 

as important signalling molecules produced by intestinal 

flora and host metabolism, play an important regulatory 

role in lipid metabolism. In addition, impaired cholesterol 

metabolism and inflammation are the direct causes of AS 

development, which has become a hot topic in the study 

of AS mechanism (Dinu et al., 2024; Sheng et al., 2023). 

 

Modulation of intestinal flora by traditional Chinese 

medicine for the treatment of atherosclerosis 

Chinese medicine mechanism of atherosclerosis 

In Chinese medicine, atherosclerosis is not classified as 

an independent disease, but according to its pathogenesis, 

clinical manifestations and other characteristics, it is 

classified as "headache", "chest paralysis and heart pain", 

"true heart pain", "vertigo", "syncope", "stroke" and other 

categories.", "vertigo", "syncope", "stroke" and other 

categories, and now often the atherosclerosis in modern 

medicine is categorised as Chinese medicine's "Pulse 

paralysis". The name of pulse paralysis began in the 

"Neijing", "Suwen - paralysis theory" talked about "wind, 

cold and dampness three qi mixed to, combined as 

paralysis also." "Paralysis is in the veins, then the blood is 

condensed and does not flow", that qi and blood running 

in the veins and feel the evil will be blocked blood 

dispersed to the body in all directions, this "veins" is 

equivalent to the "blood vessels" in Western medicine, 

blood vessels Due to lipid metabolism and other factors 

that cause blood flow is not smooth, so the veins are not 

accessible. Wang Chunye et al. (Wang et al., 2024). 

searched the literature on the pathogenesis of 

atherosclerosis in Chinese medicine in the past five years, 

and concluded that its essence is a type of deficiency and 

deficiency mixed with reality, and concluded that the 

main symptoms include nine pathological factors, of 

which the top three pathogenic factors are blood stasis, 

phlegm, and heat. This indirectly confirms that the main 

factors promoting the formation of atherosclerosis are 

blood stasis, phlegm and heat. The disease of pulse 

paralysis is located in the blood vessels, and its primary 

deficiency is closely related to the three organs of the 

liver, spleen and kidney. The spleen is the source of qi and 

blood biochemistry, and its physiological function is to 

transport water and grains and water-dampness. It is 

pointed out in the Compendium of Evidence-based 

Treatments that "a deficiency of the spleen does not 

differentiate between the clear and the turbid, and phlegm 

arises from the retention of fluids". And "Medical Zong 

Biyan" mentioned: "Spleen and soil are weak, it is 

difficult to raise the clear, turbid is difficult to descend, 

stay in the diaphragm, coagulation into phlegm." Most of 

the patients with atherosclerosis are old and weak, and the 

spleen and stomach are unable to transport and transform, 

making the heart and various tissues and organs unable to 

get the essence of the spleen to transport and transform 

the material nutrients, so that over time, the creams and 

fats will be accumulated in the veins, and the deficiency 

of the spleen will cause phlegm and stagnation, affecting 

the operation of the qi, blood and fluid, and then 

aggravating the atherosclerotic cardio-cerebral and 

cerebral vascular diseases. Liver is the master of 

excretion, regulating the whole body's qi, qi line is blood 

line, qi stagnation is blood stasis, affecting the triple jiao 

and water and fluid metabolism. If the fluid can not be 

transported and distributed, it is easy to be condensed into 

phlegm. Kidney is the main water and essence, the whole 

body's water needs to be transpiration and gasification 

through the kidney, the "clear one" will be transported all 

over the body to nourish the meridians, and the "turbid 

one" will be turned into urine and passed down to the 

bladder. Medical Guan - phlegm theory" cloud: "kidney 

deficiency can not control water, the water does not return 

to the source, such as water against the flow, flooding and 

phlegm, is no fire." One of the kidney Yang has a 

warming effect, the blood is warm is travelling, cold is 

condensed, stagnation for a long time, the pulse is not 

smooth is easy to lead to atherosclerosis formation. 

 

Theory of the cardio-intestinal axis 

With the deepening of the study of intestinal flora, the 

theory of intestinal-cardiac axis has been proposed, which 

not only better explains the close association between 

intestinal flora and cardiovascular diseases, but also 

proves the scientific nature of the theory of "the heart and 

the small intestine are mutually exclusive" in Chinese 

medicine. From the perspective of Chinese medicine, the 

heart and the small intestine are mutually exclusive. The 

Spiritual Pivot meridian 10 "recorded:" heart hand 

shaoyin vein, from the heart, out of the heart system, 

under the diaphragm, the small intestine; its branch, from 

the heart system on the hostage pharyngeal, the 

Department of the eye system; against the end of the palm 

of the back of the sharp bone, into the palm of the back of 

the Lian, by the little finger within the end of its(de Man 

et al., 2024)." The original description of the hand 

Shaoyin heart meridian and hand sun small intestine 

meridian in the small finger end of the articulation, 

constitute the viscera table relationship. In the "Suwen" 
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has long been recorded: "the heart, the official of the 

monarch, the gods out of it," "the small intestine, the 

officer who receives Sheng, changes out of it. From a 

physiological point of view, the heart of the blood, for the 

five viscera and six bowels of the Lord, can moisten the 

small intestine blood and help it to receive the fullness of 

the compounds; and Chinese medicine that the small 

intestine "urinary don't clear and turbid" function with 

modern medicine in the intestinal digestion, absorption of 

a variety of human body needs the function of the same 

material. The small intestine through the absorption of the 

stomach by the stomach of the essence of the grain and its 

red blood to moisten the heart pulse, while the dregs of 

the small intestine through the secretion of turbidity out of 

the body, and therefore each other for the relationship 

between the surface and the inner. Pathologically, 

"medical jinjian" cloud: "the heart and small intestine for 

the table, but also, but see the mouth and tongue sores, 

urine red and yellow, stem in the pain, hot drenching 

diarrhoea and so on, are heart to move the heat in the 

small intestine of the evidence," if the heart fire is 

hyperactivity, the heat is moved down to the small 

intestine affects the function of small intestinal urination 

of the other clear and turbid and small intestinal heat can 

be upward fumigation of the fire to the heart. Wang's 

medical deposit" said: "dirty, small intestine heat are 

upward, so can not sleep." The heart is the master of the 

mind, and solid heat from the small intestine can also 

affect the mind of the heart, thus making the heart and 

veins unsupported, aggravating the accumulation of 

pathological products such as phlegm, stasis of blood, and 

heat and toxins in the veins and blocking the veins. 

Intestinal flora as the small intestine to play a normal 

physiological function of the material basis, its research 

shows that once the intestinal microbiota metabolic 

disorders, will lead to a series of heart vein loss of 

nourishment of the disease occurs (Wu et al., 2020). 

Therefore, the "heart and small intestine" is the main 

factor to ensure the smooth flow of blood. 

 

Chinese medicine regulates intestinal flora to treat 

atherosclerosis 

The human gut contains a variety of microflora, and 

traditional Chinese medicine (TCM) is often used to treat 

AS by oral administration of herbal tonics. Studies on the 

association between intestinal flora and its metabolites 

and the heart have found that many Chinese medicines 

can change the structure and barrier of intestinal flora, 

thereby effectively controlling lipid metabolism disorders, 

oxidative stress damage, inflammation, etc., and thus 

achieving the effect of treating cardiovascular diseases 

such as atherosclerosis (Song et al., 2021). From the 

perspective of traditional Chinese medicine, phlegm and 

stasis, and stagnation of qi and blood are the 

pathomechanisms of atherosclerosis. Therefore, the use of 

blood activation, elimination of blood stasis and 

detoxification to improve the intestinal barrier function 

and to increase intestinal probiotics has become a new 

approach for the treatment of this type of disease. 

 

Herbal monomers 

Some herbal substances have been found to be able to 

prevent and control the development of atherosclerosis by 

modulating the intestinal flora and these herbal substances 

include aspalathin, berberine, curcumin, resveratrol and 

danshen (Shabalala et al., 2020). It has been found (Chen 

et al., 2016; Liu et al., 2021) that berberine, an active 

ingredient in aspalathin and curcumin, can increase the 

number of certain specific flora, as well as change the 

structure and function of the intestinal flora, thus 

increasing the content of probiotics and SCFAs in the 

intestinal tract, decreasing the level of the intestinal 

carnitine precursor substance TMAO and alleviating 

infiltration of inflammatory cells into the intestinal 

mucosa and damage and preventing the further 

deterioration of AS. Resveratrol, as a natural plant of anti-

AS protein, can increase the content of Lactobacillus and 

Bifidobacterium by remodelling the intestinal microbial 

structure, and promote hepatic bile acid excretion to 

reduce the level of TMAO (Chen et al., 2016). Another 

study found that Salvia miltiorrhiza, when administered to 

rats after a high-fat diet induced obesity, reduced the 

number of harmful bacteria and increased the levels of 

Aspergillus and Actinobacillus, which significantly 

improved the integrity of the intestinal mucosa, as well as 

dramatically improving the metabolic build-up of lipids 

and decreasing the risk of diseases associated with AS (Ai 

et al., 2022). 

 

Compound prescription of Chinese medicine 

The Chinese medicine compound prescriptions mainly 

include Qingxin Xieyu Fang, Tongxinluo, Tongxinhuayu 

Tang and Resolving Phlegm and Resolving Stasis Fang, 

which are mainly for removing blood stasis, and Spleen 

Strengthening, Resolving Turbidity and Regulating Lipids 

Granules and Semixia Baijutsu Tianma Tang, which are 

mainly for strengthening the spleen and removing phlegm 

(Zhang et al., 2019). A study conducted serum 

metabolomics analysis after intervening in patients with 

stable coronary artery disease using Qingxin Xieyuquan, 

and further investigated lipid metabolism in the ApoE-/- 

mouse AS model (Chen et al., 2022), and found that the 

use of Qingxin Xieyuquan (Astragalus, Dangshen, 

Rhizoma Ligustici Chuanxiong, Huoxiang, Huanglian) 

increased the abundance of intestinal bacterial genera 

positively related to serum HDL-C, such as Microcystis 

warticuliformis (Akkermansia spp.) and SCFAs-

producing bacteria, while reducing triglyceride (TG) 

levels, serum inflammatory factor (e.g., interleukin) 

levels, and AS plaque extent in the ApoE-/- mouse model 

of AS. Qi et al (Qi et al., 2022) induced AS in rabbits 

using a high-fat diet plus balloon injury, and intervened 

with the proprietary Chinese medicinal drug Tongxinluo. 

The results showed that Tongxinluo reduced the 
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inflammatory response by decreasing the NLRP3 

signalling pathway, and increased the content of 

probiotics and gut bacteria metabolites, which stabilised 

vulnerable plaques and slowed the progression of AS. 

Some studies have shown that Chinese herbal formulas 

have a synergistic effect with Western medications (e.g., 

atorvastatin). The combination of the two can 

significantly reduce the inflammatory response of AS 

plaques (Qi et al., 2022). In addition, the efficacy of 

Tongxinhuoyu Tang has been confirmed, which can 

regulate the structural composition of intestinal flora, 

especially reduce the level of TMAO generated by the 

metabolism of dietary choline, and improve platelet 

aggregation, thus exerting anti-atherosclerotic effects 

(Peng et al., 2018). Strudy found in animal experiments 

that the use of the formula for resolving phlegm and 

expelling blood stasis could significantly reduce the 

content of LPS in the AS model of ApoE-/- mice, increase 

the excretion of cholesterol and enhance the function of 

the intestinal barrier and change the structure of the 

bacterial flora (Tu and Xia, 2024). LPS is one of the pro-

inflammatory mediators released by bacteria and 

dysfunction of the intestinal bacterial flora will lead to the 

impairment of the intestinal mucosal barrier, promoting 

the entry of LPS into the bloodstream and causing 

inflammatory responses to be Aggravation. The basic 

composition of the formula includes Codonopsis 

pilosulae, Gynostemma gibbosum, Astragalus 

membranaceus, Poria, Salvia miltiorrhiza, Rhizoma 

ligustici chuanxiong, Fructus schisandrae, and Uljin, 

which has the efficacy of tonifying qi, strengthening the 

spleen, activating blood circulation and removing blood 

stasis and it can regulate the structure of the intestinal 

flora and its mucosal barrier to maintain the homeostatic 

state of the internal environment, and balance cholesterol 

metabolism (Zhao et al., 2020). Recent studies have 

shown that intravascular cellular senescence caused by 

AS is related to intravascular ROS levels. When ROS 

levels rise, they activate inflammation via oxidative 

modification of lipoproteins and promote macrophage 

release (Kim et al., 2023). Further activation of the NF-

κB signalling pathway prompts endothelial cell adhesion 

molecules to form plaques on the arterial wall and 

accelerates macrophage production, ultimately leading to 

AS lesions (Pang et al., 2019). Spleen-enhancing and 

lipid-regulating granules can effectively slow down the 

proliferation of vascular endothelial cells and 

macrophages caused by oxidative stress injury, mainly by 

increasing the abundance of Bifidobacterium and 

Lactobacillus to improve the structure of the intestinal 

flora and down-regulate the ROS/NF-κB signalling 

pathway, thus interfering with the progression of AS 

inflammation and the formation of aortic plaques (Xie et 

al., 2023). 

 

Summary and prospects 

In summary, we propose that intestinal flora can intervene 

in the occurrence and development of AS by regulating 

collective immune cells and influencing oxidative stress 

injury. In addition, the metabolites of intestinal flora are 

also one of the important factors affecting AS. With the 

deepening research on Chinese medicine for 

cardiovascular diseases, we have confirmed the close 

association between the intestinal environment and 

cardiovascular health through Chinese medicine theories. 

A large number of studies have also shown that Chinese 

medicine monomers and combinations can have a 

therapeutic effect on AS by regulating the intestinal flora, 

and their side effects are less harmful than those of 

conventional Western medicine treatments, e.g., mistletoe 

and other medicines can indirectly have a regulatory 

effect on the flora in order to improve the effect of 

cardiovascular diseases. However, due to the lack of 

clinical practice, further research and practice are still 

needed in the future. In this paper, we summarise the 

mechanism of intestinal flora modulation in AS, and 

describe the current research status of Chinese medicine 

modulation of intestinal flora in the treatment of AS, 

aiming to provide new ideas and inspiration for the 

treatment of AS with Chinese medicine. 
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