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“Liver–gut” axis: A target of
traditional Chinese medicine for
the treatment of non-alcoholic
fatty liver disease

Kangxiao Guo, Sisheng Xu and Zhaofeng Zeng*

Changsha Health Vocational College, Changsha, Hunan, China
Non-alcoholic fatty liver disease (NAFLD) occurs when fat accumulates in the

liver even without excessive alcohol intake. Among the current therapeutic

approaches for NAFLD, lifestyle modification with dietary changes and regular

exercise is the mainstay treatment. With the rise of intestinal microecology,

regulation of the “liver–gut” axis can be an effective treatment for NAFLD. This

review aimed to assess the modulation of the liver–gut microbiota axis with

traditional Chinese medicine (TCM) as a therapeutic approach to NAFLD and

further explored its application in the newly discovered therapeutic avenues

beyond NAFLD treatment.
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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a clinicopathological syndrome with

liver histological changes similar to alcoholic liver disease, but without a history of

excessive alcohol consumption, including non-alcoholic steatosis (non-alcoholic fatty

liver, NAFL) without inflammation and non-alcoholic steatohepatitis (NASH), which is

associated with hepatocyte death, inflammation, and fibrosis. NAFL causes NASH, which

can further evolve into liver cirrhosis; however, NASH can also sometimes lead to other

outcomes. Thirty percent of patients with NASH will develop liver cirrhosis within 5–10

years. Clinical studies have shown that NAFLD is related to diabetes, hypertension,

insulin resistance, abnormal liver lipid metabolism, and other factors (1). At present,

NAFLD is a global epidemic trend and is one of the reasons for the increase of liver

cirrhosis and liver cancer, becoming the world’s largest chronic liver disease. In Western

countries, especially the United States, NAFLD has become the second leading cause of

liver transplantation. However, NAFLD is not endemic to Western countries. With the

increasing industrialization in Asian countries, as well as changes in lifestyle and diet, the
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prevalence of NAFLD in Asia has continued to increase. Li et al.

(2) found that the overall prevalence of NAFLD in Asia was

29.62%. Japan had the lowest prevalence (22.28%), while

Indonesia had the highest prevalence (51.04%); the general

population of Mainland China had a prevalence of 29.81%. It

is worth noting that the prevalence of NAFLD in Asia has been

increasing year by year (25.28% in 1999–2005, 28.46% in 2006–

2011, and 33.90% in 2012–2017). However, in Asia, there was no

significant difference in the prevalence of NAFLD in countries

with different income levels (high, upper-middle, and low), and

there was no difference in the prevalence of NAFLD between

rural and urban populations. Therefore, attention should also be

paid to the harm caused by NAFLD in non-affluent areas, the

low- and middle-income groups in Asia. In addition to its high

prevalence, the harm caused by NAFLD is manifested in the fact

that it can lead to liver lesions, including cirrhosis and liver

cancer. At present, it is believed that NAFLD may have become

another important cause of primary liver cancer after hepatitis B

(HBV) and hepatitis C (HCV) virus. The annual incidence of

primary liver cancer in the Asian population with NAFLD is

1.8‰, and the all-cause mortality rate is 5.3‰. The all-cause

mortality of NAFLD patients can be as high as 7.3‰ (2).

Among the current treatment approaches for NAFLD,

lifestyle modification with dietary changes and regular exercise

is the mainstay (3), but the treatment effect is often not good and

more adverse reactions are reported (4). Although promising

therapeutic options targeting mechanisms for patients with

NAFLD are available (5), particularly for NASH, none has

been approved by the international medical community.

Presently, a lot of studies have shown that Chinese medicine,

relative to Western medicine, has multi-level and multi-target

features, integrity, complex chemical composition, fewer adverse

reactions, and a long history; therefore, a lot of scholars believe

that the treatment of NAFLD using TCM has certain advantages,

as long as clinical syndrome differentiation is correct, which

often achieves good effects (6).

The human gut microbiota is a complex ecosystem that

comprises a wide variety of bacteria, which total to

approximately 1–2 kg in mass (7, 8). The gut microbiota

maintains a close relationship with the host, with important

roles in vitamin production, the mucosal immune system, and

bacterial translocation (9). However, an overall understanding of

the gut microbiota, including differences in their composition

according to geographical regions, gender, and age, is yet to be

established (10, 11). Theoretically, the modulation of the gut

microbiota through the administration of antibiotics, probiotics,

prebiotics, and symbiotics or through fecal microbiota

transplantation (FMT) can be an effective approach to the

treatment of NAFLD. Recent studies have released results that

support this theory (12, 13).

This review aimed to assess the modulation of the liver–gut

microbiota axis with traditional Chinese medicine (TCM) as a

therapeutic approach for NAFLD and further explored its
Frontiers in Endocrinology 02
application in the newly discovered therapeutic avenues

beyond NAFLD treatment.
The pathogenesis of NAFLD

NAFLD is a clinicopathological syndrome characterized by

fatty degeneration of liver parenchymal cells caused by alcohol

consumption and other liver damage factors (e.g., drug damage,

viral infection, and autoimmunity, among others) (14).

Comprehensive diagnosis is mainly made through laboratory

and ultrasonic examinations. The specific pathogenesis of

NAFLD is presently still unclear. The “second hit” theory

originated over the past decade has been widely recognized.

The “first hit” is hepatic steatosis caused by insulin resistance

(IR). IR refers to the decrease in the sensitivity of insulin-acting

target organs to insulin; that is, a normal dose of insulin

produces a fraction of the normal biological effect. This state

leads to the accumulation of triacylglycerols in the liver and the

decline of liver tolerance to internal and external injury factors,

such as ischemia and hypoxia. In the second hit, under oxidative

stress, inflammatory factors, and endotoxins, among other

factors, the liver tissue shows inflammation, fibrosis, and other

pathological changes, causing NASH (15). Evidence from the

latest medical research has shown that the occurrence of NAFLD

may also be related to poor dietary habits. A high-fat diet or large

amounts of dietary fructose in the diet can cause IR and

hyperleptinemia, which are accompanied by NAFLD (16).

Inter-microecological imbalance is also one of the important

causes of NAFLD (17). Imbalance in the intestinal flora causes

damage to the intestinal mucosal barrier, increases the intestinal

mucosal permeability, and induces overgrowth of some

intestinal flora, including lipopolysaccharides (LPS), short-

chain fatty acids (SCFAs), acetic acid, inflammatory inducers,

and other harmful substances, through the intestinal barrier into

the blood circulation and to the liver, thus activating the host

immune system of cytokines and inflammatory mediators,

forming an inflammatory response and affecting the liver (18).
Effect of the “liver–gut” axis
on NAFLD

“Liver–gut” axis

In 1998, Marshall proposed the concept of the “liver–gut“

axis. Since then, the relationship between the gut and the liver

has been receiving more attention. Studies have confirmed that

the liver–gut axis is an important part of the pathogenesis of

NAFLD (5). Their common embryonic origin makes the liver

and the intestine closely related in terms of anatomy and

biological function, and they communicate through the bile

duct, portal vein, systemic circulation, and tight bidirectional
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connection. When the permeability of the intestinal mucosa

increases, the barrier function is impaired. A lot of bacteria and

endotoxins in the intestinal tract enter the portal vein system.

Kupffer cells and hepatic stellate cells in the liver are activated by

LPS, the main lipid components of the cell wall of Gram-

negative bacteria, and the released inflammatory factors

participate in the process of liver disease. These inflammatory

factors can cause continuous damage to the liver, such as tumor

necrosis factor alpha (TNF-a). Enterohepatic circulation is the

communication system between the liver and the gut. Bile acids

in the gut are recovered by the liver, secreted into the bile ducts,

and then reabsorbed in the gut. Therefore, the balance of bile

acids in the body determines the homeostasis of the liver–gut

axis (19, 20). As important components in the gut, bile acids can

inhibit the overgrowth of intestinal bacteria and affect the

composition and quantity of the intestinal flora (21, 22).
“Liver–gut” axis in non-alcoholic fatty
liver disease

The intestinal barrier mainly comprises an immune barrier,

mechanical barrier, chemical barrier, and biological barrier (as

shown in Figure 1). The biological barrier is mainly composed of

intestinal microorganisms, and these intestinal microorganisms

continuously form a complex and stable microecology with the

growth and development of the human body (23). The gut

microbial ecosystem includes bacteria, fungi, and viruses, among

others, which, together, play a role in food digestion, nutrient

absorption, immune regulation, and tumor suppression, which

are of great significance to maintaining the intestinal epithelial
Frontiers in Endocrinology 03
barrier function. Under the condition of stable balance, the

intestinal microecology maintains the coordinated operation of

the body’s organ functions. When the composition, quantity,

metabolic activity, and the distribution of intestinal microbes

change under different nutritional, immune, and environmental

conditions, this will trigger the body’s chronic inflammatory

response and even lead to a series of diseases (24).

In terms of anatomical structure and physiological function,

the relationship between the liver and the intestine is

inseparable. The nutrients absorbed in the intestine can be

transported into the liver from the portal system through the

blood, and the bile acids and other biologically active substances

synthesized in the liver can also be secreted into the intestine for

metabolism, thereby inhibiting the overgrowth of intestinal

bacteria. When there is imbalance in the intestinal flora, the

intestinal mucosal barrier is damaged and the permeability is

increased. Bacteria, endotoxins, and metabolites enter the liver

through the portal vein, resulting in impaired liver function; the

liver then releases a series of inflammatory factors, which in turn

cause intestinal damage (Figure 2). Yuan et al. (25) established a

mouse model by strain colonization and FMT and found that

Klebsiella pneumoniae, which produces a large amount of

alcohol, can induce mitochondrial damage, impair the

intestinal mucosal function, aggravate liver inflammation, and

lead to the development of NAFLD. Another study compared

the fecal flora of healthy groups and patients with NAFLD and

observed changes in the diversity and composition of the flora,

with increased proportion of Bacteroidetes and a decreased

abundance of Firmicutes (26). In a study of the intestinal

microbiota of 37 patients with NAFLD, Jasirwan et al. (27)

found that Firmicutes, Bacteroidetes, and Proteobacteria were
FIGURE 1

The intestinal barrier. The human intestinal tract is an important organ for the digestion and absorption of the nutrients in food. It is also a
congenital barrier that maintains the balance of the intestinal environment and effectively prevents pathogenic microorganisms, their
metabolites, and sensitizing substances. The intestinal barrier is composed of the biological barrier, chemical barrier, size barrier, and
immunization barrier. All four barriers have different characteristics, among which, the structure of the intestinal flora forms an interdependent
microbial system and interacts with other microorganisms. Its ecological balance forms the biological barrier of the human gut.
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the predominant phyla. Bacteroides was more dominant than

Prevotella, contrary to the results of previous studies on healthy

populations in Indonesia. Microbiota dysbiosis was observed in

most of the samples. The diversity of the gastrointestinal

microbiota was significantly decreased in patients with

NAFLD, high triglyceride levels, and central obesity. The

Firmicutes/Bacteroidetes ratio was correlated with steatosis

and obesity, whereas some of the other species in the lower

taxonomy levels were mostly associated with steatosis and

obesity without fibrosis. Proteobacteria was the only phylum

strongly correlated with fibrosis in patients with an average body

mass index. Certain gut microbes were correlated with fibrosis

and steatosis. Philips et al. (28) found that the gut microbiota

has a significant impact on NAFLD. Their study performed fecal

transplantation in eight patients with steroid-resistant alcoholic

hepatitis. It was found that the overall survival of patients who

received a fecal transplant was 87.5%, while that of patients who

did not receive a fecal transplant was 33.3%. One year after

transplantation, bowel deformation was observed. A decrease in

Bacillus and an increase in Firmicutes were found. Studies have

shown that Bifidobacterium and Lactobacillus strains may have

different effects on NAFLD and that some Bifidobacterium

species may have protective effects in the development of

NAFLD, NASH, and obesity (29). The genus Bifidobacterium

can be considered as one of the targets for NAFLD treatment

using intestinal microecology. Huang et al. fed Sprague–Dawley

(SD) rats with a high-fat diet for 12 weeks to establish an

NAFLD model. The study found that the liver tissue of NAFLD

model rats was grayish yellow, with obvious fatty lesions, and

increased cholesterol/low-density lipoprotein (LDL) cholesterol

ratio and alanine (30). The activity of alanine aminotransferase
Frontiers in Endocrinology 04
(ALT) in the NAFLD group was significantly higher than that in

the normal group (p < 0.01). The DNA of the cecal mucosa was

extracted, and 16S rDNA high-throughput Illumina sequencing

was used to analyze the intestinal flora of NAFLD rats. The

results showed that the alpha diversity indices Sobs (observed

species index), Chao, Ace and Shannon of the normal group

flora were all significantly higher than those of the NAFLD

model group. In the comparisons at the bacterial phylum level,

the ratio of Firmicutes/Bacteroidetes in the normal group was

shown to be significantly higher than that in the NAFLD model

group (p < 0.05), while the proportion of Verrucomicrobia in the

NAFLD model group was significantly increased. Comparisons

at the bacterial genus level revealed that the intestinal lactobacilli

in the NAFLD model group were significantly lower than those

in the normal group. This study showed that NAFLD rats

developed dysbacteriosis and had a decreased number of

beneficial intestinal bacteria. Some studies have also found

that lipid metabolism disorders can induce an imbalance in

the intestinal flora, which in turn can exacerbate lipid

metabolism disorders, both of which are closely related to the

occurrence and development of fatty liver (31). Ley et al. (32)

found that two different diets resulted in intestinal

microbiological changes related to obesity and IR. IR is an

important feature of NAFLD, which can be improved by

antibiotic treatment (33). However, intestinal symbiotic

bacteria are also very important. The study found that the

severity of experimental liver fibrosis in sterile mice worsened

(34). After the mice were administered small doses of

antibiotics, their intestinal microbiota changed and the

contents of intestinal SCFAs and cholesterol significantly

increased, thus changing the fatty acid and cholesterol
FIGURE 2

Mechanisms associated with the pathophysiology of non-alcoholic fatty liver disease (NAFLD). Diet and obesity lead to prominent changes in
the microbiota, which induce intestinal bacterial overgrowth, dysbiosis, intestinal permeability, bacterial translocation, and endotoxemia,
resulting in the development of NALFD.
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metabolism of the liver (35). Intestinal flora disorder can also

directly affect the levels of fat factors, pro- and anti-

inflammatory factors, and fat oxidation factors, thereby

affecting liver metabolism and promoting liver damage (36).
Progress in TCM treatment of
NAFLD based on the regulation of
the “liver–gut” axis

Association between traditional Chinese
medicine “liver and spleen theory” and
“liver–gut” axis function

TCM believes that the liver belongs to wood and the spleen

belongs to earth. The qi of the spleen can fill the qi and blood

metaplasia and nourish the liver. Diseases of the liver transmit

diseases to the spleen through the meridians, and damage in

the spleen will affect the function of the liver (37). Emotional

insufficiency blocks the qi movement, affecting the operation of

the body’s qi, blood, and body fluids, and the liver qi

stagnation accumulates for a long time. Liver stagnation and

spleen deficiency are each other’s cause and effect. The

transportation and transformation of the spleen depends on

the normal function of the liver to disperse and relieve the

spleen. Therefore, many doctors have advocated the treatment

of NAFLD from the perspective of the liver and spleen, with

regulation of the liver and spleen as the basic treatment

method. Regulation of the liver also includes soothing it,

promoting blood circulation, and promoting qi, while

regulation of the spleen includes strengthening it, resolving

phlegm and damp. The “Consensus on the diagnosis and

treatment of non-alcoholic fatty liver diseases” pointed out

that NAFLD is located in the liver and involves the spleen,

stomach, and other organs. The main clinical symptoms of

NAFLD include liver depression and spleen deficiency, damp-

turbid internal stop, damp-heat accumulation, and phlegm and

blood stasis syndrome, among others. During the development

of the disease, spleen deficiency is the basic pathogenesis, as

well as liver stagnation and spleen deficiency, phlegm turbidity,

and internal accumulation of damp-heat, finally leading to a

phlegm–damp–blood stasis inter-association. NAFLD is

caused by fat deposits in the liver. Liver stagnation leads to

spleen deficiency, and in the etiology and the pathological

products of these syndromes, phlegm and dampness are

produced by the lack of water dampness. In the final

analysis, it is still a dysfunction of the spleen (38). The spleen

transports and transforms water dampness. Deficiency of the

spleen can lead to the lack of internal water dampness, which

then leads to dampness accumulation into phlegm, and water

dampness and phlegm-drinking block the normal operation of
Frontiers in Endocrinology 05
the blood. If there is luck on the side, with qi and blood

circulation, this accumulation will disappear. This shows the

importance of strengthening the spleen in the treatment

of NAFLD.

From the perspective of modern medicine, the “spleen” in

TCM theory performs the “gastrointestinal” function in the

narrow sense of modern anatomy. In terms of function, the

spleen, the small intestine, and the large intestine are related. The

spleen is responsible for promoting clearness and transporting

and transforming water and moisture, while the small intestine

receives water and grains from the five internal organs and is

also responsible for the secretion of clear turbidity. The large

intestine, on the other hand, is responsible for conducting dregs

and further absorbing body fluids. Research on the internal

relationship between the “spleen and stomach–turbid poison”

and the “intestinal bacteria–metabolic syndrome” has put

forward the theory that, although the intestinal microecology

is anatomically located in the intestine, its function belongs to

the spleen (39). The liver–gut axis is proposed in modern

medicine. It is believed that the intestinal barrier function is

damaged, the intestinal bacteria are translocated, endotoxins

enter the portal system, the immune mechanism in the liver is

activated, and a large number of inflammatory factors are

released, thereby causing injury in the intestinal mucosa and

other organs. It can be seen through the liver–gut axis that the

gut and the liver are closely related in anatomy and function,

that they influence each other, and they affect the process of

liver disease.
Modern research on traditional Chinese
medicine in the treatment of NAFLD
based on the “liver–gut” axis

A large number of studies (12, 40, 41) have confirmed that

TCM has a positive effect on the regulation of the intestinal flora,

and the destruction of the intestinal microecosystem will lead to

digestive disorders, poor digestion, and damage to the

microecology, further leading to digestive disorders,

indigestion, anorexia, and other symptoms, consistent with the

liver and kidney syndrome. The use of TCMs for strengthening

the spleen and dispelling dampness, such as Chinese yam, Poria,

Codonopsis, and Coix seed, improves the spleen and stomach

deficiency syndrome. Certain components of TCM can play a

role in the prevention and treatment of NAFLD by improving

the intestinal barrier function. Wang et al. (42) found that the

Ophiopogon japonicus polysaccharide MDG-1 improved

NAFLD in mice fed a high-fat diet by regulating the gut

microbiota and hepatic lipid metabolism. Zhang et al. (43)

showed that berberine can reduce liver inflammation and lipid

deposition in NAFLD mice, which may be related to its role in
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regulating the intestinal flora. Qi et al. (44) also discovered that

berberine hydrochloride can repair the intestinal mechanical

barrier function of NAFLD rats and alleviate the steatosis of the

liver caused by NAFLD.With the deepening of research on TCM

compounds, many of these compounds based on the “liver and

spleen theory” have been proven to be able to treat NAFLD by

regulating the intestinal barrier. Fang (45) found that Dahuang

Zexie Decoction reduced the level of pathogenic bacteria in the

intestine of NAFLD rats, thereby reducing the production of

LPS, regulating the function of the intestinal mechanical barrier,

and improving the inflammation and lipid deposition of the

liver. Cui et al. (46) believed that Xiaozhi Yigan Decoction may

reduce the liver damage caused by the LPS/TLR4 pathway by

improving the intestinal microbial barrier in NAFLD rats. Liver

fibrosis is a serious stage in the progression of NAFLD. Chen

et al. (47) found that Xiaoyao powder can improve liver fibrosis

and restore part of the intestinal flora structure. Removing the
Frontiers in Endocrinology 06
spleen-invigorating drugs in the prescription weakens the effect

of Xiaoyao powder on the spleen. For liver protection, Shenling

Jianpiwei granules have the effect of strengthening the spleen

and soothing the liver; moreover, it can reduce the expression of

UCP-2 and Cytb in the liver of NAFLD mice, improve the

inflammatory response and function of the liver, and protect the

liver (48, 49).

In clinical practice, TCM and compound prescriptions are

usually boiled in water, and the liquid formulation enters the

human gastrointestinal tract after oral administration. Most of

the effective ingredients are absorbed in the intestinal tract and

react with intestinal microorganisms. The mechanisms of TCM

compounds in NAFLD are summarized in Table 1. Yang et al.

(50) believed that the intestinal flora including Bifidobacterium,

Eubacterium, Enterococcus, and Escherichia are involved in the

metabolism of saponins, a class of important active ingredients

contained in TCMs such as ginseng and Panax notoginseng, and
TABLE 1 Mechanisms of Chinese medicine compounds in non-alcoholic fatty liver disease (NAFLD).

Chinese
medicine
compound

Drug composition Related findings

Liver fat-soluble
particles

Astragalus, pueraria, cassia, rhubarb, orange shade, Salvia miltiorrhiza, seaweed,
Ze diarrhea

Enhanced hepatic PPAR-a mRNA expression and decreased
hepatic TNF-a expression

Eliminate turbidity
and protect the
liver

Bupleurum, red peony, white peony root, Fructus aurantii, xiong, licorice, Salvia
miltiorrhiza, hawthorn, Ze diarrhea, peach kernel, safflower, gold, tylo, Angelica,
green calyx plum

Reduced the levels of TNF-a, TNF-b1, and CYP2E1 in liver
tissues

Add flavor to Ze
diarrhea soup

Add flavor to Ze diarrhea soup Inhibited the expression of the TLR4/NF-kB and MAPK pathway
and MyD88, NF-kB p65, phospho-p65, p38 MAPK, and
phospho-p38 proteins

Mercy mushroom
fat oil

Mountain Ci mushroom, Pinellia, Poria cocos, Bupleurum, Salvia miltiorrhiza,
Coix seed, Scutellaria baicalensis, Ze diarrhea, Chinese wolfberry, hawthorn

Regulated the JNK signaling pathway and downregulated
caspase-8, FasL, and phospho-c-Jun mRNA and protein
expressions

Small trapped
chest soup cutting

Yellow tis, Pinellia, Trichosanthes, wood, turmeric Downregulated GRP78 and caspase-12 protein expression

Tonifying kidney
and reducing
turbidity

Barbary wolfberry, virgin, Polygonum multiflorum, Poria cocos, Ze diarrhea, Coix
seed, reed root, yam, yellow essence, Yin Chen, defeated sauce grass, licorice

Inhibited the JNK signaling pathway and decreased the JNK1, p-
JNK, and p-IRS-1 protein expression

Taste water and
water two elixir

Golden cherry, Gordon euryale, chinensis, astragalus Increased the IRS-1 mRNA expression

Ginseng Ling
spleen and
stomach particles

North sand ginseng, Poria cocos, Atractylodes, Chinese yam, lentils, lotus seed,
amomum of sand, tangerine peel, Coix seed, licorice

Regulated serum and hepatic TNF-a levels and decreased UCP2
and Cytb expression

Attached son
rational soup

Ginseng, Atractylodes, licorice, dried ginger, aconite The expression of TNF-a and IL-6 in SREBP-1c and FASN was
down regulated

Liver corning White snake grass, potted grass, knotweed, chinensis chinensis, Bupleurum,
ginseng, tylo, Salvia miltiorrhiza, yu gold, notoginseng, green wood fragrance,
licorice

Reduced the MDA and increased SOD activity

Add linglingshu
soup

Poria cocos, cassia branch, Atractylodes, Dangshen, pinellia, hawthorn, herb
grass, safflower, chuanxiong, Polygonum multiflorum, licorice

Upregulated the expression of AdipoR2 and PPAR-a

Protection of liver
fat tablets

Ze diarrhea, hawthorn, lotus leaf, puhuang, notoginseng, tangerine peel Reduced the Firmicutes/Bacteroidetes ratio and promoted the
expression of claudin-1 and ZO-1 proteins

Lipid-lowering
liver soup

Jersey diarrhea, cassia seed, Salvia miltiorrhiza, yu gold, seaweed, lotus leaves decreased APN, TNF-a and regulated occludin and ZO- 1
protein levels
FASN, fatty acid synthase; MDA, malondialdehyde; SOD, superoxide dismutase; APN, adiponectin.
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these substances, after the glycosylation of saponins, showed

high bioavailability and biological activity. Luo et al. (51) found

that rhubarb granules increased the abundance of

Bifidobacterium, decreased Enterobacterium and Enterococcus,

regulated the intestinal microecological balance, increased the

expression of tight junction proteins and blocking proteins in the

intestinal mucosa, and reduced enterogenous toxins such as

indophenol sulfate. Xu et al. (52) collected cases of NAFLD with

damp-heat accumulation. After treatment with modified

Yinchen Wuling powder, the authors detected changes in the

intestinal flora. The abundance of enterobacteria and

Staphylococcus decreased, while Bacteroides, Bifidobacterium,

and Lactobacillus increased. Yuan et al. (53) revealed that

intervention with Guizhi Decoction improved high-fat diet

guidance. The intestinal flora of apolipoprotein E (ApoE)

knockout mice was unbalanced. After 4 weeks of treatment,

the structure of the intestinal flora changed; Bacteroides and

Micrococcus verrucosus increased, while the proportion of

Firmicum decreased. Kang et al. (54) found that, in rats fed

ginseng polysaccharide for a long time, butyric acid-producing

bacteria such as chlamydia significantly increased, and the

content of SCFAs generated in the colon of rats also

significantly increased.

SCFAs are a class of important metabolites produced by

specific colonic anaerobes in the intestine after fermenting

dietary fiber and resistant starch, mainly including acetic acid,

propionic acid, and butyric acid. As important energy sources

and signal molecules, SCFAs primarily transmit signals by

inhibiting histone deacetylase and G-protein-coupled receptors

(55). After the TCM enters the intestine, intestinal

microorganisms will decompose and are utilized to generate a
Frontiers in Endocrinology 07
large number of SCFAs (Figure 3). On the one hand, SCFAs can

be absorbed into the blood through monocarboxylate

transporters (MCTs) on intestinal epithelial cells to reach the

fat, liver, and other tissues and combine with receptors on target

tissues to promote fat decomposition. On the other hand, SCFAs

can also stimulate intestinal endocrine cells to secrete intestinal

hormone glucagon peptide 1 and casein to reach the brain,

pancreas, and other tissues, inhibiting appetite and energy intake

(56). SCFAs can also play an anti-inflammatory role by

regulating the chemotaxis of immune cells, the release of

reactive oxygen species, and the number and function of

intestinal regulatory T cells (Tregs) (57). Moreover, as the

main energy source of intestinal epithelial cells, SCFAs can

promote the proliferation and differentiation of epithelial cells,

reduce cell apoptosis, promote mucin secretion, increase

intestinal cross-epithelial resistance and tight connection, and

reduce the intestinal mucosal permeability, thereby enhancing

the intestinal epithelial barrier function, inhibiting intestinal

pathogenic bacteria and intestinal endotoxin LPS from

entering the body, and reducing the inflammatory response of

body tissues (58). Guo et al. (59) found that the plasma LPS level

was significantly negatively correlated with the content of

intestinal SCFAs and that Dengzhan Shengmai could improve

the intestinal barrier function by increasing SCFAs, which

inhibit the entry of intestinal endotoxin LPS into the body,

thereby inhibiting the activation of the liver TLR4/NF-kB
inflammatory signaling pathway caused by the increase of LPS

in mice fed a high-fat diet. Wang et al. (60) confirmed that

Polygonum multiflorum could regulate the content of SCFAs in

the intestine, promote the suitability of SCFAs entering the liver

through portal circulation, reduce the accumulation of lipids in
FIGURE 3

Traditional Chinese medicine (TCM) prevents non-alcoholic fatty liver disease (NAFLD) through the “liver–gut” axis. TCM enters the intestine,
and intestinal microorganisms will decompose and are utilized to generate a large number of short-chain fatty acids (SCFAs). On the one hand,
SCFAs can be absorbed into the blood through monocarboxylate transporters (MCTs) on intestinal epithelial cells to reach the fat, liver, and
other tissues and combine with receptors on target tissues to promote fat decomposition. On the other hand, SCFAs can also stimulate
intestinal endocrine cells to secrete intestinal hormone glucagon peptide 1 and casein to reach the brain, pancreas, and other tissues to inhibit
appetite and energy intake.
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liver cells, organize intestinal endotoxin translocation, and

effectively protect against NAFLD.
Future perspectives

The homeostasis of the intestinal flora plays a crucial role in

the maintenance of human health (61), and disturbance in the

intestinal flora is closely associated with many diseases (62). At

present, more and more studies have been performed on the

effects of TCM on the liver–gut axis, but current research is still

limited. The relationship between TCM syndromes of fatty liver

and the liver–gut axis, elucidating the effect and mechanism of

TCM on the intestinal flora and intestinal homeostasis, can

provide a new research direction for elucidating the mechanism

of TCM to provide a new research direction for clarifying the

mechanism of action of traditional Chinese medicine. In

addition, because the latest biotechnology can be used to

detect the intestinal flora, this can improve the level of

research on TCM, promote its modernization (63), and

provide new ideas for the prevention and treatment of NAFLD.
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