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Abstract: As one of the most common liver diseases, non-alcoholic fatty liver disease (NAFLD) has attracted wide-
spread international attention given its rising incidence. The current mainstay of treatment for NAFLD is controlled
diet with controlled exercise. Significantly, the development of NAFLD is proposed to be related to the liver-gut axis.
The gut barrier function may be disrupted in the case of gut microbial dysbiosis, which may increase the entry of
bacteria, lipopolysaccharides and endotoxins into the liver, causing an inflammatory response, increasing the load
on the liver, and triggering lipid deposition, thereby advancing the progression of NAFLD. Simultaneously, liver injury
can further alter intestinal permeability, inducing systemic inflammatory response, creating a vicious cycle that may
subsequently exacerbate the development of NAFLD. Accordingly, the present review focused on the exploration of
the relationship between the liver-gut axis and NAFLD, dissection of the biological mechanism of NAFLD induced
by liver-gut axis dysfunction, and comprehensive elucidation of the research progress of Chinese medicine on the
regulation of the liver-gut axis for treating NAFLD. It is expected that these findings may provide fresh and insightful
evidence for the development of suitable preventive and therapeutic strategies of NAFLD.
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Introduction

At present, there have been dramatic altera-
tions in people’s dietary structure and living
habits with the continuous progress of society
and the increasing standards of living. Indivi-
duals may experience disorders of glucose-
lipid metabolism owing to a prolonged high-fat
diet (HFD) with excessive alcohol consumption,
in turn leading to the advancement of various
metabolic-related diseases [1], such as non-
alcoholic fatty liver disease (NAFLD) and type 2
diabetes mellitus. NAFLD is a metabolic dis-
ease that is caused by multiple factors that
result in the accumulation of >5% fat in hepato-
cytes, rather than a history of excessive alcohol
consumption. Currently, as a worldwide major
chronic liver disease, NAFLD is a serious thre-
at to global public health security. According to

the existing epidemiologic surveys, NAFLD has
a global prevalence of reaching 38% [2], sug-
gesting that over one quarter of adults suffer
from NAFLD [3]. Moreover, given its significant
geographic variability, the prevalence of NAFLD
is the highest in the Middle East at 31.79 per
cent, lowest in Africa at 13.48 per cent, and
higher than average in Asia at 27.37 per cent,
with continuous increase in its incidence due to
rapid urbanization in many parts of Asia [4]. For
example, researchers pooled existing publica-
tions and revealed through a meta-analysis that
the prevalence in Asia was 25.28%, 28.46%,
and 33.90% in 1999-2005, 2006-2011, and
2012-2017, respectively [5]. However, the prev-
alence rate in China is 29.2% [6]. In a Markov
model predicting NAFLD burden, in China, the
number of NAFLD cases is expected to increa-
se rapidly from 2016 (246.33 million) to 2030
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(314.58 million), with especially higher preva-
lence in middle-aged and elderly people. In the
absence of timely effective treatment, individu-
als may further develop non-alcoholic fatty hep-
atitis and liver fibrosis following the gradual
expansion of hepatocytes in the body that
have undergone steatosis. Through modeling,
the number of NAFL cases in China will grow
by 102,520 over 24 years [7]. Simultaneously,
NAFLD will become a major contributor to cir-
rhosis and hepatocellular carcinoma (HCC) glo-
bally [8]. For example, the incidence of NAFLD-
associated HCC in the UK is expected to in-
crease by 88% between 2016 and 2030 [9]. In
addition to the negative impact on the liver,
NAFLD may cause various extrahepatic compli-
cations, such as cardiovascular disease, chron-
ic kidney disease, and type 2 diabetes mellitus.
Among them, cardiovascular disease, extrahe-
patic malignancies, and HCC are the lead-
ing causes of death in patients with NAFLD.
Moreover, NAFLD-associated HCC is predicted
to cause approximately 110,900 deaths in the
United States between 2015 and 2030 [9].
Currently, given the aggravation of aging of
many countries, the severity of NAFLD increas-
es with age, resulting in a more than doubl-
ing of late-stage liver diseases [7]. Therefore,
NAFLD has imposed growing health challenges
on the healthcare system, highlighting the ur-
gent need for public health interventions and
clinical treatments to reduce the significant
burden of NAFLD globally.

Furthermore, great concern has been attached
to gut microbes in the investigation on metabo-
lism-related diseases. In particular, the gut-liver
axis has been a focus of study for metabolism-
related diseases. Anatomically, the gut is con-
nected to the liver and the brain through circu-
lation and the nervous system, and the gut-liver
axis and gut microbes are regarded as one of
the contributors to the onset and progression
of NAFLD. In a predictive model of liver fibrosis
based on microbial profiling, Tien S Dong et al.
found significantly less diverse microbiota in
biopsy-proven NAFLD patients [10]. Huaming
Mai et al. also revealed a significantly decreas-
ed number of firmicutes, with increased num-
ber of bacteroidetes in NAFLD patients com-
pared with the healthy controls [11]. More-
over, there was an obvious reduction in the
number of Enterococcus faecalis in the pre-
NAFLD period compared to late stage of NAFLD.
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Furthermore, there is an alteration in the gut
microbial diversity during NAFLD development,
and a decrease in its diversity correlates with
NAFLD progression. Prior research has reveal-
ed that intestinal dysfunction is one of the
determinants of impaired liver function [12].
However, clinical treatments for NAFLD are
mostly focused on lifestyle changes, food in-
take control, and energy expenditure improve-
ment, without ideal therapeutic regimens con-
taining clear targeted drugs [13]. Therefore, it is
promising to explore the treatment of NAFLD
from the perspective of gut microorganisms,
which can be a new pathway for NAFLD treat-
ment. Significantly, traditional Chinese medi-
cine (TCM) has been documented to enable an
effective regulation of the intestinal flora to
treat NAFLD [14]. With multi-target, multi-fa-
ceted, multi-system characteristics, it exhibits
unique advantages in NAFLD treatment, with
better efficacy and fewer adverse reactions in
clinical practice. Therefore, it is critical to ex-
plore the physiological and pathological rela-
tionship between the intestine and the liver
from the perspective of TCM, which may open
up a new direction for NAFLD treatment.

Pathogenesis of NAFLD
NAFLD mechanism

NAFLD has become the leading cause of chron-
ic liver disease in adults, which occurs when ex-
cessive fat accumulates in hepatocytes in peo-
ple who consume little or no alcohol [15]. He-
patic steatosis has been recognized to be the
main feature of NAFLD [16]. The intra-hepatic
lipid content is mediated by interactions am-
ong various processes involving hepatic up-
take, synthesis, oxidation, and secretions, and
hepatic steatosis may be developed owing to
alterations in any one or more of these process-
es [15]. Until now, liver biopsy remains the gold
standard for clinical diagnosis of NAFLD [17],
with the absence of non-invasive and reliable
diagnostic and therapeutic tools as well. The
liver, as the central metabolic organ of the
organism, and its metabolites are inextricably
linked with other organs, and the organs are
similarly closely related to and influence each
other.

As a metabolism-related disease, NAFLD is fea-
tured by a complicated pathogenesis with mul-
tiple factors involved. So far, there is a poor
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understanding of its triggering mechanism. At
present, as accepted widely by the academic
community, the pathogenesis of NAFLD is re-
lated to the “second strike” and “multiple
strikes” theories. The “second strike” doctrine,
proposed for the first time by Day and James in
1998, is hepatic steatosis caused by insulin
resistance (IR). In other words, there is a reduc-
tion in the biological effect of the same dose of
insulin due to reduced insulin sensitivity in the
target organ, leading to excessive accumula-
tion of lipids [e.g., triglyceride (TG)] in hepato-
cytes and eventually the development of ste-
atosis. The “second strike” is the endogenous
damage caused by oxidative stress and lipid
peroxidation on top of the hepatic steatosis
produced by the “first strike”, resulting in fibro-
sis and liver inflammation, and NAFLD ultima-
tely [18]. However, with advances in the re-
search on NAFLD, the “multiple-strike” doctrine
was proposed on the basis of this doctrine [19].
The “multiple strikes” theory suggests the par-
ticipation of multiple factors in the develop-
ment of NAFLD, such as IR, endogenous dam-
aging factors, genetic factors, intestinal flora
imbalance, oxidative stress, the environment
and diet [20], all of which work and interact
mutually to induce NAFLD. In particular, IR may
promote excessive accumulation of TG, which
can further exacerbate the severity of IR and
increase the levels of IR-promoting cytokines
throughout the body, thus creating a vicious
circle between the two factors, and accelerat-
ing the pathologic progression of NAFLD [21].

The gut-liver axis

The gut-liver axis, intervened by dietary, gene-
tic and environmental factors, is the feedback
pathway between the liver and the intestine.
With the portal vein as the link between them,
products from the intestine are transported pri-
marily through the portal vein to deliver to the
liver [22], which secretes bile through the bili-
ary tree to the intestine, where it is catabolized
and metabolized [23]. It is the so-called entero-
hepatic cycle. Significantly, the enterohepatic
circulation (EHC) and intestinal barrier work
together to maintain a stable enterohepatic
axis. Notably, the EHC stands out as an impor-
tant part of the gut-liver axis. For instance, bile
acids (BAS) are synthesized by the liver and
transported to the intestine through the biliary
system. Approximately 95% of the bile acids
secreted by bile are reabsorbed by the intestine
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in the form of conjugated bile through ape-de-
pendent bile acid transporters (ASBTs) of the
terminal ileum epithelial cells and then re-enter
the liver through the portal vein [24]. Further-
more, through the interaction of the gut and
liver via the intestinal mucosal and vascular
barriers, it may contribute to the prevention of
the systemic microorganism and toxin spread,
while ensuring efficient nutrient metabolism
[25]. Therefore, maintaining a normal function
of the gut-liver axis is the keystone for the liver
to maintain internal homeostasis. Neverthe-
less and noticeably, the gut-liver axis is also
proposed to exhibit an intimate association
with the development of NAFLD and may pro-
mote the progression of liver fibrosis [26].
Dysregulation of gut microbial homeostasis has
been revealed to advance the development of
NAFLD by modulating the gut-liver axis. In addi-
tion, alterations in the gut-liver axis can be
found in various pathological mechanisms.
For example, in the presence of compromised
intestinal barrier, there may be an increase in
intestinal permeability subsequently, leading to
endotoxemia and inflammation, as well as dys-
regulation of BAs and metabolite levels pro-
duced by the intestinal flora, which in turn also
destabilizes the gut-liver axis [27]. Pathogen-
derived compounds from the gut have been
proven to be a key regulator in liver disease
[28]. Collectively, maintenance of the health
and regulation of the balance of the gut-liver
axis depend largely on the integrity of the in-
testinal epithelium, the immune defenses of
the gut and liver, and the composition of the
microbiome.

Altogether, the gut-liver axis theory offers fresh
insights for the prevention and treatment of
NAFLD. It may provide profound evidence on
accelerating the design and/or development of
probiotics, prebiotics, antibiotics, fecal micro-
bial transplantation, and personalized treat-
ments based on the gut microbiota. Conse-
quently, interpretation on this theory may con-
tribute to the regulation of the balance of gut
microorganisms, improvement of the intestinal
barrier function, and modulation of metabolic
pathways associated with liver health [29].

The gut-liver axis and NAFLD
EHC and NAFLD

EHC is the material circulation formed by the
intestine and liver through the portal vein and
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bile system, with the core being BA metabolism
[30]. The sodium-taurocholate co-transporting
polypeptide (NTCP), encoded by Solute Carri-
er Family 10 Member 1 (SLC10A1) is responsi-
ble for transporting BAs from the portal vein
to hepatocytes. Loss-of-function mutations in
this gene can trigger hypercholacemia [31]. The
bile salt export pump (BSEP), encoded by ATP
Binding Cassette Subfamily B Member 11
(ABCB11) can transport BAs to the bile ducts,
and its genetic defects can cause progressive
familial intrahepatic cholestasis [32]. Beyond
the regulation of lipid metabolism and choles-
terol balance, EHC can also influence pharma-
cokinetics (e.g., the blood concentration-de-
pendent EHC model of Cabozantinib). In addi-
tion, EHC may also interact with the intestinal
microbiota [33]. The portal vein system directly
transmits intestinal metabolic products to the
liver. Microbial imbalance can promote the pro-
gression of NAFLD through the alteration of the
gut-liver circulation [34].

Gut microbes and NAFLD

The imbalance of intestinal flora may produce a
negative impact on the progression of NAFLD
through the gut-liver axis. Mechanistically, dys-
biosis may disrupt the intestinal barrier, result-
ing in the entry of endotoxin (lipopolysaccha-
rides, LPS) into the liver through the portal vein,
which may further activate inflammatory path-
ways such as toll-like receptor 4 (TLR4), leading
to the aggravation of hepatic steatosis and fi-
brosis [35, 36]. Abnormal accumulation of met-
abolic products of the microbiota (e.g., choline
and trimethylamine) may be a contributor of
hepatic steatosis [25]. Microbiota can mediate
the fermentation of dietary fiber, and the pro-
duced short-chain fatty acids (SCFAs) can
repair the intestinal barrier and regulate lipid
metabolism. However, SCFAs, in the context
of imbalanced generation, may induce syste-
mic inflammation (elevated Tumour necrosis
factor-a (TNF-a) and Interleukin-6 (IL-6)) [36]. In
addition, the microbiota can also affect liver
lipid and glucose homeostasis by regulating
BA metabolism through the farnesoid X recep-
tor (FXR)/Takeda G-protein-coupled receptor 5
(TGR5) [37]. A fat- and glucose-high diet can
exacerbate microbiota imbalance, while prebi-
otics, probiotics or specific diets can alleviate
the pathological progression of NAFLD by regu-
lating microbiota balance and barrier function
[35, 36].
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Understanding of the gut-liver axis from TCM

According to TCM, the gut-liver axis theory
reveals a close functional interaction between
the gut and the liver. Generally, the liver is
responsible for catharsis, while the intestine
plays the role of conduction and excretion.
Based on the gut-liver axis theory, TCM can be
applied for clinical treatment by regulating
the gut-liver interaction. For example, in TCM,
enema for treating metabolism-associated fa-
tty liver disease (MAFLD) is based on the con-
tinuous development and optimization of the
gut-liver axis theory. In patients with MAFLD,
this herbal enema treatment can effectively
improve symptoms and liver function, reduce
blood lipids and blood uric acid levels, and
enhance the intestinal flora simultaneously,
which is applicable for restoring the normal bal-
ance of intestinal and liver functions, thus miti-
gating the condition of the disease [38]. Mean-
while, as evidenced by modern pharmacologi-
cal studies, many herbal components can play
a therapeutic role by regulating NAFLD-relat-
ed molecular pathways. AMP-activated protein
kinase (AMPK) is defined as a cellular energy
sensor and pivotal controller of metabolic ho-
meostasis, which is essential in cellular en-
ergy balance and metabolic pathways. Usually,
AMPK may be activated when intracellular ade-
nosine monophosphate (AMP) levels rise and
adenosine triphosphate levels fall, and posi-
tively affects NAFLD by promoting fatty acid oxi-
dation, inhibiting fatty acid synthesis, amelio-
rating IR, as well as exerting anti-inflammatory
and antioxidant effects. The AMPK mechanism
has been extensively discussed in the amelio-
rative effects of various herbal ingredients on
NAFLD. For example, several active ingredients
such as resveratrol, baicalin, and baicalein co-
uld ameliorate the pathology of NAFLD by acti-
vating the AMPK pathway [39].

In the field of TCM that utilizes multi-targeting
properties of herbs and a holistic view to regu-
late the liver-gut axis, this axis is hence consid-
ered an important target for NAFLD treatment.
A number of herbal ingredients work to improve
the intestinal barrier function and regulate the
balance of intestinal microbiota, thereby facili-
tating the prevention and treatment of NAFLD.
Taking rhubarb as an example, it can repair
intestinal mechanical barrier function, increase
expression of tight junction proteins, decrease
intestinal permeability, and reduce the translo-
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cation of bacteria and endotoxins. Moreover, it
can reduce levels of lipids in the serum and
liver, regulate the activity of lipid metabolism-
related enzymes, and improve fat deposition in
the liver. Moreover, certain components con-
tained in rhubarb can promote BA metabolism
and regulate BA levels, in turn affecting bacte-
rial overgrowth in the intestine and the compo-
sition of the intestinal flora. In addition, rhubarb
can promote the production of more SCFAs
within the intestine, thereby exerting anti-infla-
mmatory and intestinal barrier function-pro-
moting effects through diverse mechanisms.
Collectively, rhubarb can regulate the gut-liver
axis and weaken the effects of harmful sub-
stances of intestinal origin on the liver, thus
exerting a therapeutic effect on NAFLD [40]. In
prior research carried out by Xu Y et al., sapo-
nins of Panax ginseng exhibited significant anti-
adipogenic and anti-fibrotic effects in a mouse
model of NAFLD, depending strongly on TLR4-
induced hepatic inflammatory signaling path-
way. Treatment using saponins of Panax gin-
seng could slow the transport of microbiota-
derived SCFAs from the gut to the liver, induce
TLR4 inhibition, and restore Claudin-1 and zona
occludens-1 (Z0-1) proteins in the gut-liver axis,
thereby contributing to the reversal of the in-
creased intestinal permeability. Notably, this
trend was further mitigated by suppressing the
addition of LPS (agonists of TLR4). In addition,
saponins of Panax ginseng could ameliorate
hepatic steatosis and fibrosis mediated by
TLR4-dependent gut-liver axis, thus exhibiting
hepatoprotective effects against HFD-induced
NAFLD in obese mice [41].

Moreover, other types of herbs have also been
documented to reverse the dysbiosis of inte-
stinal flora and maintain the balance of the
intestinal micro-ecosystem. For instance, Radix
Bupleuri is one of the common pungent, cool-
ing and antidepressant herbs that can increase
the diversity of intestinal flora and decrease the
levels of Prevotella and Ochrobacter. Paeoniae
Radix Alba, also known as Chinese peony, is a
plant of the buttercup family Paeoniaceae, and
is the dried root of Paeonia lactiflora of family
Mulleinaceae. Paeoniae Radix Alba extract can
regulate the intestinal mucosal barrier. Mean-
while, Poria cocos is a representative water-
inducing and dampness-permeating TCM that
can be used to strengthen the spleen and tran-
quilize the heart; while Poria oligosaccharides
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can improve glucose abnormality and lipid
metabolism by regulating the intestinal flora.
Glycyrrhizic acid can contribute to the increase
of probiotics and decrease of harmful bacteria
to stabilize the intestinal flora in chronic liver
injury [42]. In view of the above, a great deal of
herbal remedies have been proven to alleviate
the symptoms of NAFLD by targeting the gut-
liver axis, improving gut microbial composition,
regulating BA metabolism, and reducing inflam-
matory responses. In addition to relieving local
symptoms, TCM treatment of NAFLD also em-
phasizes a holistic view and disease preven-
tion, highly consistent with the philosophy of
regulating the gut-liver axis in Western medi-
cine. For example, TCM herbal formulas such
as Sijunzi Decoction and Jiangpu Decoction are
used to improve the condition of NAFLD pa-
tients by regulating the gut-liver axis. In sum-
mary, the relationship between TCM and the
gut-liver axis is reflected in the fact that TCM
treatment of NAFLD works mainly by regulating
the gut-liver interaction, which is in line with the
modern understanding of the function of the
gut-liver axis [43].

TCM based on gut-liver axis for the treatment
of NAFLD

The treatment of NAFLD via TCM can be
explained by multiple mechanisms, such as
anti-oxidative stress, lipid metabolism regula-
tion, anti-inflammation, anti-fibrosis, and intes-
tinal flora regulation (Figure 1) [44]. Through
the elucidation of the impact of the gut-liver
axis on NAFLD, it will provide an important theo-
retical basis for NAFLD prevention and treat-
ment in the clinical setting. This review contin-
ues to summarize the research progress of
TCM in treating NAFLD by regulating the gut-liv-
er axis, with a view to providing new ideas for
clinical treatment.

TCM monomers

Bupleurum, Salvia miltiorrhiza, and Coptis chi-
nensis are representative drugs applied in the
treatment of NAFLD. Bupleurum can sooth the
liver and relieve depression, and ascend Yang-
Qi. It mainly consists of bupleurum saponins,
flavonoids, coumarins, fatty acids and polysac-
charides. Saikosaponin D (SSD) has been con-
firmed to regulate intestinal flora, such as in-
creasing the abundance of Clostridium viride,
thereby inhibiting the expression level of bile
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Harmonizing liver and spleen herbs

Coptis chinensis Skullcap Cassia seed

001000/0/0/0000000000000eeeeeeeeeeeneneeeeeneseeeennseeeeesseen

@ B

Chaihu Shugan Gegen Qinlian Yinchenhao

: Powder Decoction Decoction  © Hepatocyte

[0/010/0/0/0/0/0/0/0/6/0/0000.00/0/000000000000eeeeeeneeeeeerenseeeeeesssseeee

[0/0/00/00/0/000/000000 00000000l eereeeereereoseeseeseees OO0000000000000000O00000O00000000000O00O00OOOO0000000000000C

Cytoplasm ROS

FFAs Accumulation

St Mitochondrial ——
, VN Dysfunction \f : \ TNF-o/IL-6
7 \ ; / l
'\ PNPLA3 gene Hepatic Steatosis
Endoplasmic ER Stress I l
Reticulum DNA
FGF15/19 pathway ----- » Insulin Resistance

Nucleus

®
LPS FXR1/receptor

TCM Bo Impaired Intestinal Barrier ( X J
| (Increased Permeability) Trimethylamine A FGF15/19 pathway

Primary Bile Acids FXR1/FGF15/19
pathway

Intestine I I
> Secondary Bile Acids

Gut Microbiota

Figure 1. Mechanism of regulating liver and spleen traditional Chinese medicine to improve “gut-liver” axis.
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salt hydrolase (BSH). The decrease in BSH ex-
pression level, combined with reduced decom-
position of conjugated BAs, may lead to increa-
sed level of taurine-conjugated BAs, thereby
inhibiting the intestinal FXR signaling pathway
and improving NAFLD [45]. Salvia miltiorrhiza is
another common medicinal herb that can pro-
mote blood circulation and remove blood sta-
sis. For example, in @ mouse model of NAFLD,
the consumption of Salvia miltiorrhiza increa-
sed expression of integration membrane pro-
teins (Claudin and Occludin) and junction com-
plex protein ZO-1 in the jejunum and colon,
while decreased LPS concentration in the se-
rum. Therefore, Salvia miltiorrhiza polysaccha-
rides may affect the occurrence and develop-
ment of NAFLD by regulating the intestinal per-
meability [46]. In addition, the use of Salvia
miltiorrhiza polysaccharides combined with
probiotics could improve IR and exert a thera-
peutic effect on NAFLD by regulating the struc-
ture of intestinal flora [43]. Berberine, as the
main active component of Coptis chinensis,
can improve NAFLD through an intestine-tar-
geted mechanism. For instance, oral adminis-
tration of berberine in mice resulted in a pri-
mary accumulation in the intestinal tract, re-
duced abundance of Clostridium difficile clus-
ters XIVa and |V in the intestinal flora, and inhib-
ited activity of its BSH. This alteration could
affect the metabolism of intestinal BAs, with
elevated levels of conjugated BAs such as tau-
rocholic acid, leading to the activation of intes-
tinal FXR signaling pathway that would induce
the expression of intestinal fibroblast growth
factor 15 (FGF15). Noticeably, FGF15 acts on
liver tissue through the gut-liver axis and can
down-regulate the mRNA expression of the
fatty acid transporter cluster of differentiation
36 (CD36). The reduced expression of CD36
can further weaken the capability of hepato-
cytes to absorb free fatty acids (FFA), decrease
the synthesis and accumulation of TG in the
liver, and thereby exerts an anti-NAFLD effect
[47, 48].

TCM monomers and active ingredients, such as
cassia seed, berberine, ganoderma lucidum,
diammonium glycyrrhizinate and total saponins
of gypenoside, can produce potential therapeu-
tic effects on NAFLD given their roles in im-
proving the intestinal microecology of patients
[49]. Among these, Cassia tora is the dried and
mature seed of the leguminous genus Cassia,
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including anthraquinones, flavonoids, terpe-
noids, and various other bioactive components
that confer multiple pharmacological effects on
cassia seeds. Specifically, the alcoholic and
total sapogenins extracts of Cassia officinalis
have been discovered to produce certain thera-
peutic effects on a mouse model of MAFLD.
These extracts enhanced the diversity of intes-
tinal flora, increased the relative abundance of
beneficial flora, but decreased the relative ab-
undance of harmful flora, and promote the
expression of tight junction proteins (Occludin
and Z0-1) through the gut-hepatic axis. Con-
sequently, all these changes benefited the
improvement of the imbalance of intestinal
flora, protection of the intestinal barrier, and
reduction of the inflammatory response, thus
mitigating subsequent peroxidative accumula-
tion of liver fat. Ganoderma lucidum is also
a representative medicinal fungus used fre-
quently in TCM, which is a tonic with the same
origin as medicine and food. It exhibits various
pharmacological functions such as invigorat-
ing Qi and calming nerves, relieving cough and
asthma, etc. Total naphthoquinone, the main
active ingredient from Ganoderma lucidum was
found to modulate the intestinal flora of mice
with HFD-induced MAFLD [50, 51]. This inter-
vention in mice resulted in increased abun-
dance of Firmicutes and decreased abundance
of Bacteroidetes, which improved the diversity
and abundance of gut microorganisms eventu-
ally. By regulating intestinal flora, Ganoderma
lucidum enabled the enhancement of intestinal
microecological structure of the modeled mice,
thereby exerting a beneficial effect on this path-
ological condition. Scutellaria baicalensis Ge-
orgi is also a common TCM that is frequent
applied to enhance effects of clearing heat and
drying dampness, as well as clearing fire and
detoxifying. Various active ingredients derived
from its roots and rhizomes (e.g., baicalin and
baicalein) have been used in the treatment of
NAFLD to inhibit the release of inflammatory
factors and reduce hepatic inflammatory res-
ponses. Meanwhile, the antioxidant compo-
nents of Scutellaria baicalensis are functional
to scavenge free radicals and protect hepato-
cytes from oxidative stress-induced damage.
Scutellaria baicalensis may also promote fatty
acid oxidation and inhibit fatty acid synthesis
by activating the AMPK pathway to reduce fat
content within the liver [52]. Moreover, baicalin
has been investigated to ameliorate metabolic
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disorders by activating the AMPK pathway,
thereby exerting a therapeutic potential in a
diet-induced NAFLD mouse model [53]. Pue-
raria lobata is an antipyretic drug in TCM, whi-
ch can relax muscle, promote fluid to quench
thirst, relieve measles, ascend Yang and pre-
vent diarrhea. Puerarin, as a main active com-
ponent of Pueraria Mirifica, has various ef-
fects such as antioxidant, anti-inflammatory
and anti-apoptotic activities. Puerarin can re-
duce lipid accumulation by lowering choleste-
rol levels in the serum and liver to modulate
the development of NAFLD. Simultaneously, by
activating Peroxisome proliferators-activated
receptors (PPAR-a) and AMPK pathways, Pu-
erarin can improve insulin sensitivity in the
liver. Puerarin can also reduce the expression
of inflammatory cytokines, such as inhibiting
the nuclear factor kB (NF-kB) signaling path-
way, acting as a decelerator of inflammatory
response to the liver to mitigate inflammatory
response to the liver. Puerarin also has anti-
apoptotic activity and promotes hepatocyte
regeneration, which helps to repair NAFLD-
induced damage to liver tissues and cells.
Puerarin also exert a positive impact on NAFLD
through mechanisms such as affecting the gut-
liver axis by modulating the gut microbiota [54].
With prebiotic properties, quercetin is also
therapeutic for NAFLD by regulating the intesti-
nal flora. Supplementation with quercetin can
contribute to the restoration of restore intesti-
nal flora homeostasis by effectively regulating
intestinal flora disturbance and reducing the
relative abundance percentage of Firmicutes
and Proteobacteria, such as reducing the pro-
portion of Clostridium and Phylum Firmicutes,
Proteobacteria triangulata and Diproteobacte-
ria (Proteobacteria). In addition, quercetin can
reduce the activation of hepatic NF-kB signal-
ing pathway and inhibit oxidative stress by
inhibiting endotoxemia-mediated TLR4 signal-
ing, in turn affecting the progression of NAFLD.
Besides, quercetin can also exert a positive
effect on the treatment of NAFLD given its
beneficial roles of promoting the production of
SCFAs, and enhancing the integrity of intestinal
mucosal barrier [55].

Resveratrol has demonstrated significant effi-
cacy in NAFLD through multi-target anti-inflam-
matory and immunomodulatory mechanisms.
In a 12-week randomized, double-blind, place-
bo-controlled trial for NAFLD, oral administra-
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tion of 500 mg of resveratrol daily improved
the grade of hepatic steatosis and reduced
the level of alanine aminotransferase (ALT) by
32.38%+25.63%, significantly better than the
13.54%+45.00% of placebo intervention. In
a 3-month randomized, double-blind placebo
study on NAFLD, daily consumption of 600 mg
of resveratrol led to decreased levels of ALT,
aspartate transaminase (AST), total cholesterol
(TC), homeostatic model assessment of in-
sulin resistance (HOMA-IR), TNF-«, Cytokeratin
18 (CK-18), and Fibroblast Growth Factor 21
(FGF21) while increased level of APN. Resve-
ratrol has been found to inhibit of the activity
of the NF-kB pathway, reduce of the release of
inflammatory cytokines (e.g., TNF-t), and sup-
press of the occurrence of oxidative stress,
thereby affecting the progression of NAFLD. In
another meta-analysis of Salvia miltiorrhiza in-
volving 800 patients from 8 randomized stud-
ies, it increased High-density lipoprotein (HDL)
levels and the liver-spleen ratio, while reducing
ALT, AST, TG and TC levels. Meanwhile, Red
ginseng and milk thistle can work synergisti-
cally to treat NAFLD. For example, in a random-
ized, single-blind clinical study incorporating
80 patients with NAFLD, the specific thera-
peutic regimens included silymarum (450 mg)
monotherapy in the control group, and sily-
marum (450 mg) combined with red ginseng
(3000 mg/day, 3x1000 mg) in the experimen-
tal group. The experimental group was observed
with significantly reduced levels of serum AST,
ALT, and Gamma-glutamyl transferase (GGT)
following 3 weeks of intervention, accompa-
nied by decreased levels of inflammatory fac-
tors such as TNF-at and the liver fibrosis score.
Therefore, red ginseng can intervene the occur-
rence and development of NAFLD by alleviating
hepatocyte damage and reducing lipid accu-
mulation. Artichoke leaf extract (ALE) has
shown multiple therapeutic effects in improv-
ing NAFLD. In an 8-week randomized, double-
blind, placebo-controlled trial, 100 patients
diagnosed with NAFLD by ultrasound were
recruited and randomly divided into the ALE
group (600 mg of ALE orally per day) or the pla-
cebo group. A total of 90 patients completed
the study, including 49 in the ALE group and 41
in the placebo group. Consequently, the ALE
group showed significantly improved ultraso-
und parameters of the liver, manifesting as
increased hepatic vein flow, decreased portal
vein diameter, and reduced liver volume, sug-
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gesting the roles of ALE in improving liver hemo-
dynamics and the degree of steatosis. In addi-
tion, the ALE group also exhibited decreased
levels of serum ALT, AST and total bilirubin, as
well as significantly reduced levels of TC, TG
and LDL-C, indicating its effect of mitigating
liver lipid accumulation by regulating lipid me-
tabolism (Table 1) [56-59].

TCM compounds

Representative TCM compound prescriptions
include Chaihushugan Powder and others for
treating NAFLD. Bupleurum can soothe the
liver, regulate Qi, promote blood circulation and
relieve pain, which is mainly suitable for indica-
tors of liver Qi stagnation syndrome. Chaihu-
shugan Powder has been documented to sig-
nificantly improve the intestinal flora of MAFLD
patients, especially by significantly increasing
the abundance of Bifidobacterium and Lac-
tobacillus. Simultaneously, it can obviously re-
duce the abundance of Enterobacteriaceae
and Enterococcus, thereby increasing the ben-
eficial bacterial community and reducing the
harmful bacterial community [60]. As a result,
in addition to alleviating the symptoms of liver
Qi stagnation, Chaihushugan Powder may also
assist in the treatment of MAFLD by improving
the balance of intestinal flora.

With the vigorous development of TCM, great
concern has been attached by scholars in con-
temporary medical research to the efficacy and
mechanism of TCM compounds in regulating
the intestinal flora for NAFLD treatment. With
the emergence of a large number of classic
TCM formulas, TCM compounds, as effective
weapons for NAFLD management, provide valu-
able insights for the treatment of NAFLD. Dai
Zong Fang is derived from the Xiaoxianxiong
decoction in the ancient Chinese medicine
book “Treatise on Febrile Diseases”, which con-
sists of Coptis chinensis, Aurantii Fructus Im-
maturus, Pinellia ternata, Fructus Trichosanthis,
Cinnamomum cassia and red yeast. Zhang et
al. found that Dai Zong Fang could improve
adverse effects of intestinal barrier damage
and endotoxemia on liver metabolism by regu-
lating the structure and function of intestinal
microbiota, inhibit lipid absorption, reduce he-
patic steatosis, and improve systemic meta-
bolic abnormalities, ultimately mitigating he-
patic steatosis and inhibiting the progression of
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NAFLD [61]. LLKL is a herbal formula contain-
ing herbs Edgeworthia gardneri (Wall.) Meisn.,
Sibiraea angustata and Crocus sativus L. (saf-
fron). LLKL significantly reduced the expression
of TLR4, Myeloid Differentiation Primary Res-
ponse Protein 88 (MyD88) and Cathepsin K
(CTSK) in the liver, and suppressed inflamma-
tory signaling pathways related to the gut flora
activation. In terms of glucolipid metabolism,
LLKL reduced fat deposition in the liver, in-
creased hepatic glycogen accumulation, and
lowered serum FFA, total cholesterol (TC) and
TG levels [62]. Yinzhihuang (YZH) could also
reduce serum levels of AST, ALT, and blood glu-
cose, as well as hepatic levels of triglyceride
(TG), TC, and FFA, while significantly lowering
the abundance of harmful bacteria such as
Mucispirillum and Desulfovibrionaceae. YZH
could also inactivate TLR4, MyD88, and NF-kB
signaling in the liver, pathways associated with
intestinal flora imbalance and low-grade liver
inflammation, yielding valuable information for
developing new therapeutic strategies for NA-
FLD [63]. TCM compound prescriptions, su-
ch as Yin Chaihu Decoction, Huangqgin Deco-
ction, Huazhirougan Granules, Qinggan Qushi
Huoxue formula and Cangju Qinggan prescrip-
tion, are able to regulate the intestinal flora
[50]. Specifically, Yinchenhao decoction con-
sists of Wormwood, gardenia, and rhubarb
mainly, which is suitable for clinical indications
of liver-related disorders, such as NAFLD. Yin-
chenhao decoction can regulate intestinal flora
dysbiosis and improve the intestinal flora of
rats with HFD-induced NAFLD. Specifically, it
can lower the number of Staphylococcus aure-
us and Streptococcus aureus, elevate the num-
ber of probiotics, regulate the diversity of intes-
tinal microorganisms, improve the intestinal
barrier function, and retard the production
of intestinal endotoxins, thus exerting a the-
rapeutic effect on NAFLD [64]. Additionally,
Yinchenhao decoction can significantly improve
body weight, blood lipids and liver function in
rats with MAFLD [65]. All these findings suggest
the significant potential and effectiveness of
Yinchenhao decoction in regulating intestinal
flora and treating NAFLD. Gegen-Qinlian De-
coction (GGQLD) has been widely used in the
treatment of NAFLD, which consists of Pueraria
lobata, Scutellaria baicalensis, Rhizoma cop-
tidis and Glycyrrhiza glabra in the ratio of
8:3:3:2. Network pharmacology has confirmed
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Table 1. TCM monomers and active ingredients for the treatment of NAFLD

Main
ingredients

Monomer of traditional
Chinese medicine

The mechanism of treating NAFLD

References

Radix Bupleuri Saikosaponins, flavonoids, coumarins,

fatty acids, polysaccharides
Salvia miltiorrhiza Polysaccharides from Salvia miltiorrhiza
Bunge

Coptis chinensis Berberine

Cassia seed Anthraquinones, flavonoids, terpenoids

Ganoderma lucidum Total naphthoquinones

Baicalin

Scutellaria baicalensis Georgi

Pueraria Mirifica Puerarin

Quercetin Quercetin

Regulate the gut microbiota structure
Regulate the gut microbiota structure.
Activate the intestinal FXR-FGF15 pathway to improve insulin sensitivity.

Improve gut barrier function.
Regulate gut microbiota dysbiosis.
Improve insulin resistance.

Improve gut barrier function.

Regulate gut microbiota dysbiosis.

Improve insulin resistance.

Improve gut barrier function.

Promote the mRNA and protein expression of Occludin and Z0-1.
Regulate gut microbiota dysbiosis.

Improve insulin resistance.

Improve gut barrier function.
Regulate gut microbiota dysbiosis.
Improve insulin resistance.
Improve gut barrier function.
Regulate gut microbiota dysbiosis.
Improve insulin resistance.

Improve gut barrier function.

Regulate gut microbiota dysbiosis.

Improve insulin resistance.

Activate the PPAR-a and AMPK signaling pathways.
Inhibit the NF-kB signaling pathway.

Regulate the disorder of intestinal flora.

Reduce the abundance of thick-walled bacteria and Proteobacteria.
Inhibit the expression of TLR4 signals.

Reduce the occurrence of oxidative stress.

Promote the generation of SCFAs.

[42, 45]

[46]

[47, 48]

[49]

[50, 51]

[52, 53]

(54]

[55]
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the active ingredients of GGQLD, including
baicalin, baicalin, puerarin, and glycyrrhetinic
acidwhich are active in the treatment of NAFLD
[66]. In an animal experiment, experimental
mice were randomly divided into a control gr-
oup (fed standard chow + oral saline); a HFD
model group; a glutamine (GLU) group (HFD and
oral GLU), and low-, medium-, and high-dose
GGQLD groups (HFD at 1.26 kg/day, 2.52 kg/
day, and 5.04 kg/day, respectively). Conse-
quently, the low-dose GGQLD group showed
promoted growth of Lactobacillus, Bacillus, etc.
Compared with other groups, 7 taxa, 42 taxa,
and 17 taxa were increased in the low-dose,
medium-dose, and high-dose GGQLD groups,
respectively. Therefore, GGQLD can regulate
the intestinal flora disorder caused by HFD and
restore the balance of intestinal microbiome.
In addition, GGQLD can improve the intestinal
barrier function and ameliorate the condition of
NAFLD by enhancing the expression of closed
Z0-1 in the intestine [67]. Hui D et al. [43] car-
ried out a clinical trial to investigate a Chinese
herbal formula, Spleen-strengthening Liver-
soothing Formula (SLF) which is based on the
TCM theory of ‘the circumfluence of Qi’ for the
treatment of NAFLD. SLF is made up of vari-
ous herbs, such as Radix bupleurum, Radix
Glehniae, Radix glehniae, Atractylodis Macro-
cephalae Rhizoma, Poria cocos, Citrus Reticu-
lata and Radix Glycyrrhizae preparate, Sedum
sarmentosum, Carbonized hawthorn, and Sal-
via miltiorrhiza. SLF has the effect of soothing
the liver and promoting Qi, strengthening the
spleen and removing turbidity. Treatment using
SLF resulted in significant improvements in
liver function, control attenuation parameters,
liver stiffness measurements, and obvious re-
ductions in patients’ lipids and HOMA-IR, dem-
onstrating a better safety profile. Moreover,
NAFLD patients also had reduced intestinal
flora diversity and altered abundance of specif-
ic flora, as revealed by 16S rRNA gene sequenc-
ing. SLF treatment resulted in evidently height-
ened abundance of several NAFLD-associated
intestinal flora. It is also documented that SLF,
by regulating imbalances in intestinal flora, can
remarkably improve liver function and glucose-
lipid metabolism, and to some extent, decrease
liver fat content in NAFLD patients. Therefore,
SLF is an effective adjuvant therapy for NAFLD.
In this randomized controlled trial, SLF signifi-
cantly altered the abundance of intestinal flora.
SLF intervention led to a decrease in the rela-
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tive abundance of the phylum Thick-walled
Bacteria and the phylum Mycobacterium. In
addition, SLF modulated the intestinal flora
genera, increased the levels of Butyricicoccus
and Blautia, and displayed a tendency towards
the restoration of intestinal flora homeostasis.
Thus, SLF plays a positive role in restoring
intestinal flora disorder and contributes to the
treatment of NAFLD (Table 2) [43].

Other compounds

Chinese patent medicine: With the develop-
ment of TCM, increasingly more Chinese patent
medicines exhibit their therapeutic potential in
the treatment of NAFLD in the clinical setting.
For instance, Jiangzhi Granules and Si Miao
Formula can delay the onset of NAFLD by regu-
lating the intestinal flora, increasing beneficial
bacteria such as Mycobacterium avium phylum
and Mycobacterium thicketi phylum, enhancing
the intestinal barrier function, as well as reduc-
ing the immune system response and inflam-
matory cell production caused by harmful bac-
teria and microorganisms [68]. Fufang Zhenzhu
Tiaozhi formula (FTZ) is a common therapeu-
tic option for the treatment of liver diseases.
Based on the observational results of Oil-Red-0O
staining, HE staining and electron microscopy,
Wang et al. proposed that FTZ had a positive
effect on hepatic fat accumulation and hepatic
steatosis. It contributed to the improvement of
hepatic function and reduction of TG levels in
Non-alcoholic steatohepatitis (NASH) mice. FTZ
also resulted in the decreased expression of
Hypoxia inducible factor la (HIF-1¢) and in-
creased phosphorylation of Phosphatidygino-
sitol-3 kinase (PI3K) - Protein kinase B (AKT),
further improving hepatic metabolism and ulti-
mately facilitating the treatment of NAFLD.
Meanwhile, FTZ can improve intestinal barrier
function, attenuate the intestinal inflamma-
tory response, prevent hepatic inflammatory
cell infiltration, and inhibit hepatic fibrosis mo-
re effectively. Furthermore, Chinese medicine
compound Kangtaizhi granule (KTZG) is also
effective in treating NAFLD. Zhang et al. identi-
fied the main chemical components of KTZG
and the relevant targeting pathways for the
treatment of NAFLD using high-performan-
ce liquid chromatography (HPLC) and network
pharmacological analysis; and through expe-
rimental verification, they documented that
KTZG could improve hepatic steatosis and lipid
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Table 2. TCM compounds and their compositions for the treatment of NAFLD

Traditional Chinese

Medicine Compound Composition The mechanism of treating NAFLD References
Chaihushugan Bupleuri Radix, Paeoniae Radix Alba, Restore the balance of gut microbiota. [60]
Powder Citri Reticulatae Pericarpiu, Chuanxiong Increase the abundance of Bifidobacterium and Lactobacillus.
Rhizoma, Cyperi Rhizoma, Aurantii Fructus  Decrease the abundance of Enterobacteriaceae and Enterococcus.
Immaturus, Glycyrrhizae Radix et Rhizoma
Herbal formula Edgeworthia gardneri (Wall.) Meisn., Sibi- Regulate gut microbiota dysbiosis. [62]
LLKL raea angustata, Crocus sativus L. (saffron)  Reduce intestinal permeability.
Reduce the release of endotoxin (LPS) and inflammatory factors (IL-6, TNF-x).
Improve glucose and lipid metabolism.
Yinzhihuang - Improve liver function. [63]
Inhibit lipid absorption.
Reduce the abundance of harmful bacteria.
Alleviate liver injury.
Yinchenhao Artemisiae Scopariae Herba, Gardeniae Regulate the gut microbiota. [64, 65]
decoction Fructus, Rhei Radix et Rhizoma Improve gut barrier function.
Reduce the production of intestinal endotoxins.
Gegen-Qinlian Puerariae Lobatae Radix, Scutellariae Regulate gut microbiota dysbiosis. [66]
Decoction Radix, Coptidis Rhizoma, Glycyrrhizae Radix Improve gut barrier function.
et Rhizoma
Spleen-strengthening Bupleuri Radix, Paeoniae Radix Alba, Reduce liver injury. [43]
Liver-soothing Glehniae Radix, Atractylodis Macrocephalae Improve insulin resistance.
Formula Rhizoma, Poria, Citri Reticulatae Pericarpi-  Regulate the gut microbiota and restore microbiota. homeostasis.
um, Sedum sarmentosum Bunge, Carbon-
ized hawthorn, Salviae Miltiorrhizae Radix
et Rhizoma
Si Miao Formula Atractylodis Rhizoma, Phellodendri Chinen-  Regulate the gut microbiota. [68]
sis Cortex, Cyathulae Radix, Coicis Semen Improve gut barrier function.
Inhibit harmful bacteria and immune - inflammatory response.
Reduce liver injury.
Improve glucose and lipid metabolism.
Fufang Zhenzhu Ligustri Lucidi Fructus, Citri sarcodactylis Reduce hepatic fat accumulation and fatty degeneration. [69]
Tiaozhi formula Fructus, Eucommiae Cortex, Atractylodis Improve gut barrier function and inhibit the intestinal inflammatory. response.
Macrocephalae Rhizoma, Salviae Miltiorrhi-
zae Radix et Rhizoma, Notoginseng Radix,
Coptidis Rhizoma, Cirsii Japonici Herba
Kangtaizhi granule Cassiae Semen, Lycii Fructus, Fructus Mori, Improve hepatic steatosis and lipid accumulation [69]
Carthami Flos, Crataegi Fructus
Ganshuang granules  Cassiae Semen, Lycii Fructus, Fructus Mori, Improve liver function and reduce blood lipid levels. [70]

Carthami Flos, Crataegi Fructus

Anti-oxidative stress.
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accumulation in HFD-fed rats and HepG2 cells,
thereby preventing the development of NAFLD
[69]. As a typical proprietary Chinese medicine
for liver disease treatment, Ganshuang gran-
ules (GSG) are formulated from the ancient for-
mula of Xiaoyao San, consisting of 13 Chinese
medicines including Bupleurum chinense, An-
gelica sinensis, Poria cocos, etc. Network phar-
macology revealed 159 potential targets of
GSG for the treatment of NAFLD, with the PI3K/
AKT signaling pathway identified by functional
enrichment analysis as a key pathway. Further
experiments revealed that GSG intervention
increased the protein expression levels of ph-
osphorylated PI3K (p-PI3K) and p-AKT in the
liver of modeled mice, and decreased the pro-
tein expression level of sterol regulatory ele-
ment binding protein 1. In addition, GSG treat-
ment also significantly reduced serum ALT, AST,
alkaline phosphatase, TC, TG and LDL choles-
terol levels, as well as the expression levels of
IL-6 and TNF-« in the liver (Table 2) [70]. In the
therapeutic field of NAFLD, TCM has shown
great therapeutic potential by regulating the
gut-liver axis and intestinal flora to inhibit the
development of the disease. In the future, fur-
ther in-depth exploration is required to fully
unveil the value of TCM, so as to maximize their
therapeutic roles in the treatment of NAFLD
and bring more benefits to the majority of
patients.

Acupuncture and moxibustion: Acupuncture is
a time-honored and effective therapeutic tech-
nique in China and is effective for a wide range
of diseases. Acupuncture can inhibit the pro-
gression of NAFLD by attenuating inflammatory
factors, alleviating steatosis, etc. [71]. Intestinal
flora are important factors in the development
of NAFLD. Wang et al. [72] observed and com-
pared the effect of acupuncture treatment on
serum lipid levels, inflammatory factors, and
hepatic steatosis in HFD-induced rats. It was
found that acupuncture led to improvement
in steatosis and inflammatory cell infiltration,
reduction in inflammatory response, as well
as enhancement in dyslipidaemia and hepatic
function indexes in the modeled rats. Gut flora
analysis also revealed increased abundance of
gut microbiota after acupuncture, and correla-
tion analyses suggested intimate associations
of changes in lipid levels, inflammatory factors,
and other indicators with the gut flora. In addi-
tion, Han et al. studied the efficacy and related
mechanisms of acupuncture in regulating intes-
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tinal absorption to improve lipid metabolism in
mice. Compared to mice without acupuncture,
acupuncture-treated mice had lighter weight,
significantly increased levels of TG, TC and non-
esterified fatty acid in small intestinal tissue,
while decreased levels of TG and non-esterified
fatty acid in serum. As a result, acupuncture
treatment may inhibit lipid absorption by down-
regulating the expression of apolipoprotein in
small intestinal tissue, reduce excess fat inta-
ke and cellular steatosis, thereby delaying the
occurrence of NAFLD [73].

Conclusions and perspective

NAFLD is a metabolic disease with increasing
prevalence due to changes in living habits and
dietary factors, and complex pathogenesis that
involves multi-organ, multi-system interactions.
At present, there are no specific medicinal ther-
apies clinically. The treatment of NAFLD by reg-
ulating the gut-liver axis has a broad develop-
ment prospect. The gut-liver axis is a complex
pathway between the intestine and the liver, in
which the intestinal flora plays a key role, high-
lighting the significance of regulating the distri-
bution and homeostatic balance of the intesti-
nal flora in the treatment of NAFLD [74]. We
may acquire a new therapeutic strategy for pre-
cision intervention in NAFLD by targeting the
imbalance of intestinal flora, and based on the
unique advantages of TCM’s multi-component
synergistic regulation of the gut-liver axis. There
is still an absence of additional personalized
treatments such as through external treat-
ments, and insufficient studies on their speci-
fic mechanisms. The chemical structures and
pharmacological effects of traditional Chinese
medicine monomers are diverse, and it is still
difficult to fully understand their specific mech-
anisms in the regulation of NAFLD. Meanwhile,
the occurrence process of NAFLD is extreme-
ly complex, involving not only molecular-level
changes in the liver but also the interaction
of metabolic signals among organs. Moreover,
the components of traditional Chinese medi-
cine compound prescriptions are diverse, and
the therapeutic effects of different drug combi-
nations vary greatly. It is difficult to clearly iden-
tify the active ingredients and dosages, result-
ing in insufficient homogenization of treatment
plans and restricting the research and develop-
ment of new drugs as well as clinical promotion.
Therefore, in subsequent research, we need to
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deeply explore the mechanism of action of
traditional Chinese medicine monomers and
compound prescriptions in improving NAFLD,
laying a solid foundation for further optimiza-
tion of the treatment of this disease. In addi-
tion, there is a lack of unified standards for
the TCM syndrome differentiation and classifi-
cation of NAFLD. Most of the studies are sin-
gle-center and small-sample. The diagnosis
and therapeutic effect determination often rely
on subjective symptom scores, and there is a
lack of internationally recognized biochemical,
imaging and histological evaluation standards,
which makes it difficult to replicate and pro-
mote the results. In terms of research design,
most studies are single-center, observational
trials, lacking support from large-sample, multi-
center randomized controlled trials, and the
level of evidence is relatively low. Moreover,
some studies have not excluded interfering fac-
tors (such as diet and exercise), which affects
the reliability of the conclusions. In addition,
although acupuncture treatment mentions reg-
ulating the gut-liver axis, the selection of acu-
points and the standards of treatment courses
are not uniform, and the evaluation of thera-
peutic effects relies on subjective indicators
(such as symptom scores), lacking histologi-
cal or biochemical endpoint data. Therefore, in
the future, it is necessary for us to further study
the interaction mechanism between traditional
Chinese medicine and other influencing factors
and NAFLD, and clarify the regulation of the
gut-liver axis by traditional Chinese medicine to
precisely act on disease targets and achieve
the effect of precise treatment.
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