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Introduction

Abstract

Many diseases, including liver fibrosis, have a direct connec-
tion to gut dysbiosis. The liver, which interacts with the intes-
tinal tract most closely, is exposed to the gut microbiome or
their metabolites. An altered gut microbiome was found to be
associated with several liver complications, including liver fibro-
sis. Age, diet, environment, use of antibiotics, and stress can all
change the Gut Microbiota’s (GM) composition. The severity of
liver steatosis, inflammation, and fibrosis may be influenced by
this dysbiosis through a variety of interactions with the host’s
immune system and other cell types. This review explores the
TCM formulations that regulate GM as a potential anti-fibrotic
mechanism. Herein, we comprehensively reviewed the basic
research from the last 20 years and found that herbal TCMs (in-
cluding hawthorn, Si-Wu-Tang, ganshuang granules, yinchenhao
decoction, sanwei ganjiang powder, and huang qgi decoction)
have potential clinical efficacy against liver fibrosis by gradually
exerting the regulatory effect on GM. The significant TCM activi-
ties include regulating immunity, lowering serum ammonia levels,
enhancing lipid metabolism, promoting intestinal barrier integrity
and function, and overcoming fibrogenesis of the liver. The under-
lined functions are all highly correlated to the TLR4 signaling cas-
cade and involve ROS, NF-kB, RhoA/ROCK1, and NOX4/ROS. Hence,
the underlined herbal TCMs can serve as drug candidates for liver
fibrosis therapy by supplementing probiotics and adjusting the bal-
ance of GM. However, the underlying complex molecular mecha-
nism of TCM’s-regulated GM nexus in liver fibrosis still needs to be
explored further.
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Since ancient times, Traditional Chinese Medicine (TCM) has
been used to treat patients with a wide range of ailments in
China and is currently extended to use worldwide [1]. Herbal
TCM is the main pharmacological therapy of TCM. Even during
the COVID-19 coronavirus pandemic, TCM and Western medi-
cations were employed to contain and ultimately overcome
the disease's spread [2]. Herbal TCM can improve the clinical
symptoms of various complications, reverse some pathological
changes and maintain the body’s normal physiological function
[3]. Numerous disorders are mostly treated with Western me-
dicinal interventions because Western medicine was introduced
to Chinain the 16th century C.E. TCM has gradually transformed
from conventional therapy toward alternative therapy [4]. How-
ever, there are still some medical conditions where TCM therapy
is beneficial, such as liver diseases, where Western medication
has not been as effective [5].

This review highlighted the influence of GM on liver fibro-
sis and focused on the role of TCM herbal formulations against
hepatic fibrosis by regulating GM. Since herbal TCMs (including
hawthorn, Si-Wu-Tang, ganshuang granules, yinchenhao decoc-
tion, sanwei ganjiang powder, and huang qi decoction) have po-
tential clinical efficacy against liver fibrosis by gradually exerting
the regulatory effect on GM. The finding that human GM signifi-
cantly affects metabolism has opened a new paradigm in mod-
ern therapeutic approaches. The balance of the GM, which is
linked to intestinal health as well as the liver, brain, kidneys, and
organismal homeostasis, affects the processes of birth, aging,
disease, and death [6,7]. The GM is an integral bodily part that
functions in many ways as an additional organ [8]. In terms of
the Chinese approach to the “holistic concept, gut microbes are
significant to TCMs. Several studies have demonstrated that GM
may play a part in a variety of human disorders, such as Inflam-
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matory Bowel Disease (IBD), liver fibrosis, Nonalcoholic Fatty
Liver Disease (NAFLD), obesity, and diabetes [9-13]. Addition-
ally, numerous interactions between the chemical elements of
TCMs and the GM are currently the subject of future investiga-
tions [14,15]. To be more specific, the GM can either metabolize
TCM components on its own or co-metabolize chemicals with
the host. The metabolites that are made have different levels
of bioavailability, bioactivity, and toxicity. Components of TCM
can also modulate the composition of the GM to aid in homeo-
stasis recovery. TCM can thereby improve relevant clinical dis-
eases as well as GM dysfunction. According to the underlined
findings, GM can mediate either synergistic or antagonistic ef-
fects among various TCM components [16]. GM is also being
studied by researchers as a starting point for the investigation
of biomarkers and treatments for liver disorders outside of the
gut. The "holistic concept of TCM" is consistent with this study.
The fact that GM and its metabolites play a role in the devel-
opment of liver diseases suggests that TCM could be used to
treat liver diseases by regulating gut flora [17]. Therefore, we
believe that TCM has a role in the regulation of GM which is the
possible mechanism of the TCM'’s anti-hepatic fibrosis activity.
Herein, we reviewed the basic research from the past two de-
cades to evaluate the most effective TCMs associated with GM
regulation and anti-hepatic fibrosis effects and to provide new
evidence for its clinical application.

Methods
Literature Search Strategy

For this study, Google scholar, PubMed, Embase, and CNKI
databases were searched for the articles that were published
between January 2000 and December 2022. The keywords
included "herbal traditional Chinese medicine", "liver fibro-
sis", "anti-fibrotic mechanism", "gut microbiota", "gut dysbio-
sis", "TCM decoctions", "cognitive impairment", and their re-

lated terms. A total of 1695 articles were identified.
Study Selection

The following inclusion criteria were used for screening of
the selected articles: The articles that have revealed herbal
TCMs' antifibrotic effect, TCM formulations, and decoctions as-
sociated with antifibrotic activities or in the regulation of gut
microbiota. The 1695 articles identified by the search engine
were then manually screened for those that met our inclusion
criteria based on title and abstract. This led to the exclusion of
1025 articles due to duplication, irrelevance, lack of abstract,
or unavailability of full text while the remaining 670 articles, in-
cluding 291 basic studies, 215 clinical studies, and 164 reviews
or meta-analyses were included. There was a total of 276 pa-
pers that constituted the underlying research. The 29 studies
(revealing some potential herbal TCM formulations/decoctions
with potent anti-hepatic liver fibrosis effect) were selected from
the basic and clinical studies.

Data Extraction

Two authors have independently studied the titles, abstracts,
and full texts of the retrieved articles. As a result, 260 articles
were finally included, followed by data collection based on
the predetermined criteria. Any disagreements were resolved
through discussion among the authors.

Liver fibrosis and GM

The liver's response to injury is the scarring process known
as hepatic fibrosis. The liver repairs damage through the depo-

sition of new collagen, much like how the skin and other organs
heal wounds by depositing collagen and other matrix compo-
nents [18]. Most chronic liver illnesses are linked to hepatic fi-
brosis, a prevalent and possibly fatal consequence that places
a heavy financial and medical burden on society. The develop-
ment of hepatic fibrosis is not a straightforward process; rather,
it involves the interaction of several soluble mediators (cyto-
kines and chemokines) with various cellular subsets that exist
in and affects the liver. The chemical and biological character-
istics of the disease-causing substances further modulate liver
fibrosis [19]. Liver fibrosis is the outcome of the liver's attempt
to heal damage from a variety of damaging triggers, such as ge-
netic disorders, long-term viral infections, alcoholism, autoim-
mune diseases, metabolic abnormalities, cholestasis, venous
blockage, and parasite infections (Figure 1) [20]. The excessive
deposition of Extracellular Matrix (ECM) components and dys-
function of Liver Sinusoidal Endothelial Cells (LSECs) are the pri-
mary causes of liver fibrosis. Under physiological circumstances,
LSECs act as the gatekeepers of a steady liver environment [21].
The LSECs' anti-fibrotic properties enable hepatic vascular re-
sistance regulation and lower venous pressure by preventing
Kupffer cells from activating and the development of Hepatic
Stellate Cells (HSCs). These LSECs' endothelial basement mem-
brane capillary vascularization, which takes place in the early
phases of liver fibrosis, creates several pathogenic variables and
alters liver function [22,23]. The onset and progression of liver
disease can also be caused by problems with GM. This process
can eventually lead to liver cirrhosis, a condition in which the ar-
chitectural arrangement of the liver's functional units is so dis-
rupted that blood flow through the liver and liver function are
both compromised [24]. Serious liver disease consequences,
such as portal hypertension, liver failure, and liver cancer, may
manifest once cirrhosis has been established. Cirrhosis should
be regarded as a pre-malignant condition because it markedly
raises the chances of liver cancer once it progresses [25].
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Figure 1: An illustration of the major causes of hepatic fibrosis.
Inherent genetic mutations and disorders in population is one of
the fundamental factor ultimately contributing to liver fibrosis.
Parasitic and infectious diseases like hepatitis B and C constitutes
pathophysiological plethora exerting fibrogenic lesions in liver.
Cholestasis associated complications disturbs the fatty metabolism
which can lead to liver fibrosis. Lifestyle factors, obesity, and fatty
liver disease constitutes the major causes of steatosis in liver. While
finally the gut microbiota dysbiosis is one of the emerging factor
contributing towards the development fibrosis in liver.
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Figure 2: The impact of the gut microbiome on the intrahepatic
immune microenvironment in liver fibrosis through the gut-liver
axis. The gut microbiome dysbiosis leads to leaky gut and release
of endotoxins (lipoteichoic acid, peptide-glycan flagellin, and lipo-
polysaccharide) and proinflammatory milieu surge in hepatic circu-
lation. The release of inflammatory cytokines is associated with T
cells, monocytes, and resident macrophages which in turn promote
inflammation and fibrotic matrix growth while affecting hepatic
stellate cells (HSCs).

In terms of structure and functionality, the gut and the liver
are closely related organs; the intestine supplies 75% of the
blood that enters the liver's portal vein [26]. The liver and intes-
tine can interact with one another through a variety of physi-
ological processes since the liver-gut axis is present. GM has a
significant impact on pathophysiological alterations in the liver
[27,28].

As a virtual organ, the gastrointestinal tract forms connec-
tions with a number of extraintestinal organs, including the
brain, liver, and kidney, as well as the cardiovascular and endo-
crine systems. It is an essential component in the production
of many metabolites, such as bile acids, which control various
metabolic pathways in the host. It is the primary modulator
of host metabolism; it makes it easier to extract nutrients and
energy from food consumed and helps the host use those nu-
trients and energy more efficiently [29,30]. The gut-liver axis's
ability to work properly depends heavily on the integrity of the
intestinal barrier. When intestinal antigens (IAg, which come
from food or pathogenic bacteria) enter the portal circulation,
they are recognized by T Cell Receptors (TCRs) and consequent-
ly cause the adaptive immune system to become activated.

A complex network of factors, including cytokines, immuno-
logical cells, and IAg, regulates and stabilizes the relationship
between the GM and the intrahepatic immunological micro-
environment. GM dysbiosis causes resident liver macrophages
(i.e., Kupffer cells) to become activated, releasing pro-inflam-
matory cytokines (such as IL-6) and stimulating HSCs to produce
matrix through Toll-Like Receptors (TLRs) [31,32]. Additionally,
excessive production of bacterial fragments and products, such
as peptidoglycans, lipopolysaccharides, and flagellin, enter the
liver through the portal [33]. In individuals with pre-cirrhotic
liver disease and cirrhosis, there is emerging evidence that the
GM alters after intestinal microbiota transplantation. Bacteria
in the blood increase in response to hepatic fibrogenesis, sug-
gesting that the GM affects how quickly liver fibrosis progress-

es. Furthermore, numerous investigations have shown a corre-
lation between GM composition, alcohol, and ROS production
[34-37].

Additionally, the GM may impact and regulate liver regen-
eration. After partial hepatectomy, the number of CD1d-depen-
dent Natural Killer T (NKT) cells was found to be much lower
after being treated with antibiotics, especially ampicillin. An
elevated level of interferon-y and IL-12 cytokines released by
these NKT cells and activated Kupffer cells eliminated the ad-
verse effects of antibiotic treatment on liver regeneration.
Therefore, antibiotic treatment following hepatectomy may ad-
versely affect liver regeneration in humans [38]. According to
recent studies, some gut bacteria are strongly correlated to the
production of a few genes in a regenerated liver [39]. More than
6000 bacterial microbiota-related genes were upregulated as a
result of partial hepatectomy, some of which were implicated in
bile acid metabolism and hepatocyte proliferation. The IM had
significant alterations as a result of this surgery, such as a rise in
Bacteroidetes and Rikenellaceae and a decrease in Clostridiales,
Lachnospiraceae, and Ruminococcaceae [39]. Wnt factors and
traditional inflammatory cytokines are well known to regulate
liver regeneration and tissue repair [40,41]. Although sterile in-
flammation might be the main factor at play, in this case, it's
also possible that GM acts as another major factor in such in-
flammation. The gut-liver axis's ability to work properly largely
depends on the integrity of the intestinal barrier. As a result,
the GM appears to be an underutilized player for effective liver
regeneration.

The Gut-Liver Axis

The bidirectional interaction between the gut and its mi-
crobiota and the liver, which is the result of the integration of
signals produced by nutritional, genetic, and environmental
variables, is referred to as the "gut-liver axis" [42]. The human
body's liver and gut are connected anatomically and physiologi-
cally (Figure 2) [43]. The functional and physical structures re-
ferred to as the intestinal mucosal and vascular barriers serve as
a site for interactions between the gut and the liver, preventing
the systemic spread of pathogens and toxins while permitting
nutrients to enter the bloodstream and reach the liver [44]. The
liver influences GM communities as part of this bidirectional
connectivity, which is essential for maintaining the homeostasis
of the gut-liver axis [45]. Moreover, it was discovered that the
GM of rats with hepatic fibrosis was altered [46], and a subse-
quent study demonstrated that liver damage and liver fibrosis
are eventually caused by intestinal barrier malfunction and the
leakage of intestinal bacteria into the blood [47]. These altera-
tions also lower the levels of bacterial metabolites, including ly-
sozyme and lysophosphatide that might cause liver fibrosis and
prevent Kupffer cell activation [48].

The gut-liver axis uses a two-way regulatory mechanism,
meaning that both liver fibrosis and the intestinal microbiome
can influence one another [49]. When liver fibrosis is caused
by chronic hepatitis B, the number of intestinal microbiota de-
creases, which changes the way bile acids, is processed [50]. In
addition to increasing the quantity of Lactobacillus and Bifido-
bacterium in the flora [51,52], ursolic acid can inhibit liver fibro-
genesis and promote the stability of the bacterial flora [52]. The
composition of the GM has also been linked to inflammation
and liver fibrosis [53], and supplementation with the probiotic
L. rhamnosus has been found to reduce liver fibrosis and inflam-
mation [54].
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Figure 3: Hawthorn (HAW) exerts anti-inflammatory and antifi-
brotic effects in CCL4-induced hepatic fibrosis by inhibiting the pro-
oxidant machinery and elevating the antioxidant effects [68]. The
hepatic fibrosis induced by CCL4 is mediated by oxidative stress and
inflammatory response leading to cellular damage, activation of he-
patic stellate cells (HSCs), and accumulation of extracellular matrix
(ECM) leading to liver fibrosis. HAW is shown to have positive ef-
fects on oxidative stress and inflammation; it suppresses HSCs acti-
vation and thereby relieves the progression of liver fibrosis.

TCM formulations with Significant Anti-Fibrotic Effects Reg-
ulate the GM System

Hawthorn (HAW, Shan Zha)

The Chinese herb, hawthorn berry also known as Shan Zha.
Vitexin, quercitin, oleanolic acid of triterpenes, ursolic acid,
chlorogenic acid of organic acids, and maslinic acid are the
key constituents of HAW [56,57]. By regulating oxidative stress
and inflammation, the HAW decoction from Crataegus oxy-
acantha suppresses the fibrotic effects of CCL,. According to
the reported studies, the anti-fibrotic potential of HAW is due
to its chemical constituents, i.e., quercetin, vitexin, and maslinic
acid [58]. By inhibiting inflammasome response and reticulum
stress pathway activation, quercetin can reverse GM imbalance
and TLR-4 pathway inductions mediated by endotoxemia. This
prevents the deregulation of gene expression and blocks lipid
metabolism, which overcomes NAFLD in HFD mice and reduc-
es hepatic damage, including hepatic fibrosis [59]. Quercetin,
therefore, exerts its anti-inflammatory effects via integrative
reactions involving GM dysbiosis, associated gut-liver axis ac-
tivation and lipotoxicity blockade, followed by suppression of
inflammasome response and activation of the reticulum stress
pathway [60]. Another constituent is vitexin, a naturally occur-
ring flavonoid molecule with a variety of pharmacological prop-
erties, including the ability to modulate lipid metabolism and
reduce inflammation. Vitexin can increase fatty acid oxidation
and lipolysis in addition to suppressing de-novo lipogenesis.
It can also improve insulin signalling in HFD mice by activating
AMPK and interacting with the leptin receptor [61,62]. Addi-
tionally, by blocking TLR4/NF-B signalling and the production of
proteins involved in the fatty acid synthesis, vitexin may reduce
the effects of chronic stress [63]. It is a pentacyclic triterpe-
noid called maslinic acid. Maslinic acid can decrease lipogen-
esis by activating AMPK in HepG2 cells, but it cannot decrease
lipid accumulation in LO2 cells treated with FFA by suppressing
sterol regulatory element-binding protein cleavage-activating
protein (SCAP) [64]. Maslinic acid has been shown to prevent
hepatic steatosis in obese mice produced by the HFD via regu-
lating the Sirt1/AMPK signalling cascades [65,66]. Additionally,
HAW peel polyphenols exhibit potent activity against oxidative
stress, which not only regulates Nrf-2/ARE expression but also

affects liver MDA levels, T-SOD, and GSH-Px activities [67]. From
the underlined studies on HAW, we concluded that HAW anti-
fibrotic activity and restoring the healthy liver characteristics of
animals induced by hepatic fibrosis is mechanistically underly-
ing by the crosstalk between liver damage, and oxidative stress,
inflammation, and activation of fibrogenesis. Furthermore, it
showed that HAW works by reducing inflammation, controlling
oxidative stress, and inhibiting HSC activation (Figure 3) [68].

Si-Wu-Tang (SWT)

TCM prescription Si-Wu Tang (SWT), which dates back to the
Song Dynasty, was originally documented in Taiping Huimin Heji
Jufang. SWT is comprised of Radix Angelica Sinensis, Radix Reh-
manniae Praeparata, Radix Paeoniae Alba, and Rhizoma Ligus-
ticum Chuanxiong [69]. The ECM deposition in livers, intestinal
barrier dysfunction, and the hepatic and intestinal inflammato-
ry responses were all considerably reduced when SWT was used
to treat CCl -induced liver fibrosis [70]. Notably, unconjugated
serum Bile Acids (BAs) including Chenodeoxycholic Acid (CDCA)
were greatly elevated in serum following SWT delivery, whereas
conjugated BAs such as taurocholic acid (TCA) were significantly
decreased, suggesting that SWT may change the makeup of
BAs in circulation by controlling GM (Figure 4) [70,71]. These
results further demonstrated that FXR-FGF15 enterohepatic
and FXR-SHP hepatic pathways were responsible for SWT's ef-
fective inhibition of BA de-novo synthesis and enhancement of
BA excretion, which also altered enterohepatic BA circulation
and alleviated liver injury [70]. These findings emphasised the
possible contribution that the gut-liver axis associated with BA
may have to the beneficial effect of SWT. Taken together, these
data revealed that SWT reduced liver fibrosis via modifying GM,
which in turn changed the pathogenic BA profile and bacteria-
associated intestinal and hepatic inflammation. Furthermore,
the underlined research provides solid evidence for the thera-
peutic potential of SWT in the clinical management of fibrotic
liver damage [70].

Ganshuang Granules (GSG)

Ganshuang granules (GSG) are an effective TCM prescrip-
tion against liver fibrosis. GSG is comprised of Angelica sinensis,
Nasturtium officinale, Codonopsis pilosula, Paeonia lactiflora,
Atractylodes macrocephala, Wolfiporia extensa, Salvia miltior-
rhiza, Hedgehog, Giant knotweed, Dandelion, Turtle shell, Self-
heal, and Peach kernel [71].

According to the studies, GSG therapy reduced liver dam-
age in CCl4-induced hepatic fibrosis as evidenced by a decrease
in liver index, alanine aminotransferase levels, and aspartate
transaminase levels. GSG reduced the CCl4-induced models'
increased oxidative stress, inflammatory response, and hepatic
fibrosis [72,73]. Furthermore, it was discovered that GSG in-
creased the expression of tight junction-related proteins in the
intestinal mucosa. Additionally, GSG corrected gut dysbiosis by
reducing the ratio of Firmicutes to Bacterioidetes, increasing
the alpha and beta diversity of GM, and adjusting the relative
abundance of different bacteria. Finally, GSG attenuated CCl4-
induced hepatic fibrosis by lowering intestinal permeability and
rebalancing the GM to minimize oxidative stress and inflam-
mation. Furthermore, several studies revealed that the treat-
ment of chronic hepatitis B induced liver fibrosis with GSG and
antiviral medication. A recent study found that GSG blocks the
mammalian target of rapamycin, which stimulates liver stellate
cells [74]. Another study suggested that GSG's anti-liver fibrosis
mechanism involves inhibiting regulatory T cells [75].
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Yinchenhao Decoction (YCHD)

Since the Han Dynasty, Yinchenhao Decoction (YCHD) has
been a traditional TCM herbal remedy for treating the damp-
heat syndrome of the gallbladder and liver [76]. YCHD is for-
mulated from Gardenia jasminoides J. Ellis, Artemisia capillaries
Thunb, and Dahuang. It has been used to cure liver disorders,
including liver fibrosis, for more than 1800 years, making it one
of the most important medicines [77,78]. Several studies have
reported different mechanisms for the role of YCHD in liver dis-
eases such as liver fibrosis. A recent study found that the use
of YCHD improves metabolism and increases the abundance of
GM like Bacteroidetes, Bifidobacterium, Lactobacillus, and Bac-
teroidetes/Firmicutes. Dysbiosis of the underlined microbiota
leads to the activation of resident liver macrophages releasing
proinflammatory cytokines, stimulation of matrix synthesis by
HSCs through TLRs [79], excessive production of microbial frag-
ments and products (including peptidoglycans, flagellin, and
LPS), which get into the liver through the portal system and can
cause liver fibrosis and long-term inflammation. According to
another study, YCHD's anti-fibrotic effects may be linked to the
downregulation of TGF-1 and the restoration and rebuilding of
the Renin-Angiotensin System's (RAS) own self-regulation by in-
creasing the protein production of Angiotensin-Il (ACE2). YCHD
considerably reduced the amount of collagen in liver tissue
and markedly enhanced liver function in a rat model of DMN-
induced liver fibrosis [80]. YCHD may help treat liver fibrosis by
lowering oxidative stress and the lipid peroxidation that comes
with it, inhibiting HSC proliferation, and activating HSCs through
the TGF-1/Smad/ERK signalling cascade. Chronic hepatitis B,
which is the principal cause of liver fibrosis, can also be treated
with YCHD [81]. Taken together, YCHD can target several path-
ways associated with liver diseases.

Sanwei Ganjiang Powder (SWGJ)

The Jia Ga Song Tang, commonly known as Sanwei Ganjiang
Powder (SWG)), is made up of Alpinia katsumadai, Myristica
fragrans Houtt, and Zingiberis Rhizoma in a ratio of 5:4:6 ac-
cordingly. In mice with acute hepatic injury, SWGJ had the im-
pact of modulating intestinal flora and associated immune cy-
tokines [82]. SWGIJ reduced liver damage, and this action was
correlated with modulating GM to balance bile acid homeosta-
sis. They have anti-inflammatory effects, protect the digestive
tract's mucosa, aid in the defense against oxidation, and shield
the liver. Following the injection of SWGJ, proteins involved in
the production (i.e., CYP7A1), excretion, and reabsorption of
bile acids (such as NTCP, Mrp2, and BESP) were increased in a
CCl4-induced model of chronic liver injury [82]. According to
another study, SWGJ protects the liver through the Nrf2-ARE
pathway [83-85]. The underlined results showed that SWG)J
had protective effects against liver and intestine damage, and
activation of Nrf2 was a potential mechanism for improving bile
acid enterohepatic circulation. Consequently, SWGJ may be a
possible therapeutic approach for preserving the gut-liver axis.
Moreover, SWGJ regulates GM in addition to protecting the liv-
er [87] based on the gut-liver axis [85,86].

Largehead Atractylodes Rhizome (LAR)

Largehead atractylodes rhizome (LAR) is an impor-
tant herbal TCM comprised of volatile oils (humu-lene,
B-elemol, a-curcumene, atractlone, 3B-acetoxyatractylone),
Sesquiterpene lactone compounds (atractylenolide,
8B-ethoxyatractylenolidell), and polyacetylene (14- acetyl-
12-senecioyl2E,8Z,10E-atracetylentriol) which invigorate the
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Figure 4: Si-Wu-Tang (SWT) overcomes the effect of hepatic fibrosis
by regulating GM and bile acid levels [70]. This figure showed that
dministrating SWT results in unconjugated bile acids (BAs) in serum
significant elevation while conjugated bile acids (CBAs) tend to de-
crease. The data suggests that SWT may alter the composition of
BAs in circulation by regulating gut microbiota (GM). Furthermore,
SWT efficiently decreased the level of BA in de-novo synthesis and
enhanced BA excretion mediated by FXR-FGF15 enterohepatic and
FXR-SHP hepatic pathways, which also modulated enterohepatic
BA circulation and relieving liver injury.

spleen and replenish qi (life force/ vital energy). LAR eases the
symptoms of chronic diarrhoea, leg weakness, gastro and ab-
dominal distention, and indigestion [88]. According to the re-
ported studies, LAR plays an effective role in the treatment of
liver fibrosis and liver cancer [89]. Moreover, it has a key role
in the regulation of GM which has a significant link with liver
fibrosis [90]. Pathogenic bacteria, including H. pylori and Clos-
tridium, are much less prevalent after LAR treatment. However,
there is a considerable elevation in beneficial bacteria such as
Lactobacillus and Akerman's bacteria, suggesting that LAR stim-
ulates probiotic proliferation and keeps the gut flora in a bal-
anced state [91].

The control of E. coli, Shigella, and Alternaria, as well as the
homeostasis of the GM, is associated with the therapeutic ben-
efits of LAR in vivo [92]. H. pylori infection may make inflam-
matory lesions in the stomach worse in people with liver fibro-
sis, which may directly or indirectly affect liver function [93].
While LAR can inhibit the proliferation of H. pylori and reduce
the expression of the inflammatory factors. Furthermore, LAR
has been shown to balance the internal environment, maintain
GM, and treat chronic gastrointestinal disorders effectively [94].
Moreover, it inhibits liver cancer cell metastasis and promotes
cellular immune function [95]. Hence, the underlined studies
suggested that LAR may play a considerable role in the treat-
ment of liver fibrosis by regulating GM and decreasing the level
of inflammatory factors including IL-8.

Huanggi Decoction (HQD)

A classical herbal TCM formulation, Huangqi Decoction
(HQD), is composed of Glycyrrhizae Radix et Rhizoma and As-
tragali Radix, in a ratio of 1:6 (wt/wt) [97]. Several studies have
demonstrated the beneficial role of HQD against hepatic fibro-
genesis [98-100]. Moreover, it has been confirmed that HQD
protects against alpha-naphthylisothiocyanate-induced chole-
static liver injury [101]. HQD can significantly increase the di-
versity of GM in cholestatic mice and enhance the GM's overall
composition. According to the reported studies, the protective
effects of HQD on hepatic injury and fibrosis may be related to
its role in GM regulation [97].
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The liver serves as the first line of defence against intesti-
nal enterobacteria or metabolites because of the anatomical
connection known as the "gut-liver axis" [102]. According to
certain reports, intestinal dysbiosis can further disrupt intesti-
nal barrier integrity [103]. The immune microenvironment of
the liver can be altered as a result of the microbiota or related
compounds "leaking" into the liver from the intestine. This im-
mune response triggers the release of inflammatory molecules
that exacerbate hepatic injury [104]. In mice with cholestasis,
HQD decreased the expression of NLRP3 and other inflamma-
tory markers and decreased inflammation in the colon tissue.
This suggests that its ability to prevent hepatic inflammation
and liver damage may be due to its ability to reverse intestinal
dysbiosis and barrier integrity dysfunction [105].

Additionally, it has been stated that GM enzymes selectively
convert glycyrrhizic acid from Glycyrrhizae Radix et Rhizoma (a
component of HQD decoction) into absorbable components
[106]. Astragalus polysaccharide, an efficient extract of Astraga-
lus membranaceus and another ingredient in HQD decoction,
has been shown in another study to work as an inflammatory
reaction inhibitor by lowering the expression of proinflammato-
ry factors like IL-6 and TNF-a [107,108]. Additionally, astragalus
polysaccharides can decrease the amount of Salmonella typhi
in the body and boost the production of Lactobacillus and Bi-
fidobacterium in the intestinal tract, which both decrease the
likelihood of an inflammatory reaction [109]. Astragalus poly-
saccharides can have anti-inflammatory effects as they reduce
the number of bacteria in the body [110]. Taken together, herb-
al therapy, including HQD treatment, reduced GM dysbiosis,
improved intestinal barrier dysfunction, decreased liver inflam-
mation, and protected against hepatic injury and liver fibrosis.

Pueraria lobata (P. lobata)

Pueraria lobata or P. lobata is one of the most important me-
dicinal herbs used traditionally in China. It has been established
that P. lobata, which is derived from the dried roots of legumi-
nous plants, has therapeutic activity [111]. P. lobata has been
used in TCM to treat drunkenness and hangovers in China be-
cause it is believed to purify the liver and lessen the symptoms
that follow [112]. Additionally, prior research discovered that
puerarin extracted from P. lobata reduced ECM deposition in
rats with CCl4-induced hepatic fibrosis, which attenuated hepa-
tofibrosis [113, 114]. Puerarin prevented the growth and acti-
vation of hepatocytes originating from the ECM in fibrotic rats
by blocking the endogenous TGF-1/Smad cascade, including
HSCs, fibroblasts, and Kupffer cells. The fibrinogenolytic action
of puerarin therapy on the fibrotic process makes it a promising
therapeutic choice for the management of hepatofibrosis [115].
P. Lobata is used to extract Pueraria polysaccharides, which can
then be ingested by intestinal microbes to improve metabolism
and ultimately have an impact on physiological functions [116].
This TCM can significantly enhance the characteristics of drugs
and lessen their toxicity after being fermented and digested in
the gut flora [117]. P. Lobata lowers the expression level of in-
flammatory factors, including IL-6 and TNF-a. Using P. Lobata,
it was demonstrated that the expression of the underlined in-
flammatory factors following Bifidobacterium fermentation was
found to be considerably lower compared to Pueraria without
fermentation [118]. Puerarin has also been demonstrated to
raise the expression of the anti-inflammatory factor IL-10 and
decrease the expression of the pro-inflammatory factors IL-6
and monocyte chemoattractant protein-1 in the colon and
small intestine of mice fed a high-fat diet [119]. Other research

has shown that Pueraria can protect the liver by lowering the
amount of endotoxin [120,121].

Conclusions

Herbal TCMs (including Shan Zha, SWT, GSG, YCHD, SWGJ,
LAR, and huanggi decoction) have potential clinical efficacy
against liver fibrosis by gradually exerting the regulatory effect
on GM. The relationship between GM and the host is complicat-
ed. However, the mechanism by which TCM regulates GM and
halts the progression of the liver-associated disease involves
a decrease in oxidative stress and inflammatory injury, which
control the immune system. This, in turn, leads to a decrease
in serum ammonia levels, an improvement in lipid metabo-
lism, the protection of the intestinal barrier, and a reversal of
hepatic fibrosis, all of which are significantly correlated to the
TLR4 signaling pathway and involve NF-kB, ROS, and NOX4/RO.
Hence, the underlined herbal TCMs can serve as a drug candi-
date for liver fibrosis therapy by supplementing probiotics and
adjusting the balance of GM. Thus, research on the interaction
between TCM and GM is essential for a better understanding
of the pharmacological effects of TCM on the human body and
the link between GM and disease. Future research should fo-
cus on individual therapies and extensively elucidate how GM,
metabolites, and the healing potency of TCM are correlated.
Moreover, the synergistic or antagonistic influence of GM and
TCM is essential, particularly for the evaluation of prospective
therapeutic efficacy, which provides an extensive understand-
ing of developing difficulties before clinical use.
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