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Abstract

physiological functions. Liver diseases have become one of the common and frequently-occurring diseases that affect 10% of the

Liver is the largest substantial organ in the abdominal cavity and it provides an essential role in maintaining the basic

population worldwide, usually with liver fibrosis as the late stage pathological characteristic. Due to the complexity of pathogenesis,
there is no effective synthetic drug to treat liver fibrosis up to date. Traditional Chinese medicine (TCM) has the advantages of
multiple targets and small side effects in the treatment of liver fibrosis. This article reviews the pathological mechanisms of liver
fibrosis and its relationship with inflammation. The application of the active herbal ingredients in TCM, medicinal plants and
traditional Chinese formulae to treat liver fibrosis, and their mechanisms of action to inhibit inflammation associated with liver

fibrosis are also discussed.
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fibrosis include hepatitis C virus (HCV) infection,
Hepatitis B Virus (HBV), addiction to alcohol,
steatohepatitis (NASH) and drug-
induced liver injury, efc. Among them, HBV infection

1 Pathogenesis of liver fibrosis

Liver is the largest substantial organ in the nonalcoholic

abdominal cavity. It carries out about 500 distinct

roles with its main job to filter the blood coming from
the digestive tract before passing it to the rest of the
body. Liver also synthesizes functional proteins,
detoxifies chemicals, produces chemicals that digest
food and metabolize drugs. Liver damages usually
include fatty liver with increased triglyceride!',
chemical liver injury®, immune liver injury®], drug
induced and alcohol induced liver injury™, etc. Liver
diseases have become one of the major diseases
threatening the human health. The number of patients
suffered from liver diseases is as high as 1.3 billion
worldwide, among which about one third of the
population are Chinese.

Liver fibrosis is a dynamic, highly integrated
process involving mechanisms on molecular, cellular
and tissue levelsP®l. The external causes of liver

remains a major health problem worldwide despite the
availability of a highly effective preventive vaccine.
HBYV, HCV, and drug-induced liver damage can cause
liver inflammation, which leads to repeated healing
damage and finally liver fibrosis®. The internal
causes of liver fibrosis are mainly chronic damage of
liver and the accumulation of extracellular matrix
proteins (ECMs). The late stage of liver fibrosis may
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develop into liver cirrhosis, liver failure, and liver
cancer. Liver fibrosis is reversible in the pathological
process, therefore, how to effectively slow down or
inhibit the progression of liver fibrosis and reverse its
symptom has become a major concern to treat liver
diseases.

Traditional Chinese medicine (TCM) is a great
treasure in the history of pharmacology with its
history of more than 3 000 years. From the earliest
"The Holy
Husbandman's Classic on Roots and Herbs" to the
TCM has drawn
great attention all over the world. In the past few

"The Inner Canon of Yellow Emperor",
"Compendium of Materia Medica",

decades, the effect of TCM is widely well recognized
for the treatment of a wide range of diseases!’l. In
Western countries, it is also common to add natural
herbs to drugs and dietary supplements. Due to the
complexity of pathogenesis, there is no effective
synthetic drug to treat liver fibrosis up to date. On the
other hand, TCM has been used to treat liver disease
for a long time because of its advantages of multiple
targets and small side effects.

From the perspective of TCM, the pathology of
liver fibrosis is mainly due to dampness, heat, and
stasis. Poison and deficiency of righteousness are
intricately compounded and combined in the liver,

which will eventually form liver fibrosis. The main
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pathogenic factor of liver fibrosis is dampness and
heat, with blood stasis as an important pathological
result and the key link of the pathogenesis®.
Therefore, the single and compound prescriptions of
Chinese medicine formula to treat liver fibrosis are
focused on blood-activating, heat-clearing and
deficiency-supplementing.

From the perspective of Western medicine, liver
fibrosis is the result of healing from repeated liver
injury in a long term. As shown in Figure 1, upon
external factors such as viral infection, excessive
alcohol consumption or chemicals attack, liver cells
are damaged or even undergo apoptosis and necrosis.
Compared to normal liver, there is a large amount of
fibrous tissue proliferation and deposition in the
fibrotic liver. Kuffer cells are regenerated to replace
the necrotic and apoptotic liver cells. This process is
accompanied by the inflammatory response and
limited ECM deposition. If the hepatic cells are
continued to be damaged, the regeneration will
eventually fail. Liver cells are replaced by the
abundant ECMs including fibrillar collagen®. With
the continuous damage of liver cells, apoptosis and
two hits, liver fibrosis is gradually formed. The
deterioration of liver fibrosis will eventually lead to

irreversible liver cirrhosis and liver cancer.

Two hits
S — .

Multiple hits

Liver fibrosis

Fig. 1 The progress of liver fibrosis

Hepatic stellate cells (HSCs) play a crucial role
in the progress of chronic liver fibrosis. Bone marrow-

derived fibrocytes, epithelial-to-mesenchymal
transformation, and portal fibroblasts (Pfb) also
promote liver fibrosis, but relatively smaller

compared to the effect of HSCs. In the damaged liver,
HSCs are the major cells producing ECM cells!'?. In
normal liver cells, HSCs are present in Disse, and are
mainly used to store vitamin A. As shown in Figure 2,
upon the stimulation of external factors, kupffer cells

release transforming growth factor beta 1 (TGF-p1),
tumor necrosis factor alpha (TNF-a), interleukin 6 (IL-
6), reactive oxygen species (ROS) and other cytokines
through stimulation of the TLR4-CD14 pathway.
Damaged hepatocytes release insulin-like growth
factor 1 (IGF1), TGF- B, TNF- a, ROS and other
cytokines. Biliary epithelial cells release platelet-
derived growth factor (PDGF), IL-6, TGF-p and other
cytokines. T cells release cluster of differentiation 40
protein (CD40), IL-6, interferon gamma (IFN-y) and
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chemokine (C-C motif) ligand 21 (CCL21). The
quiescent HSCs are activated by a variety of cytokines
upon external stimulation!!!l. A large number of
activated HSCs differentiate into myofibroblasts, and
activation of myofibroblasts is an important hallmark
of liver fibrosis!!'?l. Myofibroblasts release TGF- f,
alpha-smooth muscle actin (a.-SMA) and fibronectin.
In addition, the decreased secretion of matrix
metalloproteinases (MMP)-1/3/9/13 and the increased

Biliary epithelial cell
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fibronectin, IL-8, || TGF-B,
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secretion of tissue inhibitor of metalloproteinases
(TIMPs) -1/2/3 result in large accumulation of ECM
leading to hepatocyte necrosis or apoptosis!'®.
Another part of HSC cells release TGF-p, a-SMA, IL-
6, interleukin 8 (IL-8) and other cytokines to induce
hepatocyte  apoptosis. ~ With  the
accumulation of ECM and the gradual apoptosis of

continuous

hepatocytes, liver fibers are transformed into

irreversible cirrhosis and even liver cancer.
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Fig.2 The mechanism pathways involved in the liver fibrosis formation

2  Inflammatory pathways and factors
associated with liver fibrosis

From the perspective of Western medicine,
inflammation is a basic pathological process in which
biological tissues are stimulated by various external or
internal stimuli such as trauma, infection and other
damage factors. Local manifestations of inflammation
include redness, swelling, heat, pain, dysfunction, as
well as systemic reactions such as fever and changes

in peripheral white blood cell counts. The main causes
of inflammation include biological factors (such as
bacteria, viruses, rickettsia, mycoplasma, fungi),
physical factors (such as high temperature, low
temperature, radioactive  materials, mechanical
damage), chemical factors (such as strong acid, strong
alkali, decomposition products of necrotic tissue),
foreign bodies (such as surgical sutures, foreign
bodies entering the human body through various
means), necrotic tissue and allergic reactions. Often,

inflammation is the body's automatic defense response



2020; 47 (8)

=, % PEANRXINETERTIFTELRNER 793

although the patients may feel pain or other
discomfort symptoms, but it is beneficial for health.
However, sometimes inflammation is harmful, such as
attacking on the body's own tissues, inflammation
occurred in transparent tissues, and inflammatory
reactions associated with liver fibrosis.

Inflammation can be divided into two major
categories—acute and chronic inflammation—based
Acute

inflammation is typically of relatively short duration

on timing and pathological features.
(hours to days) and is characterized by vasodilatation,
the exudation of protein-rich fluid (plasma), a
migration of cells (primarily neutrophils) into the site
of injury and, in some cases, activation of the
coagulation cascadel'¥. Atherosclerosis, inflammatory
bowel disease and liver fibrosis are involved with
typical histological features of chronic inflammation.
These disorders are characterized by a prolonged
duration (weeks to months to years) in which active
inflammation, tissue destruction and attempts at tissue
repair are occurring simultaneously!'™.

In general, inflammation is a special, self-
controlled, self-defense response to the infection or
tissue repair. However, inflammation can produce an
unbalanced response that is associated with steady-
state destruction of physiological processes and is not
directly related to classical inflammation triggers!'®.
When the triggering factor is not contained, it triggers
a dysfunctional inflammatory response and causes
chronic damage to the tissue, leading to inflammatory
diseases such as chronic liver disease including liver
fibrosist!"l.

Inflammatory cytokine signalings involved in
liver fibrosis include transduction of cytoplasmic and
signaling mechanisms leading to the
activation of nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-«B), the c-Jun N-
terminal kinase (JNK), P38 mitogen-activated protein
kinases (p38 MAPK), signal transducer and activator
of transcription 3 (STAT3), and the phosphoinositide
3-kinases (PI3K) pathways('®l,

NF-«B plays an important role in the activation

nuclear

of inflammasomes by stimulating the expression of
pro-inflammatory genes. NF- kB is also a central
inflammatory mediator in response to a variety of
immune receptors that promote the initiation and
development of various inflammatory diseases
including liver fibrosis!!’. JNKs and p38 MAPK are a
subgroup of the mitogen-activated protein kinase

(MAPKs) family. The main targets of JNKs are
transcription factor AP-1 (mainly c-Jun), c-Myec, p53,
Bcl-2. JNKs are
essentially involved in the process of apoptosis and

and non-transcription factor

cell death triggered by a variety of stimuli including
UV radiation, cytokines and cancer?”, STAT3 is a
pleiotropic transcription factor that regulates signal

transduction of cytokines, growth factors and

oncogenes. It functions both as a typical
transcriptional activator, atypical energy metabolism
and mitochondrial function regulators®!l. PI3K

signaling pathway regulates cell proliferation, survival
and metabolism. Akt (also known as protein kinase B)
is a key downstream in PI3K signaling pathway and
plays an important role in cell survival and apoptosis.

The inflammatory response plays a crucial role
in the progression of liver fibrosis. As shown in
Figure 3, under the induction of external factors such
as HCV, hepatitis B virus (HBV) and
lipopolysaccharides (LPS), kuffer cells (KC) secrete
TNF-a and interleukin 1 (IL-1) which activate the IkB
kinase (IKK) complex. The complex phosphorylates
IxB, which leads to the degradation of IkB's
proteasomal, allows NF-«kB to enter the nucleus to
initiate transcription of the target genel?’l. Through
this pathway, TNF- a, IL-1B, IL-6 are secreted to
activate HSC. In addition, the activated NF- kB
pathway activates high mobility groupbox 1
(HMGBI1), increases secretion of toll-like receptors
(TLRs), activates macrophages therefore triggers
inflammation!. Addition to the major NF- kB
pathway, KCs secrete TNF- o and TGF- B, which
with JNK and p38 MAPK signaling
pathways, respectively, causing ROS accumulation
and the Activated
macrophages and HSCs secrete IL-6 and interleukin
17 (IL-17), activating the STAT3
signaling pathway to further promote inflammatory
responses.

The process of liver fibrosis is the result of a
variety of cellular crosstalks. Different cells release
different
pathways,

interact
secretion of collagen I3,

respectively,

inflammatory factors, activate related

promote inflammatory reactions, and
ultimately lead to liver fibrosis. As shown in Figure 4,
the most important process of liver fibrosis is the
activation of HSCs. Accompanying the progress of
liver fibrosis, multiple cells release various factors to
promote HSC activation and proliferation. The

progenitor cells activate KCs under the control of



794 -

£S5 EYYIE#RE  Prog. Biochem. Biophys.

2020; 47 (8)

‘ HCV, HBV, LPS ‘

Hepatic
macrophages

IL-6

STAT3

| rorp |
-
y Kuffor cell N IL-17
uffer cells
IL-1 “,
IKK complex
} JNK p38 MAPK
Prolong J
= (e ]
-J
115 c-un Collagen I
TNF-a 1L-6

ROS
TLR2,
TLR4 TLR9
Cell death
Macrophages

Collagen |

Fig.3 The inflammatory pathways associated with liver fibrosis
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Particle

through various protein complexes such as nucleotide

progenitor cells directly secrete cytokines IL-6 and
TNF- o, which activate HSCs. After activation, KC
cells activate pattern recognition receptors (PRRs)

oligomerization domain (NOD-), leucine-rich repeat
(LRR-), nod-like receptors pyrin domain containing 3
(NLRP3) under the NF-«B pathway, resulting in the
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formation of inflammasomes?¥. Inflammasomes
release IL series, TNF- a, C-X-C motif chemokine
ligand (CXCL) series, C-C motif chemokine ligand 2
(CCL2) and other cytokines to activate T cells, HSCs,
and damage liver cells. KC cells secrete TGF-f3 and
galectin-3 activating HSCs (AHSCs) through JNK
and p38 MAPK pathway to promote its proliferation
and differentiation into myofibroblasts (MFs). In
addition, hepatic macrophages secrete IL-1f, IL-6 and
TNF- a to activate HSCs through NF- «B pathway.
Hepatic macrophages also secrete TGF-f3 and alectin-
3 to promote proliferation and differentiation of
HSCs. Other cells, such as biliary epithelial cells,
secrete 1L-6, TGF-P to activate HSCs. Natural killer T
(NKT) cells secrete IL-4 and IL-13 to activate
HSCs®1. After activation, HSCs secrete IL-8 and a.-
SMA causing damage to hepatocytes, gradually
leading to liver fibrosis. All of the above mentioned
signaling pathways and cytokines interact with each

other influencing the progression of liver fibrosis.

3 Traditional Chinese medicine to treat
liver fibrosis through anti-inflammatory
mechanism

In recent years, studies have found that a variety
of cytokines, growth factors, chemokines are involved
in the formation of liver fibrosisi??7l. According to
their functions, cytokines participate in the formation
and development of liver fibrosis can be divided into
pro-fibrotic factors and anti-fibrotic factors. The
development of effective anti-fibrosis drugs has been
focused on the occurrence mechanism of liver
fibrosis, including anti-fibrotic factors, blocking the
signaling pathway during the formation of liver
fibrosis and blocking the deterioration from liver
fibrosis to liver cirrhosis and liver cancer. The
efficacy of synthetic drugs to treat liver fibrosis is not
outstanding, and the price of drugs is relatively high.
In addition, side effects are usually a big problem of
synthetic drugs. Therefore, it has been focused on
TCM to treat liver fibrosis due to their multi-active
ingredients and multi-targeting functions.

Inflammation plays a very important role in the
pathological process of liver fibrosis. Under external
stimulation or internal bacterial infection, KC cells
alternate and this process releases IL-1a, a marker of
acute inflammation®, causing acute inflammation in
the liver. This process results in increased vascular

permeability of the liver and infiltration of neutrophils
as well as phagocytes, corresponding to the exudation
stage. Exudation leads to the activation of HSCs and
further release of inflammatory factors IL-1f3, TNF-a,
etc., leading to the apoptosis of hepatocytes and more
inflammatory response. In this process, proliferation
of inflammatory cells occurs and acute inflammation
gradually
corresponding to the proliferation stage. Within this

transits to  chronic  inflammation,
stage, accumulation of extracellular matrix proteins,
repeated hepatocyte damage and repair influence each
other leading to the gradual formation of liver
fibrosis®’l. The specific signals induced by specific
inflammatory factors lead to the proliferation and
aggregation of the phagocytic immune cells. These
immune cells secrete and produce pro-inflammatory
factors and chemokines which induce lymphocytes to
produce adaptive immune response. During the
ROS,

nitrogen species (RNS) and different proteases can

inflammatory immune response, reactive
cause tissue damage, fibrosis, and cell proliferation,
which lead to the long-term inflammation. This
process will render the liver fibrosis worse and
develop into cirrhosis and even liver cancer eventually.

From the perspective of Chinese medicine,
inflammation mostly falls under the category of
Chinese medicinal "fire" and "heat". The acute
inflammation is mostly due to "yang" and "heat", and
the treatment is often focused on driving away "heat"
and detoxify the body. The slow

inflammation is mostly chronic inflammation with

lingering

hidden, slow and prolonged symptoms. To determine
the severity of inflammation, if the disease is less
severe in the "Wei-Qi" and the "six viscera", the
disease is more severe in the blood and the organs.
Acute inflammation is characterized by "Stagnant Qi",
which is usually treated by adjusting and de-stressing
the "Qi" mechanism, but not by replenishing it (unless
the deficiency is more obvious). "Qi stagnation" and
blood stasis is one of the basic pathologies of
inflammation, and the reasoning of "Qi" revitalization
and dispelling of blood stasis is also one of the basic
treatment of inflammation. Therefore, it has been
focused on blood circulation and expectorant stasis to
treat inflammation in Chinese medicine. Chronic
inflammatory disease is a long-lasting disease that is
repeatedly prolonged, the cause of which is the
dampness of the inflammatory diseasel*%l.

It is believed that liver fibrosis treatment through
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anti-inflammation should be focused on promoting the
blood circulation to remove blood stasis from the
perspective of TCM. An important target direction for
the treatment of liver fibrosis is searching for
appropriate anti-inflammatory agents. Up to date,
Ylangsan, Bupleurum, Peach Kernel, Dendrobium
Huoshan, Schisandrae, Cordyceps Sinensis, Safflower,
Astragalus, Atractylodes, Matrine and some other
TCMs have been reported to exhibit effective anti-
fibrosis activities. Chinese herbal medicine compound
such as  GanNingPian,  FuZhengHuaYuFang,
BaoGanYiHao, XiaYuXueTang and
FuFangBieJiaRuanGanPian showed effective anti-
liver fibrosis in vitro, in vivo and in the clinical
experiments. Herein, we reviewed the active
ingredients in the TCM, the natural herbal plants, and
effective Chinese medicine formulae to treat liver
fibrosis and their mechanism of action focusing on
their anti-inflammation activities and mechanisms.

3.1 Natural ingredients in traditional Chinese
medicine to treat liver fibrosis through anti-
inflammatory pathways

The early stage of liver fibrosis is reversible
involving with initial acute inflammation followed by
long term chronic inflammation in the late stage of
liver fibrosis. Lots of active ingredients in TCM have
been discovered to exhibit anti-inflammatory effects
which provide effective treatment for liver fibrosis.

Phenanthrene derivatives are widely distributed
in nature, mainly in plants Orchidaceae, Juncaceae
and Dioscoreaceae. They provide anti-inflammatory
and antioxidative effects, therefore providing potential
anti-liver fibrosis effect. Natural 5, 7-dimethoxy-1, 4-
phenanthrenequinone (CLLV-1) (compound 1 in Table
S1) inhibits neutrophil activation by inhibiting
phosphorylation in the PKB/AKT pathway. It also
reduces ROS accumulation and inflammatory damage
activity3!l,
Dioscoreanone (compound 2 in Table S1) inhibits the

and provides potential anti-fibrosis
activation of NF- xB pathway by inhibiting the

degradation of IkBa, reducing the release of
inflammatory factors IL-1B and IL-6, providing the
potential  anti-fibrosis  activity®.  Phenanthrene
derivative compound 3 (Table S1) increases the
expression of nuclear factor (erythroid-derived 2)-like
2 (Nrf2) and the downstream heme oxygenase-1(HO-
1) through the NF-«B pathway. It also reduces the

expression of iNOS, COX-2 and other inflammatory

effect™l.
Phenanthrene derivative compound 4 (Table S1) can
inhibit the activation of p38/MAPK pathway, reduce
thereby it
inflammatory damage providing potential anti-fibrosis
effect®. Phenanthro[9, 10-b]furan-3-one derivatives
(compound 5 and 6 in Table S1) inhibit the activity of
COX-2 providing anti-inflammatory effectsi*>. The

factors providing potential anti-fibrosis

the accumulation of ROS, reduces

other six phenanthrene derivatives (compounds 7-12
in Table S1) inhibit NO production and reduce
inflammation®®!. Ephemeranthol A (compound 13 in
Table S1) and dehydroorchinol (compound 14 in
Table S1) decrease the secretion of NO, COX-2, IL-6,
IL-1B and TNF-a by blocking the NF-kB pathway and
phosphorylation of the phagocytic MAPK pathway,
therefore decrease the inflammatory
fibrosisi*7..

(compound 15 in Table S1), a phenanthrene derivative

response

associated with liver Batatasin [
extracted from tuberous Roots of Dioscorea Batatas.,
reduces COX-2 release and improves inflammatory
responsel®. Compound 16 in Table S1 inhibits the
LPS-induced, toll receptor-mediated activation of the
NF-«B pathway and reduces the release of TNF-a,
COX-2, IL-8 and IL-1B, providing potential anti-
fibrosis effectsl3%].

Resveratrol (compound 17 in Table S1) is a
natural phenolic flavonoid found in grapes, peanuts,
berries, nuts and it provides many biological
activities! "), It is reported that resveratrol can reduce
both
inflammation™!-*?1, It increases the production of
endogenous anti-inflammatory cytokine interleukin 10
(IL-10), also known as human cytokine synthesis
inhibitory factor (CSIF). Resveratrol also promotes
the reprogramming of macrophages M to the anti-
inflammatory interleukin 4 (IL-4). In addition, it
promotes the release of inflammatory cytokines and
chemokines including TNF- o, anti-inflammatory
cytokine (IL-6) and monocyte
chemoattractant protein-1 (MCP1), one of the key

chemokines that regulate migration and infiltration of

acute inflammation and chronic

interleukin 6

monocytes/macrophages. ~ Therefore,  resveratrol
accelerates the destruction of pathogens and promotes
the recovery of liver.

Cannabidiol (CBD) (compound 18 in Table S1)
is an active ingredient in Cannabis that has shown
effect of

significantly inhibit the translocation of NF-kB p65. It

protection liver. Cannabidiol can

also inhibits the nucleotide binding domain such as
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receptor protein 3 (NLRP3) inflammasome, resulting
in a decreased expression of inflammation related
factorst*3.

Gastrodia elata (GE) (compound 19 in Table S1)
is a natural compound used to treat and prevent liver
fibrosis. In TCM, GE is also used to treat various
diseases such as headache, dizziness, cramps and
convulsions. The various medicinal effects of GE
have been scientifically proved including antioxidant,
anti-inflammatory, anti-convulsant and anti-epileptic.
It has been found that GE can improve liver function
and histopathology, and its mechanism is related to
the ability to inhibit inflammation by inhibition of NF-
kB signaling pathway!*!. Later research found that
GE can activate PI3-K/Akt signaling, decrease the
expression of inflammatory cytokines iNOS, COX-2,
TNF-o and IL-6 by inhibition of NF-kB and MAPKs
signaling pathway®! providing the anti-inflammatory
effects.

Yangonin (compound 20 in Table S1) is a natural
product isolated from Kava, a perennial tropical shrub
that is widely cultivated in the South Pacific island“®l,
It has been found that Yangonin inhibits liver fibrosis
induced by thioacetamide (TAA) in mice. By
measuring the genes associated with inflammation,
TAA induces the expression of TNF-a, IL-6 and IL-1
in the liver, while Yangonin treatment significantly
reduces the level of these inflammatory genes by
regulation of NF-kB*” pathway.

Uroslic acid (compound 21 in Table S1) is a
pentacyclic triterpenoid compound extracted from
berries, leaves, flowers and other fruits such as

Rosmarinus  Offificinalis,  Eriobotrya  Japonica,
Crataegus Pinnatififida, Ocimum Sanctum, and

Eugenia Jambolana. Uroslic acid has been reported to
protect against liver damage caused by exogenous
organisms and induce apoptosis of activated HSCs
both in vitro and in vivo. Although its molecular
mechanism of action requires further investigation, it
is speculated that uroslic acid may inhibit NF-xB and
Akt-mediated cell survival signals, leading to the
activation of mitochondrial permeability transition
pores (MPT) and downstream caspases, resulting in
the apoptosis of activated HSCs therefore inhibits
liver fibrosist 8.

Glycyrrhizin (GL) (compound 22 in Table S1),
also named as glycyrrhizic acid, is a major bioactive
triterpene glycoside containing an 18- -H-oleanane-
type structure with two glucuronic acids at the C-3

position®). GL has a variety of pharmacological
activities and is currently used for the treatment of
chronic hepatitis C and human virus infections in
clinical practice, providing potential anti-liver fibrosis
activities. GL significantly inhibits ROS production,
reduces mitochondrial damage and inflammatory
responses by
downstream HO-1 expression®’l. GL can also inhibit
HMGBI1 and TLR4, block the activation of NF-«B,
thereby

activating Nrf2 and increasing

increase bile secretion, reduce
inflammation®'],

Naringin (4’ , 5, 7-trihydroxyflavone-7-rhamno-
glucoside) (compound 23 in Table S1), a natural
product abundant in grapes and related citrus
species®?l, has been cogently reported to normalize
blood glucose, cholesterol levels, hepatic lipid levels
and to improve insulin signaling. By blocking the
JNK pathway and the p38 MAPK pathway, Naringin
reduces the secretion and transcription of IL-8, MCP-
1 and macrophage inflammatory protein-1 alpha
(MIP-1a), thereby reduces inflammation and liver
fibrosisf>3!,

Curcumin (compound 24 in Table S1), a phenolic
natural compound derived from turmeric, is known to
have anti-inflammatory, antioxidant, anti-viral and
anti-cancer activities. It is reported to reduce both
acute inflammation and chronic inflammation
contributing to its anti-fibrotic action. Curcumin
decreases protein levels of TNF-a and MCP-1 in CCl,-
induced mouse fibrotic liver®4,
significantly reduces the level of inflammatory
cytokines including TNF-a, IL-1B, IL-6 and cytokine-
induced neutrophil chemoattractant-1, a rat homolog
to human IL-8 in serum as well as in the liver of CCl,-
treated ratsis),

Corilagin  (compound 25 in Table S1) is
identified in several plants such as Phyllanthus. 1t is
effective in hepatic protection with anti-inflammation,
antioxidant, anti-HSV-1 encephalitis and anti-fibrosis
effect. Corilagin reduces inflammation and reduces

liver fibrosis caused by Schistosomiasis through

Curcumin also

inhibiting the expression of signaling molecules on IL-
13 pathwaysl,

Schisandrin B (Sch B, compound 26 in Table
S1), the main active ingredient in Schisandra
possesses
activities such as antioxidative, anti-inflammatory,
and hepatoprotective properties. By
activating the nuclear Nrf2-regulated antioxidant

Chinensis, diverse = pharmacological

anti-tumor,
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pathway, Schisandrin B blocks the TGF- p/smad
signaling pathway, therefore, it inhibits the activation
of HSCs and reduces the levels of inflammatory
factors IL-6, IL-1B and TNF-a to provide anti-fibrosis
effect™7].

Breviscapine (compound 27 in Table S1) is a
group of flavonoid glycosides isolated from Chinese
herbs such as Erigerin Breviscapus. Breviscapine has
been reported to have various biological activities
including antioxidative, anti-cancer, anti-degenerative
and anti-angiogenesis effects. Breviscapine reduces
levels of ASL and ALT in serum. In addition,
Breviscapine significantly reduces the levels of IL-1p,
IL-6, TNF-a and MCP-1 by blocking TLR4 and NF-
kB pathway, therefore, it reduces inflammation and
significantly inhibits liver fibrosis®®.

Ellagic acid (EA) (compound 28 in Table S1) is a
polyphenolic compound derived from plants found in
a wide variety of nuts and fruits. It has been reported
to possess various pharmacological actions including
antioxidant, anti-mutagenic, anti-carcinogenic, anti-
bacterial, anti-inflammatory, anti-diabetic,
cardioprotective, and hepatoprotective activities. It is
reported that EA reduces the accumulation of ROS,
thereby reduces the release of inflammatory factors
induced by ROS and the accumulation of collagen
providing anti-fibrosis effect!*”.

Quercetin (3, 3", 4', 5, 7-pentahydroxyflavone,
compound 29 in Table S1) is a well-known flavonoid
widely found in many plants and fruits including
apples, red grapes, citrus fruits, tomato, onions and a
number of berries. Quercetin is known to possess
various biological and pharmacological activities
including antioxidant, anti-viral, anti-inflammatory,
anti-proliferative, and anti-fibrotic effects/®. It has
been found that quercetin reduces the expression of
TNF-a, IL-1B, IL-6 and nitric oxide synthase 2 by
regulating HMGB1 and TLR4 signaling pathways,
therefore it provides anti-inflammatory response and
anti-liver fibrosis effect(¢!l.

The root of Plumbago Zeylanica L. has been
used for centuries in traditional Indian and Chinese
medicine for the treatment of wvarious ailments.
Plumbagin (5-hydroxy-2-methyl-1,4 naphthoquinone,
compound 30 in Table S1) is a quinonoid constituent
that is found in the roots of Plumbago genus, and it
exhibits effects®?l.
Hyperlipidemic received plumbagin

diverse ~ pharmacological
rabbits that

exhibite definite regression of atheroma, reduced

accumulation of cholesterol and triglycerides in the
liver and aorta. Plumbagin also induces apoptosis and
inhibits NF- kB and STAT3 signaling pathways,
therefore reduces inflammation and liver fibrosis.

Artemisia annua (compound 31 in Table S1), a
water-soluble hemisuccinate derivative of artemisinin
extracted from the Chinese herb Artemisia Annua, is
an effective anti-malarial drug. Many reports show
that Artemisia annua exhibits anti-inflammatory and
immune-modulatory effects in the treatment of
inflammatory bowel disease. It also attenuats LPS-
induced inflammatory responses in microglial BV2
cells and suppresses the inflammation of endotoxin-
induced uveitis by inhibiting the production of
inflammatory mediators(®3]. Tt has been reported that it
reduces the level of HMGBI1 and the expression of
COX-2 to provide
inflammation and anti-fibrosis function®. By
inhibiting the TLR4 and NF-«B signaling pathways, it
reduces the levels of endotoxin, TNF- o, IL-6 and
significantly reduces liver fibrosis®,

inflammatory  factor anti-

Baicalin (5, 6-dihydroxyflavone, compound 32 in
Table S1), a bioactive flavonoid isolated from the root
of Scutellaria Baicalensis Georgi (Baical Skullcap
Root, Scutellaria L., Labiatae), has many biological
functions, including hepatoprotective effects®l. It is
reported that baicalin increases the level of PPARy
leading to the down-regulation of TGF- 3 signaling
pathway and inhibition of hepatic stellate cells
it reduces the release of
inflammatory factor TNF-a providing the anti-fibrosis
effect(®”],

Astragalus Membranaceus is one of the most

activation. Therefore,

precious traditional Chinese medicinal plants with no
obvious side effects. Astragaloside IV (compound 33
in Table S1) is the key ingredients isolated from
Astragalus Membranaceus. The anti-fibrosis effect of
Astragaloside IV has been widely confirmed. Its
mechanism of action is related to the down-regulation
of TGF-1, inhibition of collagen synthesis and
proliferation in HSCs. In addition, Astragaloside IV
also significantly inhibits the proliferation of PDGF
associated with chronic liver inflammation!®®,
Triptolide (compound 34 in Table S1) is a
diterpene triepoxide extracted from Tripterygium
Wilfordii Hook F. 1t is
suppressant and anti-inflammatory agent. It is
observed that
reduces liver fibrosis, collagen content, IL-6 and TNF-

an effective immuno-

triptolide  treatment significantly
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a levels in the dimethylnitrosamine (DMN) treated
liver fibrosis mouse model. The number of a-SMA
and NF-«B positive cells have been decreased upon
treatment with triptolide. Triptolide also inhibits TNF-
o, TGF-B1-induced collagen deposition and secretion
of a-SMA in HSC-T6 cells!®!. In addition, isolation of
another component from Tripterygium Wilfordii Hook
F, celastrol, is able to activate NLRP3 through the
activation of inflammasome, thereby inhibiting the
production of inflammatory factors such as IL-1P,
TNF-a, efc. Therefore, celastrol may have potential
activity to treat liver fibrosis through inflammatory
inhibitiont",

Sophocarpine (compound 35 in Table S1) is the
main pharmacologically active ingredient in the TCM
It has
modulatory activity and can significantly reduce the

Radix Sophorae Subprostratae. immuno-
content of inflammatory cytokines. It is found that
Sophocarpine mainly reduces the degree of liver
fibrosis by inhibiting TLR4 channels, reducing the
levels of inflammatory cytokines such as TNF-a, TGF-
B1 and IL-6. It also reduces the content of cyclin D1
and proliferating cell nuclear antigen (PCNA)"!1,

Tanshinone IIA (compound 36 in Table S1) is
one of the most pharmacological lipophilic active
components isolated from Savia miltiorrhiza. It
inhibits the formation of inflammasome by inhibition
of nucleoside-binding oligomeric domain (NOD)
receptor family protein 3 (NLRP3) under the NF-«kB
pathway!”?l. It also reduces the release of cytokine IL-
1B and inflammatory damage providing potential
therapeutic method to treat liver fibrosis!”.

Ginsenoside-Rgl (compound 37 in Table S1) is
the most abundant content of P Notoginseng
Saponins, significantly inhibit cell
proliferation, activation and ROS stimulated by
platelet-derived growth-factor-BB (PDGF-BB). It also
inhibits the expression of PDGF receptor B by
reducing the activity of inflammatory signaling NF-
kB. It possesses antioxidation and anti-fibrosis effects
and has potential therapeutic value to treat liver
fibrosis’41.

Berberine (BRB) (compound 38 in Table S1) is

one of the active components in many Chinese herbal

which can

medicines, which can be used to treat steatohepatitis.
It has BRB inhibits
inflammation by interfering with the activation of

been demonstrated that

NLRP3 inflamosome pathway both in vivo and in
vitro based on interfering purinergic ligand-gated ion

channel 7 receptor (P2X7) activation™], providing
prevention of early liver fibrosis.

Dioscin (compound 39 in Table S1), a steroidal
saponin, is an active ingredient in some TCMs such as
Liuwei Dihuang Decoction and Di'ao Xinxue Kang!®l.
Dioscin has the ability to treat liver injury and provide
anti-fibrosis activity. Studies show that diosgenin
significantly —up-regulates the level of silent
information regulator 1 (Sirtl) and HO-1. Dioscin
also reduces serum levels of alanine aminotran-sferase
(ALT), aspartate transaminase (AST), and slows down
acute liver injury’”’l. Tt also inhibits the nuclear
translocation of Nrf2 and suppresses the expression
levels of forkhead box protein O1 (FOXO1) to inhibit
oxidative  stress. Diosgenin also significantly
decreases the levels of inflammatory pathway NF-«B
and the mRNA levels of TNF-a, IL-1pB, and IL-6 to
inhibit inflammatory response providing potential
prevention of liver fibrosis(’®).

Most of the above mentioned active natural
herbal

have been reported to exhibit anti-

compounds in the traditional Chinese
medicines
inflammatory activity to prevent or treat liver fibrosis.
Since the reported disease models are mostly acute
liver injury model induced by chemicals such as
CClyor LPS, it

ingredients are able to inhibit acute inflammation.

is assumed that these natural

However, in reality, these ingredients may also exhibit
anti-chronic inflammatory activity. From the current
studies, most of the active ingredients from TCMs to
treat liver fibrosis inhibit inflammation by targeting at
pathways including NF-«B, STAT3, TLR4, HMGBI,
INK, p38 and MAPK, etc. They decrease the
inflammatory factors associated with liver fibrosis to
relieve symptoms. Most of them are able to multi-
target at several inflammatory factors rather than only
one signal therefore providing better
treatment through multi-function compared to the
synthesized drugs.

3.2 Chinese herbal medicines to treat liver

pathway,

fibrosis through anti-inflammation

It is well known that TCMs
traditionally used in the treatment of various diseases

have been

for thousands of years in Asian countries. With the
continuous development and urgent need of medical
research, TCM has gradually become a growing focus
of worldwide medical research in order to get better
therapeutic effect especially for chronic diseases such
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as liver fibrosis. TCM is rich in alkaloids, stilbenes,

phenanthrenes, benzofurans and some other

compounds with good biological activities. In
addition, small RNAs such as decoctosomes isolated
from a variety of herbal decoctions were also found
with potential anti-inflammatory and anti-fibrotic
activity in recent years!”.

Amomum Xanthoides is a Chinese herb that
improves thioacetamide (TAA) -induced liver fibrosis
in rats by its antioxidant property and ability to
inactivate hematopoietic stem cells by regulation of
fibroblasts. It can be used to treat acute inflammation
through reducing the infiltration of lymphocytes and
phagocytes. The in vivo results also prove that
Amomum Xanthoides reduces the activity of nitric
oxide synthases (iNOS), TNF-a, TGF-B, PDGF-f and
connective tissue growth factor (CTGF)®% providing
prevention of liver fibrosis.

Babao Dan is a traditional Chinese medicine that
has been widely used as a supplement and alternative
medicine to treat chronic liver disease including liver
fibrosis. It is shown that Babao Dan can significantly
protect the liver from diethylnitrosamine (DEN)
induced liver damage by inhibition of early stage to
late stage inflammation. It has also been found that
Babao Dan can significantly inhibit LPS-induced
HSCs activation by activating the TLR4/NF- «B
pathway®!l therefore providing potential treatment of
liver fibrosis .

Rabdosia Amethystoides (Benth) Hara extract is
a traditional Chinese medicine with anti-bacterial,
anti-tumor and anti-hepatitis effects. Its mechanism of
action is related to the inhibition of oxidative stress
and the release of inflammatory factors including
TNF- a, INF- vy and IL-6. Its mechanism is also
associated with down-regulation of TLR4 expression,
inhibition of NF- kB activation, inhibition of IkBa
kinase and p65 phosphorylation!®?,

Centella Asiatica leaf extract has been shown to
exhibit anti-inflammatory, anti-tumor activities and
the ability to improve memory. Treatment using
Centella Asiatica leaf extract significantly decreases
the levels of inflammatory factors such as IL-1p, IL-2,
IL-6, IL-10, TNF- o, IFN- y and granulocyte/
macrophage colony-stimulating factor (GM-CSF) in
rat liver damaged by dimethylnitrosamine (DMN),
therefore providing anti-fibrosis effect. In addition,
Centella Asiatica leaf extract significantly reduces the
level of malondialdehyde (MDA) in rats, increases the

activity of antioxidant enzymes including superoxide
dismutase, glutathione peroxidase and catalasel.
Therefore, it provides dual protection of liver fibrosis
by dual-functional anti-inflammation and antioxidant
activities.

Gynostemma Pentaphyllum is a commonly used
Chinese medicine to treat hepatitis in Asia. It inhibits
cell proliferation, the release of pro-inflammatory
monocyte chemoattractant protein 1 (MCP-1) and the
expression of type I pro-collagen®. Therefore, it
provides effective treatment to inhibit the early stage
of liver fibrosis.

Cortex Dictamni has been widely used to treat
provides
CCl-induced liver
fibrosis in mice. It induces apoptosis in HSC-T6 cells

various inflammatory diseases, and it

significant inhibition on the
and this process is associated with poly ADP ribose
(PARP) pyrolysis and
expression of caspase-3. Cortex Dictamni also
activates JAK/STAT1 signaling in HSC-T6 cells,
which provides a new treatment strategy for liver
fibrosis!®,

Rundhanense is a precious Chinese herbal
medicine. It is found that a polysaccharide DHP1A
isolated

polymerase increased

from  Rundhanense prevents hepatic
inflammatory response caused by CCl, through anti-
inflammatory effects. DHP1A reduces inflammation
by decreasing the expression of inflammatory factors,
chemokines, CD68 and p-IkBa induced by CCI,3¢l.

Prunella Vulgaris has been widely used as
medicine in Northeast Asian countries for the
treatment of acute liver injury and infectious hepatitis.
The protective effect of Prumella Vulgaris water
extracts on CCl,-induced liver fibrosis
significantly decreases the level of TGF- Bl and
Smad2. It also reduces ECM protein deposition,
inflammatory stress, and HSCs activation providing
prevention on liver fibrosis®7.

Dicliptera Chinensis is a traditional Chinese herb

used in ancient China to treat liver diseases. The

in vivo

protective effect of Dicliptera Chinensis extracts on
DMN-induced acute liver injury in rats is significant.
It can reduce the activities of serum alanine
aminotransferase (ALT), aspartate aminotransferase
(AST), total bilirubin (TBIL), and
albumin content. In addition, it also reduces the
content of TNF- a and IL-6 by blocking NF- kB

signaling pathway 8%,

increase the

The protective effect of Indigofera Caerulea
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Roxb methanol extract (MIL) on liver protection in
vivo has been studied showing that MIL reduces
inflammation through antioxidant defense
mechanisms. It prevents the activation of NF-«xB and
inhibits the release of pro-inflammatory cytokines
TNF- o and IL-1p providing potential anti-fibrosis
activity®.

Glechoma Hederacea belongs to the mint family
Lamiaceae. In the TCM, Glechoma Hederacea is
frequently prescribed to patients suffering from
cholelithiasis, dropsy, abscess, diabetes, inflammation
and jaundice. Tt has been reported that Glechoma
Hederacea extracts inhibit HMGB1 and TLR4
block NF-«B activation,

inflammatory factor release and phagocytic activation,

signaling, reduce
therefore alleviating bile duct ligation (BDL)-induced
liver fibrosis®!.

Cordyceps Sinensis (Berk.) Sacc., a well-known
tonic herb in TCM, is a highly valued fungus in China
which can regulate the immune function. In recent
years, cultured Mycelium Cordyceps Sinensis
(CMCS) has been successfully developed and widely
used as the alternative of natural Cordyceps Sinensis
(Berk.) Sacc. CMCS significantly attenuates hepatic
inflammation, decreases collagen deposition, and
relieves levels of 0.-SMA in liver®?, but its signaling
pathway has not been reported.

Solanum Nigrum L. is an herb that grows wildly
and abundantly in open fields. It has been used to treat
inflammation, edema, mastitis and hepatic cancer for
a long time in TCM. A freshly prepared extract of the
herb is effective in treating liver cirrhosis, and juice of
the leaves alleviates pain in inflammation in kidney
and bladder. It can also reduce serum ALT and AST,
increase the levels of SOD and GSH in the blood,
reduce the accumulation of ROS, thereby reducing the
inflammatory response and alleviating liver fibrosis®3.

Bupleurum is a traditional Chinese medicine
whose functions include antipyretic and analgesic,
anti-inflammatory,  anti-bacterial and  immune
It is found that both Bupleurum
Marginatum Wall. Ex. DC and Bupleurum Chinense

enhancement.

DC have protective effects on acute liver injury
induced by CCl, in mice through reducing the degree
of HSC damage and relieving liver fibrosis. They both
inhibit TGF-f synthesis and the expression of NF-«B,
which in turn regulate TNF-a and TNF-f, granulocyte-
macrophage colony stimulating factor (GM-CSF) and
inflammatory factor IL-6P%. It also increases the

activity of antioxidant enzymes and inhibits lipid
peroxidation, providing protection in liver fibrosis.
Our recent found out that
Bupleurum Marginatum Wall. Ex. DC effectively
alleviates the dimethylnitrosamine (DMN) induced
liver damage and liver fibrosis in rats. The alcoholic

research has

extracts of Bupleurum Marginatum Wall. Ex. DC
include triterpenoid saponin derivatives, flavonoids
and lignin. Among them, saikosaponin C provides the
best anti-fibrosis activities, followed by matairesinol
monoglucoside and compound butyrolactone!®>¢l. In
addition, we have isolated several new saikosaponins
from Bupleurum Marginatum Wall. Ex. DC, which
have obvious inhibitory effects on HSC-T6 cell
proliferation, providing potential anti-fibrosis role.
However, whether their mechanism of action involved
anti-inflammation pathway is still under research in
our group.

3.3 Compound herbal formulae to treat liver
fibrosis

Traditional Chinese medicines are famous for
their specific formulae, which usually consist of
several natural herbs having different or similar
medicinal effects in one formula to provide better
treatment. Natural herbs in one formula provide
synergistic effect, therefore provide better treatment
for liver fibrosis via multi-functions usually including
antioxidative,  anti-inflammation and anti-HSC
proliferation pathways.

The combination of Glossy privet fruit and
Ecliptae herbal formula can be used to treat liver
disease by inhibiting the activity of KC in liver tissue
in TMC. This formula can also reduce the content of
cytokines related to liver damage, including TNF- q,
IL-6 and TGF-p. It can also inhibit the production of
mouse mononuclear macrophage leukemia cells RAW
264.7 induced by LPS. The possible protective
mechanism may be to reduce the activation of KC and
the expression of transaminase and pro-inflammatory
cytokines®”, therefore providing inhibition of liver
fibrosis.

YuGanLong is a formula composed of
Bupleurum,  Scutellaria and  Artemisiacapillaris
Thunb., which has been used to treat both the acute
and chronic hepatitis and early cirrhosis of the liver
providing potential to treat liver fibrosis. The results
show that it reduces a-SMA in CCl,-treated rats, up-

regulated MMP-2, MMP-9 and Smad7. It also down-
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regulates TIMP1, phosphorylation signal transduction
p-Smad2, p-Smad3 and Smad4. YuGanLong also
inhibits the increase of TGF-B1, TNF-a, IL-1f, IL-6,
IL-4 and IL-17 A and promotes the expression of INF-
v. These results indicate that YuGanLong abolishes
the balance between inflammatory factors IL-4, IL-
17A and INF-y by accelerating the degradation of
extracellular matrix, blocking the TGF- B 1/Smad
signaling pathway, therefore alleviate CCl,-induced
liver fibrosis!®®l.

Compound Phyllanthus Urinsria consists of
traditional Chinese medicines with hepatoprotective
effects including Underleaf Pearl, Radix Sophorae
Flavescentis, Salvia Miltiorrhiza Bunge, Panaxus
Rubensis, and Bupleurumchinensie DC. It is mainly
used for the treatment of chronic hepatitis B and liver
It has
pathological damage in mice with acute liver injury,

fibrosis. been shown to alleviate liver

reduce the activities of serum ALT and AST. It can
also reduce the malondialdehyde (MDA)
improve the superoxide dismutase (SOD) activity and

level,

glutathione GSH levels!®!. Therefore, compound
Phyllanthus Urinsria can promote the metabolism of
reactive oxygen species and peroxide, inhibit lipid
peroxidation and provide liver protection.

Lycium Barbarum Polysaccharide is composed
of six monosaccharides such as arabinose, glucose
and galactose. It down-regulates pro-inflammatory
factors TNF- a, iNOS, IL-1p and COX-2. It also
decreases chemokines MCP-1, human macrophage
inflammatory protein 2 (MIP-2) to reduce liver
inflammation. Lycium Barbarum Polysaccharide can
also significantly inhibit the expression of cytochrome
P450 2E1, restore the expression level of antioxidant
enzymes, reduce the level of nitric oxide and lipid
peroxidation, and promote liver regeneration after
CCl, injury. Its protective effect is partly achieved by
down-regulating the activity of NF- «B. Therefore,
Lycium Barbarum Polysaccharide can effectively
reduce necrotic inflammation and oxidative stress
caused by chemical toxins, and provide liver
protection!!%,

YiGuanlian is a traditional Chinese medicine
formula composed of nine natural plants ingredients
such as Dihuang, Angelica and Astragalus, etc. They
provide synergistic effect on the treatment of liver
injury. One of the main mechanisms of action is
inhibition of TGF- 1, TGF- B receptors genes and
protein expression'%!l, It may also protect the liver

from being damaged by lowering serum glutamate
(GOT)
pyruvic transaminase (GPT) levels, as well as down-
regulating the expression of o -SMA mRNA and

oxaloacetate transaminase and glutamic

protein to reduce the amount of activated HSCs(!%2.
YuZhangDan
consists of Schisandra, Polygonum Cuspidatum and

Traditional ~Chinese formula
Turmeric. It provides anti-fibrosis effect by lowering
ALT, AST, hyaluronate acid (HA), laminin (LN), type
IIT procollagen peptide (PIII NP) and decreasing the
expression of TGF-B1 and a-SMA in liver tissue!%,

The FuzhengHuayu (FZHY) formula, also called
TCM 319, is a traditional Chinese prescription
consisting of six traditional Chinese medicinal herbs.
It can alleviate liver fibrosis induced by CCl, in rats.
The anti-fibrosis effect is related to down regulating
mRNA expression of TIMP-1 and PDGF-B which
causes cell proliferation. In addition, it can also
suppress protein expression of PDGF-RP and TGF-1
by blocking the JNK and p38 MAPK signaling
pathwayst!04-105],

A traditional formula Chunggan extract can be
used to treat a variety of liver diseases including liver
fibrosis. The corresponding mechanism is probably
due to its antioxidative property to maintain the
stability of glutathione and inhibit the production of
ROS, thereby reducing the concentration of TGF- 8
and down-regulating TNF- al'%],

DaHuangZheChong pills are made up of Rhei
Radix Et Rhizoma, Persicae Semen, Paeoniae Radix
Alba,
function of promoting blood circulation, dredging
meridians, improving
function. It significantly reduces the amount of ALT,
AST, HA, LN, type IV collagen and pro-collagen. It is
also found to reverse the CCl,-induced liver fibrosis
in rats by down-regulating phosphorylation of p38
and extracellular signal-regulated kinase ERK,
reducing the secretion of TNF-a and IL-13197],

HV-P411 Complex is an herbal extract from the
seeds of Vitis Vinifera, Schisandra Chinensis and
Taraxacumo Offificinale. Its mechanism to prevent

Toxicodendri Resina, etc, which have the

relieving stress and liver

and treat liver fibrosis is to attenuate the transcription
levels of TNF-a, IL-6 and COX-2, while increase the
IL-10
production and their mRNA expression to counteract

serum level, heme oxygenase-1 protein
damage. HV-P411 Complex can restrain translocation
of NF-«B and proto-oncogene c-Jun phosphorylation.

In addition, it can also increase the content of GSH in
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liver to reduce oxidative stress!!®) providing multi-
function to treat liver fibrosis.

Soshiho-tang is a traditional medicine in
Northeast Asia described in Sang han-ron (150-219
AD in the Chinese Eastern Han Dynasty), an ancient
Chinese medicine book. It is a mixture of seven
natural herbs that can be used to treat chronic liver
disease. It increases the content of natural killer cells
(NK), interferon, IL-12, HO-1, Nrf2 and cytochrome
p450 to exert chemopreventive effects. In addition, it
also decreases the expression level of inflammatory
mediator NF- xB and the
intercellular adhesion molecule-1 (ICAM-1). Its anti-

adhesion molecule

fibrosis effect is through promoting the synthesis of
liver protein, increasing liver plasma levels and
microsomal enzyme activity to enhance the enzymatic
antioxidant defense system. It can also inhibit lipid
(HSCs)
activity, decline the accumulation of ECM. It also

peroxidation and hepatic stellate cells'
inhibits the proliferation of liver cancer cells and
inhibits the development of pre-neoplastic and tumor
lesions in human and rats' livers!'® providing
potential to treat liver fibrosis.

Jianpi Huoxue (JPHX), as a Chinese herbal
formula, has been used to treat liver disease in China
for many years. JPHX mainly consists of Atractylodes
Macrocephal (Baishu), Salvia Miltiorrhiza (Danshen),
Rasux Paeonia Alba (Baishao), Rhizoma Alismatis
(Zexie),
(Wuweizi). It has been found to strengthen the spleen,
emolliate the liver, dispel dampness, dissolve stasis,
and promote blood
medicine. JPHX can significantly reduce serum ALT
and AST levels. In addition, JPHX has the potential to
treat liver fibrosis by reducing the levels of TNF-a,
collagen and matrix metalloproteinases!''.

KangXianRuanGan (KXRG)
classical formula containing Artemisia Capillaries,

and  Fructus  Schisandrae  Chinensis

circulation™® in  Chinese

capsule is a

Salvia Miltiorrhiza, Panax Notoginseng, Angelica

Sinensis, Curcuma Zedoary, Parched Pangolin,
Rhizoma Atractylodis Macrocephalae, Coix seed and
Astragalus membranaceus. It maintains the balance of
TNF- o/IL-10, further reduces the inflammatory
response and alleviates liver fibrosis!!!?.

From the aspect of traditional Chinese medicine,
pathogenesis of liver fibrosis is a dynamic
development process. The pathogenesis in different
stages of liver fibrosis is different. Ideally the

treatment should be focused on different pathways

using various formulae. Formula containing natural
medicines targeting at several pathways such as
inhibiting longer generation of collagen, promoting
collagen degradation, inhibiting the inflammation
derived from liver fibrosis, reducing the oxidative
stress, inhibiting the activation of HSCs will definitely
provide better treatment rather than focusing on one
pathway.

4 Perspective

Liver fibrosis occurs when chronic and
continuous damage to liver accumulates. It is difficult
to observe the symptoms in the early stage, but the
onset chronic accumulation of liver fibrosis may
result in liver cirthosis or liver cancer eventually.
Liver fibrosis can sometimes be reversed if it is
identified and treated at the early stage. However, lack
of effective non-invasive medical diagnostic methods
makes it difficult to diagnose at the early stage. After
months or years of continual damage, bands will form
throughout the whole liver, destroying its internal
structure and its regeneration and function. Due to the
side effect or the non-specific treatment, the synthetic
drugs could not reverse the symptoms of liver fibrosis
very efficiently.

Due to the lack of effective early diagnostic
techniques, the course of liver fibrosis usually has
already entered to the chronic inflammatory stage by
the time it is diagnosed. The traditional Chinese
medicinal herbs are effective in slowing down the
disease process or reversing liver fibrosis to some
extent. Although the treatment of liver fibrosis from
the perspective of TCM is mainly through the idea of
activating blood and resolving stasis to reduce chronic
inflammation, it is not particularly effective for the
late stage liver fibrosis.

Active ingredients in the TCMs provide multiple
mechanism of actions including antioxidant activities,
the ability to reduce inflammation and anti-apoptosis
through a variety of signaling pathways to regulate
micro circulation, immune function and to improve
liver function. A group of effective compounds with
different mechanism of actions are the significant
basis for TCM, especially Chinese herbal formulae
including a large number of components working
synergistically, but not focusing on one single
signaling pathway. From the aspects of TCM, it is
necessary to elaborate the active ingredients from
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various natural herbals on the whole, otherwise it
deviates from the theory of TCM.

Due to the differences and complexity in
pathogenic mechanisms, the targets involved in
different liver injury models studied in the lab are also
very complex. How to find the most critical and
common shared key targets in different cellular or
animal models is a question that needs to be improved
as well. It is necessary to establish more accurate
cellular models or animal models that conform to the
liver fibrosis condition in humans in order to examine
the efficacy and mechanism of TCM more accurately.

At present, Chinese medicine treatment of liver
injury especially fibrosis has been focused on
discovery of active components and their targeted
mechanisms. The synergistic effects of various active
ingredients and the metabolites produced by different
components needs to be further studied to provide
insight on developing novel formulae as well as their
new mechanisms. From the concept of TCM, the
synergistic effect of different components and their
metabolic targeting at several signaling pathways
rather than one component working through single
signaling pathway is more likely to be more effective.
In order to clarify the mechanism of action more
clearly for TCM in the future, synergistic effects
should be studied thoroughly.

The molecular mechanism of liver fibrosis and
the experimental study of TCM for the treatment will
promote the development and clinical application of
new Chinese medicine. However, there are more basic
pre-clinical studies and fewer standardized clinical
studies in terms of current research status. In the
future research, it is necessary to pay more attention
to the combination of basic research and clinical
application. Combination of multiple therapies by
integrating modern Chinese medicine and Western
medicine will definitely open up a new research scope
to develop safe, effective and inexpensive drugs to
treat liver damage, especially in their early stage.
Eradication of liver fibrosis in the early acute
inflammatory phase can be achieved in the future with
the improvement of early diagnostic techniques.
Supplementary material 20200183 Table SI. pdf
is available at paper online (http:// www.pibb.ac.cn or

http://www.cnki.net).
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