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Abstract

Liver damage is a serious medical problem worldwide and is caused by primary or secondary metabolic, microbiological, toxicological,
immunological and circulatory etiological factors. The objective of this paper is to analyze the hepatoprotective effect of various plants, their
biologically active compounds and extracts and the possibility of these compounds to attenuate complex pathophysiology processes during
chronic inflammation and the development of liver cirrhosis. This review summarizes several plants whose hepatoprotective effects have been
demonstrated and partially describes the mechanisms of inflammation inhibition. It is known that fibrosis includes an oxidative damage,
inflammatory and immune response and star-shaped cells and their activation in hepatocytes. Effects of particular phytocompounds and
their anti-inflammatory mechanisms have been studied in several cell lines in vitro, in vivo in different animal models, as well as in some
clinical studies. Results suggest that mechanisms include reduction of oxidative stress, suppression of the inflammatory and immune
response, as well as the inhibition of the activation of hepatic stellate cells (HSCs), decreasing extracellular matrix (ECM) deposition and
induction of apoptosis, protection of hepatocytes from apoptosis and creating apoptotic bodies, which are phagocytic and activate HSCs.
Medical herbs are abundant, economical and versatile and thus are potential alternative agents with anti-inflammatory mechanism. They
can be a source of bioactive compounds, and with the aim of preventing the formation and progression of fibrosis, they can find wide
applications in medical practice. The obtained results should promote further research in order to identify safe and effective protective and

therapeutic resources.
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=& Introduction

Natural products and medical herbs, as conventional or
complementary medicines in the prevention or treatment of
various liver diseases, have been used in many countries
since ancient times. Currently used medicines for liver
diseases have been isolated from plants or represent
synthetically modified forms of natural products [1]. There
are numerous studies that confirm the hepatoprotective
effects of some plant species, such as milk thistle [Silybum
marianum (L.) Gaertn.], turmeric (Curcuma longa L.)
and liquorice (licorice) (Glycyrrhiza glabra L.), which
have beneficial effects in human [2, 3]. Also, many of the
medicines that are currently recommended by physicians
for liver disorders are plant formulations based on plant
extracts, compounds isolated from plants, a mixture of
compounds of different plants or a mixture of plant extracts.
Published data point to a large number of medicinal herbs
used in traditional medicine in different countries and
different regions of the world for the treatment of liver
disease as well as information about their hepatoprotective
effect of using well-known experimental models of liver
disease. In these experimental models, carbon tetrachloride,
paracetamol, D-galactosamine, thioacetamide, sodium
fluoride, ethanol and bacterial lipopolysaccharides are
commonly used hepatotoxic agents that induce liver
damage by initiating the process of inflammation and
the generation of reactive oxygen species [4, 5]. Testing

of the hepatoprotective effects of herbal preparations by
using these experimental models allows monitoring of
levels of serum enzymes, oxidative stress parameters and
histopathological changes in the liver tissue of experi-
mental animals (in vivo) or an increase in vitality and
survival of cells of a specific cell line (in vitro) [5-10].
The aim of this review is to present the hepato-
protective role of some relevant medicinal herbs and
biologically important compounds or extracts together with
mechanisms by which complex pathogenic processes
leading to the development of cirrhosis over the course of
chronic damages are inhibited. Antifibrotic effects could
be attained by targeting cell lines and different processes
of the pathogenesis, depending on the damaging cause.
This review includes the plants whose hepatoprotective
effects (Figure 1) have been demonstrated in many studies,
as well as the mechanism of their hepatoprotective
function, including the mechanism of hepatoprotective
activity of chemical compounds present in these plants.
The following medicinal plants and their bioactive
compounds or extracts are included: Curcuma longa L.
(curcumin), S. marianum (L.) Gaertn. (silymarin), Ginkgo
biloba L. (G. biloba extract), Salvia miltiorrhiza Bunge
(water extract of S. miltiorrhiza, salvianolic acids A and B),
G. glabra L. (glycyrrhizin, glycyrrhizic acid), Scutellaria
baicalensis Georg (baicalin), Bupleurum falcatum L.
(saikosaponins A and D), Phyllanthus spp. (ethanol extract
of Phyllanthus rheedii Wight.), Berberis aristata DC.
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(berberine), Panax notoginseng (Burkill) (ginsenosides
Rgl and Rb2), Andrographis paniculata (Burm.f.)
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1. Antifibrotic medicinal plants which
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2. Antifibrotic medicinal plants which
reduce extracellular matrix deposition
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S. marianum P. notoginseng S. marianum P. notoginseng
G. biloba A. paniculata G. biloba Coffea species
S. miltiorrhiza Coffea species S. miltiorrhiza

G. glabra G. glabra
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Figure 1 — Medicinal plants and their mechanism of action in protection and reduction of liver fibrosis.

=& Protective mechanisms of medicinal
plants in liver fibrosis

Cirrhosis is a progressive, diffuse, irreversible and
nodular transformation of the liver parenchyma with the
loss of liver function. The main processes that leads to
the development of cirrhosis are hepatocyte necrosis,
regeneration, progressive, uncontrolled irreversible fibrosis
and disorder of intra- and extrahepatic circulation.

Connective tissue proliferation occurs as a response
to inflammatory and toxic damage. Fibrosis in the early
stages is a dynamic process of synthesis and delay of
components of the extracellular matrix (ECM) in Dissse
spaces, especially of collagen type I, 111, IV, glycoproteins
— fibronectin, laminin, elastin and entactin, and undulin
and proteoglycans — chondroitin sulphate, heparin sulphate,
dermatan sulphate and heparin, with the activation of
matrix metalloproteinases (MMPs) and tissue inhibitors
of metalloproteinases (TIMPs) [11, 12].

Hepatic stellate cells (HSCs) are localized in peri-
sinusoidal Disse spaces between the basolateral surface of
hepatocytes and the anti-luminal side of endothelial cells
of the sinusoid [13]. Activated HSCs are the main site of
the synthesis of ECM [14], but fibroblasts, hepatocytes
and epithelial cells of biliary ductus also contribute [15].
Activation, reactivation, proliferation and prolonged
survival of HSCs as well as increased ECM deposition are

important steps during the creation of fibrous tissues [16].
Paracrine stimuli from damaged hepatocytes, macrophages,
platelets, immune cells and/or activated Kupffer cells
trigger this process of activation [17-19]. These activated
stellate cells transform into myofibroblasts-like cells,
express contractile proteins, synthesize growth factors,
chemokines, fibrogenic cytokines, release retinoids and
acquire chemotactic features [13—15].

= Antifibrotic medicinal plants that inhibit
HSCs activation

Transforming growth factor-beta 1 (TGF-f1) is the
main cytokine that induces fibrosis generation and is
produced by hepatocytes, endothelial, Kupffer cells and
the epithelial cells of the bile ducts [12, 20, 21]. Stimuli
may lead to an increased production of all matrix compo-
nents, its remodeling and the induction of new fibrogenic
effects [20, 22, 23].

The interaction of TGF-£1 and their membrane recep-
tors induces the phosphorylation of intracellular mediators
of Smad proteins that act as transcription factors in the
nucleus and trigger cell proliferation [20]. The TGF-£1/
Smad complex is an important profibrogenic pathway.
The modulation of expression and interaction of TGF-£1
and their receptors was observed in curcumin (C. longa)
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[24], and bioactive compounds of S. miltiorrhiza [25],
G. glabra [26, 27] and Coffea spp. [28, 29].

During activation, HSC epigenetic regulation of the
transcription factor nuclear factor-kappa B (NF-xB) and
the change of the expression of peroxisome proliferator-
activated receptor gamma (PPARy) modulate the express-
ion of genes of various types of collagen, alpha-smooth
muscle actin (a-SMA) TGF-f, TGF-f receptors, MMP-2
and TIMP-1 and -2 [14, 19]. The inhibition of NF-xB,
stimulation by interferon-y [30], PPARy ligands [31] and
antioxidants inhibit the expression of TGF-£1 and thus
the activation of HSC. Suppression of NF-«B and the
activation of PPARy during the application of G. biloba
extract [32, 33], 18a-glycyrrhizin [34], glycyrrhizic acid
[35] and baicalin [36] have an anti-fibrogenic effect.

TGF-p, platelet-derived growth factor (PDGF) and
epidermal growth factor (EGF), by releasing from damaged
endothelial cells, stimulate the activation of HSCs [16,
17] in the same manner as transforming growth factor-
alpha (TGF-a), reactive oxygen species (ROS) and lipid
peroxides (LPO) released from activated Kupffer cells.
Activated Kupffer cells favor cell proliferation, matrix
synthesis and MMP-9 by expressing TGF-f1 [16, 37].
Activated Kupffer cells can also influence the proliferation
of HSCs and contractility, a decrease in collagen synthesis
and an increase in the synthesis of collagenases by the
synthesis of anti-inflammatory interleukin-1 (IL-1) cytokine
and nitric oxide (NO) [16].

PDGF, EGF, TGF-a, monocyte chemotactic factor
(MCF), interleukin-6 (IL-6), connective tissue growth
factor (CTGF), endothelin-1, angiotensin-II and vascular
endothelial growth factor (VEGF) stimulate the prolife-
ration of collagen synthesized cells, migration of HSCs
toward the area of damage and emphasize fibrogenic
response [12, 14, 23]. Some herbal extracts achieve their
effect by blocking extracellular signal-regulated kinase
(ERK) signaling molecules and focal adhesion kinase
(FAK), growth factors PDGF, CTGF, VEGF and TGF-q,
thus reducing the proliferative response of hepatic stellate
cells [19]. Curcumin [38], silymarin [39], G. biloba extract
[40], Salvia extract [25, 41] and caffeine [28, 29] inhibit
CTGF through the inhibition of the TGF-f signal.
Curcumin [42], salvianolic acids A and B [43, 44] and
ginsenoside Rgl [45] may compromise signaling path-
ways, which starting interaction of PDGF and platelet-
derived growth factor § receptor (PDGF-fR).

Cyclins and cyclin-dependent kinases play a key role
in cell cycle regulation, and they present potential thera-
peutic targets in the inhibition of the proliferation of
activated HSCs. A bioactive compound of salvianolic acid
(S. miltiorrhiza) can inhibit the proliferation of HSC via
p21 and p27 proteins, which are inhibitors of cyclin-
dependent kinases [43].

Endothelin-1, somatostatin, NO and angiotensinogen II
potentiate the contractile properties of HSCs by expressing
contractile proteins resulting in vascular disorders and
the development of portal hypertension [14].

= Antifibrotic medicinal plants that reduce
ECM deposition

The accumulation of ECM in tissues depends on the
balance between their synthesis and degradation [46, 47].

The degradation of collagen and other matrix components
is carried out by MMPs, which are produced by fibroblasts,
macrophages, Kupffer cells and leukocytes, and inhibited
by TIMP [48, 49]. In the initial stage of damage, a transient
increase in MMP-3 and MMP-13 is present, and in the
advanced stage, the effect of TIMP-1 dominates. Regulation
of activation of secreted or inactive precursor collagenase
by the system of plasminogen activation and the control
of the same via urokinase plasminogen activator (uUPA)
and plasminogen activator inhibitor type-1 (PAI-1) is
another option of controlling the ECM and the potential
effects of bioactive compounds (salvianolic acids A and B,
P. notoginseng saponins, ginsenoside Rb1) [50, 51].

It has been shown that curcumin, silymarin (a flavo-
noid mixture consisting of silybin, silydianin and sily-
christin), G. biloba extract, salvianolic acids A and B,
glycyrrhizin, glycyrrhetinic acid, baicalin, P. notoginseng
saponins, ginsenoside Rbl and caffeine can decrease
synthesis of collagen type I and III; C. longa can decrease
synthesis of fibronectin [52], while G. biloba extract
and salvianolic acids A and B can decrease synthesis of
laminin. The stimulation of MMP-1, -2, -7, -9, and -13
is achieved by the use of curcumin, G. biloba extract,
salvianolic acids A and B, glycyrrhizin, glycyrrhetinic
acid, P. notoginseng saponins and ginsenoside Rb1 [53—
56], while TIMP is inhibited with the application of
curcumin, silymarin, silybinin, silybin, G. biloba extract,
salvianolic acids A and B, P. notoginseng saponins and
ginsenoside Rb1. However, 4. paniculata (andrographo-
lide) showed no effect on the synthesis and degradation
of ECM components.

= Antifibrotic medicinal plants that induce
HSCs apoptosis

Activated HSCs have a prolonged survival. Macro-
phages in the liver promote the survival of activated
HSCs by the activation of NF-«B [57]. NF-xB is a
complex protein that controls the transcription of DNA,
production of cytokines and survival of cells by the
modulation of apoptosis. The inhibition of this pathway
leads to selective apoptosis of the HSCs [58] and to the
protection of hepatocytes from apoptosis, which may be
one of the options for preventing fibrosis [59, 60].

Apoptosis induction correlates with an inhibitory effect
on NF-xB [61], gene expression for PPARy and with the
blocking of signaling pathways of TGF-#, PDGF and
EGEF. It also promotes intracellular adaptive protein FADD
(Fas-associated protein with death domain), which, by the
engagement of procaspases, activates a signal complex for
causing cell death and the control of FLIPs [Fas-associated
death domain-like IL-1p-converting enzyme (FLICE)-
inhibitory proteins], which are antagonists of caspases [62].

The apoptotic induction of activated HSCs is achieved
by increasing the pro-apoptotic Bax and Fas and reducing
anti-apoptotic Bcl-2 and Bel-x1 proteins, freeing cyto-
chrome c, the activation of caspase-8 and caspase-9 and
an execution of caspase-3 with the activation of endo-
nucleases for the degradation of DNA.

The most examined option for modulating and possibly
to inducing apoptosis of activated HSCs are attributed
to the compounds isolated from C. longa, Ginseng spp.
and S. miltiorrhiza. However, compounds isolated from
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plants G. biloba [56], G. glabra [34], B. falcatum [63],
B. aristata, P. kurroa and A. paniculata have almost no
effect on apoptosis induction of HSCs.

Curcumin inhibits the effect of Bcl-2 anti-apoptotic
proteins, promotes the apoptotic Bax protein [24, 61, 64],
induces a release of cytochrome ¢ from mitochondria
[62] and activates caspase-3. Compounds tanshinone I
and tanshinone IIA from S. miltiorrhiza promote apoptosis
of HSCs by the expression of Bax and Fas [65] and
reducing mitochondrial membrane potential (MMP) [66,
67]. Saponins, as bioactive compounds of P. notoginseng,
induce apoptosis through tumor necrosis factor-alpha
(TNF-a), whose membrane receptor of the intracellular
domain binds to the death signaling complex and runs
the mitochondrial caspase cascade [68].

= Antifibrotic medicinal plants that inhibit
apoptosis of hepatocytes

Chronic damage and hepatocyte apoptosis with the
phagocytosis of apoptotic bodies by HSCs leads to the
activation of HSCs through the Janus kinase (JAK) signal
transduction and transcription activation of JAK/STAT
(signal transducer and activator of transcription) and protein
kinase B (AKT)/NF-xB-dependent pathway, acting thus
as a powerful fibrogenic stimulus [69-71]. HSCs cease
migration into the zone of apoptotic bodies by binding
Toll-like receptor 9 (TLR9) [72].

The most researched cytoprotective effect was observed
in experiments that included C. longa, S. miltiorrhiza,
G. glabra, G. biloba and their chemical constituents that
act through the inhibition of the mitochondrial pathway of
apoptosis and the reduction of oxidative stress. Curcumin
(C. longa) and glycyrrhizin (G. glabra) achieve their
anti-apoptotic effect by reducing the synthesis of ROS,
inhibiting LPO [73], reducing NO, increasing the super-
oxide dismutase (SOD) enzyme, reducing expression of
intercellular adhesion molecule-1 (ICAM-1) [74], inhibi-
ting of cytochrome c and the activation of caspase-3 and
regulating the expression of Bcl-2 and tumor necrosis
factor receptor 1 (TNFR1) [75]. Protection of hepatocytes
can be accomplished by inhibition of the interleukin-18
(IL-18), regardless of the activation of caspase [76]
in vitro and in vivo conditions. The therapeutic strategy
is directed toward the protection of hepatocytes from
apoptosis and stopping the fibrosis.

The process of fibrosis includes an oxidative stress,
inflammatory and immune response, HSCs and their acti-
vation, hepatocytes and inflammatory and immune cells
[12, 22]. Effects of compounds isolated from medicinal
plants and mechanisms for achieving their anti-fibrotic
effects were studied by in vitro and in vivo, with the aim
of reducing oxidative stress and suppressing the inflam-
matory and immune responses. Inhibition of the HSCs
activity and induction of apoptosis were also investigated,
as well as the effects of excessive ECM deposition,
protection of hepatocytes from apoptosis and the creation
of apoptotic bodies, which, being phagocytized, activate
HSCs. The control of the dynamics of ECM synthesis
by inhibiting the activation of HSCs, suppressing and
modulating TGF-f1/Smad signaling pathway and its
degradation is the therapeutic objective of halting fibrosis
and restoring normal structure of the liver.

& Clinical studies conducted on herbal
preparations for liver disease

Clinical studies involving herbal medicine in the
treatment of liver diseases are rare and mainly include
silymarin (standardized extract of S. marianum),
glycyrrhizin (from aqueous extract of G. glabra) and
herbal medicines as mixtures of different herbal extracts
[77,78].

The mixture of compounds from S. marianum, known
as silymarin, constitutes of the following: silybin (silybinin,
silybinin; approximately 50% to 60%), isosilybin (about
5%), silychristin (about 20%) and silydianin (about 10%),
as well as silymonin, isosilychristin, isosilybinin, etc. [79].
One of the first clinical studies with silymarin showed
significant differences in survival between patients with
liver cirrhosis of different origin who had silymarin
treatment and patients with vitamin placebo, where a
greater percentage of patients with silymarin therapy for
a period of two and four years survived [80]. Similar
results were obtained in another study in which patients
with liver cirrhosis because of a complication of chronic
alcoholism were included [81]. However, both studies
had their drawbacks, including high dropout rate, poor
adherence to rules and lack of information on infections
with hepatitis B and C. Also, these studies did not include
histopathological data. A pilot study on the impact of
silymarin in patients with hepatitis C showed that there
was no reduction in the level hepatitis C virus (HCV)-
RNA, but the level of alanine aminotransferase (ALT)
in patients who were involved in this study was reduced
[77]. Silymarin is the most commonly researched and
used herb for liver disease; over forty clinical trials have
been performed with S. marianum preparations in the
last years, including testing S. marianum preparations in
liver cirrhosis, viral hepatitis, on toxic liver diseases and
on the efficacy on patients already being treated with
psychotropic drugs. Most of these studies demonstrate
positive effects for indications including cirrhosis and
alcoholic liver disease, hepatitis and psychotropic drug-
induced liver damage [82].

Glycyrrhizin (glycyrrhizic acid or glycyrrhizinic acid),
the major constituent of the liquorice (G. glabra) root, is
a saponin compound with various pharmacological effects
and has been used for over 20 years to treat chronic viral
hepatitis in Japan [8, 78]. A clinical study conducted in
Japan on a medicine containing glycyrrhizin, cysteine
and glycine in patients with chronic hepatitis C showed
a lower frequency of the development of liver cirrhosis
and hepatocellular carcinoma after 15 years in relation
to patients who were not treated with this medicine [83].
However, data on the level of HCV-RNA, biochemical
parameters, pathomorphological changes and the quality
of life of patients in this study were not given.

In addition to studying the extracts of one plant, a
number of studies on herbal formulations containing a
variety of plant extracts and compounds were included
as well. A mixture of 10 different plant extracts, including
S. miltiorrhiza, Astragalus membranaceus and Spatholobus
suberectus and the main components of these plants, were
tested in a clinical study in patients with hepatitis B
[78]. Results showed that this preparation improves the
clinical symptoms of liver fibrosis of hepatitis B patients




Protective and therapeutic possibility of medical herbs for liver cirrhosis

727

as well as biochemical parameters associated with this
type of disease [84]. This herbal mixture reversed fibrosis
in the tests in rats and the positive effects on the proli-
feration of human hepatic stellate cell line (LX-2) and
human liver cancer cell line (HepG?2 cells) [85].

A mixture of extracts of Capparis spinosa, Cichorium
intybus, Solanum nigrum, Cassia occidentalis, Terminalia
arjuna, Achillea millefolium and Tamarix gallica
commonly used in Indian traditional herbal recipes has
been marketed in the West as LIV.52. In uncontrolled
observations in patients with liver disease, this extract
was reported to improve serum biochemistry values.
Furthermore, it lowered circulating levels of acetaldehyde
in healthy adults consuming alcohol [86]. In a controlled
trial, LIV.52 was tested in a study in patients with liver
disease due to alcoholism; however, it was not shown
to have a significant effect [87]. The same mixture in a
clinical study showed that patients with liver cirrhosis who
had a treatment with this herbal medicine over a period
of six months showed better clinical picture than in the
group of patients who had placebo treatment [88, 89].

Polyherbal formulation composed of plant extracts
of T. arjuna, Withania somnifera, Phyllanthus niruri,
B. aristata, Tinospora cordifolia (Willd.) Miers, P. kurroa
and Boerhaavia diffusa L., in a clinical study, showed
that patients with acute viral hepatitis recovered faster
compared to the placebo group [90].

All mentioned herbal formulations have been shown
to be effective in ameliorating the course of chronic liver
disease. Among them, silymarin and LIV.52 were the most
researched, but no published clinical studies compared
their efficiency in liver disease.

& Conclusions

Medical herbs are abundant, economical, versatile and
thus so popular potential antifibrotic agents. They can
be a source of bioactive compounds, and with the aim of
preventing the formation and progression of fibrosis,
they can find wide application in medical practice.

The main activities of bioactive compounds in the
pathogenesis of fibrosis, studied in in vitro and in vivo
conditions, are the reduction of oxidative stress, the
suppression of the inflammatory and immune response,
inhibition of HSCs activation, excessive deposition of
ECM, the induction of their apoptosis, the protection
of the hepatocytes of the apoptosis and the creation of
apoptotic bodies, which, being phagocytic, activate HSCs.
The control of the dynamics of ECM synthesis by inhibiting
the activation of HSCs, suppressing and modulating
TGF-f1/Smad signaling pathway and its degradation are
therapeutic targets with the aim of stopping fibrosis and
restoring normal structure of the liver.

Based on the presented data, we can conclude that
medical herbs may represent a significant source of
medical agents that can be used as therapeutics in liver
inflammation and fibrosis. From many plants, the chemical
compounds responsible for hepatoprotective activity have
been identified and the mechanisms of their hepato-
protective activity have been described. In addition, it
was shown that mixtures of compounds of one plant
species may exhibit a significant hepatoprotective effect
as efficiently as or more efficiently than one of the
compounds. However, in spite of all evidence of hepato-

protective activity of herbal preparations, it is necessary
to work on further investigations to single out or develop
a medicine that would contain a single active ingredient
or the most effective dose of bioactive compounds and
meet the qualities and standards of modern medicine.
With this aim, future research in this area should be
focused on examining the chemical composition and
standardization of herbal medicines and randomized
placebo-controlled clinical trials in order to test its clinical
efficacy in the treatment and prevention of liver diseases.

Conflict of interests
The authors declare that they have no conflict of
interests.

Acknowledgments
The study was financially supported by the Ministry
of Science, Republic of Serbia, No. 175056.

References

[1] Bringmann G, Brun R, Kaiser M, Neumann S. Synthesis and
antiprotozoal activities of simplified analogs of naphthyl-
isoquinoline alkaloids. Eur J Med Chem, 2008, 43(1):32—42.

[2] Madrigal-Santillan E, Madrigal-Bujaidar E, Alvarez-Gonzalez |,
Sumaya-Martinez MT, Gutiérrez-Salinas J, Bautista M,
Morales-Gonzalez A, Garcia-Luna y Gonzalez-Rubio M,
Aguilar-Faisal JL, Morales-Gonzalez JA. Review of natural
products with hepatoprotective effects. World J Gastroenterol,
2014, 20(40):14787-14804.

[3] Zhang A, Sun H, Wang X. Recent advances in natural
products from plants for treatment of liver diseases. Eur J
Med Chem, 2013, 63:570-577.

[4] Al-Asmari AK, Al-Elaiwi AM, Athar MT, Tariq M, Al Eid A,
Al-Asmary SM. A review of hepatoprotective plants used in
Saudi traditional medicine. Evid Based Complement Alternat
Med, 2014, 2014:890842.

[5] Pereira C, Barros L, Ferreira IC. Extraction, identification,
fractionation and isolation of phenolic compounds in plants
with hepatoprotective effects. J Sci Food Agric, 2016, 96(4):
1068-1084.

[6] Stankovi¢ N, Mladenovi¢ M, Mati¢ S, Stani¢ S, Stankovi¢ V,
Mihailovi¢ M, Mihailovi¢ V, Katani¢ J, Boroja T, Vukovi¢ N,
Sukdolak S. Serum albumin binding analysis and toxicological
screening of novel chroman-2,4-diones as oral anticoagulants.
Chem Biol Interact, 2015, 227:18-31.

[7] Katani¢ J, Mihailovi¢ V, Mati¢ S, Stankovi¢ V, Stankovi¢ N,
Boroja T, Mladenovi¢ M, Stani¢ S, Kreft S, Mihailovi¢ M.
The ameliorating effect of Filipendula hexapetala extracts
on hepatorenal toxicity of cisplatin. J Funct Foods, 2015,
18(A):198-212.

[8] Mihailovi¢ V, Katani¢ J, Misi¢ D, Stankovi¢ V, Mihailovi¢ M,
Uskokovi¢ A, Arambasi¢ J, Solujic S, Miladenovi¢ M,
Stankovi¢ N. Hepatoprotective effects of secoiridoid-rich extracts
from Gentiana cruciata L. against carbon tetrachloride induced
liver damage in rats. Food Funct, 2014, 5(8):1795-1803.

[9] Stankovi¢ N, Mladenovi¢ M, Mihailovic M, Arambasi¢ J,
Uskokovi¢ A, Stankovi¢ V, Mihailovi¢ V, Katani¢ J, Mati¢ S,
Soluji¢ S, Vukovi¢ N, Sukdolak S. Synthesis and toxicological
studies of in vivo anticoagulant activity of novel 3-(1-amino-
ethylidene)chroman-2,4-diones and 4-hydroxy-3-(1-iminoethyl)-
2H-chromen-2-ones combined with a structure-based 3-D
pharmacophore model. Eur J Pharm Sci, 2014, 55:20-35.

[10] Mihailovi¢ V, Mihailovi¢ M, Uskokovi¢ A, Arambasi¢ J, Misi¢ D,
Stankovi¢ V, Katani¢ J, Mladenovi¢ M, Soluji¢ S, Mati¢ S.
Hepatoprotective effects of Gentiana asclepiadea L. extracts
against carbon tetrachloride induced liver injury in rats. Food
Chem Toxicol, 2013, 52:83-90.

[11] Bataller R, Brenner DA. Liver fibrosis. J Clin Invest, 2005,
115(2):209-218.

[12] Rockey DC. Translating and understanding of the pathoge-
nesis of hepatic fibrosis to novel therapies. Clin Gastroenterol
Hepatol, 2013, 11(3):224-231.e1-5.

[13] Reeves HL, Friedman SL. Activation of hepatic stellate cells —
a key issue in liver fibrosis. Front Biosci, 2002, 7:d808-d826.




728

Vesna Stankovi¢ et al.

[14] Friedman SL. Hepatic stellate cells: protean, multifunctional,
and enigmatic cells of the liver. Physiol Rev, 2008, 88(1):
125-172.

[15] Wells RG. Cellular sources of extracellular matrix in hepatic
fibrosis. Clin Liver Dis, 2008, 12(4):759-768, viii.

[16] Safadi R, Friedman SL. Hepatic fibrosis — role of hepatic
stellate cell activation. MedGenMed, 2002, 4(3):27.

[17) Bachem MG, Melchior R, Gressner AM. The role of throm-
bocytes in liver fibrogenesis: effects of platelet lysate and
thrombocyte-derived growth factors on the mitogenic activity
and glycosaminoglycan synthesis of cultured rat liver fat
storing cells. J Clin Chem Clin Biochem, 1989, 27(9):555-565.

[18] Mann DA, Marra F. Fibrogenic signalling in hepatic stellate
cells. J Hepatol, 2010, 52(6):949-950.

[19] Friedman SL. Mechanisms of hepatic fibrogenesis. Gastro-
enterology, 2008, 134(6):1655—-1669.

[20] Mauviel A. Transforming growth factor-beta: a key mediator
of fibrosis. Methods Mol Med, 2005, 117:69-80.

[21] Grotendorst GR. Connective tissue growth factor: a mediator
of TGF-beta action on fibroblasts. Cytokine Growth Factor
Rev, 1997, 8(3):171-179.

[22] Lee UE, Friedman SL. Mechanisms of hepatic fibrogenesis.
Best Pract Res Clin Gastroenterol, 2011, 25(2):195-206.

[23] Pinzani M, Marra F. Cytokine receptors and signaling in
hepatic stellate cells. Semin Liver Dis, 2001, 21(3):397—416.

[24] Zheng S, Chen A. Activation of PPARgamma is required for
curcumin to induce apoptosis and to inhibit the expression
of extracellular matrix genes in hepatic stellate cells in vitro.
Biochem J, 2004, 384(Pt 1):149-157.

[25] Hsu YC, Lin YL, Chiu YT, Shiao MS, Lee CY, Huang YT. Anti-
fibrotic effects of Salvia miltiorrhiza on dimethylnitrosamine-
intoxicated rats. J Biomed Sci, 2005, 12(1):185—-195.

[26] Dong L, Sun JY, Fang GT, Jiang LD, Wang JY. [Effects of
glycyrrhizin on TGFbeta1 stimulated hepatic stellate cell
signaling transduction]. Zhonghua Gan Zang Bing Za Zhi,
2005, 13(11):828-831.

[27] Moro T, Shimoyama Y, Kushida M, Hong YY, Nakao S,
Higashiyama R, Sugioka Y, Inoue H, Okazaki |, Inagaki Y.
Glycyrrhizin and its metabolite inhibit Smad3-mediated type |
collagen gene transcription and suppress experimental murine
liver fibrosis. Life Sci, 2008, 83(15-16):531-539.

[28] Gressner OA, Lahme B, Rehbein K, Siluschek M, Weiskirchen R,
Gressner AM. Pharmacological application of caffeine inhibits
TGF-beta-stimulated connective tissue growth factor expression
in hepatocytes via PPARgamma and SMAD2/3-dependent
pathways. J Hepatol, 2008, 49(5):758-767.

[29] Arauz J, Zarco N, Segovia J, Shibayama M, Tsutsumi V,
Muriel P. Caffeine prevents experimental liver fibrosis by
blocking the expression of TGF-B. Eur J Gastroenterol Hepatol,
2014, 26(2):164—-173.

[30] Baroni GS, D’Ambrosio L, Curto P, Casini A, Mancini R,
Jezequel AM, Benedetti A. Interferon gamma decreases hepatic
stellate cell activation and extracellular matrix deposition in
rat liver fibrosis. Hepatology, 1996, 23(5):1189—1199.

[31] Attia YM, Elalkamy EF, Hammam OA, Mahmoud SS, El-
Khatib AS. Telmisartan, an AT1 receptor blocker and a PPAR
gamma activator, alleviates liver fibrosis induced experimentally
by Schistosoma mansoni infection. Parasit Vectors, 2013, 6:199.

[32] Liu SQ, Yu JP, He L, Yu HG, Luo HS. [Effects of nuclear
factor kappaB and transforming growth factor betal in
the anti-liver fibrosis process using Ginkgo biloba extract].
Zhonghua Gan Zang Bing Za Zhi, 2005, 13(12):903—907.

[33] Liu SQ, Yu JP, Chen HL, Luo HS, Chen SM, Yu HG.
Therapeutic effects and molecular mechanisms of Ginkgo
biloba extract on liver fibrosis in rats. Am J Chin Med, 2006,
34(1):99-114.

[34] Qu Y, Chen WH, Zong L, Xu MY, Lu LG. 18a-Glycyrrhizin
induces apoptosis and suppresses activation of rat hepatic
stellate cells. Med Sci Monit, 2012, 18(1):BR24-BR32.

[35] Wang JY, Zhang QS, Guo JS, Hu MY. Effects of glycyrrhetinic
acid on collagen metabolism of hepatic stellate cells at different
stages of liver fibrosis in rats. World J Gastroenterol, 2001,
7(1):115-119.

[36] Qiao H, Han H, Hong D, Ren Z, Chen Y, Zhou C. Protective
effects of baicalin on carbon tetrachloride induced liver injury
by activating PPARYy and inhibiting TGFS1. Pharm Biol, 2011,
49(1):38-45.

[37] Winwood PJ, Schuppan D, Iredale JP, Kawser CA, Docherty AJ,
Arthur MJ. Kupffer cell-derived 95-kD type IV collagenase/

gelatinase B: characterization and expression in cultured
cells. Hepatology, 1995, 22(1):304-315.

[38] Chen A, Zheng S. Curcumin inhibits connective tissue growth
factor gene expression in activated hepatic stellate cells
in vitro by blocking NF-kappaB and ERK signalling. Br J
Pharmacol, 2008, 153(3):557-567.

[39] Tzeng JI, Chen MF, Chung HH, Cheng JT. Silymarin decreases
connective tissue growth factor to improve liver fibrosis in
rats treated with carbon tetrachloride. Phytother Res, 2013,
27(7):1023-1028.

[40] Zhang C, Zhu Y, Wan J, Xu H, Shi H, Lu X. Effects of Ginkgo biloba
extract on cell proliferation, cytokines and extracellular matrix
of hepatic stellate cells. Liver Int, 2006, 26(10):1283—1290.

[41] Sferra R, Vetuschi A, Catitti V, Ammanniti S, Pompili S,
Melideo D, Frieri G, Gaudio E, Latella G. Boswellia serrata
and Salvia miltiorrhiza extracts reduce DMN-induced hepatic
fibrosis in mice by TGF-beta1 downregulation. Eur Rev Med
Pharmacol Sci, 2012, 16(11):1484—-1498.

[42] Park SD, Jung JH, Lee HW, Kwon YM, Chung KH, Kim MG,
Kim CH. Zedoariae rhizoma and curcumin inhibits platelet-
derived growth factor-induced proliferation of human hepatic
myofibroblasts. Int Immunopharmacol, 2005, 5(3):555-569.

[43] Lin YL, Lee TF, Huang YJ, Huang YT. Antiproliferative effect
of salvianolic acid A on rat hepatic stellate cells. J Pharm
Pharmacol, 2006, 58(7):933-939.

[44] Xue DY, Hong JH, Xu LM. [Effects of salvianolic acid B on
signal transduction induced by transforming growth factor-
beta1 and platelet-derived growth factor-BB in hepatic stellate
cells of rats]. Zhongguo Zhong Xi Yi Jie He Za Zhi, 2006,
26(5):439-442.

[45] Geng J, Peng W, Huang Y, Fan H, Li S. Ginsenoside-Rg1
from Panax notoginseng prevents hepatic fibrosis induced by
thioacetamide in rats. Eur J Pharmacol, 2010, 634(1-3):162—169.

[46] Knittel T, Mehde M, Grundmann A, Saile B, Scharf JG,
Ramadori G. Expression of matrix metalloproteinases and
their inhibitors during hepatic tissue repair in the rat. Histo-
chem Cell Biol, 2000, 113(6):443-453.

[47] Benyon RC, Arthur MJ. Extracellular matrix degradation and
the role of hepatic stellate cells. Semin Liver Dis, 2001,
21(3):373-384.

[48] Hironaka K, Sakaida |, Matsumura Y, Kaino S, Miyamoto K,
Okita K. Enhanced interstitial collagenase (matrix metallo-
proteinase-13) production of Kupffer cell by gadolinium chloride
prevents pig serum-induced rat liver fibrosis. Biochem Biophys
Res Commun, 2000, 267(1):290-295.

[49] Fallowfield JA, Mizuno M, Kendall TJ, Constandinou CM,
Benyon RC, Duffield JS, Iredale JP. Scar-associated macro-
phages are a major source of hepatic matrix metalloproteinase-
13 and facilitate the resolution of murine hepatic fibrosis.
J Immunol, 2007, 178(8):5288-5295.

[50] Zhang LP, Takahara T, Yata Y, Furui K, Jin B, Kawada N,
Watanabe A. Increased expression of plasminogen activator
and plasminogen activator inhibitor during liver fibrogenesis
of rats: role of stellate cells. J Hepatol, 1999, 31(4):703—-711.

[51] Fibbi G, Pucci M, Grappone C, Pellegrini G, Salzano R,
Casini A, Milani S, Del Rosso M. Functions of the fibrinolytic
system in human Ito cells and its control by basic fibroblast
and platelet-derived growth factor. Hepatology, 1999, 29(3):
868-878.

[52] Fu Y, Zheng S, Lin J, Ryerse J, Chen A. Curcumin protects
the rat liver from CCls;-caused injury and fibrogenesis by
attenuating oxidative stress and suppressing inflammation.
Mol Pharmacol, 2008, 73(2):399-409.

[53] Morsy MA, Abdalla AM, Mahmoud AM, Abdelwahab SA,
Mahmoud ME. Protective effects of curcumin, a-lipoic acid,
and N-acetylcysteine against carbon tetrachloride-induced
liver fibrosis in rats. J Physiol Biochem, 2012, 68(1):29-35.

[54] Cheng Y, Ping J, Liu C. [Effect of curcumin on activity of
matrix metalloproteinase 2, 9 and nuclear expression of RelA
in rat hepatic stellate cells by activating peroxisome prolife-
rator-activated receptor gamma signal]. Zhongguo Zhong Xi
Yi Jie He Za Zhi, 2007, 27(5):439-443.

[55] Pinlaor S, Prakobwong S, Hiraku Y, Pinlaor P, Laothong U,
Yongvanit P. Reduction of periductal fibrosis in liver fluke-
infected hamsters after long-term curcumin treatment. Eur J
Pharmacol, 2010, 638(1-3):134-141.

[56] Luo YJ, Yu JP, Shi ZH, Wang L. Ginkgo biloba extract reverses
CClg-induced liver fibrosis in rats. World J Gastroenterol, 2004,
10(7):1037-1042.




Protective and therapeutic possibility of medical herbs for liver cirrhosis 729

[57] Pradere JP, Kluwe J, De Minicis S, Jiao JJ, Gwak GY,
Dapito DH, Jang MK, Guenther ND, Mederacke |, Friedman R,
Dragomir AC, Aloman C, Schwabe RF. Hepatic macrophages
but not dendritic cells contribute to liver fibrosis by promoting
the survival of activated hepatic stellate cells in mice. Hepa-
tology, 2013, 58(4):1461-1473.

[58] Oakley F, Meso M, Iredale JP, Green K, Marek CJ, Zhou X,
May MJ, Millward-Sadler H, Wright MC, Mann DA. Inhibition
of inhibitor of kappaB kinases stimulates hepatic stellate cell
apoptosis and accelerated recovery from rat liver fibrosis.
Gastroenterology, 2005, 128(1):108-120.

[59] Elsharkawy M, Oakley F, Mann DA. The role and regulation
of hepatic stellate cell apoptosis in reversal of liver fibrosis.
Apoptosis, 2005, 10(5):927-939.

[60] van den Berg R, Haenen GR, van den Berg H, Bast A.
Transcription factor NF-kappaB as a potential biomarker for
oxidative stress. Br J Nutr, 2001, 86(Suppl 1):S121-S127.

[61] Cheng Y, Ping J, Xu LM. Effects of curcumin on peroxisome
proliferator-activated receptor gamma expression and nuclear
translocation/redistribution in culture-activated rat hepatic
stellate cells. Chin Med J (Engl), 2007, 120(9):794-801.

[62] Shin HW, Park SY, Lee KB, Jang JJ. Down-regulation of Wnt
signaling during apoptosis of human hepatic stellate cells.
Hepatogastroenterology, 2009, 56(89):208—-212.

[63] Li X, Peng XD, Zhang WL, Dai LL. [Inhibiting effects of
denshensu, baicalin, astragalus and Panax notoginseng
saponins on hepatic fibrosis and their possible mechanisms].
Zhonghua Gan Zang Bing Za Zhi, 2008, 16(3):193-197.

[64] Zhou Y, Zheng S, Lin J, Zhang QJ, Chen A. The interruption
of the PDGF and EGF signaling pathways by curcumin
stimulates gene expression of PPARgamma in rat activated
hepatic stellate cell in vitro. Lab Invest, 2007, 87(5):488—498.

[65] Chor SY, Hui AY, To KF, Chan KK, Go YY, Chan HL, Leung WK,
Sung JJ. Anti-proliferative and proapoptotic effects of herbal
medicine on hepatic stellate cell. J Ethnopharmacol, 2005,
100(1-2):180-186.

[66] Kim JY, Kim KM, Nan JX, Zhao YZ, Park PH, Lee SJ, Sohn DH.
Induction of apoptosis by tanshinone | via cytochrome c
release in activated hepatic stellate cells. Pharmacol Toxicol,
2003, 92(4):195-200.

[67] Che XH, Park EJ, Zhao YZ, Kim WH, Sohn DH. Tanshinone
II' A induces apoptosis and S phase cell cycle arrest in
activated rat hepatic stellate cells. Basic Clin Pharmacol
Toxicol, 2010, 106(1):30-37.

[68] Park EJ, Zhao YZ, Kim J, Sohn DH. A ginsenoside metabolite,
20-0O-beta-D-glucopyranosyl-20(S)-protopanaxadiol, triggers
apoptosis in activated rat hepatic stellate cells via caspase-3
activation. Planta Med, 2006, 72(13):1250-1253.

[69] Jiang JX, Mikami K, Venugopal S, Li Y, Térok NJ. Apoptotic
body engulfment by hepatic stellate cells promotes their
survival by the JAK/STAT and Akt/NF-kappaB-dependent
pathways. J Hepatol, 2009, 51(1):139-148.

[70] Malhi H, Gores GJ. Cellular and molecular mechanisms of
liver injury. Gastroenterology, 2008, 134(6):1641-1654.

[71] Canbay A, Friedman S, Gores GJ. Apoptosis: the nexus of
liver injury and fibrosis. Hepatology, 2004, 39(2):273-278.

[72] Watanabe A, Hashmi A, Gomes DA, Town T, Badou A,
Flavell RA, Mehal WZ. Apoptotic hepatocyte DNA inhibits
hepatic stellate cell chemotaxis via Toll-like receptor 9.
Hepatology, 2007, 46(5):1509—1518.

[73] Ghoneim Al. Effects of curcumin on ethanol-induced hepatocyte
necrosis and apoptosis: implication of lipid peroxidation and
cytochrome c. Naunyn Schmiedebergs Arch Pharmacol, 2009,
379(1):47-60.

Corresponding author

[74] Zheng QZ, Lou YJ. Pathologic characteristics of immunologic
injury in primary cultured rat hepatocytes and protective effect
of glycyrrhizin in vitro. Acta Pharmacol Sin, 2003, 24(8):771—
777.

[75] Yan X, Zhou T, Tao Y, Wang Q, Liu P, Liu C. Salvianolic acid
B attenuates hepatocyte apoptosis by regulating mediators
in death receptor and mitochondrial pathways. Exp Biol Med
(Maywood), 2010, 235(5):623-632.

[76] Ikeda T, Abe K, Kuroda N, Kida Y, Inoue H, Wake K, Morito M,
Sato T. The inhibition of apoptosis by glycyrrhizin in hepatic
injury induced by injection of lipopolysaccharide / D-galactos-
amine in mice. Arch Histol Cytol, 2008, 71(3):163-178.

[77] Seeff LB, Lindsay KL, Bacon BR, Kresina TF, Hoofnagle JH.
Complementary and alternative medicine in chronic liver
disease. Hepatology, 2001, 34(3):595-603.

[78] Stickel F, Schuppan D. Herbal medicine in the treatment of
liver diseases. Dig Liver Dis, 2007, 39(4):293-304.

[79] Abenavoli L, Capasso R, Milic N, Capasso F. Milk thistle in
liver diseases: past, present, future. Phytother Res, 2010,
24(10):1423-1432.

[80] Ferenci P, Dragosics B, Dittrich H, Frank H, Benda L, Lochs H,
Meryn S, Base W, Schneider B. Randomized controlled trial
of silymarin treatment in patients with cirrhosis of the liver.
J Hepatol, 1989, 9(1):105-113.

[81] Parés A, Planas R, Torres M, Caballeria J, Viver JM, Acero D,
Panés J, Rigau J, Santos J, Rodés J. Effects of silymarin
in alcoholic patients with cirrhosis of the liver: results of a
controlled, double-blind, randomized and multicenter trial.
J Hepatol, 1998, 28(4):615-621.

[82] European Medicines Agency (EMA). Assessment report on
Silybum marianum (L.) Gaertn, fructus. Committee on Herbal
Medicinal Products (HMPC), London, 2015.

[83] Arase Y, lkeda K, Murashima N, Chayama K, Tsubota A,
Koida I, Suzuki Y, Saitoh S, Kobayashi M, Kumada H. The
long term efficacy of glycyrrhizin in chronic hepatitis C patients.
Cancer, 1997, 79(8):1494—1500.

[84] Baoen W, Tailing W, Jidong J, Hong M, Zhongping D, Xinmin L,
Jia L, Aimin W, Linxue Q. Experimental and clinical study in
inhibition and reversal of liver fibrosis with integrated Chinese
and Western medicine. Chin J Integr Trad West Med, 1999,
5:6.

[85] Wang L, Wang J, Wang BE, Xiao PG, Qiao YJ, Tan XH.
Effects of herbal compound 861 on human hepatic stellate
cell proliferation and activation. World J Gastroenterol, 2004,
10(19):2831-2835.

[86] Schuppan D, Jia JD, Brinkhaus B, Hahn EG. Herbal products
for liver diseases: a therapeutic challenge for the new
millennium. Hepatology, 1999, 30(4):1099-1104.

[87] de Silva HA, Saparamadu PA, Thabrew MI, Pathmeswaran A,
Fonseka MM, de Silva HJ. Liv.52 in alcoholic liver disease:
a prospective, controlled trial. J Ethnopharmacol, 2003, 84(1):
47-50.

[88] Huseini HF, Alavian SM, Heshmat R, Heydari MR, Abolmaali K.
The efficacy of Liv-52 on liver cirrhotic patients: a randomized,
double-blind, placebo-controlled first approach. Phytomedicine,
2005, 12(9):619-624.

[89] Glisi¢ TM, Perisi¢ MD, Dimitrijevic S, JuriSi¢ V. Doppler
assessment of splanchnic arterial flow in patients with liver
cirrhosis: correlation with ammonia plasma levels and MELD
score. J Clin Ultrasound, 2014, 42(5):264—269.

[90] Keche Y, Badar V, Hardas M. Efficacy and safety of livwin
(polyherbal formulation) in patients with acute viral hepatitis:
a randomized double-blind placebo-controlled clinical trial. Int
J Ayurveda Res, 2010, 1(4):216-219.

Vladimir Jurisi¢, Professor, MD, PhD, Institute of Pathophysiology, Faculty of Medical Sciences, University of
Kragujevac, 69 Svetozara Markovica Street, P.O. Box 124, 34000 Kragujevac, Serbia; Phone/Fax +381 34 306 800,

e-mail: vdvd@lycos.com

Received: January 15, 2017

Accepted: August 9, 2017




