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Abstract

Liver fibrosis is a common health problem that is associated with mortality and
morbidity worldwide. The inappropriate tissue repair of damaged liver results in over-
synthesis and deposition of fibrillar collagen. It is usually associated with progressive
pathological and biochemical changes that ultimately lead to structural and metabolic
abnormalities and hepatic scarring. If not properly treated, liver fibrosis may develop to
cirrhosis and hepatocellular carcinoma within few years. Blocking this progression,
therefore, could be an effective and potential strategy for survival. The only effective
approach to treating advanced liver fibrosis is transplantation. Understanding its
etiology and pathophysiology, however, could help to investigate therapeutic
pathophysiology based treatment of liver fibrogenesis. Recently several promising
natural based treatment methods interfering with cytokines signaling pathway involved
in fibrogenesis have been investigated offering new potential therapeutic intervention.
The aim of the present updated review is to identify the natural antifibrotic options that
have been studied in animal models with liver fibrosis for the treatment of this
pathological conditions enabling prevention or at least regression of its progression.
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Introduction

Liver fibrosis is a critical public health concern with a worldwide mortality and
morbidity attributable to cirrhosis and primary liver cancer that leads to 1.5 million
deaths per year (WHO 2005). Fibrosis is defined as the wound healing response
triggered by either acute or chronic stimuli that lead to accumulation of extracellular
matrix. Hepatic fibrosis is the inappropriate tissue repair of the liver that results in over-
synthesis and deposition of fibrillar collagen. It is usually associated with progressive
pathological and biochemical changes that ultimately lead to structural and metabolic
abnormalities and hepatic scarring (Mormone et al., 2011). Cirrhosis, on the other hand,
is the progression or the end-stage consequence of liver fibrosis that is characterized by
distortion of the normal architecture, altered blood flow, portal hypertension and finally
hepatocellular carcinoma and permanent liver failure. Mild fibrosis remains mostly
asymptomatic and may be reversible, however, its progression towards cirrhosis is
generally irreversible and constitute the major cause of morbidity and mortality. It is
urgent, therefore, to provide an effective antifibrotic agent in treating hepatic injury and
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fibrosis (Mormone et al., 2011). The most common etiological causes of liver fibrosis
are, chronic viral hepatitis B and C, alcoholic liver diseases, and nonalcoholic fatty liver
diseases, in addition to, parasitic infections, such as Schistosoma species (Poynard et al.,
2003). The prevalence of liver fibrosis is predicted to increase due to the rising
prevalence of obesity and metabolic syndrome, especially in developed countries (Lim
and Kim 2008).

The treatment of choice of liver fibrosis is liver transplantation, however,
immunological rejection, surgery- related complications, and the high costs associated
with this procedure still constitute an obstacle to the transplantation (Elmahdy et al.,
2017). For now, only reducing alcohol intake and the successful treatment of viral
hepatitis could contribute in controlling the process.

Pathogenesis of liver fibrosis is complex and varies according to the different
causes of hepatic injuries. After an acute liver damage, parenchymal cells regenerate
and substitute the necrotic and apoptotic cells. Usually, this process is associated with
an inflammatory response and a minor deposition of extracellular matrix (ECM)
proteins in the extracellular space. If the injury persisted, eventually the regenerative
response will fail and the hepatocytes will be replaced by abundant ECM, primarily
composed of collagen type I-11I-1V, fibronectin, elastin, laminin, and proteoglycans
(Reeves and Friedman 2002). Excess ECM accumulation usually results in tissue
scaring. It is generally accepted that activation of hepatic stellate cells (HSCs) is the
central event in the process of fibrosis as it constitutes the major ECM- producing cells
in the injured liver (Elsharkawy et al., 2005). (Fig. 1) Thus, the therapeutic efficacy of
antifibrotic drugs can be improved by targeting HSCs.
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Fig 1: descriptive demonstration of normal and fibrotic liver. (Left) Hepatic sinusoid of
intact liver is composed of endothelial cells with sieve plate, to which Kupffer
cells and pit cells adhere. Stellate cells with vitamin A-droplets in the space of
Disse attach to both endothelial cells and hepatocytes with their cytoplasmic
processes. (Right) In fibrotic liver, stellate cells become activated and secrete
type | collagen that is deposited in the space of Disse and profibrogenic and
inflammatory mediators. Activated stellate cells constrict sinusoids, leading to
microcirculatory disturbance in advanced fibrosis and ultimately to portal
hypertension (Kawada 2011).
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Liver fibrosis may occur through different pathological and physiological scenarios.
Inflammation is a critical and complicated feature of liver fibrosis. Liver injury is
usually followed by an accumulation of recruited inflammatory cells in the injurious site
(Duval et al., 2015). Different cell types of the innate or adaptive immune response
participate in the fibrogenesis process such as, platelets, neutrophils, macrophages, mast
cells and natural killer (NK) cell or T- and B cells. A wide repertoire of pro- and anti-
inflammatory compounds, including cytokines, chemokines, growth factors, and
oxidative stress products, mediate the inflammatory response of immune cells during
the fibrosis process (Duval et al., 2015). Kupffer cells is a major contributor to liver
inflammation and they represent the resident liver macrophages. As a reflex to hepatic
injury, kupffer cells get activated, expressing cytokines and signaling molecules.
Activated Kupffer cells express a dual /two marker of macrophages based on the signal
they receive from the surrounding environment, M1-like macrophages (the
inflammatory kupffer cells) or M2-like macrophages (the anti-inflammatory kupffer
cells). Liver inflammation is regulated by the balance between M1 and M2 signals
(Wan et al., 2014).

Oxidative injury is another common scenario that leads to liver fibrosis. It
represents the disturbance in the oxidant-antioxidant balance resulting in a potential
cellular damage. Normally, most cells are able to tolerate a mild degree of oxidative
stress, because of the sufficient antioxidant defense capacity and repair systems that
recognize and remove molecules damaged by oxidation. The imbalance occur when
there is lack of antioxidant capacity due to a disturbance in production and distribution,
or the overproduction of reactive oxygen species (ROS) from other factors (Ha et al.,
2010). A biochemical stress is usually initiated by drugs and their reactive metabolites.
The generated ROS directly affect HSCs and myofibroblast through activating signaling
transduction pathways and transcription factors as Nuclear factor kB (NF-xB), resulting
in upregulation of the fibrotic associated genes, COL 1al, COL 1a2, and tissue inhibitor
of metalloproteinase 1 (TIMP1) (Ramon et al., 2005). Moreover, ROS decreases the
antioxidant defense mechanisms such as glutathione (GSH) or Superoxide dismutase
(SOD) along with enhanced lipid peroxidation leading to a profibrogenic response
through enhancing collagen 1 protein expression (Mormone et al., 2011).

Three phases (i.e initiation, perpetuation and resolution) regulate the whole liver
fibrosis process, the initiation phase usually represents the very early changes in the
gene expression and phenotype. HSCs as an example, are stimulated by paracrine
signals, such as, exposure to lipid peroxides and products released from damaged
hepatocytes as well as biochemical signals from Kupffer and endothelial cells. In the
perpetuation phase, the activated phenotype of HSCs is maintained, HSCs begin to lose
their large vitamin A-containing lipid droplets and up-regulate the expression of cell
adhesion molecules, and then fibrosis starts to generate. In the resolution phase, HSCs
either undergo reversion to a quiescent phenotype or to clearance through apoptosis
(Berardis et al., 2015).

The process following liver injury involves an acute and a chronic response.
Once hepatic stellate cells are activated, and conversion from a quiescent to an activated
state occurred, cytokine and chemokine are released. As a result they undergo
transdifferentiation into myofibroblast-like cells and o smooth muscle actin (aSMA)
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and procollagen-I starts to appear which further results in increased production and
accumulation of extracellular matrix (ECM) components and collagen that are mainly
regulated by two inflammatory mediators transforming growth factor-beta (TGFp1) and
tumor necrosis factor alpha (TNFa) (Balta et al., 2015; Duval et al., 2015; Xu et al.,
2012). TGFB1 that is produced by Kupffer cells, endothelial cells and hepatocytes, is
known to be the key activator of HSCs. It acts by activation of the Smad signaling
pathway (Balta et al., 2015).

Genes regulating liver fibrosis: Molecular mechanisms

The response of hepatocytes to inflammation has a crucial decisive role in
hepatic fibrosis. These cells will magnify the response throughout the production of
other cytokines and chemokines, which increase the stimulus of hepatic stellate cells by
activating pro-inflammatory cells (Fig.2). (Altamirano-Barrera et al,. 2017).
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Fig 2: Mechanisms of hepatic fibrosis. Liver injury could be induced by several
factors. These factors in turn results in liver inflammation through different
types of cells. Hepatic stellate cells are the key cells in the process of liver
fibrosis. NK cells: natural Killer cells. PDGF: platelet-derived growth factor.
CTGF: connective tissue growth factor. TGFp: transforming growth factor-.
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COL1AL: collagen type | alpha 1. COL1A2: collagen type | alpha 2
(Altamirano-Barrera et al., 2017).

Fibrogenesis is mediated throughout different cytokines and growth factors.
TGFp1 is one of the most potent fibrogenic cytokines. It has different isoforms and
usually persist in an inactivated protein, and upon its activation, it sends signals through
its receptors to the Smad proteins which in turn increase the transcription of the target
fibrogenic genes like procollagens. (Inagaki and Okazaki 2007) It functions to activate
HSCs, stimulate ECM synthesis and to decelerate their degradation (Yoshida and
Matsuzaki 2012). Platelet derived growth factor (PDGF) is another potent mitogen for
HSCs activation that is overexpressed in liver fibrosis and its inhibition has shown an
alleviation in hepatic fibrosis of experimental animals (Pinzani et al., 1989). The
vasoactive cytokine, Angiotensin Il, also has a role in the progression of liver fibrosis as
it triggers liver inflammation and induce a fibrogenic action on activated HSCs, such as
cell proliferation and collagen synthesis (Bataller et al., 2003). Interleukin 6 (IL-6), also
is one of the profibrotic cytokines that is produced by Kupffer cells and plays a role in
the initiation and perpetuation of liver fibrosis (Peng et al., 2009). TNFa, a
proinflammatory cytokine involved in the inflammatory and apoptosis response that
also regulate NF-xB (Latief and Ahmad 2018). It is produced by activated liver
macrophages during acute inflammation caused by ROS exposure. It is responsible for
the signaling events that serves in hepatocyte apoptosis and necrosis, immune cell
activation and HSCs activation. Furthermore' it plays an important role in ECM
remodeling, through induction of matrix metalloproteinase-9 (MMP9) and TIMP1
expression of HSCs (Seki and Schwabe 2015). NF-xB, is a transcription factor that is
involved in the inflammation and apoptosis process. It plays a role in the activation of
hepatocytes and HSCs and regulated the expression of many profibrotic cytokines. Its
inhibition led to cell protection from apoptosis (Duval et al., 2014). aSMA constitutes a
critical liver fibrosis factor as it helps in the detection of myofibroblast like cells as a
reliable marker for the activated HSCs that are corresponding to late fibrosis stage (Tsali
et al., 2008). Usually, the high aSMA expression level, directly correlates to the extent
of disease progression (Berardis et al., 2015). In addition, Increased aSMA expression
have been observed to be associated with the up regulation of various pro-fibrogenic
genes, including procollagens al (I) and al (III), fibronectin, prolyl 4-hydroxylase that
provide structural stability to collagens, TGFB1, and TIMP1 (Lang et al., 2000).
Collagen type | and Il that are produced by the activated HSCs, are significantly
upregulated during fibrosis as a result to the imbalance between the ECM degradation
and production. Therefore, they constitute the major component of the scar matrix
(Schuppan et al., 2001). matrix metalloproteinase (MMP) are generated mainly by the
activated HSCs to degrade the fibrillar collagen of the ECM lying on the basement
membrane then recruit the inflammatory cells to the scar site (Kisseleva and Brenner
2008). Oxidative stress also increases the expression of MMP2 mRNA and stimulate the
secretion of the active form of the enzyme (Knittel et al., 1999). Increased MMP2
expression and activity is believed to increase cell proliferation, migration and
destruction of the normal liver architecture, thus, allowing for increased HSCs
activation (Benyon and Arthur 2001). Connective Tissue Growth Factor (CTGF) is
another critical hepatic fibrogenic factor. It is synthesized by both hepatocytes and
HSCs. It constitutes a general mediator for the interaction between fiber and matrix in
the injured tissue and plays a major role in increasing ECM-producing fibroblasts
(Gressner and Gressner 2008).
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For these reasons, understanding these mechanisms and their modulation has its
impact on developing new therapeutic strategies and options for preventing or
regressing the process of liver fibrogenesis and improving hepatic function.

There are various animal models of liver fibrosis with different induction
methods including administration of chemical hepatotoxins such as carbon tetrachloride
(CCly), thioacetamide (TAA), dimethyl nitrosamine (DMN), alpha naphthyl
isothiocyanate (ANIT) and diethoxycarobonyl dihydrocollidin (DDC). Mechanical
induction could be performed by bile duct ligation (BDL) and immunological induction
by the use of concanavalin-A besides the transgenic models. Animal modeling serve to
elucidate the pathogenesis and to complement the different mechanisms of fibrosis as
seen in humans in addition to explaining potential of different antifibrotic agents
(Weiler-Normann et al., 2007).

Natural prevention or mitigation of fibrotic progression

Liver fibrosis progress to end up with irreversible condition of cirrhosis and
ultimate liver failure or hepatocellular carcinoma if not managed properly. Therefore,
the center of attention in treating liver fibrosis is the early stage of fibrosis. The
Complementary and Alternative Medicine (CAM), is the new trend in handling chronic
diseases as they possess a natural healing process and a long acting effects along with
negligible side effects when experimentally evaluated (Latief and Ahmad 2018).

Natural Herbal remedies
Anthocyanins

Anthocyanins are flavonoids that are obtained from the fruits of Vaccinium
oxycoccus, can also be extracted from various dietary supplements like grapes, peanuts
and especially blueberry. It possesses biological and pharmacological properties such as
hepatoprotective potential, antioxidant, anti-inflammatory and immunomodulatory
effects (He and Giusti 2010). Sun et al. (2018) discussed the antifibrotic activity of
anthocyanins which is referred to the suppression of HSCs activation in addition to
decreasing oxidative stress and associated inflammatory responses post-CCl, mediated
liver fibrosis. Most importantly, anthocyanins had the ability to increase MMP9 and
decrease TIMP1 level to modulate ECM remodeling cell. The mechanism of
anthocyanins may extend to be related to reduction of ROS generating sources,
decreasing the influence of pro-inflammatory cytokines, and downregulation of Col-III
and aSMA (Sun et al., 2018).

Armepavine

Armepavine is an active alkaloid compound derived from plant Nelumbo
nucifera. It possesses anti-inflammatory and immunosuppressive effects (Liu et al.,
2006). It exerted an antifibrotic effect by downregulating the expression of TNFa and
aSMA in TAA-induced liver fibrosis model in rat (Weng et al., 2012). Similar studies
with different settings reported the antifibrotic effect of armepavine. In a BDL-induced
liver fibrosis model, armepavine showed significant antifibrotic effect through lowering
hepatic aSMA expression and collagen contents, fibrosis score and attenuated mRNA
expression levels of Col 1a2, TGFB1, TIMPland IL-6 (Weng et al., 2009).
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Baicalin

Scutellaria baicalensis Georgi is one of the critical medicinal herbs used for
treatment of cancer, viral diseases and inflammatory diseases in East Asian countries. It
contains a large number of flavonoids, among them the flavone baicalin (5,6-dihydroxy-
4-oxygen-2- phenyl-4H-1-benzopyran-7-beta-D-glucopyranose acid). Baicalin exerts
the inhibitory effects against several viruses including influenza virus, human T cell
leukemia virus and acquired human immunodeficiency virus type (Zeng et al., 2007). It
possess several pharmacological activities as potent anti-inflammatory, anti-allergic and
antibacterial agent. It has significant scavenging effects on oxygen free radicals and
protective effects on liver injury (Peng et al., 2009). In CCls-induced hepatic fibrosis
model in rat, baicalin lowered the levels of serum ALT, AST and liver index, decreased
histological changes of liver fibrosis, inhibited the expression of cytokines, including
TGFp1, TNFa and IL-6, and improved the serum level of IL-10 significantly (Peng et
al., 2009). Further study showed that the increases of several fibrosis indices including
serum hyaluronic acid, collagen and hepatic hydroxyproline content after CCl, injection
can be significantly inhibited by baicalin treatment (Li et al., 2008). Baicalin has
significant antifibrogenic effects of liver fibrosis in rats not only by the inhibition of
HSCs activation and lipid peroxidation but mainly by the immune-regulation of the
imbalance between profibrotic and antifibrotic cytokines (Peng et al., 2009).

Chrysin

Chrysin (5,7-dihydroxyflavone) is a flavonoid, extracted from honey, propolis
and many plants. The medicinal value of chrysin is due to its anti-inflammatory,
anticancer, antithrombotic, anti-allergic and antioxidant activities (Farkhondeh et al.,
2015). Chrysin down-regulation of Smad 2 and 3, which inhibits TGFB/Smad signaling
may be the key antifibrotic mechanism that attenuate CCly-induced liver fibrosis (Balta
et al., 2015). The Smad signaling pathway is important for transmitting TGFp1 signals
from the cell surface to the nucleus. Moreover TGFB1 exerts its fibrogenic effect
through phosphorylation of Smad 2 and 3(Weiss and Attisano 2013). In addition
Chrysin has been demonstrated to reduce the number of activated HSCs, as proved by
the reduced myofibroblast marker aSMA expression (Balta et al., 2015). The ability of
chrysin to suppress TIMP1, MMP2, MMP3, and MMP9 expressions and decreasing
collagen deposition explain its antifibrogenic effect of liver fibrosis model in mice
(Balta et al., 2018).

Curcumin derivative C66

Turmeric has been used as a traditional medicine in many countries, curcumin,
the principal curcuminoid of turmeric, has been reported as the biological active
component responsible for most of its activities. Curcumin has been known to be a
promising antitumor, antioxidant, anti-inflammatory and antifibrogenic agent (Tang
2015). It is believed that curcumin exerts its function by suppressing HSCs activation
through different signaling pathways such as Wnt/B-catenin (Cui et al., 2014),
TGFB/Smad (Yao et al., 2012) and Shh signaling pathways (Qiu et al., 2014) and by
inhibiting HSCs angiogenesis via PDGF-BR/FAK/RhoA signaling pathway (Zhang et
al., 2014). Curcumin uses were limited due to its poor solubility so Huang et al. (2016)
have developed a new curcumin derivative (2E,6E)2,6-bis (2 (trifluoromethyl)
benzylidene) cyclohexanone (C66) and studied its antifibrotic activity against CCl,-
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induced liver fibrosis model in mice. The results clearly demonstrated that C66 has
more anti-inflammatory and antifibrotic effect than curcumin itself. It reduced hepatic
collagen-1, collagen-I1l contents and hepatic hydroxyproline concentration along with
improving the organizational architecture damaged by CCl, and countervailing the
increase in IL-6, TNFa, and TGFB1. More importantly, the effect of C66 in attenuating
liver fibrosis is likely through a mechanism involving cannabinoid receptor and
JNK/NF-kB activation (Huang et al., 2016).

Dioscin

Dioscin, a plant steroid saponin, is widely prevalent in many herbs (Dong et al.,
2012). It possesses anti-inflammatory, lipid-lowering and anticancer activities (Lu et al.,
2011). Several investigations have shown that dioscin is highly effective against liver
injury and non-alcoholic fatty liver diseases (Zhang et al., 2015a). Zhang et al. (2015b)
have related the antifibrotic potential of dioscin with the inhibition of HSCs activation
regulating the balance between collagen synthesis and degradation, which leads to
decrease in the accumulation of ECM and the inhibition of TGFB/Smad and P38 MAPK
signaling pathways. In addition, dioscin was also shown to suppress oxidative stress,
inflammatory markers as, IL-1f3, IL-6 and TNFao expression in TAA-induced liver
fibrosis model (Zhang et al., 2015b). Dioscin decreased the typical HSCs activation
markers, laminin, Col 1al and Col 3al in CCls-induced model of liver fibrosis
suggesting that the mechanism of dioscin is mediated through induction of apoptosis in
the activated HSCs. Additionally dioscin suppressed pro-inflammatory cytokine
production, NF-xB activation and downregulated inflammatory cytokines including
TNFa, IL-1pB, IL-6, and Cyclooxygenases 2 (COX-2) indicating that the antifibrotic
effect of dioscin may be mediated through inflammation suppression (Zhang et al.,
2015a).

Garlic extracts (GE)

Garlic (Allium sativum L. Amaryllidaceae) has been consumed as a flavoring
agent and a traditional medicine in treating tuberculosis, coughs, colds and hyperpiesia
(Wang et al., 2018). Few years ago, it has been found in certain models, that garlic
preparations prevented tumor progression, cardiovascular and liver diseases and aging
that was associated with its scavenging effect of oxygen radical and lipid peroxidation
(Gedik et al., 2005). GE elicited therapeutic effect against CCls-induced liver fibrosis.
Regression of liver fibrosis occurred by reducing myofibroblasts via modulation of
HSCs activation mechanisms, ECM remodeling by stimulating its degradation and
regenerating liver tissue and functions (D’Argenio et al., 2013). Moreover, the aqueous
extract of garlic had a key role in inhibiting biliary obstruction induced liver fibrosis and
oxidative damage with its potent free radical scavenging and antioxidant properties. Its
action extends to reduce TNFa, TGFB1, MMP13, myeloperoxidase, collagen content
and increasing GSH levels (Gedik et al., 2005; Mahmoud et al., 2014).

Glycyrrhizin and Glycyrrhizic acid

Licorice is the root of Glycyrrhiza Glabra. Licorice, is rich in secondary
metabolites that are associated with numerous pharmacological activities. It has been
reported to have useful effects against various diseases like tuberculosis, atherosclerosis,
bacterial infection and cancer (Sidhu et al., 2018). The licorice flavonoids prevented



74 Az. J. Pharm Sci. Vol. 59, March, 2019.

TAA-induced liver fibrosis in rats by down-regulation of TGFp1 and Caspase-3 protein
expressions (Jing et al., 2015).

Glycyrrhizin (GL) is the main source of the sweetness of licorice. It has 2
isomers, 180-GL and 18B-GL. 18ua-GL have been tested against CCls-induced liver
fibrosis, and the results showed that it possesses antifibrogenic properties and improved
liver fibrosis by acting on TGFp/Smad signal pathway (Qu et al., 2015).

Glycyrrhizic acid (GA), is a major active component of licorice. It has been reported
to have anti-inflammatory, antiviral, anti-apoptotic and hepatoprotective activities
(Wang et al., 2016). GA was reported to reduce liver fibrosis through limiting HSCs
activation and collagen deposition (Wang et al., 2016). Liang et al. (2015) discussed the
effect of GA against liver fibrosis induced by CCl,. GA treatment ameliorated fibrosis-
related factors and exerted a beneficial anti-apoptotic effect on activated hepatocytes.
Moreover, treatment with GA significantly enhanced the pathological changes in the
fibrotic liver, inhibited hepatic stellate cell activation and reduced expression of
caspase-3, Bax, aSMA, CTGF, MMP2 and MMP9 proteins, and aSMA MRNA,
collagen type I and 111 (Liang et al., 2015; Cetin et al., 2016).

Hesperidin (HDN)

Hesperidin (HDN) is a bioflavonoid that is abundant in citrus fruits. It has an
effective antioxidant, anti-inflammatory, free radical scavenging properties,
anticarcinogenic, and antihypertensive agent with lipid-lowering activities. (Cetin et al.,
2016). They assured that a dose of 50 mg/kg/day HDN for 10 consecutive days reversed
the oxidative effects of CCl, via a significant reduction of thiobarbituric reactive
substances (TBARS) levels and stimulating the antioxidant defense system. Further
study has confirmed these results as Bentli et al. (2013) who determined that HDN
protected the liver against dioxin toxicity and prevented liver injury. In addition, Chen
et al. (2010) determined that HDN reduced oxidative stress indicators, like ROS and
lipid peroxidation, in a dose-dependent manner. Suppressing aSMA expression via
inhibition of HSCs activation, inhibition of caspase-dependent apoptosis, restoration of
diminished GSH content, reduction of the elevated malondialdehyde (MDA) content
and reduction of iINOS expression after DMN-induced fibrosis in rats are all attributed
to the antioxidant and anti-apoptotic effects of HDN (Elshazly and Mahmoud 2014). In
CClg-induced liver fibrosis model, HDN showed significant antifibrotic mechanism
associated with its ability to reduce oxidative stress and modulate proinflammatory and
profibrotic signals. It modulated the effects of CCl, toxicity, inhibited NF-kB and
decreased the expression of TGFf1l, CTGF and IL-1B and upregulated IL-10 levels
(Pérez-Vargas et al., 2014).

Quercetin

Quercetin (3,3,4,5,7-pentahydroxyfavone), is a flavonoid present in fruits and
some vegetables like red onions and kale. It has a wide safety profile and bioavailability
(Ferry et al., 1996). Quercetin possess an anti-inflammatory, antioxidant and antitumor
activity, and has the ability to decrease the risk of chronic health conditions including
cardiovascular, neurodegenerative diseases and diabetes (Harwood et al., 2007).
Quercetin attenuated BDL or CCly-induced hepatic fibrosis by inhibiting HSCs
activation. Furthermore, it significantly exerted an antifibrotic activity by suppressing
the TGFB1/Smads signaling pathway and activating the PI3K/Akt signaling pathway



Az. J. Pharm Sci. Vol. 59, March, 20109. 75

(Wu et al., 2017). Wang et al. (2017) have reported that the antifibrotic mechanisms of
quercetin against CCls-induced liver fibrosis might be related to its ability to regulate
NF-kB /IkBa, p38 MAPK anti-inflammation signaling pathways to prevent
inflammation, and regulate Bcl-2/Bax anti-apoptosis signaling pathway to inhibit liver
cell apoptosis. Different hypothesis of the antihepatic fibrosis effect of quercetin might
go back to its ability to regulate inflammation factors and HSCs activation markers,
such as TNFa, IL-6, IL-1B, COX-2, TGFpB1, aSMA, Col lal, Col 1a2, TIMP1, MMP1,
and desmin in the same fibrosis model (Wang et al., 2017).

Resveratrol (RSV)

(3,5.,4’-trinydroxystilbene) is a natural polyphenol compound that is present in
various plants, such as peanuts (Arachis hypogea), blue- and cranberries (Vaccinum
spp), and grape vines (Vitis vinifera). It is considered to have broad spectrum biological
activities including, antioxidant, anticarcinogenesis, anti-inflammatory, anti-aging and
antimicrobial properties (Vestergaard and Ingmer 2019). Resveratrol regulated TAA-
induced liver injury through caspase-3 activation and inhibition of NF-kB and CYP2EL,
which helps in the suppression of TAA biotransformation to its toxic metabolite
(Ahmad and Ahmad 2014). Kessoku et al. (2016) demonstrated that RSV inhibited
fibrosis and inflammation in a mouse model of nonalcoholic steatohepatitis (NASH) by
inhibiting the activation of STAT3 pathway. DMN-induced liver fibrosis model in rats,
oral administration of resveratrol was able to keep the damage to near normal biomarker
levels, reserve histological integrity and block the progression of liver fibrosis.
Moreover, resveratrol showed a significant antiproliferative, antifibrotic as well as
antihypertensive activity (Abdu and Al-Bogami 2017).

Sauchinone

Sauchinone is a biologically active lignan found in Saururus chinensis, and is
used as a traditional oriental medicine for treatment of fever, edema, jaundice and
several inflammatory diseases. It has been reported to have hepatoprotective, anti-
inflammatory, and antioxidant effects (Sung and Kim 2000). It is reported to possess an
antifibrotic activity by decreasing regions of hepatic degeneration, inhibiting
inflammatory cell infiltration, and lowering the intensity of o SMA staining in mice
model of liver fibrosis (Lee et al., 2014).

Silymarin

Silymarin is a herbal product extracted from the seeds of milk thistle plant
(Silybum marianum) and contains at least three flavonolignans (silybin, silychristin, and
silydianin). It was introduced as a hepatoprotective agent few years ago (Tsai et al.,
2008). It offers hepatoprotection in various toxic models of experimental liver diseases
in vivo through its free radicals scavenging properties, enhancing the endogenous
antioxidant defense systems and stabilizing effect on the cytoplasmic membranes (Sokar
et al., 2017). In addition, it stimulates protein synthesis, glucuronidation, protects
against glutathione depletion and plays role in the regeneration of liver tissue.
Furthermore, it possess a robust immunomodulatory, anti-inflammatory and
antifibrogenic agent by its action on alteration of hepatic Kupffer cell function, lipid
peroxidation, and collagen production (Jeong et al., 2005). Tsai et al. (2008) have stated
that silymarin significantly reversed the altered expressions of aSMA in CCl,-induced
fibrotic liver tissue which was accompanied by a decrease in activated hepatic stellate
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cells number that will eventually lead to their apoptosis and resolution of liver fibrosis.
Jeong et al. (2005) examined the inhibitory mechanism of silymarin on CCl-induced
hepatic cirrhosis in rats. They reported that the antifibrotic and anti-inflammatory
effects of silymarin were associated with activation of HSCs through the expression of
TGFB1 and stabilization of mast cells. Mast cells are reported to be over-expressed in
chronic liver diseases associated with liver fibrosis, and have a potential role in
fibroblast growth and stimulating the production of the ECM by HSCs (Sugihara et al.,
1999). In Jeong et al. (2005) study, the number of mast cells in portal areas was
gradually increased in the fibrogenic stage, however, the number of mast cells in the
CCly/silymarin-treated group was decreased significantly compared to those of CCl,-
treated group.

Cell based therapy

Recently, stem cell treatment, commonly known as biologicals, has been
suggested as an effective therapy for hepatic disease. The use of stem cells of different
sources, including hematopoietic stem cells, mesenchymal stem cells, and umbilical
stem cells might be a proactive option for treating chronic liver failure. Its mechanism
of action is mainly based on four theories: either the ability of the cells to improve the
hepatic inflammatory microenvironment, inhibition of the activation or inducing
apoptosis of HSCs, replacing damaged hepatocytes and/or promoting the regeneration
of residual hepatocytes (Berardis et al., 2015).

Bone marrow cells (BMCs) and Umbilical cord blood mononuclear cells (UCB
MNCs) as examples that produce a series of growth factors and cytokines that can
significantly downregulate inflammatory responses, suppress hepatic fibrosis and
activate the proliferation of hepatocytes (Zhou et al., 2009).

Mesenchymal stem cells (MSCs) are adult stem cells that are found in the
mesenchymal and connective tissues of various origins. The bone marrow, adipose
tissue, placenta, umbilical cord and cord blood are few examples. These cells have an
immunomodulation, self-renewal and multidirectional differentiation properties (Lin et
al., 2011). MSCs have the capability to differentiate into multiple cell lineages including
hepatocyte-like cells that perform hepatic functions such as albumin production,
glycogen storage, urea secretion, low-density lipoprotein uptake and phenobarbital-
inducible cytochrome P450 activity (Jiang et al., 2002). MSCs produce modulatory
cytokines that help in inhibiting immunocyte proliferation and migration to the liver,
thereby attenuating inflammatory injury, reducing hepatocyte apoptosis, and regressing
liver fibrosis (Jiang et al., 2002; Lin et al., 2011). Adipose derived mesenchymal stem
cells, (ADSCs) have the ability to inhibit liver fibrogenesis and promote apoptosis of
HSCs in CCls-induced liver fibrosis rat model (Yu et al., 2015).

The BMCs are considered to be the most promising source for the cell therapy in
various diseases owing to its developmental plasticity (Oertel and Shafritz 2008). Li et
al. (2013) studied the administration of murine bone marrow derived mesenchymal stem
cells in CClg-induced fibrosis model, and the results proved that MSCs have a great
homing capability to the injured liver, a great ability to promote hepatocyte
proliferation, inhibit hepatic stellate cell activation and facilitate mice survival.
Furthermore, they assured the ability of these cells to attenuate chemically induced
inflammation in the fibrotic liver (Li et al., 2013). Further studies have confirmed the
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same results regarding BMCs significant antifibrotic effect in reversing liver fibrosis as
evidenced by the reduction in liver collagen, lipid peroxidation, increase in MMP13 and
the downregulation of aSMA and TIMP1 (Rabani et al., 2010).

The placenta and umbilical cord blood (UCB) were used to be discarded after
delivery as a medical waste. Recent studies have discussed the successful use of human
umbilical cord blood stem cells in organs damage in vivo without the need for immune
suppression (Chen et al., 2015). Tanabe et al. (2004), stated that UCB is a possible
source of hematopoietic cells, which are stem cells that give rise to other blood cells,
and could be delivered to the liver by the portal or systemic circulations and
accordingly, can be used in treatment of hepatic failure. It has been found that Human
UCB contains transplantable hepatic progenitor cells which are undoubtedly important
for liver regeneration in severely injured liver (Tanabe et al., 2004). Since hepatocytes
are the major contributors to liver regeneration, they however cannot proliferate. On the
other hand, hepatic progenitor cells, called oval cells, invade into the adjacent liver
parenchyma, and differentiate into hepatocytes and cholangiocytes (Shiota et al., 2000).
These oval cells express receptors for different growth factors like, transforming growth
factor K (TGFK), TGFL, and hepatocyte growth factor (HGF) (Shiota et al., 2000).
Elmahdy et al. (2017) and Jung et al. (2009) have studied the effects of UCB MNC
against CCly-induced liver fibrosis model, and found out that profibrogenic marker
TGFB1, inflammatory marker TNFa, hydroxyproline, laminin, and aSMA were
significantly decreased compared to the CCl4 group, accordingly it represents a potential
antifibrotic treatment in experimentally induced liver fibrosis.

Further study to confirm these findings against cirrhotic rat liver proved the
differentiation of human UCB into hepatocyte like cells expressing the hepatocyte-
specific markers, human albumin and alpha-fetoprotein. In addition to significant
inhibition of TGF1, collagen type I and aSMA expressions (Jung et al., 2009).

Combined treatment for liver fibrosis
Diethylcarbamazine combined with Hesperidin

Diethylcarbamazine (DEC) has been used in the treatment of human lymphatic
filariasis. DEC has also anti-inflammatory properties as a result of its interference with
arachidonic acid metabolism, which includes lipoxygenases (LOX) and COX enzymes.
It blocks endothelial cell production of the cyclooxygenase pathway products PGE2,
PGI2 and thromboxane A2. It is also described as a 5-lipoxygenase inhibitor, blocking
the production of leukotrienes (Maizels and Denham 1992). Additionally, it affects
different enzyme systems like folate metabolism, glycolysis and the activity of
acetylcholinesterase (Subrahmanyam 1987). Rocha et al. (2012) revealed a clinical
potential of DEC for therapeutic anti-inflammatory applications, as it inhibited the
ethanol-induced hepatic injury and decreased inflammatory markers like NF-kB.
According to Rocha et al. (2014) study, DEC has antifibrotic and anti-inflammatory
effects through reducing the impact of proliferation and activation of HSCs by the
inhibition of TGFB1, and aSMA expression and reduction in COX-2, IL-1f, and MDA
in chronic CCl, model of liver toxicity.

El-Sisi et al. (2017) elucidated that DEC when combined with hesperidin could
strongly resolve liver fibrosis in ethanol-induced model in rats. The combination
resulted in reduction to the serum levels of ALT, AST close to the normal levels,


https://en.wikipedia.org/wiki/Stem_cell
https://en.wikipedia.org/wiki/Blood_cell
https://www.hindawi.com/65318982/

78 Az. J. Pharm Sci. Vol. 59, March, 2019.

reduction in hepatic MDA, NO and elevation of GSH levels proving the synergistic
effect of both drugs as antioxidants and antinitrosative agents. DEC plus hesperidin
treatments showed significant suppression in the release of IL-6 possibly by inhibiting
NF-kB activation more than each drug alone assuring the synergistic anti-inflammatory
effect of the combination. The inhibition of TGFB1 and aSMA expression and
consequently reducing the impact of the proliferation and activation of HSCs confirmed
the synergistic antifibrotic effect of both drugs.

Human umbilical cord mononuclear cells combined with Silymarin

Elmahdy et al. (2017) demonstrated the potential antifibrotic effect of human
UCB MNC and silymarin in an experimental model of chronic CCls-induced liver
fibrosis in mice through investigating the effects on the profibrotic marker,
inflammatory markers in addition to the oxidative and fibrotic markers. The
combination showed a significant decrease in MDA, collagen, laminin, TGFB1, TNFa
and a significant increase in the GSH levels, in addition to a similar regression in the
histological parameters.

Mesenchymal stem cells and Interleukin-6

The IL-6 is one of the inflammatory cytokines produced by the liver in response
to injury. A lot of evidences show that IL-6 can enhance hepatocyte survival while IL-6
depleted mice have showed liver fibrosis (Nasir et al., 2013). Exogenous IL-6 treatment
correct the defects in cell proliferation in IL-6—/— mice proving its role as mitogenic
agent in liver regeneration after partial hepatectomy (Sudo et al., 2008). Nasir et al.
(2013) demonstrated that IL-6 administration significantly enhanced the ability of
MSC:s to restore liver condition after CCls-induced fibrosis. The combination resulted in
increased MSC engraftment leading to improved hepatic function. Furthermore, liver
section stained with Sirius red for fibrosis and TUNEL staining for apoptosis detection
showed a significant reduction in the combination treated group when compared with
CCl,4 group or each treatment alone (Nasir et al., 2013).

Sitagliptin combined with Silymarin

Sitagliptin, a dipeptidyl peptidase 4 (DPP4) inhibitor, has been known as a
possible treatment for type-2 diabetes mellitus (DM), as it enhances the function of
incretin by inhibiting DPP4, which causes degradation of the incretin hormones,
glucose-dependent insulinotropic polypeptide (GIP) and glucagon-like peptide-1 (GLP-
1). Both GIP and GLP-1 inhibit glucagon secretion and stimulate insulin secretion from
the B-cells. Therefore, the continuous inhibition caused by Sitagliptin to DPP4 lead to a
higher bioavailability of these hormones and there upon lower serum glucose level.
DPP4 is also highly expressed in liver, and plays a role in the fibronectin-mediated
interaction of hepatocytes with ECM and is expressed on the surface of activated HSCs.
Moreover, it was reported that its serum activity and mRNA levels were significantly
increased in tetrachloromethane-induced cirrhotic rats and in nonalcoholic fatty liver
disease (NAFLD) compared to that in control livers (Sokar et al., 2017).

Sitagliptin and silymarin combination resulted in more antifibrotic, anti-
inflammatory and antioxidant effects compared to single drug alone against CCl,-
induced liver fibrosis. The effect was found to be mainly through the inhibition of
hepatic oxidative stress and augmentation of anti-oxidant defenses, attenuating the
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activation of hepatic stellate cells via reduction of aSMA expression in liver, inhibiting
the fibrogenesis and proliferation of activated HSCs response via inhibiting the release
of TGFB1, and inhibition of proinflammatory cytokines as IL-6. Interestingly, this
combination may be useful for patients with type 2 Diabetes Mellitus accompanied by
liver injury (Sokar et al., 2017).

Conclusion

Liver fibrosis is well known to be irreversible and progressive. However, a
bundle of clinical studies proved that it can be reversed if handled effectively on the
right time or if the causative agents have been withdrawn (Hammel et al., 2001). So far,
there is no specific and effective antifibrotic therapy on record, but liver transplantation
will remain the definitive treatment option for end-stage liver disease. The imbalance
between the number of patients needing transplantation and the amount of available
donors/organs will remain to be an obstacle highlighting the need to develop new
therapeutic option to reduce liver scarring and stimulate liver regeneration. For these
reasons, further research should focus on herbal medicine that are claimed to possess
optimistic antifibrotic properties.
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