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Abstract: Glycyrrhizc acid (GA) is one of the herbal plants with a proved hepato-protec-
tive effect. The current study was carried out to estimate the hepato-protective effect of
GA against liver fibrosis and to disclose its mode of action. Thirty two male albino rats
were randomly distributed into 4 groups (n=8), i.e., control group, GA group, CCls group
and CCls + GA group. Liver enzymes alanine aminotransferase (ALT), aspartate ami-
notransferase (AST), gamma-glutamyl transferase (GGT), liver histopathology,
malondialdehyde (MDA), superoxide dismutase (SOD), catalase (CT) and gene expres-
sion of integrin subunit B like 1 (ITGBL1) were analyzed. The obtained data revealed that
GA remarkably protected CCls-induced liver injury as reflected by reduced AST, ALT,
GGT, and fibrosis compared with the CCls-only group. Moreover, GA significantly reduced
the levels of MDA, as well as increased the activity of SOD and CT. Consequently, GA
prevents CCls-induced fibrosis in rats. The prophylactic action of GA against liver fibrosis
was mediated through its antioxidant and anti-inflammatory activities. Additionally, GA
downregulated fibrogenic ITGBL1.
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which lead to highly fatal systemic disorders

Introduction (3). Therefore, cirrhosis the 8" deadliest disease

Liver fibrotic diseases are generally resulted
from chronic liver injury, leading to chronic in-
flammation and fibrosis with obliteration of the
normal hepatic tissue construction and eventu-
ally loss of liver function (1). As a result of
chronic liver diseases, cirrhosis is the sequelae
of advanced liver fibrosis. Recently, it is re-
ported that cirrhosis could be reversible in its
early stages if the underlying liver diseases
have been properly treated (2). However, ad-
vanced stages of cirrhosis are considered to be
irreversible. Cirrhosis is believed to be the main
source of a variety of serious complications,
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and is responsible for high percent of mortality
worldwide. Worryingly, the prevalence of cir-
rhosis is increasing in numerous nations, in-
cluding well developed ones (4). Chronic liver
diseases such as alcoholic liver disease, HCV,
HBV, haemochromatosis and non-alcoholic
fatty liver disease (NAFLD) are the most fre-
quent causes of cirrhosis worldwide. Despite
their lower incidence rate, a wide range of other
diseases can end with cirrhosis (5). Unfortu-
nately, there is a shortage of an effective rem-
edy for liver fibrosis to date. Therefore, there
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is an urgent requisite for potent anti-fibrotic
remedies.

Fibrogenesis is a highly complicated process
employing a variety of different cells, including
hepatocytes, hepatic stellate cells (HSCs) and
immunocytes. The key cellular elements in de-
velopment of liver fibrosis is the activation of
HSC and their trans-differentiation into myofi-
broblast-like cells (6). HSC activation is mainly
initiated by growth factors and fibrogenic cyto-
kines released by activated epithelial cells (in-
cluding hepatocytes and cholangiocytes) and
inflammatory cells, which among them the
TGFp 1 is the key regulator (7).

Wide range genes take part in fibrogenesis
through controlling the TGFp signaling path-
way, among which integrins have crucial regu-
latory role. Integrins are cellular receptors that
consist of an a.and a B subunit and form at least
24 different dimers that mediate cell-cell and
cell-ECM interactions (8). Moreover, integrins
also response to ECM-induced extracellular
changes during pathological processes, initiat-
ing cellular responses, which manipulate ECM
alteration (9). It has previously showed that in-
tegrins manage pivotal roles in fibrogenesis (7).
Throughout biliary fibrosis development, integ-
rin avp6 is highly upregulated in cholangio-
cytes and stimulate fibrogenesis through TGFf
1 activation (10). Several genes and signaling
pathways highly connected to fibrotic progres-
sion were discovered, among which integrin
subunit B like 1 (ITGBL1) was recognized as a
key factor (11). The pathological pathway of
ITGBL1 were clearly demonstrated by using in
vitro experiments, which revealed that ITGBL1
encourages HSC activation and the subsequent
liver fibrosis by upregulating TGFB1. These ob-
servations secure essential base for further re-
search on liver fibrosis which may propose the
discovery of new antifibrotic agents.

Through ancient eras, medicinal herbs have
long been prescribed to prevent and treat liver
diseases and have recently gained wider atten-
tion due to their availability, long term effectiv-
ity and benign side effects (12). Generally,
hepatoprotective effects of medicinal herbs is
conducted via mechanisms including hindering

fibrogenesis, defeating tumorigenesis, eradicat-
ing viruses, and suppressing oxidative tissue
damage (13). Glycyrrhizae Radix et Rhizoma,
also known as licorice root, is commonly con-
sumed to treat viral hepatitis (14). Licorice root
main constituents include glycyrrhizc acid
(GA), B-sitosterol, flavonoids, and hydroxycou-
marins. GA improves CCL4-induced liver
damages by down-regulating proinflammatory
mediators (15), as well as its antioxidative ac-
tion via upregulation of catalase and glutathi-
one-S-transferases (16).

The current study aimed to define the under-
lying mechanism of anti-fibrotic action of GA
on the sub-molecular level by investigating the
effects of GA on ITGBL1 binding activity, one
of the major controllers of fibrosis, in the CCl4
rat model of liver cirrhosis.

Materials and methods

Animals and ethics statement

This research was approved by the Ethics
Committee of faculty of veterinary medicine,
Kafrelsheikh University.

Experimental design

Thirty male albino rats weighing 180-200 g
were recruited after 7 days for adaptation to the
animal house circumstances (12-hour light/dark
cycle). Water and food were supplied ad libi-
tum. The rats were arbitrarily distributed to 4
groups: the control group (n = 8), the CCl4
group (n = 8), the CCls + GA (n = 8) and the
GA 150 mg/kg BW group (n = 8). The liver fi-
brosis was induced by intraperitoneal (i.p.) in-
jection with CCls mixed with olive oil as vehi-
cle in 1:1 ratio (0.2 mL/100 g BW) twice
weekly for 2 weeks followed by i.p. injection of
reduced dose (0.1 mL/100 g BW) twice weekly
for 6 weeks as described by Constandinou (17).
GA was given by oral gavage once daily for 8
weeks.

Three days after the last CCls injection, rats
were sacrificed, and blood samples were taken
in the plain tubes and EDTA tubes. Samples in
plain tubes were left to clot then centrifuged at
3,000 g, 4°C for 15 min, to separate serum. The
serum samples were stored at -20°C until ana-
lyzed. The liver was immediately excised from
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each animal, washed by saline and divided to 2
parts: one part was prepared for histopatholog-
ical examination, while the other part was pre-
served frozen at -80°C for both oxidative stress
and genetic analysis.

Biochemical analysis

Activities of liver enzymes ALT, AST,
GGT, levels of total protein, aloumin and total
bilirubin in plasma were measured using com-
mercial Kits (Spinreact, Spain) according to the
manufacturer's directions. Hepatic SOD, CT
and MDA were determined in the hepatic tissue
homogenate using (Biodiagnostic, Egypt) kits
following the manufacturer's guideline and as
previously described (18, 19).

RNA extraction and real time PCR

RNA was extracted out by using Trizol
(Invitrogen Co., Carlsbad, CA, USA) and real
time PCR performed following the manufac-
turer’s instructions using M-MLV reverse tran-
scriptase (Takara Shuzo Co., Ltd, Japan) and
real time PCR Master Mix (SYBR Green) Kit
(Toyobo Co., Ltd. Japan). The sequences of
ITGBL1 primers were forward 5TTTGTGA-
GAAAGGATGGTTTGGT3' and  reverse
5TGCTTTGTTCTTCGGTCATATTA CA3.
GAPDH was used as an internal control. The
PCR conditions were 95°C for 10 min, and then
40 cycles of 95°C for 20 s, 54°C for 30 s and
72°C for 30s. Each experiment was carried out
thrice in triplicate. The fold-change in mMRNA
of target gene relative to that of GAPDH was
calculated according to previously described
(20).

Histopathological examination

Sections of liver tissue 3 um thickness were
obtained from each animal under investigation
and fixed in 10 % neutral buffered formalin,
then dehydrated in ascending concentration of
ethyl alcohol (70: 100%) followed by staining
according to standard protocol of Hematoxylin
an Eosin stain (H&E) as described by Bancroft
eal., (21)

Statistical Analysis

Statistical analysis was carried out using
Graphpad prismV5 software package. Results
were obtained as means + standard deviations

(SD). Statistical analysis was performed using
one way analysis of variance (ANOVA) com-
parisons. Values showing p <0.05 was consid-
ered as statistically significant.

Results

Biochemical parameters

Serum ALT, AST, and GGT activities were
determined as indicators of liver damage. As
displayed in table 1, significant high levels in
the activities of these marker enzymes were rec-
orded in CCls-intoxicated rats. In contrast, GA
supplement significantly reversed those en-
zyme activities.

Histopathological Findings

The liver of control animal (Fig.1A) showed
normal hexagonal shape lobule with centrally
located blood vessels (central vein) while the
peripheral area revealed normal portal areas
which contained hepatic artery , portal vein and
bile duct. Hepatocytes (large round to polygo-
nal cell with eosinophilic cytoplasm and vesic-
ular nucleus) mostly arranged in radiating man-
ner around the central vein. Similarly, animal
treated with GA were with normal limits
(Fig.1B). Animals treated with CCls (Fig.1C)
showed remarkable hepatic distortion associ-
ated with centro-lobular hepatic vacuolation
and necrosis. Obvious periportal hepatic fibro-
sis accompanied with noticeable periportal, in-
terlobular and intralobular proliferating fibrous
connective tissue (arrowhead) that given the
nodular appearance of the hepatic tissue. While
diseased animal treated with GA showed dis-
tinct decrease of hepatic necrosis and fibrosis
(Fig.1D).

Effect of GA treatment on ITGB1 expres-

sion

The obtained gPCR results revealed a signif-
icant (P<0.05) upregulation of the fibrosis
marker ITGB1 gene in liver of CCls-intoxicated
rats as compared to the control group (Table 1).
This elevated expression was significantly
downregulated following treatment by GA, but
still higher than that in the control group. Addi-
tionally, no significant difference was noticed
between the two control groups (G1, G2).
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Table 1: Effect of GA on biochemical parameters.

Normal GA CCl, GA + CCly

AST (IU\L) 62.8 £3.58°¢ 64.63+3.18°  346.16+11.15% 222.20+8.93"
ALT (IU\L) 59.7+1.82° 63.10 + 3.95°¢ 253.23+£22.65% 118.31+7.56"°
GGT(IU\L) 67.5+1.77°¢ 67.44 +3.96¢ 114.26 + 4.54%  90.18 £ 3.26°
Total protein (g\dl ) 6.54+0.12%  6.01+0.16®  3.03+0.24¢ 4.41+0.17°
Albumin (g\dl) 427+0.202 4.02 £0.262 2.20+0.20¢ 2.92+0.10°
Total bilirubin (mg\dl ) 0.91+0.06°¢ 0.90+0.06°¢ 1.56 +0.052 1.15+0.04°
SOD (u\g tissue) 13.03+0.572 13.16+0.52%* 4.56+0.46° 7.19+0.33°
Catalase (u\g tissue) 41.43+1.94% 39.78+1.65% 20.25+0.92° 27.14+0.93°
MDA (nmol\g tissue) 400+£0.36°  4.40+0.49° 10.51 +0.63* 7.84+0.56°
ITGB1 gene (fold change)  1.00 +0.09 ¢ 1.51+£0.24°¢ 11.16 £ 0.43° 5.78 +0.29°

Data were presented as mean + SEM. Means carrying different superscript letters are significantly different

at P<0.05.

Figure 1: Liver sections of control (A), GA (B), CCL4 (C), and GA+CCL4 (D) groups. H&E, X200

Discussion

Inflammation is considered the native de-
fense system of the body against harmful fac-
tors with playing a vital role in healing the po-
tential injury. Consistently, liver is highly re-
lated to inflammation being highly vascular and
vulnerable to serious hepatic injurious factors
including toxin metabolites, viruses, fat rich
diet and excessive alcohol intake. Prolonged

exposure to those agents leads to chronic hepa-
titis accompanied by fibrosis and subsequent
cirrhosis with loss of liver function (22). Ac-
cordingly, liver fibrosis in the current study was
induced by repeated doses of CCls which is the
most popular procedure between the liver re-
search laboratories. However, it differs from
one laboratory to another in terms of CCls dose,
route of administration, treatment duration and
the expected changes to be studied.
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Communally, CCl4 mediated liver fibrosis
proceeds with elevated serum AST and triglyc-
erides along with liver atrophy (23). Further-
more, these alterations are accompanied by a
significant low value of serum albumin indicat-
ing advanced loss of hepatic function during ex-
tended fibrogenesis. These observations appear
consistent with our recorded albumin levels in
CCl4 intoxicated group supported by histo-
pathological lesions.

Cytochrome P450 superfamily of monooxy-
genases process CCl4 to the trichloromethyl
radical (CCl3)(24). Subsequently, this radical
damages the key cellular metabolic pathways
resulting in altered lipid metabolism (fatty de-
generation and steatosis) and decreased protein
quantities. Moreover, CClsz interacts with
hepatocytic DNA leading to mutations and the
development of HCC. Further oxygenation of
CClz results in the formation of trichloro-
methylperoxy radicals (CCIlz00%*) initiating li-
pid peroxidation by breakdown of polyunsatu-
rated fatty acids with reduction of membrane
permeability of the plasma membrane extended
to mitochondrial and endoplasmic reticulum
membrane ended by cellular death. The cellular
death eventually develops as zonal or focal ne-
crosis with destruction of normal hepatic tissue
construction (22). Biochemically, this severe
OS leads to exhaustion of antioxidant activity
of SOD and release of high levels of MDA in
agreement with our results of the same group.
Inappropriately, Fibrosis develops as a healing
course in response to inflammation and OS (25)
, and can finally progress into HCC (26). Pro-
longed stimuli of liver injury leads to failure of
the regenerative response and substitution of
hepatocytes with massive ECM (27) formed
mainly by Hepatic stellate cells (HSC) (28).

Interestingly, integrins direct the develop-
ment of fibrosis regulating inflammation, and
by transforming hepatocytes injury into stimu-
lus of matrix-producing mesenchymal cells
[HSC/myofibroblasts (MFB)]. The expression
of integrins by wide range of cells engaged in
liver fibrosis course, as well as their ability to
interact with growth factors and other signaling
molecules render the concept of targeting integ-
rins an interesting tactic for antifibrotic therapy.

There is no typical treatment plan for he-
patic fibrosis, however prophylaxis against
liver injury, including minimizing of fat con-
sumption and toxin exposure or administration
of an efficient viral hepatitis treatment can re-
sist fibrosis. Surprisingly, no efficient anti-fi-
brotic drugs have yet to be developed although
substantial progress has been made in exploring
the pathogenesis of hepatic fibrosis over the last
two decades. Medicinal herbs and their bioac-
tive ingredients and extracts could prevent liver
fibrosis by two means: through suppression of
HSC activity and via inhibition of ECM expan-
sion. HSCs activation are initiated when gene
expression and phenotype changes render the
inactive cells responsive to other cytokines and
stimuli (29).

Oral traditional Chinese herbal medicine has
long been used as a non-invasive therapy. The
therapeutic mechanisms of herbal medicines
and their active compounds have been gradu-
ally uncovered and interpreted through in vivo
studies. Recent studies have provided a greater
understanding of the molecular mechanisms
and new therapeutic approaches for liver fibro-
sis, but it still requires an efficacious remedy.
We believe that herbal medicines are suffi-
ciently worthy as potential therapy agents for
liver fibrosis if more profound studies about the
underlying mechanisms of herbal medicines
with improved methodological quality are un-
dertaken.

GA can prevent CCls- related liver fibrosis
effectively. This is evidenced in restoring the
nearly normal hepatic lobule in GA+CCl4 ani-
mals. It could happen by less HSC proliferation,
thus reduced levels of collagen, hyaluronic acid
(HA), and laminin (LN). In an animal model,
GA reduced the death rate of acetaminophen in-
toxicated mice via inhibition of acetaminophen-
induced hepatotoxicity, and reduced the num-
ber and area of GGT positive foci, thus reserv-
ing liver function and preventing HCC from de-
velopment (30). GA showed a highly effective
chemopreventive action agent against lead ace-
tate hepatic induced oxidative stress in rats be-
cause it chelates lead (31), which support the
current data obtained from improved oxidative
stress markers in the sera of the same group. In
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the molecular level, GA supplement accompa-
nied by suppression of the profibrotic gene
ITGBL1, which has a crucial role in manage-
ment of ECM and the activity of HSC. Up to the
published data, it is the first time uncover the
role of GA in correlation to integrins during its
anti-fibrotic effect. However in concanavalin
A- (ConA-) mediated mouse model, GA atten-
uated ConA-induced hepatitis and fibrosis
pgrowth in livers via supression of CD4+ T cell
proliferation in response to ConA via the Jun N-
terminal kinase (JNK), extracellular signal-reg-
ulated kinase (ERK), and phosphoinositide 3-
kinase (PI3K)/AKT pathways(32).

Conclusion

Wide attention should be given to integrins
as they are infirmly connected to the develop-
ment of liver fibrosis. Integrins targeting there-
fore represents an interesting concept of thera-
peutic strategy, particularly because experi-
mental data recommend potent efficiency of
such trend. However, more investigations are
needed to identify potentials to specifically an-
tagonize integrins (including specific integrin
antagonists, or small nonpeptidic molecules) to
stop or reverse fibrosis and avoid detrimental
effect of such inhibition.
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