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A B S T R A C T

Background: : Hepatic fibrosis is a major health problem that requires further medical attention. Proton pump
inhibitors are proven to possess other therapeutic potentials apart of their acid anti-secretory actions.
Aim of the work: : To test possible anti-fibrotic effect of esomeprazole magnesium trihydrate in management of
liver fibrosis compared to silymarin, the well-known hepatoprotective agent.
Materials & Methods: : 40 male albino rats were divided into 4 groups: normal control group; CCl4-treated group
(1mL/kg 40% CCl4, diluted in olive oil) I.P twice weekly for 6 weeks; esomeprazole-treated group (30mg/kg
body weight); and Silymarin-treated group (100mg/kg body weight). Both esomeprazole and silymarin were
given orally daily for two weeks after the last CCl4 dose. Serum and tissue samples were assessed for histo-
pathological and biochemical analyses.
Results: : Esomeprazole reversed hepatocellular damage, improved liver integrity, corrected major histopatho-
logical disturbances induced by CCl4 and lowered fibrosis scoring. It also improved anti-oxidant capacity and
attenuated lipid peroxidation. Esomeprazole treatment resulted in down-regulation of hepatic pro-apoptotic Bax
and up-regulation of anti-apoptotic Bcl2 protein expressions. In addition, it resulted in inhibition of TNF-α, TGF-
β and IL-6 -mediated inflammatory responses, and retrieval of the epithelial marker e-cadherin.
Conclusion: : Esomeprazole confers significant anti-fibrotic actions. Further study is needed to elucidate other
probable mechanisms for this effect and to test their anti-fibrotic potential clinically.

1. Introduction

Hepatic fibrosis is a wound healing response that leads to an in-
appropriate tissue repair of the liver up on repeated injury. It is a type
of wound healing response which the liver confers upon exposure to a
repeated or prolonged injury, and is caused by the disturbance in
synthesis and degradation of extracellular matrix components [1].
Following chronic liver cell injury as in case of fibrosis, Kupfer cells
become activated by inflammatory cells and other factors and start to
release multiple molecules in their surroundings. These molecules in-
clude cytokines like transforming growth factor β-1 (TGF-β) and in-
terleukin-6 (IL-6) in addition to oxygen reactive species like nitric oxide
(NO) and malondialdehyde (MDA) [2].

Cirrhosis or liver cancer are expected prognosis for hepatic fibrosis
in case it is not carefully managed. This substantiates the modulation of
the fibrotic process to represent a possible therapeutic target in the
management of chronic hepatic diseases [3].

Animal models of human diseases may be used for the elucidation of
diagnostic biomarker discovery and/or mechanism of disease

pathogenesis and also to minimize the need for clinical sampling [4].
Carbon tetrachloride (CCl4)-induced hepatic fibrogenesis in rats is one
of the most accepted models that mimics major aspects of human he-
patic fibrosis [5]. CCl4 is a potent hepatotoxin that can induce a severe
hepatic damage even after a single exposure [6]. The molecular me-
chanisms behind its effect is still not fully understood but it is now
confirmed that reactive oxygen species (ROS) and the consequent oxi-
dative stress play a major role in its pathogenesis [7,8]. ROS attack
different hepatocellular structures causing release of pro-inflammatory
mediators (e.g. TNF-α) which aid inflammation process that ends up
with apoptosis and liver damage [9].

About 25 years ago, proton pump inhibitors (PPIs) were proven to
be the revolutionary treatment for acid-related diseases [10]. Once
introduced to clinical practice, they minimized the need for elective
surgery as a cure for ulcer or reflux [11].

Omeprazole, was the first clinically approved member, followed by
lansoprazole, pantoprazole, rabeprazole, and finally the more recently
introduced, esomeprazole. Esomeprazole magnesium (the S-enantiomer
of omeprazole) was approved in 2001 and found to exhibit higher
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metabolic stability, bioavailability and gastric acid secretion control
efficiency compared to other PPIs [12,13]. Interestingly, the use of PPIs
for management of liver diseases was unexpected. Few studies have
dealt with PPIs from this prospective and reported that PPIs exert acid-
independent actions beside their common acid-dependent effects
especially in inflammatory and fibrotic conditions [14,15]. In the cur-
rent study, we aim to extend new insights for PPIs clinical practice. We
tested the possible protective effect of Esomeprazole magnesium tri-
hydrate against CCl4-induced hepatic fibrogenesis model in rats in
comparison to silymarin as a well-known hepatoprotective agent.

2. Materials & methods

2.1. Chemicals

Analytical grade CCl4 was purchased from Sigma Aldrich (St Louis,
Missouri, USA). Esomeprazole magnesium trihydrate was obtained
from Sigma Aldrich (St Lois, Missouri, USA) and Silymarin was ob-
tained from SEDICO (Egypt).

2.2. Animals handling

Forty male albino rats with average body weight 250 ± 25 g were
obtained from animal house of Minia University. All experiments on
animals complied with the ARRIVE guidelines and were performed in
accordance with the National Institute of Health guide for the care and
use of laboratory animals (NIH Publication No. 8023, revised 1978).
The study protocol was approved by The Research Ethics Committee-
Faculty of Pharmacy, Minia University, Egypt.

2.3. Treatment protocol

Animals were randomly divided into four equal groups (10 rats/
group):

I Normal control group: received intra-peritoneal (IP) injection of
olive oil twice/week for six weeks.

II CCl4-treated group: liver fibrosis was induced by IP injection of CCl4
(1 mL/kg 40% CCl4, diluted in olive oil) twice weekly for 6 weeks
[16].

III Esomeprazole-treated group: After the last dose of CCl4, rats re-
ceived an oral dose of esomeprazole (30mg/kg body weight in 5%
carboxymethyl cellulose) daily for two weeks [17].

IV Silymarin-treated group: similar to esomeprazole group, rats re-
ceived an oral dose of silymarin (100mg/kg body weight in 5%
carboxymethyl cellulose) daily for two weeks after the last CCl4 dose
[18].

At the end of the 8th week, all rats were euthanized and samples
were collected.

2.4. Sample collection

Blood samples were collected by cardiac puncture method. Serum
was isolated; while liver tissues were harvested and formalin fixed for
histological investigation, western blotting and RT-PCR. Serum and
liver homogenate samples were divided into aliquot, and stored at
˗70 °C until use.

2.5. Biochemical analysis

Serum alanine aminotransferases (ALT), aspartate aminotransferase
(AST), lactate dehydrogenase enzyme activities, albumin, bilirubin,
cholesterol and triglycerides levels were assessed. Liver homogenate
was used for estimating hepatic lipid peroxides [19], total anti-oxidant
levels [20] and catalase activity [21]. The assessment of all biochemical

parameters was performed using commercially available kits according
to the manufacturer’s instructions (Biodiagnostic, Egypt).

2.6. Molecular analysis

2.6.1. Western blotting for hepatic Bax, Bcl2 and E-cadherin protein
expression

For protein analysis, the protocol utilized by Abouzied et al. [22]
was adopted. A homogenization buffer with the following composition
was used for tissue homogenization: 20mM Tris, 100mM NaCl, 1 mM
EDTA, and 0.5% Triton X-100 buffer in addition to the protease in-
hibitors mix [23]. Biuret's reagent was used to estimate protein content
of liver homogenate and bovine Serum albumin was used as standard.
Fifty micrograms of total proteins obtained from the liver homogenates
of the different animal groups were boiled with 2% sodium dodecyl
sulphate (SDS) and 5% β-mercaptoethanol for five minutes, then loaded
on 12% SDS-poly acrylamide gel. SDS-poly acrylamide gel electro-
phoresis (SDS-PAGE) was run at 100 V for 2 h. Following electrophor-
esis, proteins were electro-transferred using T-77 ECL semidry transfer
unit (Amersham Biosciences, UK Ltd) for 2 h. After blocking the mem-
branes for one hour in 0.05% tween and 5% non-fat milk in TBS buffer,
they were incubated with primary antibodies: rabbit polyclonal anti-rat
Bax, rabbit polyclonal anti-rat Bcl-2 or rabbit polyclonal anti-rat E-
cadherin (Santa Cruz, USA). As a secondary antibody, alkaline phos-
phatase-conjugated polyclonal goat anti-rabbit immunoglobulin
(Sigma-Aldrich, Schelldorf, Germany) was used at a dilution of 1:5000
in blocking buffer. Protein bands were detected by incubation with
alkaline phosphatase buffer. The enzymatic reaction was stopped using
stop buffer (10mMTris–Cl, pH 6.0, 5 mM EDTA).

2.6.2. RNA extraction and reverse transcriptase polymerase chain reaction
(RT-PCR) for TNF-α

Total RNA was extracted from freshly dissected tissues using total
RNA Kit (BioFlux, Bioer Technology Co., Ltd, China) according to
manufacturer’s instructions. The amount of isolated RNA was estimated
spectrophotometrically by measuring the absorbance of the different
probes at 260 nm. RT-PCR was performed using MasterMix/high yield
(Sigma-Aldrich, Germany) according to manufacturer’s instructions.
Sequences of rat TNF-α and β-actin genes were obtained from Gene
Bank. β-actin served as an internal control. The primer sets are TNF-α
Forward 5’-AAGGGAATTGTGGCTCTG-3’, TNF-α Reverse 5’-
ACTCAGGCATCGACATTC-3’, β-actin forward 5’-CATGGATGACGATAT
CGCTG-3’, β-actin Reverse: 5’-CATAGATGGGCACAGTGTGG-3’.

To prepare the reaction mixture, 2 μL RT-PCR product, 2.5 U Taq
DNA polymerase, 20 μmol/L dNTPs, 0.1 μmol/L primer, and 1× Taq
DNA polymerase buffer (Fermentas/Thermo Scientific/Germany) were
mixed and placed in a Biometra cycler (Germany). The program used
for amplification started with an initial denaturation step at 94 °C for
4min followed by 30 cycles of denaturation at 94 °C for 30 s, annealing
at 55 °C for 30 s, and extension at 72 °C for 1min. As a final step, the
mixture was incubated at 72 °C for 4min for final extension and cooled
to 4 °C. Afterwards, PCR products were separated by electrophoresis on
1.5% (v/v) agarose gels.

2.6.3. Estimation of Serum TGF-β1 and IL-6 content
Serum TGF-β1 and IL-6 content were quantitatively estimated using

commercially available ELISA kits according to manufacturer’s in-
structions. TGF-β1 and IL-6 kits were obtained from CUSABIO.

2.7. Histopathological examination

Freshly isolated liver specimens were first formalin-fixed then de-
hydrated in 70% ethanol and embedded in paraffin. After being cut into
5 μm-thick sections, tissue sections were stained with hematoxylin/
eosin (HE) and Masson’s trichrome (MT) stains and examined using
Optica B-82 microscope for determination of pathological changes.
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Fibrosis grading was done as follows: Grade 0: no fibrosis, normal ar-
chitecture; Grade 1: short collagenous septa extend from central veins;
Grade 2: slender septa link the central veins but lobular architecture is

preserved; Grade 3: pseudolobuli form thin septa; Grade 4: parenchyma
is subdivided into pseudolobuli by thin septa [24].

2.8. Statistical analysis

Graph Pad InStat. Software Inc, Program, version 4.0, Philadelphia
was used for statistical data analysis. Data were presented as mean ±
standard deviation (SD), and the levels of significance were accepted
with P < 0.05. Comparisons were done using one-way ANOVA test.

3. Results

3.1. Esomeprazole reverses hepatocellular damage and improves liver
integrity

Liver function tests and lipid profile were assessed in different
groups. As shown in Table 1, a significant increase in both Serum ALT
and AST enzyme activities could be noticed after treating rats with CCl4
(p < 0.001) when compared with healthy control group. This hepa-
tocellular damage was almost reversed when treated with esomeprazole
(p < 0.001), in a very similar manner to that observed with the well-
known hepatoprotective agent silymarin.

Similarly, we could observe a significant increase in the Serum bi-
lirubin, cholesterol and triglycerides levels in CCl4-treated rats
(p < 0.001) when compared to normal control. Upon subsequent
treatment with esomeprazole, a significant reduction in the Serum le-
vels of these parameters was achieved. This effect was comparable to
that of silymarin as well (Table 1).

Table 1
Serum Liver function tests and Lipid profile in normal control, CCl4, esomeprazole and silymarin groups (significance).

NC CCl4 CCl4+ Esomeprazole CCl4+ Silymarin

AST (U/L) 102.8 ± 6.8 226.8 ± 14.4*** 131 ± 10.6### 105 ± 7.4###

ALT (U/L) 45.1 ± 4.4 113.4 ± 7.6*** 56.1 ± 9.7### 47.4 ± 3.3###

LDH (U/L) 1629 ± 21.14 2874±22.5*** 1947 ± 22.67### 2385 ± 15.0###

Bilirubin (mg/dl) 0.12 ± 0.01 0.41 ± 0.02*** 0.16 ± 0.02### 0.13 ± 0.02###

Albumin (mg/dl) 4.7 ± 0.31 3.0 ± 0.23** 4.2 ± 0.18## 4.6 ± 0.35##

Triglyceride (mg/dl) 69 ± 4.1 126±3.2*** 77 ± 2.2### 70 ± 2.2###

Cholesterol (mg/dl) 79 ± 3.4 144.1 ± 14.9*** 90.1 ± 9.1## 75 ± 3.0###

Results were presented as mean ± SEM.
(ns P > 0.05: non significant, * P < 0.05: mild significant, ** P < 0.01: significant, *** P < 0.001: highly significant, compared to normal control).
(ns P > 0.05: non significant, # P < 0.05: mild significant, ## P < 0.01: significant, ### P < 0.001: highly significant, compared to CCl4).

0

2

4

6

***
#

###

(

Fig. 1. Effect of esomeprazole on Hepatic lipid peroxide (measured as mal-
ondialdehyde) in CCl4-treated animals.
CCl4 treatment significantly increased lipid peroxidation compared to control animals.
Treatment with either esomeprazole or sylimarin resulted in a significant reduction of
lipid peroxidation, compared to CCl4 treated group. Values are presented as
mean ± SEM in nmole/mg protein. *** P < 0.0001: significant, compared to normal
control. # P < 0.05: significant, ### P < 0.0001: significant, compared to CCl4.
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Fig. 2. Effect of esomeprazole on hepatic catalase enzyme activity in CCl4-treated
animals.
CCl4 treatment depleted significantly the catalase activity compared to control animals.
Treatment with either esomeprazole or sylimarin resulted in a significant replenishment
of the catalase activity, compared to CCl4 treated group. Values are presented as
mean ± SEM in u/gm tissue. *** p < 0.001: significant, compared to normal control.
### p < 0.001: significant, compared to CCl4.
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Fig. 3. Effect of esomeprazole on hepatic total antioxidants in CCl4-treated animals.
CCl4 treatment depleted significantly the total antioxidants compared to control animals.
Treatment with either esomeprazole or sylimarin resulted in a significant replenishment
of the total antioxidant content. Values are presented as mean ± SEM in mM/ L. ***
P < 0.001: significant, compared to normal control. ### P < 0.001: significant, com-
pared to CCl4.
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As a result of the hepatotoxic effect of CCl4, the liver failed to
produce albumin. This can be clearly observed by monitoring Serum
albumin levels in different test groups as shown in Table 1. On one
hand, a significant reduction in Serum albumin level was observed in
CCl4-treated group (p < 0.001) compared to normal control. On the
other hand, treatment with esomeprazole successfully reversed the ef-
fect of CCl4 and resulted in a significant increase in Serum albumin level
(p < 0.001) in a comparable way to silymarin-treated group.

In addition to the previous markers, Serum LDH activity was esti-
mated and compared in different test groups. A significant increase in
LDH activity was observed in CCl4 group (p < 0.001) compared to
normal control. Both esomeprazole and silymarin showed significant
decrease in LDH activity (p < 0.001) when compared to CCl4 group
(Table 1).

3.2. Esomeprazole enforces anti-oxidant activity and attenuates lipid
peroxidation

Up on CCl4 administration, one can observe a significant increase in
liver content of lipid peroxides (p < 0.001, Fig. 1) as well as a sig-
nificant reduction of catalase activity (p < 0.001, Fig. 2) and sig-
nificant depletion of total antioxidants (p < 0.001, Fig. 3) compared to
healthy controls. Interestingly, post-treatment with esomeprazole was
responsible for a significant reduction in lipid peroxide levels and a
significant increase in catalase activity and total antioxidant content in
liver homogenates as well. The effect of esomeprazole was variable
compared to silymarin, as it was much more effective in replenishing
catalase activity and total antioxidants (p < 0.001) than in decreasing
the lipid peroxides’ level (p < 0.01) when compared to CCl4-treated

Fig. 4. Hepatic expression of the apoptotic markers Bax and Bcl2 proteins in the different test groups.
Western blot analysis of Bax and Bcl2 shows a significant upregulation of the pro-apoptotic marker Bax (A), and a significant downregulation of the anti-apoptotic marker Bcl2 (B) after
CCl4 treatment. Esomeprazole treatment significantly down regulated Bax (A) and up-regulated Bcl2 (B) similar to sylimarin. Third panel shows β-Actin as an internal loading control. C
and D: relative density of the protein bands shown in the western blots. Each value represents mean ± SD for ten rats per group. *** p < 0.001 versus control group. ###p < 0.001
versus CCl4 group.
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group.

3.3. Esomeprazole down-regulates hepatic pro-apoptotic Bax and up-
regulates anti-apoptotic Bcl2 protein expressions

After normalizing the bands intensities to the β-actin loading con-
trol, western blotting showed a significant up-regulation of Bax ex-
pression in liver homogenates obtained from CCl4 treated group
(Fig. 4a, lane 2) compared to the healthy control (Fig. 4a, lane 1). In-
terestingly, upon treatment with either esomeprazole (Fig. 4a, lane 3)
or silymarin (Fig. 4a, lane 4), the expression level of Bax was sig-
nificantly reduced in comparison to CCl4 treated animals (Fig. 4a, lane
2).

An opposite pattern was observed with Bcl2 which was significantly
down-regulated in liver homogenates obtained from CCl4 treated group
(Fig. 4b, lane 2) compared to the healthy control (Fig. 4b, lane 1). Yet,
upon treatment with either esomeprazole or silymarin (Fig. 4b lane 3
and 4 respectively), the hepatic expression level of Bcl-2 was sig-
nificantly enhanced in comparison to CCl4 treated group (Fig. 4b lane
2).

3.4. Esomeprazole partially restores E-cadherin levels

Western blot analysis of liver homogenates showed a significant
down-regulation of e-cadherin expression in CCl4 treated group (Fig. 5,
lane 2) compared to the healthy control (Fig. 5, lane 1). Administration

of esomeprazole partially, yet significantly, restored e-cadherin level in
the corresponding liver homogenates compared to CCl4 treated group.

3.5. Esomeprazole inhibits inflammatory response by modulation of hepatic
cytokines expression level

TNF-α mRNA expression level was estimated using RT-PCR tech-
nique in liver tissue homogenates while TGF-β and IL-6 levels were
assessed using ELISA technique in Serum respectively. In CCl4 treated
group, the levels of TNF-α mRNA as well as TGF-β and IL-6 were sig-
nificantly up-regulated (Fig. 6a, lane 2, 6 c and d) when compared to
normal control group. Interestingly, treating animals with esome-
prazole resulted in significant downregulation of all three cytokines
level (Fig. 6, lane 3, 6 c and d) in comparison to the expression levels in
CCl4 treated group. The effect observed with esomeprazole was com-
parable to that observed in silymarin treated group.

3.6. Esomeprazole corrects major histopathological disturbances induced by
CCl4 and lowers fibrosis scoring

Paraffin-embedded sections from different groups were used to
evaluate and compare histopathological changes following different
treatments.

Liver sections stained with H&E stains are presented in Fig. 7.
Normal control groups showed normal hepatic architecture, no fatty
change, inflammatory infiltration or fibrous expansion (Fig. 7a). After 6

Fig. 5. Effect of esomeprazole on e-cadherin expression level
in the different test groups.
Western blot analysis of e-cadherin in liver homogenates showing
a significant downregulation of its expression level upon CCl4
treatment compared to control, and a significant upregulation
after esomeprazole treatment compared to CCl4 (A). B: relative
density of the protein bands. Each value represents mean ± SD
for ten rats per group. *** p < 0.001 versus control group.
###p < 0.001 versus CCl4 group.
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weeks of CCl4 administration, liver histopathology was significantly
disrupted. Hepatocellular necrosis, mild fatty change, marked in-
flammatory infiltration and fibrous expansion of most portal areas with

occasional portal bridging was observed (Fig. 7b). Interestingly,
esomeprazole, as well as, silymarin treatments exhibited significant
hepatoprotective effect against CCl4-induced toxicity. This effect was
observed in the form of normal hepatic cords, lack of necrosis signs and
less fatty infiltration with subsequent decrease in hepatic fibrosis scores
(Fig. 7c and d). This effect was also evident by lowered fibrosis scores in
esomeprazole and silymarin treated groups (Fig. 7e).

Liver sections stained with Masson’s trichrome (MT) stain presented
in Fig. 8 reflected a strong positive staining of collagen fibers in sections
prepared from CCl4 group compared to normal control (arrows in
Fig. 8a and b). Esomeprazole and silymarin, on the other hand, showed
a weak histochemical reaction for collagen fibers which proves a
comparative anti-fibrotic potential for esomeprazole (arrows in Fig. 8c
and d).

4. Discussion

Liver fibrosis is a pathological response that results from prolonged
exposure to certain drugs or inflammatory liver diseases. It is a way by
which wounds in liver tissue are healed upon exposure to a repeated or
prolonged injury [25]. After an acute injury, hepatocytes tend to re-
generate and replace the necrotic and apoptotic cells; with minimal
inflammatory response and extracellular matrix deposition. But in case
of chronic injury, regenerative potential is diminished and hepatocytes
are forced to undergo apoptosis which eventually leads to activation of
hepatic stellate cells (HSCs), proliferation and overproduction of ex-
tracellular matrix (ECM) [26].

Not only one mechanism contributes to progression of hepatic fi-
brosis, but it is rather a multi-biological process that basically happens
in two consecutive phases [27,28]. At first, Kupffer cells (hepatic
macrophages, KCs) respond to tissue injury by releasing multiple cy-
tokines and factors (including TGF-β, TNF-α and interleukines) which
activate hepatic stellate cells (HSCs) and stimulate their transformation
into myofibroblasts, mainly via TGF-β as a main fibrogenic factor
[28–30]. These myofibroblasts start then to deposit more ECM [31].
Concomitantly, the production of ECM degrading enzymes is disturbed
and the expression of their inhibitors is upregulated [32].

Quiescent HSCs are responsible for the release of many epithelial
markers like e-cadherin [33]. As soon as they become activated, the
expression of e-cadherin is suppressed, and mesenchymal markers start
to be expressed in a phenomenon known as cadherin switching [28].
Loss of e-cadherin expression results in upregulation of TGF-β1 ex-
pression and hence promotes liver fibrosis [34].

Yet, this pathological process may be specifically interrupted by
other various mechanisms (i.e. scavenging free radicals, enforcing anti-
oxidant capacity, restoring cellular methylation, preserving calcium
sequestration, inhibiting hepatic stellate cells activation, reducing ECM
deposition, reducing inflammatory response or modulating of apoptosis
in hepatocytes) [35]. CCl4-induced intoxication is one of the established
and widely used models for inducing a chemical hepatic injury. It is a
potent hepatotoxin, which can rapidly lead to severe centrizonal ne-
crosis and steatosis even after a single exposure [6]. In our results, CCl4
caused significant histopathological and biochemical disturbances. Rats
treated with CCl4, as reported by earlier groups [4,5], exhibited dis-
turbed liver enzymes lipid profile, elevated rates of lipid peroxidation,
enhanced oxidant stress, reduced anti-oxidant capacity, activated in-
flammatory and apoptotic responses.

CCl4 is metabolized in the liver by microsomal mono-oxygenase
system (cytochrome P450 2E10), which in turn transforms it to a highly
reactive species known as trichloromethyl radical CCl3*. This reactive
radical interacts with oxygen producing another reactive radical known
as trichloromethyl peroxy radical CCl3OO* [36]. These events lead to
fragmentation of lipid peroxide radicals and hydroperoxides which act
as strong oxidizing agents. They initiate lipid peroxidation chain reac-
tion generating free radicals and affecting phospholipids synthesis
which disturbs the composition of plasma-, mitochondrial-, and

Fig. 6. Hepatic expression of TNF-α, TGF-β and IL-6 in the different test groups.
A: RT-PCR analysis of TNF-α mRNA showing upregulation of its mRNA level in CCl4
treated group compared to control. Administration of esomeprazole or silymarin resulted
in normalization of TNF-a level in both groups. B: relative density of TNF-α mRNA bands.
CCl4 treatment resulted also in a significant upregulation of TGF- β (C) and IL-6 (D) Serum
levels as well compared to control. Esomeprazole treatment downregulated their level
significantly compared to CCl4 treated group. β-Actin was used as an internal loading
control. Each value represents mean ± SD for ten rats per group. *** p < 0.001 versus
control group. ###p < 0.001 versus CCl4 group
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Fig. 7. Histopathological examination using Hematoxylin and eosin (H&E) stain.
A: Normal control: showing normal histological structure of hepatic lobule. B: CCl4 group showing cystic dilatation of bile duct and fibroplasia in the portal triad. C: CCl4+ Esomeprazole
group: showing slight Kupfer cells activation. D: CCl4+ silymarin group: showing Kupfer cells activation (H & E X 400). E: Fibrosis scoring, * significantly different compared to control;
# significantly different from CCl4 group, P < 0.05.
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endoplasmic reticulum membranes, altering their permeability and
causing the loss of cellular calcium sequestration and leakage of cellular
enzymes to the circulation [16]. Fragmentation of the endoplasmic
reticulum and disruption of ribosomes expose cellular proteins for
proteolytic degradation. Generation of free radicals results in depletion
of anti-oxidant enzyme activities (i.e. catalase, superoxide dismutase)
[37].

This accumulating oxidant stress eventually triggers an obvious
inflammatory response with infiltration of inflammatory cells and
subsequent activation of hepatic macrophages (Kupffer cells, KCs)
which respond promptly by releasing various pro-inflammatory cyto-
kines (i.e. TNF-α, IL-6) and growth factors (i.e. TGF α and β). TNF-α has
been reported to be activated in CCl4-induced fibrosis in response to
tissue injury [38]. It inhibits matrix metalloproteinases-mediated ECM
degradation by enhancing the expression of matrix metalloproteinase
MMP-1 tissue inhibitor in HSCs, thus enhancing ECM deposition [39].

Hepatocyte apoptosis is a critical step in liver fibrosis progression,
thus it could be a useful therapeutic target, which aims to protect he-
patocytes from apoptosis, thus reversing liver fibrosis. As the chronic
liver disease progresses, apoptosis represents a main cell death pathway
that is basically triggered by activation of the cysteine proteases of the
caspase family [40]. Previous reports explained the CCl4-induced he-
patic fibrosis by apoptosis activation [41]. Conducting a death signal to
the mitochondria alters membrane permeability and results in release
of proapoptotic proteins, altering the ratio of pro- to antiapoptotic
proteins in the cells (i.e Bax/Bcl2 ratio is elevated) [42].

Esomeprazole magnesium trihydrate is a PPI, well known clinically
for its effective proton inhibitory potential in peptic ulcers and other

associated diseases [43]. Yet, It has been reported that PPIs exert acid-
independent actions beside their common acid-dependent effects [14].
A recent study for possible protective effect of esomeprazole on idio-
pathic pulmonary fibrosis (IPF) showed induction of heme oxygenase-1
enzyme (HO1) and suppression of TNF-α and interleukins (IL-1β and IL-
6) and downregulation of TGF-β, matrix metalloproteinases (MMPs)
and fibronectin. This group of drugs also down regulates the expression
of inflammatory mediators including TNFα and IL-1β; and interfere
with NFκB activation in vascular endothelial cells. This down regulation
prevents the recruitment of inflammatory cells to damaged tissues [9].
These findings suggest extended clinical utility for esomeprazole in the
management of extra-intestinal diseases with inflammatory and/or fi-
brotic phases [15].

In agreement with these findings, esomeprazole in our study atte-
nuated CCl4-induced inflammation by downregulating the expression of
TNF-α mRNA and IL-6 after their upregulation as a result of CCl4 in-
toxication. It also retrieved e-cadherin expression in liver tissue and
suppressed collagen deposition, which indicate a reversal of the epi-
thelial-mesenchymal transition and hence fibrosis. Downregulation of
TGF-β1 expression was also observed after esomeprazole treatment and
it could be attributed to upregulation of e-cadherin as reported by Cho
et al. [34].

PPIs were also reported to modulate inflammatory status in various
cell types. Their anti-inflammatory potential may be attributed to at-
tenuation of free radical release by immune cells as well as inhibition of
adhesion molecules expression (i.e. ICAM-1 and VCAM-1), which at-
tenuates adherence of neutrophils to endothelial cells [9,44,45]. PPI
can bind to neutrophils, hence interfering with neutrophil accumulation

Fig. 8. Histopathological examination using Masson’s Trichrome stain.
A: Normal control showing no histochemical reaction for collagen fibers. B: CCl4 group showing strong positive histochemical reaction for collagen fibers. C: CCl4+Esomeprazole group:
showing weak positive histochemical reaction for collagen fibers. D: CCl4+ Silymarin group: showing weak positive histochemical reaction for collagen fibers. All images are taken at
400×.
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and ROS release, a group of effects that could be mediated by inhibition
of neutrophil H+, K+ ATPases [45].

In the current study, esomeprazole enhanced the anti-oxidant ca-
pacity by increasing total anti-oxidant levels and catalase enzymatic
activity and decreasing lipid peroxidation rates. Previous reports
showed that PPIs could reduce oxidative stress both in vitro and in vivo
[46–49]. This property may be attributed to direct scavenging of ROS,
blocking NADPH-dependent ROS formation [46], enhancing the total
anti-oxidant capacity by increasing activities of anti-oxidant enzymes
and preventing glutathione depletion [47]. Another possible me-
chanism is the induction of heme oxygenase1 (HO1) enzyme, which
enhances release of heme by-products catabolism including ferrous iron
(Fe2+) stimulating ferritin release thus sequestering free iron and
slowing down iron-dependent redox reaction [48].

In addition, esomeprazole also showed an anti-apoptotic effect that
protected hepatocyte by downregulating the pro-apoptotic marker Bax
and upregulating the anti-apoptotic marker Bcl2. This finding is in ac-
cordance with the previously presented robust anti-apoptotic action of
PPI [50]. A possible mechanism for such effect is the increase in anti-
apoptotic proteins, like Bcl-2 and Bcl-xl and decrease pro-apoptotic
proteins, such as Bax and Fas, which stabilize the mitochondrial
membrane and so prevent cytochrome C release in the cytoplasm.
Consequently, initiator caspases (caspase-8 and -9) as well as execu-
tioner caspases (e.g. caspase-3) are inhibited, preventing apoptosis
[51].

All the observed effects of esomeprazole were comparable to sily-
marin or even more pronounced. Silymarin may be regarded as the
most commonly used natural compound for the management of wide
spectrum of liver diseases worldwide due to its hepatoprotective and
regenerative actions [52]. It maintains the integrity of the hepatocyte
membrane [53], improves intracellular glutathione by elevating cy-
steine availability and inducing cysteine synthesis, boosts anti-oxidant
capacity and prevents lipid peroxidation [54]. It also inhibits in-
flammation by reducing cyclo-oxygenase, TNF-α and leukotrienes ex-
pression [55]. It inhibits hepatocyte apoptosis by increasing Bcl-2 ex-
pression and decreasing expression of activated caspase-3 or apoptosis-
inducing factor (AIF). In addition, it reduces expression of TGF-β1 and
collagen accumulation [56].

Collectively, Esomeprazole greatly reversed the hepatocellular da-
mage and improved histopathological criteria and fibrosis scores which
suggest significant anti-fibrotic action. This may be attributed to their
significant anti-oxidant, anti-inflammatory and anti-apoptotic activ-
ities.

5. Conclusion

Esomeprazole confers significant anti-fibrotic potential through re-
ducing oxidative stress, enhancing anti-oxidant capacity, modulating
inflammatory response and protection of hepatocytes from CCl4-in-
duced apoptosis by decreasing pro-apoptotic/anti-apoptotic ratio. This
study suggests a new possible clinical utility for Esomeprazole magne-
sium trihydrate in management of liver fibrosis. Further study is needed
to elucidate other probable mechanisms for anti-fibrotic actions of
esomeprazole and to test their anti-fibrotic potential clinically.
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