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Abstract This research purpose was to assess the potential inhibitory action of telmisartan on IL6/JAK2/STAT3
pathway in carbon tetrachloride (CCl4)-induced liver toxicity in rats. Carbon tetrachloride (1ml/kg; 50% in corn
oil) was injected two times/week for 8 weeks in male Sprague-Dawley rats. Intoxicated rats with CCl4 were
concurrently treated daily with telmisartan (10 mg/kg) for eight weeks. Telmisartan treatment markedly
ameliorated the biochemical and the histological deviations in CCI4 intoxicated rats. As, telmisartan treatment
mended the elevated serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) activities in
CCl4 intoxicated group. Additionally, telmisartan significantly reduced oxidative stress parameters as lipid
peroxidation and markedly increased total antioxidant capacity in liver tissue of CCI4 treated rats. Also,
telmisartan treatment reduced inflammation as evidenced by the distinct decrease in hepatic interleukin-6 (IL-
6) level. These biochemical results were further supported by the improvement in the altered histopathological
architecture of liver tissue. Interestingly, telmisartan treatment down-regulated hepatic expression of
JAK2/STAT3 in CCl4-intoxicated animals. Conclusively, the hepatoprotective action of telmisartan against
CCl4-induced liver toxicity might be through mitigating oxidative stress, inflammation, and targeting IL-
6/JAK2/STATS3 pathway.
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1. INTRODUCTION Kinase/Signal Transducer and Activator of
Transcription (JAK/STAT) pathway is amongst the
distinguished signaling pathways involved in
pathogenesis of liver fibrosis®. JAK/STAT is
responsible for different genes expressions, these
genes are involved in inflammatory reaction,
immune responses, and apoptosis *°. Different
ligands activate JAKs and enhance their kinase
activity resulting in activation of STATSS, including
interleukin (IL)-67. Generally, activation of JAK
protein by different cytokines causes activation of
tyrosine residue receptors. The activated tyrosine
sites consequently form precise “docking sites”
with the surrounding sequences of amino acid, then
the STAT protein is engaged to this “docking site”,

Liver is the main site in which metabolism of
ingested drugs, alcoholics, and other agents takes
place after absorption, therefore it is mostly
susceptible  to chemical-induced injury.
Pathological degree of hepatic injury differs from
insignificant nonspecific alterations in liver
structure and function to sever hepatic damage,
fibrosis, and even hepatic cancer®. Currently, one of
the therapeutic goals in both clinical and
experimental researches is focused on reversing or
blocking liver fibrosis, as its progression will end
with hepatic liver failure and death. Many
molecular and signaling pathways contribute in
hepatic fibrosis pathogenesis?. The Janus
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where it is immediately phosphorylated, and moves
to the nucleus to bind to a specific gene and
modifies its transcriptional mechanism3®. Thus,
utilization of therapeutic lines that focus on
modulating JAK/STAT signaling in liver fibrosis is
essential. Undeniably, renin-angiotensin
aldosterone system (RAS) has been documented to
principally contribute in the liver fibrosis
pathogenesis®. In addition, angiotensin 11 (Ang I1),
the key actor of RAS, is one of the central ligands
that activate JAK/STAT pathway'®'t. Thus,
pharmacotherapies targeting RAS are promising
candidates for ameliorating hepatic fibrosis.
Telmisartan is an Ang Il type 1 receptor blocker
(ARB) that is used to treat high blood pressure,
heart failure, and diabetic kidney disease and has
versatile actions against inflammation, oxidative
stress, and apoptosis'®'®. Telmisartan has
demonstrated antifibrotic action against different
experimental model of liver fibrosis#*°. However,
its potential effect on JAK/STAT signaling as a
molecular antifibrogenic mechanism remains
uninvestigated. Therefore, this research was carried
out with a central goal of assessing the molecular
mechanism for the hepatoprotective action of
telmisartan against CCl4-induced liver fibrosis
through investigating its modulatory action on
JAK2/STAT3 pathway.

2. MATERIALS AND METHODS
2.1. Chemicals

Telmisartan was kindly supplied by Biopharm
for scientific researches and pharmaceutical
manufacturing (Giza, Egypt). Carbon tetrachloride
was obtained from EI-Nasr Pharmaceutical
Chemical Company, Egypt. Other used chemicals
were of analytical grade.

2.2. Animals

Forty male Sprague-Dawley (180-200 g) were
provided from the animal facility of EI-Nile for
Pharmaceutical and Chemical Industries (Cairo,
Egypt). Rats were reserved at precise controlled
housing conditions. Animals were left for fourteen
days before the start of any experimental processes
for acclimatization. Standard rat chow and water
were provided to the animals ad libitum. Animal
Ethics Committee (Faculty of Pharmacy, Al-Azhar
University, Egypt) approved the design of this
research (Approval number: 80/2016).

2.3. Treatment protocol

Concisely, animals were distributed to 4
groups (ten rats each) as follow; Group 1 (Control):
animals were injected intraperitonially (I.P.) with
normal saline for 8 weeks and considered as normal

control group.; Group 2 (Corn oil): animals were
I.P. injected with corn oil (1ml/kg) two times a week
for eight weeks and considered as control vehicle
group; Group 3 (CCl4): animals injected I.P. with
1:1 (v/v) CCl4 in corn oil (1 ml/kg), twice a week
for 8 weeks®; Group 4 (CCl4+Telm): animals
injected 1.P. with 1:1 (v/v) CCl4 in corn oil (1
ml/kg), two times a week for 8 weeks and orally co-
administrated daily telmisartan (10 mg/kg) for 8
week 7. After 24 hours of last dose administration,
blood was collected under mild anesthesia by retro-
orbital sinus puncture. Blood was centrifuged, and
serum was collected and stored at —80°C till
utilized for biochemical assays. Animals were
sacrificed, livers were quickly collected, washed,
and their weight were measured. Next, part of the
liver tissues was homogenized in phosphate-
buffered saline, and the clear homogenate was used
for measuring biochemical parameters. Other parts
of liver tissue were added in 10% formalin for
histological examination, and the last parts were
snap frozen to be used for western blot analysis.

2.4. Determination of liver index

Final body weights of the rats as well as their
liver weights were recorded. The liver index was
determined as it was calculated as liver-to-body
weight %.

2.5. Colorimetric and
immunosorbent assays (ELISA)

enzyme-linked

Markers for hepatic toxicity including serum
alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were determined utilizing
colorimetric assay Kkits (BioMed Diagnostics,
Egypt) depending on the instructions of
manufacturer. Hepatic interleukin-6 (IL-6) was
assessed using ELISA kit as stated by the
recommendation of the manufacturer
(MyBioSource, San Diego, USA). Hepatic
transforming growth factor-p1 (TGF-B1) level was
determined utilizing ELISA kit according to
manufacturer's recommendations (MyBioSource,
San Diego, USA).

2.6. Assessment of oxidative stress

Malondialdehyde (MDA) concentration, a
commonly used biomarker of lipid peroxidation,
was assessed by thiobarbituric acid method. It is
constructed on the reaction of malondialdehyde
with TBA at 98 °C. TBARs were determined
calorimetrically  using  assay kit  for lipid
peroxidation (MDA) (Biodiagnostic, Giza, Egypt)
depending on the instructions of manufacturer.
Total antioxidant capacity (TAC) content was
measured using commercial kit (Biodiagnostic,
Giza, Egypt).
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2.7. Western blot analysis

Phosphorylation of hepatic JAK2 and STAT3
proteins were assessed using Western blotting
analysis. After blotting, blocking in 5% bovine
serum albumin in Tis buffered saline containing
0.05% Tween (TBST) was performed. The
membrane was processed with primary antibodies
against p-JAK2 and p-STAT3 (1:1,000) (BioBasic
Inc., Toronto, Canada) diluted in 1x TBST-buffer
for 12 hours at 4 °C, afterwards, membrane was
rinsed and incubated for one hour at room
temperature with secondary antibody diluted in 1x
TBST-buffer (1:10,000) before signal detection
using enhanced chemiluminescence (ECL) system.

2.8. Histopathological examination

Liver tissue were fixed in 10% buffered
formalin, dehydrated in  ascending dilutions
of ethanol, then embeded in xylene-paraffin.
Sections (3um) were cut and stained
with haematoxylin and eosin (H&E) reagent'®, then
visualized under a microscope at 400x
magnification, scale bar 25um.

2.9. Statistical analysis

Data analysis was conducted utilizing
statistical package for the social sciences (SPSS)
program (version 13) statistical software. All results
were  expressed as  mean= S.D. Multiple
comparisons were performed
using ANOVA followed by Tukey test as a Post
Hoc test. Significant differences between compared
groups was established at a P values less than 0.05.

3. RESULTS

3.1. Telmisartan mitigated the alteration in
liver index in carbon tetrachloride-intoxicated
rats

Rats injected with carbon tetrachloride
appeared weaker and exhausted at the end of the
experimental  protocol.  Additionally, CCl4
treatment significantly decreased the body weight
of intoxicated animals in comparison with control
rats (p<0.05; Table 1). Meanwhile, animals
received telmisartan showed negligible percentage
of such symptoms and telmisartan markedly
increased the body weight in CCl4-intoxicated
animals (Table 1). To assess liver damage, liver
index was calculated as liver weight/ body weight
(LW/ BW) %. CCIl4 significantly increased liver
index of CCl4 treated rats in compared to normal
group (p<0.05; Table 1). Telmisartan treatment
reduced the increase in the liver index as compared
with CCl4 intoxicated group (p<0.05).

Table 1. Effects of telmisartan treatment on carbon
tetrachloride-induced changes on body weight and liver
index% in rats.

Body Weight liver weight LW/BW
@ () (%)

Groups

Control 2447+182  6.27 +0.66 2.48 +0.16

Corn oil 252.7+285 6.57+1.29 2.45+0.09

CCl4 2023+17.6"* 6.86+136 3.35+0.04""

CCl4+Telm 220.1+17.7" 7.02+0.67 3.14+0.10""°

Results are represented as means +S.D (n=6)."P<
0.05, versus control group, *P< 0.05 versus corn oil
treated group, %P < 0.05 versus CCl4 treated group
respectively, using ANOVA followed by Tukey as a
post-ANOVA test.

3.2. Telmisartan treatment reduced hepatotoxic
injury markers in carbon tetrachloride-
intoxicated rats

In this study, CCIl4 treatment induced liver
toxicity that was evidenced from the elevation in
serum aminotransferases concentration (ALT and
AST). Fig. 2A and 2B show that, treatment with
CCl4 markedly elevated ALT and AST compared to
normal control group. Telmisartan markedly
reduced ALT by 47.6 % and AST levels by 48.7%,
respectively versus CCl4 intoxicated rats.
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Figure 1. Effect of telmisartan treatment on serum ALT
(A) and AST (B) in carbon tetrachloride-treated rats.
Results are represented as mean +S.D (n=6). *P < 0.01
versus control group, *P<0.01 versus corn oil treated
group, °P < 0.01 versus CCl4 treated group, respectively,
using ANOVA followed by Tukey as a post-ANOVA
test.
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3.3. Telmisartan treatment reduced oxidative
stress and inflammation in carbon tetrachloride-
treated rats.

Figure 3A shows that TAC level in liver tissue of
CCl4 treated animals was significantly reduced by
554 % wversus normal group. Telmisartan
significantly increased hepatic TAC content in
intoxicated animals by 162.3% as compared to
CCl4 group. Also, MDA was markedly greater
(p<0.01) in liver tissue of CCI4 treated animals
(370%) in comparison with control group.
Telmisartan treatment markedly mitigated the
oxidative damaging effect of CCl4 as it reduced
lipid peroxidation by 51.9% versus CCl4-treated
rats (Fig. 3B). Additionally, inflammation in the
hepatic tissue of CCIl4 intoxicated animals was
markedly elevated as evidenced from the marked
rise in IL-6 level (355%) in comparison with
normal group. However, treatment with telmisartan
significantly reduced IL-6 level by 42.7%, as
compared to CCl4-intoxicated rats (Fig. 3C). These
data confirm that telmisartan treatment markedly
mitigated oxidative stress and inflammation
(p<0.01) in carbon tetrachloride-treated rats.
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Figure 2. Effect of telmisartan treatment on hepatic TAC
(A), MDA (B), and IL-6 (C) in carbon tetrachloride-
treated rats. Results are represented as mean +S.D (n=6).
*P < 0.01 versus control group, "P<0.01 versus corn oil
treated group, °P < 0.01 versus CCl4 treated group,
respectively, using ANOVA followed by Tukey as a post-
ANOVA test.

3.4. Telmisartan treatment ameliorated liver
fibrosis in carbon tetrachloride-intoxicated rats

TGF-B is one of the main contributors to
pathological fibrosis nearly in all organs,
particularly the liver. Activated TGF-f signaling in
injured liver tissue encourages the activation and
proliferation of hepatic stellate cell (HSCs), thereby
inducing excessive extracellular matrix (ECM)
deposition®®. For that we assessed the hepatic level
of TGF-B1 as a marker for fibrosis. CCl4 injection
significantly increased TGF-B1 level by 252.3% as
compared to that of control animals (p <0.05).
Treatment with telmisartan markedly decreased
TGF-B1 levels by 47.6%, versus CCl4 treated rats
(p<0.01).
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Figure 3. Effect of telmisartan on hepatic TGF-B1 level
in carbon tetrachloride-treated rats. Results are
represented as mean £S.D (n=6). *P < 0.01 versus control
group, "P<0.01 versus corn oil treated group, °P < 0.01
versus CCl4 treated group, respectively, using ANOVA
followed by Tukey as a post-ANOVA test.

3.5. Effect of telmisartan treatment on p-JAK2
and  p-STAT3  expression in  carbon
tetrachloride-intoxicated rats

Figure 5A shows western blotting of p-JAK2
and p-STAT3 protein.  Treatment with CCl4
significantly increased p-JAK2 (6.9 fold) and p-
STAT3 (5 fold) in hepatic tissue in comparison with
normal group. Telmisartan treatment markedly
decreased JAK2 phosphorylation by 60.4% and
STAT3 phosphorylation by 55.8%, respectively
versus CCl4-treated animals.
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Figure 4. Effect of telmisartan on p-JAK2 and p-STAT3
expression in liver tissue of carbon tetrachloride -
intoxicated rats. A: Western blotting of p-JAK2 and p-
STAT3 proteins. B and C: Histogram shows the relative
level of p-JAK2 and p-STAT3 proteins. Data are
presented as mean+S.D. (n=6). *p< 0.01 versus
control group, ”P<0.01 versus corn oil treated group, °P <
0.01 versus CCI4 treated group, respectively, using
ANOVA followed by Tukey as a post-ANOVA test.

3.6. Telmisartan treatment mitigates the
ultrastructural changes in carbon tetrachloride-
intoxicated rats

Histological evaluation of liver tissue was
done utilizing H&E staining to identify the effect of
telmisartan treatment on histological architecture of
the liver after CCl4 intoxication in rats (Fig. 1).
Carbon tetrachloride treated group showed portal
fibrosis with bridging of fibroblasts between the
hepatic lobules, mononuclear inflammatory cells
infiltration and microvesicular  steatosis  of
hepatocytes, oval cells proliferation as well as
karyomegally of hepatocytic nuclei. Treatment with
telmisartan reduced all of the previously altered
histological features, as liver tissue of the
telmisartan treated group showed fine strands of
fibroblasts in the portal triad and in between the
hepatocytes, mild necrosis of sporadic hepatocytes
with slight congestion of hepatic sinusoids and
trivial vacuolar degeneration of hepatocytes.

Figure 5. Light photomicrographs of liver sections
stained with H&E for histological examination.

Image for section of liver tissue from normal control
group shows normal histological structure of the hepatic
lobule from the central vein and the hepatocytes arranged
in hepatic cords; Image for section of liver tissue from
corn oil group shows no histopathological alterations;
Image for section of liver tissue from CCl4-treated group
shows portal fibrosis with bridging of fibroblasts between
the hepatic lobules (short arrow) and microvesicular
steatosis of hepatocytes (long arrow); Image for section
of liver tissue from CCl4+Temisartan treated group
shows fine strands of fibroblasts in between the
hepatocytes (short arrow) and vacuolar degeneration of
hepatocytes (long arrow) (magnification, x400;
n=6/group).

4. DISCUSSION

One of main leading reasons for human
sufferings and mortality worldwide and particularly
in Egypt is chronic liver disease. The most
significant pathological feature in chronic liver
disease is liver fibrosis?. However, liver fibrosis is
a reversible lesion?* thus targeting fibrosis
regression is a main therapeutic goal nowadays. In
the current study telmisartan mitigated all the
biochemical and histopathological disturbances
caused by CCI4 intoxication. Whereas, telmisartan
increased total antioxidant level, reduced disturbed
serum  hepatic enzyme markers, hepatic
inflammatory reaction, and oxidative damage
induced by CCI4 intoxication. Interestingly, this
study for the first time has shown that, the
hepatoprotective action of telmisartan against
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CCl4-induced liver fibrosis is partly facilitated
through inhibition of JAK2/STAT3 pathway.

The hepatotoxin CCl4 is commonly used to
mimic human liver fibrosis in experimental
animals®. One of the executive mechanisms that
participate in progression of CCl4-induced liver
fibrosis is oxidative stress. CCl4 and its hepatic
metabolism mediate the formation of free radicals
and reactive oxygen species with consequent
depletion in cellular antioxidant molecules?®?4, In
this study, an increase in liver index and hepatic
MDA level accompanied by a reduction in TAC
was shown in CCl4-intoxicated animals. These data
are in accordance with the increase in serum hepatic
injury markers (ALT and AST) that can be
explained by the elevated oxidative stress and the
consequent lipid peroxidation and liver injury that
may alter transport and permeability function of
cellular membrane in injured hepatic cells, resulting
in outflow of the enzymes from hepatic cells into
the blood flow?®. Conversely telmisartan treatment
showed antioxidant and hepatoprotective effects as
evidenced from the elevated TAC, decreased liver
index, MDA, and serum liver injury markers in
CCl4 intoxicated animals?2?, The hepatoprotective
effects of telmisartan may be in part based on drug’s
antioxidative action?®%®, Additionally, telmisartan
as a partial peroxisome proliferator-activated
receptors-gamma (PPAR-y), agonist, may modulate
the expression of PPAR-y target genes responsible
for inflammation and oxidative stress®.%,
Additionally, telmisartan as an ARB, inhibits the
action of Ang Il, which was shown to increase
oxidative stress in different experimental models .
These results confirm the antioxidant properties as
well as the suppressive action of telmisartan on
ROS production.

The consistent oxidative liver damage caused
by CCI4 intoxication induces inflammation that
ultimately causes fibrosis of the liver®. In
accordance with previous reports, accumulating
oxidative stress by CCl4 in this study excites a clear
inflammatory reaction with inflammatory cells
infiltration as well as elevation in inflammatory
cytokine level (IL-6) in liver tissue!”%, Meanwhile,
telmisartan treatment significantly lowered hepatic
IL-6 level and inflammatory cell infiltration in liver
tissue of CCl4 intoxicated rats. Our data is in line
with the evident antioxidant activity seen in
telmisartan treated group. These data are also in
accordance with other reports in which telmisartan
has been shown to significantly reduce lipid
peroxidation, inflammatory cytokine secretion and
expression, henceforth reduces the progression of
tissue injury 26283536 Telmisartan has been also

documented to significantly reduce inflammatory
cell infiltration in liver tissue 2% %7

HSCs activation due to liver injury goes along
with TGF-B1 release from activated Kupffer cells
that participate in hepatic fibrosis 3. Many reports
documented that blockage of RAS mitigates liver
fibrosis *°. These findings are in line with our results
in which CCl4-intoxication result in marked
elevation in hepatic TGF-Bllevel. Meanwhile,
telmisartan treatment significantly reduced TGF-
Bllevel and hepatic fibrosis in intoxicated rats. This
data is in line with the ameliorative effect of
telmisartan on liver fibrosis that was shown in bile
duct-ligated rats via decreasing TGF-Blexpression
40 as well as via its partial PPAR-y agonist effect 2.

Promotion of fibrosis regression by reduction
of inflammatory response and inhibition of
signaling pathways that initiate/aid in HSCs
activation is one of the therapeutic goals in
treatment of chronic liver disease “*. Many reports
have shown the involvement of JAK2/STAT3
molecular pathways in HSCs activation®.
Additionally, many research data documented the
contributing role of STAT3 in fibrosis 4. For that,
JAK2/STAT3 pathway was considered as a possible
anti-fibrosis target in medical therapy. On such
basis, and to explain the molecular mechanisms for
the protective action of telmisartan on CCl4-
induced liver fibrosis, JAK2/STATS3 signaling was
investigated as a putative mechanism.

Our findings indicated that p-JAK2 and p-
STAT3 expressions were markedly elevated in
CCl4-intoxicated animals, with concomitant
elevation in hepatic IL-6 and TGF-B1 levels and
subsequent liver fibrosis. These data are in
accordance with several previous reports 244, The
list of ligands that enhance JAK2/STAT3 pathway
include 1L-6, TGF-B in addition to Ang IT 71045,
Moreover, JAK2/STAT3 proteins are crucial
participants in Ang II/AT1R signal transduction**®,
Thus, the significant rise in p-JAK2 and p-STAT3
level could be due to increased IL-6 and TGF-
level and most importantly to the exacerbated RAS
due to CCl4 injection. Meanwhile, telmisartan has
been documented to inhibit JAK/STAT signaling in
different experimental models 478, Also, the anti-
inflammatory activity of telmisartan 3%, in
addition to its suppressive action on Ang Il action
assured the positive correlation between the
decreased p-JAK2, p-STAT3 expression, reduced
TGF-B1 level as well as ameliorated liver fibrosis.
Thus, our data corroborate to literature, evidencing
that, inhibition of IL-6/JAK2/STAT3 pathway
might be a crucial mechanism for the mitigating
action of telmisartan against CCl4-induced hepatic
fibrosis.

25
https://aijpms.journals.ekb.eg/


https://www.sciencedirect.com/topics/medicine-and-dentistry/janus-kinase

Telmisartan prevents liver fibrosis via inhibiting TGF-R/JAK2/STAT3 pathway

5. CONCLUSION

Conclusively, the current study documented
that one of the contributing hepatoprotective
mechanisms of telmisartan against CCl4-induced
liver injury might be mediated via suppressing
oxidative stress, repressing inflammation, and
downregulating IL-6/JAK2/STAT3 pathway. These
findings are supportive for utilizing telmisartan as a
protective and therapeutic agent for liver fibrosis.

Funding: The authors did not receive support from
any organization for the submitted work.

Conflict of interest: The authors have no conflict
of interest to declare.

Author Contributions: LF; Performed the
experiments, collected the data, analyzed the
data, performed the graphical and statistical
analysis;  AA; Supervised the experiment
execution, supervised the data analysis and
revised the manuscript; KA; performance
of histopathological examination of the liver
tissue; NA; Developed the research idea,
designed the experiments, supervised the
experiment execution, supervised the data
analysis, and wrote and revised the
manuscript; All authors read and approved the
manuscript, and all data were generated in-house
and that no paper mill was used.

Ethical approval: Animal experiments were
approved by Animal Ethics Committee of the
Faculty of Pharmacy, Al-Azhar University,
Egypt. (Approval number: 80/2016).

Author Consent to Publication: All authors give
the Publisher the permission of the Authors to
publish the Work.

REFERENCES

1. Gu X, Manautou JE. Molecular
mechanisms underlying chemical liver injury.
Expert Rev Mol Med. 2012;14:1-25.

2. Ying HZ, Chen Q, Zhang WY, Zhang HH,
Ma'Y, Zhang SZ, et al. PDGF signaling pathway
in hepatic fibrosis pathogenesis and therapeutics
[Review]. Mol Med Rep. 2017;16:7879-89.

3. Gao H. Wang, F. Lafdil, D. Feng. STAT
proteins— key regulators of anti-viral
responses, inflammation, and tumorigenesis in
the liver. J Hepatol. 2012;57(2):430-41.

4. Schindler C, Darnell JE Jr. Transcriptional
responses to polypeptide ligands: the JAK-

STAT pathway. Annu Rev Biochem.
1995;64:621-51.
https://doi.org/10.1146/annurev.bi.64.0701
95.003201.

5. Favoino E, Prete M, Catacchio G, Ruscitti
P, Navarini L, Giacomelli R, et al. Working and
safety profiles of JAK/STAT signaling
inhibitors. Are these small molecules also
smart? Autoimmun Rev. 2021 Mar;20(3):1-13.
https://doi.org/10.1016/j.autrev.2021.102750.

6. Jatiani SS, Baker SJ, Silverman LR, Reddy
EP. Jak/STAT pathways in cytokine signaling
and myeloproliferative disorders: approaches
for targeted therapies. Genes Cancer. 2010
Oct;1(10):979-93.
https://doi.org/10.1177/1947601910397187.

7. Kasembeli MM, Bharadwaj U, Robinson
P, Tweardy DJ. Contribution of STAT3 to
inflammatory and fibrotic diseases and
prospects for its targeting for treatment. Int J
Mol Sci. 2018 Aug;19(8):2299.
https://doi.org/10.3390/ijms19082299.

8. Shih P.C. Revisiting the development of
small molecular inhibitors that directly target
the signal transducer and activator of
transcription 3 (STAT3) domains Life Sci 2020,
242.

9. Pascoli MDO, La Mura V. Renin-
angiotensin-aldosterone system in cirrhosis:
There’s room to try. Dig. Liver Disease ;2019,
51 2); 297-298.
doi:https://doi.org/10.1016/j.d1d.2018.07.038

10. JiY,Wang Z, Li Z, Li K, Le X, Zhang T.
Angiotensin 1l induces angiogenic factors
production partly via
AT1/JAK2/STAT3/SOCS3 signaling pathway
in MHCC97H cells. Cell Physiol Biochem.
2012;29(5-6):863-74.
https://doi.org/10.1159/000171034
PMID:22613986

11. Zapparoli A, Calegari V, Velloso LA,
Guadagnini D, Boer PA, Gontijo JA.
Hypothalamic SOCS-3 expression and the
effect of intracerebroventricular angiotensin Il
injection on water intake and renal sodium
handling in SHR. J Physiol Sci. 2010
Nov;60(6):425-33.
https://doi.org/10.1007/s12576-010-0112-0
PMID:20848345

26
https://aijpms.journals.ekb.eg/


https://08101rykc-1103-y-https-www-sciencedirect-com.mplbci.ekb.eg/topics/medicine-and-dentistry/signal-transduction
https://www.sciencedirect.com/topics/medicine-and-dentistry/statistical-analysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/statistical-analysis
https://doi.org/10.1146/annurev.bi.64.070195.003201
https://doi.org/10.1146/annurev.bi.64.070195.003201
https://doi.org/10.1016/j.autrev.2021.102750
https://doi.org/10.1177/1947601910397187
https://doi.org/10.3390/ijms19082299
https://www.dldjournalonline.com/article/S1590-8658(18)30875-2/abstract
https://www.dldjournalonline.com/article/S1590-8658(18)30875-2/abstract
https://www.dldjournalonline.com/issue/S1590-8658(19)X0002-X
https://doi.org/10.1016/j.dld.2018.07.038
https://doi.org/10.1159/000171034
https://www.ncbi.nlm.nih.gov/pubmed/22613986
https://doi.org/10.1007/s12576-010-0112-0
https://www.ncbi.nlm.nih.gov/pubmed/20848345

Fouad et al, Azhar Int J Pharm Med Sci 2022; 2(1): 20-29.

12.  Hadi N, Yousif NG, Al-amranFadhil G,
Huntei NK, Mohammad BI, Ali SJ. Vitamin E
and telmisartan attenuates doxorubicin induced
cardiac injury in rat through down regulation of
inflammatory response. BMC Cardiovasc
Disord. 2012. https://doi.org/10.1186/1471-
2261-12-63.

13.  Pang T, Sun L, Wang T, Jiang Z, Liao H,
Zhang L. Telmisartan protects central neurons
against nutrient deprivation-induced apoptosis
in vitro through activation of PPARy and the
Akt/GSK-3B pathway. Acta Pharmacologica
Sinica. 2014;35(6):727-737.

14.  Park JG, Mok JS, Han YI, Park TS, Kang
KW, Choi CS, Park HD, Park J. Connectivity
mapping of angiotensin-PPAR interactions
involved in the amelioration of non-alcoholic
steatohepatitis by Telmisartan. Sci Rep. 2019;
8;9(1):4003. doi: 10.1038/s41598-019-40322-1.

15.  Czechowska G, Celinski K, Korolczuk A,
Wojcicka G, Dudka J, Bojarska A, Madro A,
Brzozowski T. The effect of the angiotensin Il
receptor, type 1 receptor antagonists, losartan
and telmisartan, on thioacetamide-induced liver
fibrosis in rats. J Physiol Pharmacol. 2016;
67(4):575-586.

16.  Attia YM, Elalkamy EF, Hammam OA,
Mahmoud SS and El-Khatib AS. Telmisartan,
an AT1 receptor blocker and a PPARgamma
activator, alleviates liver fibrosis induced
experimentally by  Schistosoma  mansoni
infection. Parasites & Vectors 2013, 6 (1): 199-
210.

17. Fathy M, Khalifa EMMA, Fawzy MA.
Modulation of inducible nitric oxide synthase
pathway by eugenol and telmisartan in carbon
tetrachloride-induced liver injury in rats. Life
Sciences 2019, 216: 207-214.

18.  Levison DA. Book reviews: theory and
practice of histological techniques. 4th edition.
The J. pathology.1997, 183(2)243-244 doi:
https://doi.org/10.1002/(SI1C1)1096-
9896(199710)183:2<243:AlD-
PATH770>3.0.CO;2-F

19. Hernandez-Gea V, Friedman SL.
Pathogenesis of liver fibrosis. Annu Rev Pathol
2011;6:425-456.

20. LiuY,LiuQ,YeG,Khan A, LiuJ, GanF,
Zhang X, Kumbhar S and Huang K. Protective

effects of selenium-enriched probiotics on
carbon tetrachloride-induced liver fibrosis in
rats. J Agric Food Chem 2015; 63: 242-249.

21. Chen S, Zou L, Li L and Wu T. The
protective effect of glycyrrhetinic acid on
carbon tetrachloride-induced chronic liver
fibrosis in mice via up-regulation of Nrf2. PLoS
One 2013; 8: €53662.

22.  Dong S, Chen QL, Song YN, Sun 'Y, Wei
B, Li XY, et al. Mechanisms of CCl4-induced
liver fibrosis with combined transcriptomic and
proteomic analysis. JToxicol Sci 2016;
41(4):561-72.

23.  Brautbar N, Williams J. Industrial solvents
and liver toxicity: Risk assessment, risk factors
and mechanisms. International Journal of
Hygiene and Environmental Health.
2002;205(6):479-491.

24.  Ojeaburu S, Oriakhi K. Effect of ethanol
extract of Phyllantus niruri leaf on carbon
tetrachloride  induced hepatotoxicity —and
oxidative stress in rats, Trop. J. Nat. Prod. Res.
2018; 2 (7) ; 349-354.

25.  Ahn T, Yang Y, Lee J, Moon C, Kim S,
Jun W, Park S, Kim J. Ameliorative effects of
pycnogenol on carbon tetrachloride-induced
hepatic oxidative damage in rats, Phytother.
Res. 2007; 21; 1015-1019.

26. Murad H, Ahmed O, Ghabrah T, Gar M.
Telmisartan self-nanoemulsifying drug delivery
system, compared with standard telmisartan,
more effectively improves hepatic fibrosis in
rats. Dose Response. 2020;
18(4):doi: 10.1177/1559325820982190

27. Czechowska G, Celinski K, Korolczuk A,
Wojcicka G, Dudka J, Bojarska A, Madro A,
Brzozowski T. The effect of the angiotensin Il
receptor, type 1 receptor antagonists, losartan
and telmisartan, on thioacetamide-induced liver
fibrosis in rats. J Physiol Pharmacol. 2016 ;
67(4):575-586.

28. Shang P, LiuT, LiuW, LiY, DouF, Zhang
Y, SunL, Zhang T, Zhu Z, Mu F, Ding Y, Wen
A. Telmisartan improves vascular remodeling
through ameliorating prooxidant and profibrotic
mechanisms in  hypertension  via the
involvement of transforming growth factor-
B1.Mol Med Rep. 2017 ; 16(4): 4537-4544.

27
https://aijpms.journals.ekb.eg/


https://pubmed.ncbi.nlm.nih.gov/30850637/
https://pubmed.ncbi.nlm.nih.gov/30850637/
https://pubmed.ncbi.nlm.nih.gov/30850637/
https://pubmed.ncbi.nlm.nih.gov/30850637/
https://onlinelibrary.wiley.com/toc/10969896/1997/183/2
https://doi.org/10.1002/(SICI)1096-
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murad%20H%5BAuthor%5D&cauthor=true&cauthor_uid=33414695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20O%5BAuthor%5D&cauthor=true&cauthor_uid=33414695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ghabrah%20T%5BAuthor%5D&cauthor=true&cauthor_uid=33414695
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gari%20M%5BAuthor%5D&cauthor=true&cauthor_uid=33414695
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7750776/
https://dx.doi.org/10.1177%2F1559325820982190
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5646990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5646990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5646990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5646990/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5646990/

Telmisartan prevents liver fibrosis via inhibiting TGF-R/JAK2/STAT3 pathway

29.  Lakshmanan A Watanabe K,
Thandavarayan R. Telmisartan attenuates
oxidative stress and renal fibrosis in
streptozotocin induced diabetic mice with the
alteration of angiotensin-(1-7) mas receptor
expression associated with its PPAR-y agonist
action. Free Radical Research. 2011;45
(5):575-584. doi:
10.3109/10715762.2011.560149

30. Rodriguez-Lara S, Trujillo-Rangel W,
Castillo-Romero A, Totsuka-Sutto S, Garcia-
Cobian T, Cardona-Mufioz E, Miranda-Diaz A,
Ramirez-Lizardo E, Garcia-Benavides L. Effect
of Telmisartan in the Oxidative Stress
Components Induced by Ischemia Reperfusion
in Rats. Oxid Med Cell Longev. 2019.
doi: 10.1155/2019/1302985

31. Kurtz TW, Pravenec M. Antidiabetic

mechanisms of angiotensin-converting enzyme
inhibitors and angiotensin Il receptor
antagonists: beyond the renin-angiotensin
system. J Hypertens 2004;22(12):2253-61.

32. Chang WT, Cheng JT, Chen ZC.
Telmisartan improves cardiac fibrosis in
diabetes through peroxisome proliferator
activated receptor 8 (PPARS): from bedside to
bench. Cardiovasc Diabetol. 2016 12;
15(1):113.

33. Lins B ,Casare F,Fontenele F
,Gongalves G, Oliveira-Souza M. Long-term
angiotensin Il infusion induces oxidative and
endoplasmic reticulum stress and modulates na
* transporters through the nephron. 2021:
1(12):642752. doi: 10.3389/fphys.2021.642752

34.  Kim J, Choung, S. Pinus densiflora bark
extract prevents selenite-induced cataract
formation in the lens of Sprague Dawley rat
pups. Mol. Vis. 2017; 23, 638-648.

35.  Rodriguez-Perez A, Sucunza D, Pedrosa
M, Garrido-Gil P, Kulisevsky J, Lanciego J,
Labandeira-Garcia J. Angiotensin Type 1
Receptor Antagonists Protect Against Alpha-
Synuclein-Induced  Neuroinflammation and
Dopaminergic Neuron Death.
Neurotherapeutics. 2018 Oct; 15(4): 1063—
1081. Published online 2018 Jul 9.
doi: 10.1007/s13311-018-0646-z

36.  Venkatesh KM, Sriram BS, Ravichandra
V, Rajendra Holla. Effects of telmisartan on
plasma interleukin-6 and c-reactive protein

levels in  monosodium glutamate-induced
obesity in wistar albino rats. Asian J. Pharmac.
Clin. Res. 2020;13 (). doi ;
https://doi.org/10.22159/ajpcr.2020.v13i6.3728
6

37. Ionica F, Mogoanta L, Nicola G, Chirita C,
Negres S, Bejenaru C, Turculeanu A, Badea O,
Popescu N, Bejenaru L. Antifibrotic action of
telmisartan in experimental carbon
tetrachloride-induced liver fibrosis in Wistar
rats. Rom J Morphol Embryol 2016,
57(4):1261-1272

38.  Balta C, Herman H, Boldura OM, et al.
Chrysin attenuates liver fibrosis and hepatic
stellate cell activation through TGF-beta/Smad
signaling pathway. Chem Biol Interact. 2015;
240: 94- 101.

39. Mende S, Schulte S, Strack I, Hunt H,
Odenthal M, Pryymachuck G, et al. Telmisartan
plus propranolol improves liver fibrosis and bile
duct proliferation in thePSC-like Abcb4(—/—)
mouse model. Dig Dis Sci 2013;58 :1271-81

40. Yi ET, Liu RX, Wen Y, Yin CH.
Telmisartan attenuates hepatic fibrosis in
bileduct-ligated rats. Acta Pharmacol Sin
2012;33: 1518-24

41. Tanwar S, Rhodes F, Srivastava A,
Trembling P, Rosenberg W. Inflammation and
fibrosis in chronic liver diseases including non-
alcoholic fatty liver disease and hepatitis C.
World J Gastroenterol. 2020; 26(2): 109-133.
doi: 10.3748/wjg.v26.i2.109

42. Wu L, LiJ, Liu T, et al. Quercetin shows
anti-tumor effect in hepatocellular carcinoma
LM3 cells by abrogating JAK2/STAT3
signaling pathway. Cancer Med. 2019; 8: 4806-
4820.

43.  Zhaoa J, Qi Y, Yu Y. STAT3: A key
regulator in liver fibrosis. Ann Hepato 21 (2021)
100224

44, Zhang M, Wang Y, Zhu G, Sun C, Wang
J.  Hepatoprotective effect and possible
mechanism of phytoestrogen calycosin on
carbon tetrachloride—induced liver fibrosis in
mice Naunyn-Schmiedeberg's ~ Archives  of
Pharmacology 2021; 394;189-204.

45,  ShiJ,LiJ, Yang S, etal. LncRNA SNHG3
is activated by E2F1 and promotes proliferation

28
https://aijpms.journals.ekb.eg/


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6636510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6636510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6636510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6636510/
https://pubmed.ncbi.nlm.nih.gov/?term=Lins+BB&cauthor_id=33868007
https://pubmed.ncbi.nlm.nih.gov/?term=Casare+FAM&cauthor_id=33868007
https://pubmed.ncbi.nlm.nih.gov/?term=Fontenele+FF&cauthor_id=33868007
https://pubmed.ncbi.nlm.nih.gov/?term=Gon%C3%A7alves+GL&cauthor_id=33868007
https://pubmed.ncbi.nlm.nih.gov/?term=Oliveira-Souza+M&cauthor_id=33868007
https://doi.org/10.3389/fphys.2021.642752
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6277291/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6277291/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6277291/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6277291/
https://doi.org/10.22159/ajpcr.2020.v13i6.37286
https://doi.org/10.22159/ajpcr.2020.v13i6.37286
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tanwar%20S%5BAuthor%5D&cauthor=true&cauthor_uid=31969775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rhodes%20F%5BAuthor%5D&cauthor=true&cauthor_uid=31969775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Srivastava%20A%5BAuthor%5D&cauthor=true&cauthor_uid=31969775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trembling%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=31969775
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenberg%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=31969775
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6962431/
https://dx.doi.org/10.3748%2Fwjg.v26.i2.109
https://link.springer.com/article/10.1007/s00210-020-01891-5#auth-Mengmeng-Zhang
https://link.springer.com/article/10.1007/s00210-020-01891-5#auth-Yaxin-Wang
https://link.springer.com/article/10.1007/s00210-020-01891-5#auth-Guannan-Zhu
https://link.springer.com/article/10.1007/s00210-020-01891-5#auth-Cheng-Sun
https://link.springer.com/article/10.1007/s00210-020-01891-5#auth-Jiajia-Wang
https://link.springer.com/journal/210
https://link.springer.com/journal/210

Fouad et al, Azhar Int J Pharm Med Sci 2022; 2(1): 20-29.

and migration of non-small-cell lung cancer
cells through activating TGF-beta pathway and
IL-6/JAK2/STAT3 pathway. J Cell Physiol.
2020; 235: 2891-2900.

46.  Stephanou A. Role of STAT-1 and STAT-
3 in ischaemia/reperfusion injury. J Cell Mol
Med. 2004; 8(4):519-25.
https://doi.org/10.1111/j.1582-
4934.2004.tb00476.x PMID:15601580

47. Wang Y, Zhang X, Xie X, Chen W, Li M,
Diao D, et al., Obesity and metabolic syndrome
related macrophage promotes PD-L1 expression
in TNBC through IL6/JAK/STAT pathway and
can be reversed by telmisartan. Cancer Biol
Ther. 2020 Dec 1;21(12):1179-1190. doi:
10.1080/15384047.2020.1838032.

48. Seif F, Aazami H, Khoshmirsafa M,
Kamali M, Mohsenzadegan M, Pornour M,
Mansouri D. JAK Inhibition as a New
Treatment Strategy for Patients with COVID-
19. Int Arch Allergy Immunol 2020;181:467—
475.

29
https://aijpms.journals.ekb.eg/


https://doi.org/10.1111/j.1582-4934.2004.tb00476.x
https://doi.org/10.1111/j.1582-4934.2004.tb00476.x
https://www.ncbi.nlm.nih.gov/pubmed/15601580
https://www.tandfonline.com/author/Wang%2C+Ying
https://www.tandfonline.com/author/Zhang%2C+Xin
https://www.tandfonline.com/author/Xie%2C+Xin
https://www.tandfonline.com/author/Chen%2C+Wei
https://www.tandfonline.com/author/Li%2C+Min
https://www.tandfonline.com/author/Diao%2C+Dongmei
https://www.tandfonline.com/doi/abs/10.1080/15384047.2020.1838032?journalCode=kcbt20

