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SUMMARY: Chronic hepatotoxicity is a debilitating and frequently life-threatening disease resulting in progressive liver failure.
The toxic chemical, thioacetamide (TAA) is used to evaluate hepatoprotective agents, and the polyphenolic compound,wasveratrol
proposed as a novel treatment for diseases with hyperactivation of the mammalian target of rapamycin (mTOR) cell sigmajing path
This analysis sought to investigate the potential protective effect of resveratrol against liver injury induced by TAiANikitiba of
hepatic mMTOR. Model group rats received several injections of TAA (200 mg/kg; twice a week for 8 weeks) before being atacrificed
week 10 and the protective group was pretreated with resveratrol (20 mg/kg) daily for two weeks prior to TAA injectiortinaed con
receiving both agents until the end of the experiment. Harvested liver tissues were examined using light microscopyarairetas
were assayed for biomarkers of inflammation and assessed the levels of mTOR protein in all animal groups. In additionplelsod sa
were assayed for biomarkers of liver injury enzyme. TAA substantially damaged the hepatic tissue of the model grouplsatioas inf
of inflammatory cells, vacuolated cytoplasm, dark pyknotic nuclei, and dilated congested blood vessel that were effaetivet/pro
resveratrol. Resveratrol also significantly (p<0.05) inhibited TAA-induced mTOR, high sensitivity c-reactive protein (hsH@&P),
necrosis factor-alpha (TN&), interleukin-6 (IL-6), alanine aminotransferase (ALT) and aspartate aminotransferase (AST) in harvested
liver homogenates and blood samples. Thus, we conclude that resveratrol effectively protects against TAA-induced hepatotoxicity
rats, possibly due to the inhibition of mTOR and inflammation.
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INTRODUCTION

Chronic liver disease represents a significanvhich depends on the length of exposure of the body to this
challenge to the health sector since it can lead to liver failuigent. For example, a single injection of TAA caused acute
as well as the high cost of liver transplantation (€L, liver injury in rats in the form of tissue necrosis and severe
2011). The adverse effects of certain chemicals usedlgukocytes infiltration between 6 — 60 hours following TAA
industries such as carbon tetrachloride (J@nd injections; whereas, biomarkers of tissue necrosis, INOS and
thioacetamide (TAA) on the human body are welNF-kB assessed in liver tissue peaked at one hour post TAA
documented (Mochizuket al, 2009). TAA is a severe injection (Cheret al, 2008). Inflammation and necrosis of
hepatotoxic agent that causes liver fibrosis (Kadial, liver tissue also observed after one week following a single
2011), cirrhosis and liver cancer (De Minieisal, 2013), injection of TAA (Luoet al, 2015). On the other hand,
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chronic liver injury model induced by TAA injections twice performed according to the Guide for the Care and Use of
a week for 6 to 10 weeks caused liver fibrosis and cirrhodisboratory Animals published by the US National Institutes
(Wallaceet al, 2015; Al-Hashenet al, 2019). of Health (NIH publication No. 85-23, revised 1996).

The quiescent, nonproliferative hepatic stellate cellExperimental design.After a one week adaptation period,
(HSCs) become highly proliferative upon exposing to insultsts were randomly allocated into 4 groups (n= 6) as follows:
causing these cells producing most of the extracellular mat@ontrol group (Control): non- treated rats that were injected
(ECM) in the fibrotic liver via the upregulation of mTOR intraperitoneally (i.p.) with vehicle; resveratrol group (RES):
(Neefet al, 2006; Shaet al, 2016). Activated mTOR leads rats treated with resveratrol (20 mg/kg) daily for 10 weeks;
to many downstream cell signalling pathways including thEAA-treated group, the model group (TAA): rats were
activation of hypoxic transcription factor, HIx1which injected i.p. with 200 mg/kg TAA, 2x per week for 8 weeks
participates in promoting liver fibrosis (Zhat al, 2014) (week 3 —week 10); the protective group (RES+TAA): rats
and cancer (Masoud & Li, 2015). The hepatotoxic agentsgere treated with resveratrol from week 1 — week 10 and
TAA and CCl4 are reported to activate the mTOR-H&F-1 injected with TAA from week 3 — week 10.
axis in many animal models of liver diseases and HSCs cell
lines (Zhacet al; Wuet al, 2016). Furthermore, these agent#istological Analysis.Liver specimens were immediately
are also known to augment profibrogenic and inflammatofixed in 10 % formal saline for 24 hours. Paraffin blocks
biomarkers such ag-SMA that upregulates fibroblast were prepared,and 5 mm thick sections were subjected to
activity leading to the production of collagen and other fibetsematoxylin and eosin (H&E) stain to elucidate the status
(Nouchiet al, 1991; Zhacet al; Wu et al), and TNFet  of hepatic architecture and the structural changes.

(Morio et al, 2001). Induction of TNFr and IL-6 caused

MMP/TIMP imbalance and collagen production (promotingVestern Blotting Analysis of mTOR.Proteins were extracted

fibrosis) by HSCs (Robest al, 2016). from liver tissues, and 2(g of protein per sample were
immunoblotted as we described previously (Al-Aatial,

Resveratrol is a polyphenolic anti-inflammatory an@010). Membranes were probed with anti-mTOR-phospho-
antioxidant compound found in grapes, berries, and pean®2448 (Thermo Fisher Scientific, MA, USA) at 40C overnight.
(Cudmoreet al, 2012). It ameliorates several types of liveProteins were visualized using the ECL detection kit
diseases such as hepatic sinusoidal obstruction, hepgienersham-Pharmacia, UK). Relative expression was
steatosis (Trepiaret al, 2018), and inhibits HSCs (Kawadadetermined using Image analysis software to read the band
et al, 1998). Resveratrol was proposed as a novel treatmeariensity of the target proteins against the control sample after
for diseases with mTOR pathway hyperactivation such asrmalization bya-actin on the Chemi Doc MP imager.
cancers and tumor syndromes (Alayaval, 2016). We
recently reported that the antidiabetic, anti-inflammatorlanine Aminotransferase (ALT), Aspartate
and antioxidant drug, metformin, is able to inhibit TAA-Aminotransferase (AST), High Sensitive C-reactive protein
induced hepatotoxicity associated with the inhibition ofCRP), Tumor Necrosis Factor Alpha (TNF«a, and
MTOR hyperactivation and inflammation (Al-Hashetal). Interleukin-6 (IL-6) Enzyme-Linked Immunosorbent
Therefore, we speculated that activation of the mTOR ardsay (ELISA). Serum levels of ALT and AST were measured
inflammation by TAA in a rat model of liver injury could be using an enzymatic kit (Randox Laboratories, UK) according
inhibited by resveratrol. to the manufacturer’s instructions. ELISA kits were purchase

to determine serum levels of high sensitive C-reactive protein
(hsCRP, Cat. No. ERC1021-1) from ASSAYPRO, USA.
MATERIAL AND METHOD ELISA kits for determination of liver tissue homogenate levels
of Interleukin-6 (IL-6, Cat No. ELROIL6-001), and
tumour necrosis factor alpha (TNE-Cat No. R63635), were
Animals. Albino male rats weighing 180-200 gm were usedsed according to the manufacturer’s instructions.
for the experiments with the approval of Ethical Committee
of the college of medicine, King Khalid University, Abha,Statistical analysis.The data was expressed as nreatan-
Saudi Arabia. The animals were obtained from the animdard deviation (SD). Data was processed and analyzed using
house of the College of Medicine of King Khalid Universitythe SPSS version 10.0 (SPSS, Inc., Chicago, lll., USA). One-
where they fed with standard rat’s pellets and allowed freeay ANOVA was done followed by Tukey’s post hoc test.
access to water. They were housed at a controlled ambiPeiarson correlation statistical analysis was done for detection
temperature of 2% 2 °C and 50t 10 % relative humidity, of a probable significance between two different parameters.
with 12-h light/12-h dark cycles. Experiments werdResults were considered significant & 0.05.
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RESULTS

Induction of chronic liver injury in rats by TAA. We (p<0.05) when compared with the control groups. This
first sough to characterize the rat model of chronic liver injunmeans, a partial inhibition by resveratrol was achieved.
induced by the heapatotoxic agent, TAA. Injection of the
model group of rats with TAA (200 mg/kg body weight, To determine whether resveratrol pre-treatment can
I.p.) twice a week for 8 weeks caused a sharp increasergnluce the release of the liver injury enzymes ALT and AST
biomarkers of liver injury and abnormal liver tissuen rats injected with TAA, one group of rats was given
architecture (Fig. 1). High blood levels of ALT (Fig. 1A)resveratrol daily prior (for 2 weeks) and post (for 8 weeks)
and hs-CRP (Fig. 1B), and H&E images of liver section (FiggAA injections. Compared to the control groups, TAA caused
1C and 1D) confirmed liver injury and abnormal changes @ three-fold increase in both ALT and AST that was
the liver parenchyma in the model group (TAA). H&E-significantly (p<0.05) inhibited by resveratrol (RES+TAA)
stained liver section from the model group (Fig. 1D) displayJable 1). However, the levels of ALT and AST in the RES
ballooning degeneration of hepatocytes, vacuolatefAA group were still significant (p<0.05) to the control
cytoplasm, dark pyknotic nuclei, induced the presence gfoup, which means, a partial inhibition by resveratrol was
numerous inflammatory cell infiltration and dilateddemonstrated.
congested blood vessel. However, another H&E image at
similar magnification prepared from liver sections of the Resveratrol inhibits TAA-induced hepatic mTOR
control rats (Fig. 1C) shows unremarkable liver architecturectivity in rats. Resveratrol was proposed as a novel treatment

for diseases with mTOR pathway hyperactivation such as

Resveratrol inhibits TAA-induced liver injury cancers and tumor syndromes (Alaysval). To test the
enzymes and inflammatory biomarkers. We measured thgpothesis that resveratrol pretreatment can inhibit TAA-
tissue levels of the inflammatory biomarkers, CRP, TNF-induced mTOR liver cell signaling, we assessed the levels
and IL-6 in all animal groups at week 10. TAA augmentedf mTOR protein in all animal groups (Fig. 2). TAA strongly
blood levels of CRP and liver tissue homogenates levelsafigmented mTOR protein levels, which was effectively
TNF-a and IL-6, and resveratrol treatment (RES+TAA)nhibited by resveratrol (Figs. 2A and 2B). However, the
significantly (p<0.05) inhibited these biomarkers (Table l)degree of inhibition of mTOR by resveratrol was still
However, the inhibition by resveratrol was still significansignificant (p<0.05) to the control rats (Fig. 2B).
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Fig. 1. Induction of chronic liver injury
in rats by TAA. Blood levels of ALT
(A) and hs-CRP (B) were measured
after 10 weeks in the model group
(TAA) compared to the control group
rats (n=6 for each group). Results
represent the meant§D), and
experiments were performed in
triplicate. *p<0.05 versus control. (C
and D). H&E stained images (x400) of
harvested tissues obtained after 10
weeks from the liver of model group
(D) compared to control group (C) rats
are visualized using light microscopy.
Note that arrows point to vacuolated
cytoplasm and dark pyknotic nuclei.
Abbreviations: PT, portal tract; C,
dilated congested blood vessel; TAA:
thioacetamide.
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Table I. Effects of resveratrol on blood and liver homogenates levels of C-reactive protein (CRP), tumor necrosis factor-alpha
(TNF-0), interleukin-6 (IL-6), alanine transaminase (ALT), and aspartate transaminase (AST) in all experimental groups of rats.

Animd CRP TNF-a IL-6 ALT (U/L) AST (U/L)
groups (ng/ml) (pg/gm) (pg/gm)

Control 1.00 + 0.29 18.18+3.015 21.60 + 3.81 1550+2.81 16.67 +5.89
RES 0.801 +0.18 19.02+3.15 2352+36 17.33+2.42 1550 +4.41
TAA 6.31 + 2.39% 111.7+14.0a 131.1+3.75a 55.38 +20.37a 58.50 + 11.93a
RES+TAA 3.27 +1.32eb 80.47+19.82ab 72.60 + 19.67ab 28.29+7.43ab 33.71+6.31ab

Values are expressed as Mea=a®D for 6 rats in each group. Values were considered significantly different at P < 0.05. a: Significant in comparison
to control; b:Significant in comparison to TAA. TAA: thioacetamide; RES: resveratrol.
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Fig. 2. Resveratrol reduces TAA-
induced mTOR signaling protein.
Liver tissue lysates prepared
from all the groups of rats were
> examined by Western blotting for
0 o phospho-mTOR (p-mTOR) (A
q‘? and B), andx-actin as a loading
control (A). Histograms represent
D the relative expression of this
signaling protein are shown (B).
o0 (C and D). Positive correlation
between mTOR and TN&-(C)
and mMTOR and ALT (D). ALT:
alanine  aminotransferase;
mTOR: mammalian target of
rapamycin; TNFe: tumor
necrosis factow; TAA:
thioacetamide.
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We further determined the correlation between mTORnimal groups after 10 weeks on resveratrol and 8 weeks on
scorning and the tissue levels of inflammation, and serufAA were stained with hematoxylin and eosin (H&E) and
levels of liver injury biomarkers in order to confirm andthen examined under light microscopy (Fig. 3).
characterize that the role of the resveratrol is stable and Representative H&E stained sections of liver from the model
appropriate agent in liver injury in rats, and to further suppogroup showed that TAA substantially distorted the liver
the link between mTOR and inflammation, and serum levegarenchyma with ballooning degeneration of hepatocytes,
of liver injury enzymes. As shown in Figs. 2C and 2D, aacuolated cytoplasm, dark pyknotic nuclei, induced the
positive correlation was shown between mTOR and thepeesence of numerous inflammatory cell infiltration and
biomarkers; mTOR versus TNi{r = 0.9476) (p<0.0001), dilated congested blood vessel (Fig. 3B). Whereas, a nor-
and mTOR versus ALT (r = 0.8628) (p<0.0001). mal tissue structure in the control group displaying cords of

hepatocytes with acidophilic cytoplasm and vesicular nuclei

Resveratrol protects hepatic tissue against TAAsurrounding portal tract (Fig. 3A). Resveratrol treatment
induced liver injuries. We tested the hypothesis thaireserved liver architecture against damage induced by TAA
resveratrol can protect liver tissue against damage indudgdgs. 3C and 3D). However, small foci of inflammatory
by TAA in rats. Harvested liver tissues obtained from abtell were noted in some fields.
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Fig. 3. Resveratrol protects liver architecture against injury induced by TAA. H&E stained images (A,B,C, x100; D, x408stchar
tissues obtained after 10 weeks from the liver of the control group (A), TAA group (B), and the protective group, RES+HAB)(C an
Note that arrowheads in (B and D) point to the inflammatory cell infiltration. Abbreviations: PT, portal tract; V, centr@P¥ein
thioacetamide.

-

DISCUSSION

In this study, we investigated whether theconsistent with our working hypothesis that resveratrol can
polyphenolic compound resveratrol can protect the liver froffotect against TAA-induced hepatotoxicity via the inhibition
the hepatotoxic agent TAA in a chronic liver injury animaPf MTOR hyperactivation and biomarkers of inflammation
model. Therefore, we induced liver injury in rats using TAAnd liver injury enzyme in rats.
in the presence and absence of resveratrol. Here, we report
that resveratrol protected liver parenchyma against damage  Elevated levels of mTOR in TAA-induced chronic
induced by TAA (Fig. 3), and inhibited biomarkers ofliver injury (Fig. 2) together with other previously published
inflammation, liver injury enzymes, and fibrosis (Table work (Wuet al) that showed TAA caused liver fibrosis and
and Fig. 2) in liver tissue homogenates and blood. Thekgreased levels of mTOR in mice and hepatic stellate cells,
conclusions are supported by the ELISA, Western blots, afitither strengthens the link between TAA and liver fibrosis
light microscopy data indicating that TAA induced liverand mTOR cell signaling. Indeed, mTOR was found to
tissue damage, inflammation, and mTOR in rats, which welcrease these profibrogenic biomarkers and hence promote
substantially protected by resveratrol. Our results were thfigrosis (Zhaoet al). In addition, inflammation is well-
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known inducers of liver fibrosis, and an association betweeecolectados. En conclusion, el resveratrol protege eficazmente
inflammation and mTOR in animal models of liver fibrosiscontra la hepatotoxicidad inducida por TAA en ratas, posiblemen-
was documented (Wamgal, 2014), which are in agreementt® debido a la inhibicion de mTOR y de la inflamacion.

with our findings of elevated levels of mMTOR, CRP, TNF-

a, and IL-6 in TAA-induced liver injury. PALABRAS CLAVE: Lesion hepatica; Tioacetamida,;

mTOR; Resveratrol; Inflamacion; Modelo de rata.

Resveratrol was proposed as a novel treatment for
dlsease_s Wlth mTOR pathw_ay hyperactlvatlon_(AIggev REFERENCES
al.), which is in agreement with our data shown in Fig. 2. In
addition, previous reports used resveratrol to successfully
|nh_|b|t liver injuries mducz_ad by a chemlcal insult, CCI_4 INALANi, B.; Hewett, P. W.; Cudmore, M. J.; Fujisawa, T.: Saifeddine, M.:
an|ma| mOdels and hepatIC Ce||S (R|Veta|., 2008) that IS Wi||iams, H.; Ramma, W.,; Sissaoui’ S.; Jayaraman’ P.S; Ohbat M.;
also in agreement with our TAA and resveratrol data (Figs. al. Activation of proteinase-activated receptor 2 stimulates soluble
2 and 3 and Table I). vascular endothelial growth factor receptor 1 release via epidermal

growth factor receptor transactivation in endothelial ddiypertension,

. 55(3)689-97, 2010.
In summary, this study demonstrates that TA'%I-Hashem, F.; Al-Humayed, S.; Amin, S. N.; Kamar, S. S.; Mansy, S. S;

induced liver injury, mTOR, and inflammation, which were ' passan, s.; Abdel-Salam, L. O.; Ellatif, M. A.; Alfaifi, M.; Haidara, M.
protected by resveratrol. A.; et al Metformin inhibits mTOR-HIF-1a axis and profibrogenic
and inflammatory biomarkers in thioacetamide-induced hepatic tissue
alterationsJ. Cell. Physiol., 234(69328-37, 2019.
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R E,E.’RA.HlM’.H' A. & AL-ANI‘. B. Supresion de la lesion Chen, T. M.; Subeq, Y. M.; Lee, R. P.; Chiou, T. W. & Hsu, B. G. Single
hepatica '”dPC'da por}'o_""cet?‘,m'da enratas tratada_s co resveratrol:y,se intravenous thioacetamide administration as a model of acute liver
Rol de la via de sefializacion mTOR (mammalian Target of gamage in ratsnt. J. Exp. Pathol., 89(4323-31, 2008.
Rapamycin)Int. J. Morphol., 38 (3p58-564, 2020. Cudmore, M. J.; Ramma, W.; Cai, M.; Fujisawa, T.; Ahmad, S.; Al-Ani, B.
& Ahmed, A. Resveratrol inhibits the release of soluble fms-like tyrosine

RESUMEN: La hepatotoxicidad cronica es una enferme- kinase (sFlt-1) from human placentam. J. Obstet. Gynecol.,
dad debilitante y potencialmente mortal que produce insuficien- 206(3)253.€10-5, 2012. o , _ o
cia hepatica progresiva. La toxicidad del quimico de IR Minicis, S. Kisseleva, T, Francis, H., Baroni, G. S.; Benedetti, A;
tioacetamida (TAA) se utiliza para evaluar los agentes Brenner, D.; Alvaro, D., Alpini, G. & Marzioni, M. Liver carcinogenesis:

L rodent models of hepatocarcinoma and cholangiocarciridige.iver
hepatoprotectores y el compuesto polifendlico, resveratrol, se pro-pjs  45(6)450-9, 2013.

puso como un nuevo tratamiento para enfermedades CRatir, F. A.; Othman, F.; Abdulla, M. A.; Hussan, F. & Hassandarvish, P.
hiperactivacion de la via de sefializacién celular mMTOR Effect of Tinospora crispa on thioacetamide-induced liver cirrhosis in
(mammalian Target of Rapamycin). Aqui buscamos investigar el rats.Indian J. Pharmacol., 43(1§4-8, 2011. o

posible efecto protector del resveratrol contra la lesion hepati¢awada, N.; Seki, S.; Inoue, M. & Kuroki, T. Effect of antioxidants, resveratrol,
inducida por TAA a través de la inhibicion de la via de sefializa- quercetin, and n-acetylcysteine, on the functions of cultured rat hepatic
cion mTOR en hepatocitos. Las ratas del grupo modelo recibje- stellate cells and Kupffer celllepatology, 27(5)265-74, 1998.

. . d ) 200 ko d Luo, M.; Dong, L.; Li, J.; Wang, Y. & Shang, B. Protective effects of
ron varias inyecciones de TAA ( mg _9' 0s veces por sema- entoxifylline on acute liver injury induced by thioacetamide in rats.
na durante 8 semanas) antes dg ser sacrificadas en la semana lqpm, J. Clin. Exp. Pathol., 8(83990-6, 2015.
el grupo protector se tratd previamente con resveratrol (20 m@idsoud, G. N. & Li, W. HIF-1a pathway: role, regulation and intervention
kg) diariamente durante dos semanas antes de las inyecciones dér cancer therapyActa. Pharm. Sin. B, 5(878-89, 2015.

TAAY continud recibiendo ambos agentes hasta el final del expéochizuki, M.; Shimizu, S.; Urasoko, Y.; Umeshita, K.; Kamata, T.;

rimento. Se examinaron los tejidos hepaticos recolectados usandd<itazawa, T.; Nakamura, D.; Nishihata, Y., Ohishi, T. & Edamoto, H.

microscopia éptica y se analizaron los homogeneizados hepéticoscarbon tetrachloride-induced hepatotoxicity in pregnant and lactating
detectar bi d de infl - | rats.J. Toxicol. Sci., 34(2)75-81, 2009.

pf':lra etectar |pmarca ores de Inflamacion y se e‘_’a uaron M@rio, L.A.; Chiu, H.; Sprowles, K. A.; Zhou, P.; Heck, D. E.; Gordon, M.

n“{eles de proteina mTOR en todos los grupos de anlmales. Ade-k & Laskin, D. L. Distinct roles of tumor necrosis factor-alpha and

mas, se analizaron muestras de sangre para detectar biomarcadoregric oxide in acute liver injury induced by carbon tetrachloride in

de la enzima de lesion hepética. TAA dafié sustancialmente el te-mice. Toxicol. Appl. Pharmacol., 172(#-51, 2001.

jido hepéatico del grupo modelo, con infiltracién de céluladleef, M.; Ledermann, M.; Saegesser, H.; Schneider, V. & Reichen, J. Low-

inflamatorias, citoplasma vacuolado, néicleos picnéticos oscuros dose oral rapamycin treatment reduces fibrogenesis, improves liver

y vasos sanguineos congestionados dilatados que estaban efectfynction, and prolongs survival in rats with established liver cirrhosis.

) -~ ~'J. Hepatol., 45(8y86-96, 2006.
vamente protegidos por el resveratrol. El resveratrol tambi

L, T i ) ff, G. W.; Duncan, C. W. & Schiff, E. R. The current economic burden
inhibio significativamente (p <0.05) mTOR, proteina C-reactiva ¢ cirrhosis.Gastroenterol. Hepatol. (N. Y.), 7(16§1-71, 2011.

(hs-CRP), faCFOY de ne.CVOSiS tumoral alfa (Tédf-interleucina-6  Nouchi, T.; Tanaka, Y.; Tsukada, T.; Sato, C. & Marumo, F. Appearance of
(IL-6), alanina aminotransferasa (ALT ) y aspartato alpha-smooth-muscle-actin-positive cells in hepatic fibrdsiger,
aminotransferasa (AST) en las muestras de sangre y de higado41(2)100-5, 1991.

563



DALLAK, M.; AL-HASHEM, F.; HAIDARA, M. A.; ELLATIF, M. A.; KAMAR, S. S.; SHAMSELDEEN, A. M.; DAWOOD, A. F.; EBRAHIM, H. A. & AL

thioacetamide-induced hepatic injury in rats by resveratrol: role of mammalian target of rapamycin (mtor) cell signalindorphol., 38(3p58-564, 2020.

-ANI, B. Suppression of

Rivera, H.; Shibayama, M.; Tsutsumi, V.; Perez-Alvarez, V. & Muriel, PCorresponding author:
Resveratrol and trimethylated resveratrol protect from acute livgProfessor Bahjat Al-Ani
(zjggﬁsage induced by CCl4 in the rat.Appl. Toxicol., 28(2)47-55, Department of Physiology

Robert, S.; Gicquel, T.; Bodin, A.; Lagente, V. & Boichot, E.C.Ollege of Me(.ilcm(?
Characterization of the MMP/TIMP imbalance and collagen productioﬁIng KhalidUniversity
induced by IL-1b or TNF-a release from human hepatic stellate celt‘%‘.bha 61421
PLoS One, 11(4¢0153118, 2016. SAUDI ARABIA

Shan, L.; Ding, Y.; Fu, Y.; Zhou, L.; Dong, X.; Chen, S.; Wu, H.; Nai, W.;

Zheng, H.; Xu, W.pt al mTOR overactivation in mesenchymal cells
aggravates CCI 4- induced liver fibrosgei. Rep., 86037, 2016.

Trepiana, J.;/Milton-Le_askibar, l.; Gémez-Zorita, S.; Eseberri, I.; GonzéIeE_ma”: bahjat_alani@yahoo.com
M.; Fernandez-Quintela, A. & Portillo, M. P. Involvement of 5'-activated
protein kinase (AMPK) in the effects of resveratrol on liver steatosis.

Int. J. Mol. Sci., 19(11220-31, 2018. .

Wallace, M. C.; Hamesch, K.: Lunova, M.; Kim, Y.; Weiskirchen, R.; Strnadeceived: 08-08-2019
P. & Friedman, S. L. Standard operating procedures in experimenty¢cepted: 18-10-2019
liver research: thioacetamide model in mice and kats. Anim., 49(1
Suppl.)21-9, 2015.

Wang, W.; Yan, J.; Wang, H.; Shi, M.; Zhang, M.; Yang, W.; Peng, C. & Li,

H. Rapamycin ameliorates inflammation and fibrosis in the early phase
of cirrhotic portal hypertension in rats through inhibition of mMTORC1
but not nMTORC2PLo0S One, 9(1¢83908, 2014.

Wu, Y. L.; Zhang, Y. J.; Yao, Y. L.; Li, Z. M.; Han, X.; Lian, L. H.; Zhao, Y.

Q. & Nan, J. X. Cucurbitacin E ameliorates hepatic fibrosis in vivo and
in vitro through activation of AMPK and blocking mTOR-dependent
signaling pathwayToxicol. Lett., 25847-58, 2016.

Zhao, Y.; Ma, X.; Wang, J.; Zhu, Y.; Li, R.; Wang, J.; He, X.; Shan, L;
Wang, R.; Wang, L.et al Paeoniflorin alleviates liver fibrosis by
inhibiting HIF-1a through mTOR-dependent pathwBiioterapia,

99:318-27, 2014.

564



