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Abbreviations

ALT Alanine aminotransferase
AMP Adenosine monophosphate
AST Aspartate aminotransferase
BSA Bovine serum albumin
CAT Catalase
ChREBP Carbohydrate responsive element-binding protein
CTscan Non-contrast computed tomography
DNL De novo lipogenesis
EDTA Ethylenediaminetetraacetic acid
FFA Free fatty acid
GLUT-4 Glucose transporter type 4
GPX Gglutathione peroxidase




H.Sh

High dose of shilajit groups

HDL High-density lipoprotein
HFD High Fat Diet
HOMA-IR Homeostasis model of insulin resistance index
IL Interleukin

IP Intraperitone

L.Sh Low dose of shilajit groups
LCPUFAn-3 n-3 Long chain polyunsaturated fatty acids
LDL Low-density lipoprotein
LXR Liver X receptor
MAPKSs A mitogen-activated protein kinase
MDA Malondialdehyde
MRI Magnetic resonance imaging
NAFLD Non-alcoholic fatty liver disease
NASH Nonalcoholic steatohepatitis
OD optical density

P Fluorescent polarization

PBS Phosphate-buffered saline
Pio Pioglitazone group

Po per oral
PPAR Peroxisome proliferator-activated receptor
PPAR Peroxisome proliferator-activated receptor




PVDF

Polyvinylidene difluoride

ROS Reactive oxygen species
SOCS Suppressor of cytokine signaling
SOCS3 Suppressor of cytokine signaling 3
SOD Superoxide dismutase
SREBP Sterol regulatory element-binding protein
TC Total cholesterol

TG Triglycerides
TNF-a Tumor necrosis factor
TZDs Thiazolidinediones
VLDL Very low-density lipoprotein
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Abstract:

Introduction and goals: Nonalcoholic fatty liver disease (NAFLD) is one of the common
causes of chronic liver disease, which occurs with obesity and diabetes. The prevalence of this
disease in adult populations in Western societies is 34 to 46 percent. The pathogenesis of the non-
alcoholic fatty liver is not fully known. Insulin resistance, obesity, oxidative stress and inflammatory
cascade play roles in the development of the disease. The high prevalence and chronic nature of the
disease affects people's quality of life and imposes heavy burdens on the community. Regarding the
role of oxidative stress and inflammatory factors in the pathogenesis of this disease and low levels of
antioxidant and anti-inflammatory activity in people with fatty liver, it increases the attention of
researchers to the use of antioxidants and anti-inflammatory drugs in the treatment of these patients.
Due to the high level of anti-oxidant and anti-inflammatory activity, the purpose of this study was to
investigate the possible effect of Shilajit, as Ayurvedic drug, on liver damage induced by NAFLD

and its possible mechanisms.

Methods: In this study, 72 male Albino rats weighing 150-200 grams after one week of
adaptation to the animal environment were randomly divided into 9 groups of 8 rats in each group
for study : control (Standard diet), sham-vehicle (po) (NAFL + gavage of solvent), sham-vehicle (ip)
(NAFL + intraperitoneal injection of solven), L.Sh (po) (NAFL + gavage of Shilajit in Low dose),
H.Sh (po) (NAFL+ gavage of Shilajit in high dose), Pio group (NAFL +gavage of pioglitazone), MIX
group (NAFL +Pioglitazone + gavage of Shilajit), L.Sh (ip) (NAFL + intraperitoneal injection of

Shilajit in Low dose), H.Sh (ip) (NAFL + intraperitoneal injection of Shilajit in high dose). Gavage



\p

of Shilajit was administered for two weeks. Pioglitazone and intraperitoneal treatment of Shilajit
were performed for one weeksfor after induced fatty liver by feeding high-fat diet for 12 weeks.
Serum levels of AST, ALT, TG, TC, LDL, VLDL, glucose, and activity levels of GPx and SOD,
MDA levels in liver tissue and weight and histopathologic effects of liver tissue were measured.
Also, the amount of fluidity of the mitochondrial membrane of hepatocytes, the levels of IL-1[3, IL-
6, TNF-a, IL-10, adiponectin, resistin and the level of expression of the PPAR alpha and gamma

receptor protein in the liver tissue were investigated.

Results: The results showed increased levels of liver enzymes (AST, ALT) and increased
levels of FBS, LDL, VLDL, TG.TC.HOMA-IR and HDL reduction in the sham group, which were
modulated in the Shilajit groups. Histological studies also showed that, in the sham group, fatty liver
induction was associated with the formation of grade 3 steatosis and infiltration of lymphocyte and
hepatocytes ballooning, which has been significantly reduced and improved in the Shilajit therapy
groups (p <0.05). In the sham-solvent groups in comparison to control MDA levels of liver tissue
increased and also the activity of SOD and GPx in the liver tissue significantly decreased and
increased, respectively. These modifications have been moderated in the treatment groups (P
<0.001). In the molecular studies, the results showed that in the sham group, serum levels, IL-1 B,
IL-6 and TNF-ot increased in comparison with the control group; on the contrary, the level of IL-10
in sham group decreased compared with control. In the groups receiving Shilajit and pioglitazone
compared to the sham group, these changes, exception to IL-6, have been moderated and this

moderation was statistically significant (p <0.05). Serum levels of adiponectin and resistin in the
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sham group also decreased and increased significantly, respectively in the sham group compared
with the control group, which was moderated in the treatment groups compared to the sham group (p
<0.05). The results of this study showed that the fluidity of the sham group significantly decreased
(p <0.05) compared to the control group, which showed no significant difference in the treatment
groups compared to the sham group. In Western blot studies in the liver tissue, it was observed that,
the PPARQreceptor expression in the sham group was significantly reduced compared to the control
group. The expression of this receptor in the Shilajit group was significantly increased compared to
the sham group (P <0.05). Also the expression of PPAR-Yyreceptor in the Shilajit group was

significantly increased compared to the sham group (P <0.05).

Discussion and conclusion : The results showed that a high-fat diet in the course of at least 12
weeks could induce non-alcoholic fatty liver by increasing liver enzymes and inducing steatosis in
the hepatocytes and lipid profile changes. Also, the results indicate the changes in serum cytokines
and adipokines, and changes in mitochondrial membrane fluidity, as well as in the molecular level,
alter the expression of the PPARtand, PPAR-Yreceptor expression. In this study, it has been shown
that prescribing Shilajit can have therapeutic effects in modulating the changes in non-alcoholic fatty
liver by modifying the balance of cytokines and adipokines and expressing the PPAR0tand, PPAR-
Yreceptor receptor, as well as eliminating symptoms and harm caused by Fatty diets like changes in
the mitochondrial membrane fluidity and correction of lipid profiles, insulin resistance, blood
glucose modification and hepatocyte osteotomy symptoms. Significant physiological effects of

Shilajit are related to the presence of di-benzo-a-pyrene with humic and fulvic acid, which has been
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reported in numerous studies on the effects of these active substances in anti-oxidant and anti-

inflammatory routes. The cellular mechanisms involved in these effects require further research.

Key words : non-alcoholic fatty liver, Shilajit, pioglitazone, adipokine, cytokine, PPARQand

PPAR-g, rat
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