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The main cause of fatty liver disease is the 
consumption of high-fat and high-calorie foods, 
followed by accumulation of fat in the liver cells. This 
disease occurs in the absence of alcohol consumption.(1) 
Globally, the incidence of non-alcoholic fatty liver 
disease (NAFLD) is estimated to be around 25%–30%. 
The high prevalence and chronic nature of this disease 
affect the quality of life of patients and impose an 
economic burden on society.(2) High-fat accumulation in 
the liver cells disrupts the normal activity of liver tissue, 
leading to a progressive course ranging from simple 
steatosis to non-alcoholic steatohepatitis (NASH), 
and in a more advanced state of the disease process 
leading to fibrosis, cirrhosis, and carcinoma.(1) The 
development and progression of NAFLD are highly 
linked to the features of metabolic syndrome including 
insulin resistance (IR), high blood glucose, obesity, 
dyslipidemia, and diabetes. However, some studies 
reported that NAFLD may develop in non-obese 
patients and individuals without metabolic syndrome.(3)

Individuals with obesity often consume a high 
proportion of fat excess dietary caloric intake, resulting 

in obesity and associated IR.(4,5) Studies have shown 
the key role of IR in developing liver disease. Moreover, 
several studies have reported a correlation between IR 
and NAFLD in obese and type 2 diabetic patients,(6,7) 
which can impair the insulin suppression of lipolysis, 
resulting in an increase in the delivery of free fatty 
acids (FFA) to the liver and development of fatty liver.(8) 
IR is assessed by the homeostasis model of insulin 
resistance index (HOMA-IR).(9) Low HOMA-IR indicates 

©The Chinese Journal of Integrated Traditional and Western 
Medicine Press and Springer-Verlag GmbH Germany, part of 
Springer Nature 2022
Supported by Department of Physiology and Pharmacology, 
Kerman University of Medical Sciences, Kerman, Iran
1.Physiology Research Center, Kerman University of Medical 
Sciences, Kerman(7616914115), Iran; 2. Endocrinology, 
and Metabolism Research Center, Kerman University of 
Medical Sciences, Kerman (7616914115), Iran; 3.Department 
of Biochemistry, School of Medicine, Kerman University of 
Medical Sciences, Kerman (7616914115), Iran; 4. Department 
of Medical Science, School of Dentistry, Shiraz University of 
Medical Sciences, Shiraz (713414336), Iran; 5. Department of 
Physiology and Pharmacology, Faculty of Medicine, Kerman 
University of Medical Sciences, Kerman (7616914115), Iran
Correspondence to: Prof. Nader Shahrokhi, E-mail: nshahrokhisa@
yahoo.com, nshahrokhi@kmu.ac.ir
DOI: https://doi.org/10.1007/s11655-022-3307-3

ABSTRACTABSTRACT ObjectiveObjective: To evaluate the effect of Shilajit, a medicine of Ayurveda, on the serum changes in : To evaluate the effect of Shilajit, a medicine of Ayurveda, on the serum changes in 

cytokines and adipokines caused by non-alcoholic fatty liver disease (NAFLD). cytokines and adipokines caused by non-alcoholic fatty liver disease (NAFLD). MethodsMethods: After establishing : After establishing 

fatty liver models by feeding a high-fat diet (HFD) for 12 weeks, 35 Wistar male rats were randomly divided into fatty liver models by feeding a high-fat diet (HFD) for 12 weeks, 35 Wistar male rats were randomly divided into 

5 groups, including control (standard diet), Veh (HFD + vehicle), high-dose Shilajit [H-Sh, HFD + 250 mg/(kg5 groups, including control (standard diet), Veh (HFD + vehicle), high-dose Shilajit [H-Sh, HFD + 250 mg/(kg•d) d) 

Shilajit], low-dose Shilajit [L-Sh, HFD + 150 mg/(kgShilajit], low-dose Shilajit [L-Sh, HFD + 150 mg/(kg•d) Shilajit], and pioglitazone [HFD + 10 mg/(kgd) Shilajit], and pioglitazone [HFD + 10 mg/(kg•d) pioglitazone] d) pioglitazone] 

groups, 7 rats in each group. After 2-week of gavage administration, serum levels of glucose, insulin, interleukin groups, 7 rats in each group. After 2-week of gavage administration, serum levels of glucose, insulin, interleukin 

1beta (IL-1β), IL-6, IL-10, tumor necrosis factor-alpha (TNF-α), adiponectin, and resistin were measured, and 1beta (IL-1β), IL-6, IL-10, tumor necrosis factor-alpha (TNF-α), adiponectin, and resistin were measured, and 

insulin resistance index (HOMA-IR) was calculated. insulin resistance index (HOMA-IR) was calculated. ResultsResults: After NAFLD induction, the serum level of IL-10 : After NAFLD induction, the serum level of IL-10 

signifi cantly increased and serum IL-1β, TNF-α levels signifi cantly decreased by injection of both doses of Shilajit signifi cantly increased and serum IL-1β, TNF-α levels signifi cantly decreased by injection of both doses of Shilajit 

and pioglitazone (and pioglitazone (P<0.05). Increases in serum glucose level and homeostasis model of HOMA-IR were reduced <0.05). Increases in serum glucose level and homeostasis model of HOMA-IR were reduced 

by L-Sh and H-Sh treatment in NAFLD rats (by L-Sh and H-Sh treatment in NAFLD rats (P<0.05). Both doses of Shilajit increased adiponectin and decreased <0.05). Both doses of Shilajit increased adiponectin and decreased 

serum resistin levels (serum resistin levels (P<0.05). <0.05). ConclusionConclusion: The probable protective role of Shilajit in NAFLD model rats may be via : The probable protective role of Shilajit in NAFLD model rats may be via 

modulating the serum levels of IL-1β, TNF-α, IL-10, adipokine and resistin, and reducing of HOMA-IR.modulating the serum levels of IL-1β, TNF-α, IL-10, adipokine and resistin, and reducing of HOMA-IR.

KEYWORDSKEYWORDS non-alcoholic fatty liver disease, Shilajit, adipokines, cytokines, glucose, insulin, dietary  non-alcoholic fatty liver disease, Shilajit, adipokines, cytokines, glucose, insulin, dietary 

supplement, Ayurvedic medicinesupplement, Ayurvedic medicine

Baran Ghezelbash1, Nader Shahrokhi1, Mohammad Khaksari2, Gholamreza Asadikaram3, 
Maryam Shahrokhi4, and Sara Shirazpour5

Original Article

Protective Roles of Shilajit in Modulating Resistin, 
Adiponectin, and Cytokines in Rats with 

Non-alcoholic Fatty Liver Disease

Available online at link.springer.com/journal/11655
Journal homepage: www.cjim.cn/zxyjhen/zxyjhen/ch/index.aspx
E-mail: cjim_en@cjim.cn

hinese Journal of Integrative MedicineC



• 2 • Chin J Integr Med

sensitivity to insulin and vice versa. Previous study has 
shown that NAFLD patients have higher HOMA-IR.(10)

Adipose tissue, especially white adipose tissues 
(WAT), mediates energy homeostasis in adults.(11,12) 
The adipose tissue as an endocrine organ is capable 
to produce several hormones and a group of cytokines 
known as adipokines, such as adiponectin, resistin, 
and leptin, playing a central role in the regulation 
of metabolism of glucose and lipid in the liver and 
peripheral tissues.(13) Among them, inflammatory 
cytokines including tumor necrosis factor-alpha 
(TNF-α), interleukin-1beta (IL-1β), IL-6, and IL-8 
are involved in IR as a key element of NAFLD.(14) 
Clinical and experimental studies have reported 
a direct correlation between the increased pro-
infl ammatory cytokines and the development of fatty 
liver disease.(15,16) Jamali, et al(17) reported increased 
serum levels of TNF-α, IL-6, IL-8, and resistin in 
patients with NAFLD. Adiponectin is a potent anti-
inflammatory adipokine and decreased its levels 
promotes steatosis and liver infl ammation.(16,18)

Recent studies have focused on the potentiality of 
natural and herbal medicines as a therapeutic strategy 
for the prevention and treatment of NAFLD, due to 
their effectiveness and low side effects.(19) Shilajit has 
traditionally been used by Ayurvedic medicine as a 
dietary supplement for restoring the energy balance 
in the human body.(20) Shilajit contains mainly humic 
substances functionally divided into fulvic acid (FA), 
folate, humic acid (HA) and hymen acid, which are 
responsible for its biochemical activities. Shilajit also is 
composed of terpenoids, vitamins A, B, C, phospholipids, 
polyphenol complexes, and necessary microelements, 
for example, iron, nickel, zinc, cobalt, magnesium, 
copper, manganese, and chrome.(21) Modern science 
has proven that Shilajit possesses antioxidant, anti-
aging, antidiabetic, analgesic, anxiolytic, cognitive and 
memory enhancer, neuroprotective, and anti-allergic 
and immunomodulatory activities.(21-25) Earlier studies 
also showed that Shilajit decreases blood glucose and 
improves lipid profi le in diabetes.(26)

Given that infl ammatory factors play important roles 
in the pathogenesis of NAFLD, more attention has been 
given to the use of agents with anti-infl ammatory natures 
in the treatment of NAFLD.(27) The present study aimed to 
investigate the protective effect of Shilajit on the NAFLD 
rats model induced by long-term high-fat diet (HFD).

METHODS

Shilajit Preparation
Shilajit was achieved from the local residents of 

Sardoiyeh in Jiroft (Kerman, Iran) with the approval of 
the Pharmacy Faculty of Kerman Medical University. It 
was dried following at least 2–3 times of washing, and 
then powdered and dissolved in distilled water and 
positioned on a shaker for 24 h. Then, it was passed 
through a clean fi lter to remove the possible impurities. 
Subsequently, the solution was centrifuged at 5,000 g 
for 10 min and then sterilized in the autoclave.

Animals and Grouping
In this study, 35 male Wistar rats, weighing 

160±20 g, were kept in a temperature and humidity-
controlled room (20±3 ℃ temperature, 45%–55% 
humidity) on a 12 h light-dark cycle and allowed water 
and diet ad libitum. All procedures were carried out 
under the approval of the Medical Ethics Committee of 
Kerman University of Medical Sciences Kerman, Iran 
(Approval No. EC/KNR/89-13).

Following 1-week period of adjustment, rats were 
randomly divided into control (n=7) and NAFLD groups 
(n=28). NAFLD model was induced by feeding rats with 
HFD containing 20% fat (170 g animal fat + 30 g corn 
oil), 1% cholesterol, 0.5 % bile salt, and 10% sucrose 
for 12 weeks.(28) Rats in the control group were fed a 
standard diet for 12 weeks. After establishment of fatty 
liver model by examining the status of liver histologically 
and biochemically, the rats in the NAFLD groups 
randomly subdivided into 4 groups as follows (7 rats in 
each group), including vehicle (Veh) group (received 
distilled water as the vehicle); low- and high-doses 
Shilajit (L-Sh and H-Sh) groups [received 150 and 
250 mg/(kg•d) Shilajit, respectively]. Doses of Shilajit 
were chosen based on prior studies investigating anti-
infl ammation cytokines in hepatic injury in male rats;(22,29) 
and rats in the pioglitazone (Pio) group received 
10 mg/(kg•d) pioglitazone.(30) Rats in each group 
received their respective treatments for 2 weeks in the 
form of gavage after the induction of NAFLD model.

Sampling and Serum Preparation
At the end of 14th weeks, rats were sacrificed 

following 12 h fasting under deep anesthesia with 
pentobarbital sodium (50 mg/kg, intraperitioneal 
injection). Blood samples were collected via heart 
puncture and then centrifuged at 4,000 r/min for 10 min 
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at 4 ℃ to obtain the serum. The serum samples were 
allocated into tubes and stored at –70 ℃ for further 
biochemical assessments.

Histological Analysis of Liver Tissues
After embedding the liver tissues in paraffi n, blocks 

were cut into 5 μm thick sections using a microtome 
and mounted on slides and stained with hematoxylin 
and eosin (HE) using a standard protocol. Images 
were taken from each section under a light microscope 
(Nikon, Tokyo, Japan) at final magnification of 400×. 
The percentage of steatosis cells was determined and 
graded as follows: 0, absent; 1, 25%; 2, 26%–50%; 3, 
51%–75%, and 4, >75% of the parenchyma.(31)

Measurement of Blood Glucose, Insulin Levels, 
and Calculation of IR

Blood glucose levels were determined using 
an Autoanalyzer (n bt3000 Clinical Chemistry, Italy). 
Insulin levels in the serum samples were quantifi ed by 
an enzyme-linked immunosorbent assay (ELISA) kit. 
HOMA-IR was calculated using the following formula: 
HOMA-IR = fasting plasma glucose (mg/dL)×fasting 
plasma insulin (μU/mL)/405.(9)

Measurements of Cytokines, Adipokines, 
Hepatic Enzymes and Profi le Lipid

Serum levels of resistin, adiponectin, pro-
inflammatory cytokines including TNF-α, IL-6, and 
IL- 1β, as well as IL-10, an anti-inflammatory cytokine, 
were also measured using commercially available ELISA 
kits (Eastbiopharm Co., Ltd., Hangzhou, China) according 
to the manufacturers' instructions. Parameters including 
hepatic enzymes such as aspartate aminotransferase 
(AST), alanine aminotransferase (ALT), as well as the lipid 
profile including triglyceride (TG), total cholesterol (TC), 
were examined by quantitative diagnostic kit (Parsazmoon 
Co., Tehran, Iran) and very low-density lipoprotein 
cholesterol (VLDL) were calculated using  the following 
formula, shown in Eq : VLDL=TG/5.

Statistical Analysis
The data were analyzed using SPSS software 

version 20. First, the normality of the data was 
assessed by the Kolmogorov-Smirnov test. The 
results of the fi rst experiment were analyzed using an 
independent sample t-test and one-way analysis of 
variance (ANOVA) followed by Tukey's post-hoc test 
for multiple comparisons in the second experiment. 
Data are reported as means ± SEM. P<0.05 was 
considered statistically signifi cant.

RESULTS

Confi rmation of Fatty Liver Induction by HFD
As shown in Table 1, 12 weeks feeding with 

HFD significantly increased serum levels of liver 
enzymes such as AST and ALT (P<0.01), as well as 
serum levels of TC, TG, and VLDL in the HFD group 
compared to control group (P<0.05). In addition, HFD 
significantly increased hepatocyte steatosis in the 
HFD group compared with the control group (P<0.01). 

Results of histological study confi rmed induction 
of fatty liver. As shown in Figure 1, in the control 
group receiving standard diet, the liver lobules were 
distinct and the regular cell cords were arranged. 
Typical steatosis was associated with cytological 
ballooning and mild to moderate lobular infl ammatory 
cell infi ltration were found in the HFD group.

Table 1. Serum Lipid Levels, Hepatic Enzymes, and Steatosis of Rats with Fatty Liver Induced by HFD

Groups TG (mmol/L) TC (mmol/ L) VLDL (mmol/ L) AST (U/L) ALT (U/L) Steatosis (Score)

Control   77.1±5.0 67.1±4.0   15.4±0.9 165±8   72±2 0.2±0.0

HFD 102.0±6.0 99.5±5.0   20.4±1.3 223±20  194±29  2.6±0.2  

Notes: Data are presented as mean ± SEM (n=7 rats in each group). P<0.05,  P<0.01, vs. control group. HFD: high fat diet; TC: total 
cholesterol; TG: triglyceride; VLDL: very low-density lipoprotein cholesterol; ALT: alanine aminotransferase; AST: aspartate aminotransferase

Figure 1. Macroscopic and Microscopic Changes of 
Liver Tissue of Rats (HE Staining, 400×)

Note: The micrographs show typical hepatic steatosis in 
the HFD group with a mass of fat granules (yellow arrows)

Control HFD

Serum Levels  of  Glucose,  Insul in ,  and 
Calculation of HOMA-IR

The results of biochemical assessments revealed 
that rats in the Veh group had higher serum levels 
of glucose and insulin levels than the control group 
(P<0.05 or P<0.01, Figures 2A and 2B). However, 
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treatment with low- and high-doses of Shilajit as well 
as pioglitazone signifi cantly decreased serum glucose 
levels in the NAFLD rats (P<0.05). Serum insulin levels 
did not change in the L-Sh and H-Sh groups (P>0.05).

The results also showed that HOMA-IR was 
significantly increased in the Veh group compared 
to the control group (P<0.01, Figure 2C), indicating 
the development of IR. Nevertheless, administration 
of Shilajit and pioglitazone significantly decreased 
HOMA-IR as compared to the Veh group (P<0.01).

Serum Levels of IL-1β, IL-6, IL-10 and TNF-α
Our results also demonstrated that induction 

of fatty liver significantly increased serum levels of 
IL-1β, IL-6, and TNF-α in the Veh group compared 
with the control group (P<0.05, Figures 3A–3C). Serum 
TNF-α and IL-1β levels significantly reduced in the 
L-Sh, H-Sh and Pio groups compared to the Veh group 
(P<0.05). Administration of pioglitazone significantly 
decreased serum IL-6 levels (P<0.05), however, there 
was no signifi cant difference in the serum IL-6 levels in 
the both Shilajit-treated groups compared to the Veh 
group (P>0.05). Serum level of IL-10 was signifi cantly 
decreased in the Veh group compared with the control 
group (P<0.05, Figure 3D). Administration of low-dose 
of Shilajit significantly increased serum IL-10 level 
compared to the Veh group (P<0.05). There was no 
signifi cant difference in this parameter in both H-Sh and 
Pio groups compared to the Veh group (P>0.05). 

Serum Levels of Resistin and Adiponectin
The results of ELISA also revealed that the 

serum level of resistin was signifi cantly increased in the 
Veh group compared with the control group (P<0.05, 
Figure 4A). Moreover, serum level of adiponectin in the 
Veh group was lower than the control group (P<0.05, 
Figure 4B). However, Shilajit at both doses as well as 
pioglitazone signifi cantly reduced serum resistin level, 
and increased serum adiponectin level compared to the 

Figure 4. Serum Levels of  Resistin (A) and  
Adiponectin (B) in Different Groups of 

Rats (mean±SEM, n=7)

Figure 2. Serum Levels of Glucose, Insulin, and HOMA-IR in Different Groups of Rats (mean±SEM, n=7)
Notes: P<0.01 vs. control group; ▲P<0.05, ▲▲P<0.01 vs. Veh group. Veh: Vehicle; L-Sh: low-dose of shilajit; H-Sh: high-dose of 

shilajit; Pio: pioglitazone; the same below
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DISCUSSION

The present study was performed to investigate 
some molecular mechanism of Shilajit in the NAFLD. 
The results indicate that administration of Shilajit after 
NAFLD induction, resulted in reducing serum glucose, 
HOMA-IR, IL-1β, TNF-α, and resistin, and increases 
IL-10 and adiponectin levels.

These results were in accordance with previous 
report of Bhattacharya, et al,(32) who found that 
oral administration of Shilajit attenuated glucose in 
diabetic rats. Kanikkannan, et al(33) observed that 
Shilajit boosted the hypoglycemic action of insulin. 
The important role of cytokines in the pathophysiology 
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of NAFLD has been reported.(34) Contrary to the 
physiological conditions in which cytokines are found to 
be very low in liver cells, pathological conditions such 
as accumulation of fat in the liver cells can increase 
the production of inflammatory cytokines, playing an 
important and active role in the development and 
promotion of the nonalcoholic liver disease.(35) IL-1β, 
IL-6, and TNF-α are among the pro-inflammatory 
cytokines contributing to the development of fatty liver 
disease.(35) Research has also shown that IL-1β is 
involved in the development of the fatty liver disease 
and stimulates the accumulation of cholesterol and TG 
and lipid droplet formation in the liver.(36) 

NAFLD is metabolic disorder that has a two-
sided relationship with IR, which is one of the most 
important factors in inducing fatty liver, causing 
peripheral lipolysis and increased levels of FFA in the 
liver. Consequently, the retention of fatty acids and TG 
in hepatocytes and the increased insulin levels can 
lead to the production of free radicals in mitochondria, 
which in turn, can induce fat peroxidation, cytokines 
production, and hepatocytes necrosis, ultimately 
leading to NAFLD.(37) Therefore, inhibition of systemic 
inflammation and restoring insulin sensitivity may 
decrease the risk of NAFLD.

Previously, Bhattacharya, et al(32) have reported 
that oral administrat ion of Shilaj i t  attenuated 
hyperglycemia induced by streptozotocin (STZ) in rats. 
Moreover, Kanikkannan, et al(33) have demonstrated 
that the subcutaneous injection of Shilajit prevented 
diabetes induced by STZ in rats and boosted the 
hypoglycemic action of insulin. 

The  impor tan t  ro le  o f  cy tok ines  in  the 
pathophysiology of NAFLD has been reported in 
numerous studies. Contrary to the physiological 
conditions in which cytokines are found to be very low in 
liver cells, pathological conditions such as accumulation 
of fat in the liver cells can increase the production of 
inflammatory cytokines.(38) In fact, disruption of the 
balance between the productions of pro- and anti-
inflammatory adipokines secreted from the adipose 
tissue contributes to the pathogenesis of NAFLD.(15,34) 
Furthermore, their plasma concentrations are negatively 
associated with insulin sensitivity, suggesting that 
infl ammation has a key role in NAFLD progression.(39,40)

Shilajit treatments decreased serum levels of 

IL-1β and TNF-α. Anti-infl ammatory effect of Shilajit 
has been reported in several studies.(22,41) Ghaaazi, 
et al(22) have demonstrated that Shilajit at dose 
150 mg/kg reduced hepatic IL-6, IL-1β, and TNF-α 
levels in the liver damage induced by high-dose 
(500 mg/kg) of  acetaminophen in rats.  Ant i -
inflammatory effects of Shilajit can be attributed to 
HA, FvA and dibenzo-a-pyrones contained in it.(42) 
Several studies indicate that FA can act as an 
ant i- inf lammatory by reducing the release of 
proinfl ammatory mediators from cells. Junek, et al(43) 
showed that FA can reduce TNF-α expression after 
exposure to the endotoxin lipopolysaccharide (LPS) 
in differentiated human monocytes. Several studies 
have demonstrated anti-infl ammatory and antioxidant 
effects of HA. van Rensburg, et al(44) have shown that 
humic potassium reduces serum cytokines levels 
of pro-inflammatory cytokines like IL-1β, IL-6, and 
TNF-α, as produced by mononuclear cells.

The study also found that treatment with Shilajit 
causes decrease in resestin levels and increase in 
adiponectin levels. Resistin, in contrast to adiponectin, 
has pro-inflammatory properties and contributes to 
the recruitment of immune cells and secretion of pro-
inflammatory factors.(45) Moreover, evidence shows 
that resistin is involved in the diabetes-associated 
insulin resistance.(46) Pagano, et al(47) have also shown 
increased levels of resistin in patients with NAFLD. 
Moreover, circulating levels of resistin increase with 
the progression of liver damage.(48,49) 

Adiponectin which is mainly secreted by 
subcutaneous adipocytes has insulin-sensitizing 
and anti-inflammatory properties.(50) In the healthy 
indiv iduals,  there is  a h igh concentrat ion of 
adiponectin in the circulation, which is associated 
with insulin sensitivity.(38) Levels of adiponectin 
is negatively correlated with intra-abdominal and 
hepatic fat content, hence weight loss induces 
adiponectin synthesis.(16,48) Adiponectin induces 
glucose consumption and fatty acid oxidation in the 
liver.(51) Moreover, adiponectin improves hepatic and 
systematic insulin sensitivity, which is mediated by 
upregulation of PPAR-α and its target genes.(52) 
Xu, et al(53) have demonstrated that administration 
of adiponectin in high-fat/alcohol diet induced 
steatohepatitis attenuated hepatic inflammation 
and lipid accumulation. Although adiponectin has a 
suppressive effect on IL-6 and TNF-α production, it 
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up-regulates IL-10 levels.(54)

Taken together, the results indicate that although 
liver enzymes, serum glucose and HOMA-IR were 
elevated and hepatocyte steatosis was observed in 
NAFLD animals, all of these fatty liver markers were 
inhibited by Shilajit, suggesting a potential positive 
protective role for this substance and it's protective 
effect is comparable to pioglitazone. Shilajit appears 
to exert these effects in the NAFLD animal model by 
decreasing inflammatory cytokines and increasing 
anti-inflammatory cytokines, as well as decreasing 
resistin and increasing adiponectin levels. Further 
studies are needed to determine another possible 
protective mechanism (s) of this substance.
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