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INTRODUCTION 

Nonalcoholic fatty liver disease (NAFLD) represents a 

range of disorders characterized by significant lipid 

deposition in the liver parenchyma. While simple 

steatosis may be clinically stable, non-alcoholic 

steatohepatitis (NASH) can be progressive, even to 

hepatocellular carcinoma.
1
 Despite extensive research 

over the past decades, the pathogenesis of NAFLD is not 

entirely understood, and treatment of the disease has not 

been fully defined. NAFLD was described as a “two hit 

model”. The first hit is supposed to be the increase and 

accumulation of free fatty acids in hepatocytes and 

insulin resistance. The second step includes all 

mechanisms contributing to the production of pro-

inflammatory cytokines and oxidative species, thereby 

enhances lipid peroxidation and inflammation.
2
  

High fat diet and obesity are primarily involved in the up 

growth of NAFLD worldwide; it remains unclear why 

10% of all people with fatty liver develop the 

„inflammatory‟ phenotype (NASH). Inflammation is 

believed to be the driving force behind NASH and the 

progression to fibrosis and subsequent cirrhosis. 

Inflammatory mediators from adipose tissue 

(adipocytokines or adipokines) and the liver interact to 

mediate the pathogenesis of NAFLD, its progression, and 

in the emergence and regulation of insulin-resistance.
3
 It 
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has been suggested that the development of 

steatohepatitis is a consequence of the balance between 

pro and anti-inflammatory effects of adipokines (e.g., 

adiponectin, resistin, visfatin and leptin).
4
 Pro-

inflammatory cytokines such as interleukin (IL)-6, IL-1β, 

and tumor necrosis factor (TNF)-α are involved in the 

pathogenesis of NAFLD and its progression to NASH, 

through their metabolic activity.
5
 

Feeding rodents with an atherogenic diet, which contains 

high-fat components, has been shown to be a useful 

animal model provided us with the opportunity to access 

the pathophysiology of progressive NAFLD and NASH 

in humans. 

Atherogenic diet which contains extra fat and cholesterol 

is prepared easily. Several studies found that high-fat 

and high-cholesterol diet induce liver steatosis, 

steatohepatitis, fibrosis, necrosis and cause excess 

oxidative stress in the liver.
6,7

 Besides, dyslipidaemia, 

insulin resistance, obesity and elevated serum 

aminotransferases accompany these liver changes. 

Dietary cholesterol constitutes a substantial risk factor in 

the headway of simple steatosis to NASH in rat models.
8
 

Diacerein is an anthraquinone compound, of which the 

active metabolite is rhein, with anti-inflammatory 

properties that inhibit the synthesis and activity of pro-

inflammatory cytokines, such as TNF-α, IL-1β and IL-6.
9
 

Diacerein is a compound with a long history but whose 

effects are still not fully understood. Recently, knowledge 

about diacerein, showed that this drug improves insulin 

sensitivity, through the reversal of chronic subclinical 

inflammation.
10

 Diacerein has been shown to inhibit IL-

1β- induced activation of transcription factor, nuclear 

factor NF-κB, which induces pro-inflammatory cytokine 

expression.
11 

Amongst the numerous pathogenetic factors, many 

inflammatory processes are involved in the progression 

of NASH, therefore, we hypothesized that diacerein 

could revert steatohepatitis, including hepatic 

inflammation through its anti-inflammatory properties. 

Therefore, we investigated the effect of diacerein on pro-

inflammatory cytokines as well as adipokines involved in 

high-fat and high-cholesterol diet-induced NASH rat 

model. 

METHODS 

Drugs  

Diacerein (DIA) powder was obtained from Eva Pharma 

Company, Egypt and was suspended in 0.5% 

carboxymethyl cellulose (CMC). Cholesterol powder was 

purchased from El-Gomhouria Company, Egypt. All 

other chemicals were of highest grade commercially 

available. 

Animals 

A total of thirty-two adult male Sprague-Dawley rats, 

weighing 150-180 g at the start of the experiment, were 

purchased from Helwan farm (Holding Company for 

Biological Products and Vaccines, VACSERA, Egypt). 

The animals were housed (four per cage) in the animal 

facility of Pharmacology Department, Faculty of 

Medicine, Benha University, Egypt for one week before 

the onset of the experiment for acclimatization. The 

animals were maintained under good hygienic and 

standard laboratory conditions (12 h light/ dark cycles at 

25±2°C), fed ad libitum and allowed for free water 

supply. All animal treatments adhered strictly to 

institutional and international ethical guidelines of the 

care and use of laboratory animals. The experimental 

protocol was approved by ethical committee (Faculty of 

medicine, Benha University, Egypt). 

Experimental design 

The experimental animals were divided into four groups, 

each group consisting of eight rats as follows: control 

group, diacerein-treated group, NASH-untreated group 

and NASH+ diacerein-treated group. The rats of control 

group fed with standard diet and they were administered 

1ml/rat 0.5% CMC orally as a vehicle without any 

treatment for 12 weeks. Diacerein-treated group fed with 

standard diet and they were received diacerein once daily 

(15 mg/kg, orally) suspended in 1ml/rat 0.5% CMC for 

12 weeks. NASH-untreated group fed with high-fat and 

high-cholesterol diet (HFHC diet consist of standard diet 

plus 10% animal fat, 2% cholesterol, and 5% corn oil) 

(Wang et al) for induction of NASH, concomitantly they 

were administered 1ml/rat 0.5% CMC orally as a vehicle 

without any treatment for 12 weeks. NASH+ diacerein-

treated group fed with HFHC diet, concomitantly they 

were received diacerein once daily (15 mg/kg, orally) 

suspended in 1ml/rat 0.5% CMC for 12 weeks. The dose 

of diacerein was selected on the basis of previous 

experimental studies in rats.
12

 The diacerein-treated group 

was performed to explore any toxic effect of the drug on 

the liver. Before each administration, a fresh solution was 

prepared in 0.5% CMC to obtain the necessary drug 

concentration in 1 ml.  

At the end of 12 weeks, animals were weighed, 24 hours 

after the last treatment or vehicle administration and 

subsequent to 12 hours fasting (for estimation of fasting 

blood glucose and insulin levels and to minimize feeding-

induced variations in lipid profile), animals were 

anaesthetized with diethyl ether and then sacrificed by 

cervical decapitation. Blood samples were collected by 

cardiac puncture for serum separation and biochemical 

analysis. Blood samples were allowed to clot at room 

temperature then serum was separated by centrifugation 

of blood at 3000 rpm for 15 min and the sera were stored 

at-20°C until assayed. Livers were immediately removed, 

rinsed in ice-cold saline and weighed for calculation of 

liver weight index (%) as liver weight/body weight×100. 
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Liver samples from different liver lobes were fixed in 

10% formalin for histpathological analysis. 

Biochemical analysis 

Assessment of fasting blood glucose and insulin level 

Fasting blood glucose level was determined by the 

glucose oxidase method.13 Serum insulin level was 

determined with the enzyme-linked immunosorbent assay 

(ELISA) method using a rat insulin kit (Sigma-Aldrich, 

Germany). Insulin resistance was calculated using 

Homeostasis Model Assessment of Insulin Resistance 

(HOMA-IR) test on the basis of fasting insulin (I) (in 

µU/mL) and glucose (G) levels (in mg/dl) and according 

to the formula HOMA-IR= I x G/405.14  

Liver function tests 

Serum levels of alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) were assessed using 

colorimetric enzymatic kits (Bio Diagnostic, Dokki, Giza, 

Egypt) according to the manufacturer‟s instructions. 

Assessment of blood lipids 

Serum levels of total cholesterol (TC), triglyceride (TG) 

and high- density lipoprotein-cholesterol (HDL-C) were 

determined using colorimetric enzymatic kits (Bio 

Diagnostic, Dokki, Giza, Egypt) according to the 

manufacturer‟s instructions. Low-density lipoprotein 

cholesterol (LDL-C) was calculated using the Friedewald 

formula.15 Rat free fatty acid (FFA) enzyme-linked 

immunosorbent assay (ELISA) kits (Abcam, UK) were 

used to assess serum level of free fatty acids (FFAs). 

Assessment of Serum pro-inflammatory cytokines and 

adipokines. Serum levels of TNF-α, IL-1β, and IL-6 were 

measured by Rat Quantikine ELISA kits (R and D 

Systems, Minneapolis, MN, USA) which were purchased 

from Clinilab, Cairo, Egypt. All procedures were 

performed according to the manufacturer‟s instructions.  

Serum adiponectin and leptin were assessed using 

specific rat ELISA kits (Biovendor, Germany) according 

to the manufacturer's instructions. The kits were 

purchased from GAMMA Trade Co. Cairo, Egypt. Rat 

visfatin ELISA Kits (MyBioSource, USA), purchased 

from Science and Technology Center, Giza, Egypt, was 

used for assessment of serum visfatin level. 

Histopathological analysis 

Liver tissues were collected from all dissected animals; 

livers were fixed in 10% formalin and embedded in 

paraffin. The sections were cut (6 µm) and stained with 

hematoxylin and eosin (H&E). All samples were 

evaluated by an experienced pathologist who was blinded 

to the experiment. Histopathological changes were 

assessed and photographed under light microscope (Leica 

DM 500 with ICC50 HD camera). All fields in each 

section were examined for grading of steatosis, 

inflammation, and ballooning degeneration according to 

the criteria described by Brunt et al.
16

  

The severity of steatosis was graded as the percentage of 

parenchymal cells containing macrovesicular fat as 

follows: 0 = less than 5% of hepatocytes containing fat, 1 

= less than 33% of hepatocytes containing fat, 2 = 33–

66% of hepatocytes containing fat, and 3 = more than 

66% of hepatocytes containing fat. Hepatic lobular 

inflammation was scored from 0 to 3 based on counting 

the inflammatory foci per 20 high-power fields (20×) 

with a 20× ocular (0 = no inflammation, 1= 1 to 2/20×; 

2= up to 4/20×; 3 = ˃4/20×). The presence of ballooning 

degeneration which is the key character used to 

distinguish the developed NASH from the less 

progressive forms of NAFLD was graded from 0 to 2: 0 = 

no ballooning cell, 1 = few balloon hepatocytes, and 2 = 

many balloon hepatocytes.  

Statistical analysis  

Data are expressed as mean± standard error of the mean 

(SE). Statistical analysis was performed using one way 

analysis of variance (ANOVA) followed by Tukey's post 

Hoc test using the Statistical Program of Social Sciences 

(SPSS) for windows (version 16; SPSS, Chicago, IL, 

USA). Significant differences between experimental 

groups were determined at P <0.05. 

RESULTS 

There were no statistically significant changes in all 

measured biochemical parameters between diacerein-

treated groups compared with the control group (p >0.05). 

Effect of diacerein on body weight, liver weight and liver 

weight index 

At the end of the 12
th

 week, the livers of NASH-untreated 

rats were enlarged with an irregular, partially nodular 

surface. Liver weight was significantly (p<0.05) increased 

compared to control group. Treatment of NASH rats with 

diacerein resulted in significant (p<0.05) decrease in liver 

weight with significant (p<0.05) decrease in liver weight 

index compared to NASH-untreated group. However, 

diacerein treatment did not affect body weight as it 

produce insignificant (p˃0.05) decrease in body weight 

compared to NASH-untreated group (Table 1). 

Effect of diacerein on fasting blood glucose, insulin 

level and insulin resistance 

In NASH-untreated group, HFHC diet significantly 

caused insulin resistance indicated by significant (p 

<0.05) increased fasting glucose and insulin levels as well 

as by increased HOMA-IR index compared to control 

group. In NASH+ diacerein treated rats, fasting blood 

glucose and insulin levels were reduced significantly (p 

<0.05), diacerein was effective in trimming down insulin 
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resistance as evidenced by significant (p <0.05) decrease 

in HOMA-IR index compared to NASH-untreated group 

(Table 2). 

Table 1: Effects of diacerein (DIA, 15 mg/kg, orally 

for 12 weeks) on body weight, liver weight and liver 

weight index in rats fed with high-fat and high-

cholesterol diet. 

  
Body 

weight (g) 

Liver 

weight (g) 

Liver 

weight 

index % 

Control 

group 
313.6±12.4 8.9±0.4 2.93±0.2 

DIA-treated 

group 
322.5±12.6 9.2±0.5 2.81±0.2 

NASH-

untreated 

group 

438.2±23.5
ab

 14.6±1.3
ab

 3.89±0.6
ab

 

NASH+DIA 

treated group 
429.2±14.9

ab
 10.8±0.9

c
 2.46±0.3

c
 

Values are expressed as mean± SE (n= 8 rats)  

a: P <0.05 significant difference when compared to control 

group.  

b: P <0.05 significant difference when compared to diacerein-

treated group.  

c: P <0.05 significant difference when compared to NASH-

untreated group.  

Table 2: Effects of diacerein (DIA, 15 mg/kg, orally 

for 12 weeks) on fasting blood glucose, insulin level 

and Homeostasis Model Assessment of Insulin 

Resistance (HOMA-IR index) in rats fed with high-fat 

and high-cholesterol diet. 

  
FBG 

 (mg/dl) 

Insulin  

(μU/ml) 

HOMA-IR 

index 

Control 

group 
74.5±1.6 10.8±1.2 2.3±0.4 

DIA-treated 

group 
78.6±1.9 11.4±1.3 2.4±0.3 

NASH-

untreated 

group 

197.8±2.4
ab

 26.4±1.9
ab

 5.6±0.5
ab

 

NASH+DI

A-treated 

group 

156.2±1.8
abc

 16.9±1.2
abc

  3.2±0.4
abc

 

Values are expressed as mean± SE (n= 8 rats)  

a: P <0.05 significant difference when compared to control 

group.  

b: P <0.05 significant difference when compared to diacerein-

treated group.  

c: P <0.05 significant difference when compared to NASH-

untreated group.  

Effect of diacerein on functional liver parameters 

The levels of serum ALT and AST were significantly 

(p<0.05) increased with the consumption of HFHC diet. 

Compared with rats in NASH-untreated group, the levels 

of ALT and AST were significantly (p<0.05) declined in 

rats of NASH+ diacerein-treated group (Table 3). 

Table 3: Effects of diacerein (DIA, 15 mg/kg, orally for 

12 weeks) on liver function parameters in rats fed with 

high-fat and high-cholesterol diet. 

  ALT (U/L) AST (U/L) 

Control group 41.4±2.2 33.6±1.2 

DIA-treated group 44.5±2.1 32.4±1.4 

NASH-untreated group 128.3±5.7
ab

 93.8±3.4
ab

 

NASH+DIA-treated group 89.5±3.6
abc

 46.7±2.6
abc

 

Values are expressed as mean± SE (n= 8 rats)  

a: P <0.05 significant difference when compared to control 

group.  

b: P <0.05 significant difference when compared to diacerein-

treated group.  

c: P <0.05 significant difference when compared to NASH-

untreated group.  

Effect of diacerein on serum lipid profile 

NASH-untreated rats had significantly (p <0.05) higher 

serum cholesterol, triglyceride, LDL-C and free fatty 

acids levels compared to control group.  

While, rats of NASH+ diacerein-treated group showed 

significant (p<0.05) reduction in serum cholesterol, 

triglyceride, LDL-C and free fatty acids levels compared 

to NASH-untreated group. However, these parameters 

remain significantly (p<0.05) higher in NASH+ diacerein-

treated group compared to control group (Table 4). 

On the other hand, the serum level of HDL-C was 

significantly (p<0.05) decreased in NASH-untreated 

group compared to control rats.  

In NASH+ diacerein-treated group a significant elevation 

(p<0.05) in HDL-C level was detected compared to 

NASH-untreated rats.  

However, its level remain significantly (p<0.05) lower in 

NASH+ diacerein-treated group compared to control 

group (Table 4). 

Effect of diacerein on serum pro-inflammatory 

cytokines and adipokines  

The serum level of TNF-α, IL-6 and IL-1β were 

significantly (p<0.05) increased in NASH-untreated 

group compared with control group. NASH+ diacerein-

treated rats had significantly (p<0.05) reduced serum 

levels of these pro-inflammatory cytokines compared 

with NASH-untreated group.  

Regarding these parameters, there was insignificant 

(p˃0.05) difference between NASH+ diacerein-treated 

and control groups (Figures 1, 2, 3).  
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Table 4: Effects of diacerein (DIA, 15 mg/kg, orally for 12 weeks) on serum lipid metabolism parameters in rats fed 

with high-fat and high-cholesterol diet. 

  TC (mg/dL) TG (mg/dL) HDL-C (mg/dL) LDL-C (mg/dL) FFA (mmol/L) 

Control group 96.8±1.9 103.5±1.2 43.8±1.3 26.8±0.8 0.59±0.09 

DIA-treated group 93.6±1.5 98.4±1.3 42.9±1.1 25.4±0.6 0.63±0.07 

NASH-untreated group 245.8±4.2
ab

 149.2±3.2
ab

 34.2±0.7
ab

 122.7±2.1
ab

 1.82±0.14
ab

 

NASH+DIA- treated group 147.5±3.1
abc

 124.8±2.1
abc

 36.6±0.9
abc

 79.3±1.4
abc

 1.46±0.09
abc

 

Total cholesterol (TC), triglyceride (TG), high- density lipoprotein-cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), 

free fatty acids (FFAs) 

Values are expressed as mean± SE (n= 8 rats)  

a: P <0.05 significant difference when compared to control group 

b: P <0.05 significant difference when compared to diacerein-treated group 

c: P <0.05 significant difference when compared to NASH-untreated group 

 

a: P <0.05 significant difference when compared to control 

group. 
b: P <0.05 significant difference when compared to diacerein-

treated group.  
c: P <0.05 significant difference when compared to NASH-

untreated group 

Figure 1: Effects of diacerein (DIA, 15 mg/kg, orally 

for 12 weeks) on serum level of tumor necrosis factor-

α (TNF-α) in rats fed with high-fat and high 

cholesterol diet. 

 
a: P <0.05 significant difference when compared to control 

group.  

b: P <0.05 significant difference when compared to diacerein-

treated group.  

c: P <0.05 significant difference when compared to NASH-

untreated group 

Figure 2: Effects of diacerein (DIA, 15 mg/kg, orally 

for 12 weeks) on serum level of interleukin-6 (IL-6) in 

rats fed with high-fat and high-cholesterol diet. 

 
a P <0.05 significant difference when compared to control 

group.  

b P <0.05 significant difference when compared to diacerein-

treated group.  

c P <0.05 significant difference when compared to NASH-

untreated group 

Figure 3: Effects of diacerein (DIA, 15 mg/kg, orally 

for 12 weeks) on serum level of interleukin-1β (IL-1β) 

in rats fed with high-fat and high-cholesterol diet. 

a: P <0.05 significant difference when compared to control 

group. 
b: P <0.05 significant difference when compared to diacerein-

treated group.  
c: P <0.05 significant difference when compared to NASH-

untreated group 

Figure 4: Effects of diacerein (DIA, 15 mg/kg, orally 

for 12 weeks) on serum level of adiponectin in rats fed 

with high-fat and high-cholesterol diet.  
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On the other hand, adiponectin level significantly 

(p<0.05) declined in NASH-untreated group compared 

with control group. In NASH+ diacerein-treated group, a 

significant (p<0.05) increase in serum adiponectin was 

detected compared with the NASH-untreated group 

(Figure 4).  

HFHC diet induced significant (p<0.05) increase in 

serum level of leptin and visfatin compared to control 

rats. In NASH+ diacerein-treated group, serum level of 

visfatin was significantly (p<0.05) reduced compared to 

NASH-untreated group (Figure 5).  

While, diacerein decreased serum level of leptin 

insignificantly (p ˃0.05) (Figure 6). 

a: P <0.05 significant difference when compared to control 

group.  
b: P <0.05 significant difference when compared to diacerein-

treated group.  
c: P <0.05 significant difference when compared to NASH-

untreated group 

Figure 5: Effects of diacerein (DIA, 15 mg/kg, orally 

for 12 weeks) on serum level of visfatin in rats fed 

with high-fat and high-cholesterol diet. 

a: P <0.05 significant difference when compared to control 

group.  
b: P <0.05 significant difference when compared to diacerein-

treated group.  
c: P <0.05 significant difference when compared to NASH-

untreated group 

Figure 6: Effects of diacerein (DIA, 15mg/kg, orally 

for 12 weeks) on serum level of leptin in rats fed with 

high-fat and high-cholesterol diet. 

 

Figure 7: Representative photomicrographs of liver 

tissue sections (Hematoxylin and eosin ×400), (A, B): 

Control and diacerein-treated groups fed a normal 

diet showing normal architecture with no histological 

abnormalities. (C): NASH-untreated group fed with 

high-fat and high-cholesterol diet for 12 weeks 

developed a high degree of steatosis (cytoplasmic 

vacuolation), ballooning degeneration and lobular 

inflammation (D): NASH+ diacerein-treated group 

showing apparently ameliorated steatosis, hepatocyte 

degeneration and reduced inflammatory cells 

infiltration. 

Table 5: Effects of diacerein (DIA, 15mg/kg, orally for 

12 weeks) on average histological grades of steatosis, 

inflammation and ballooning degeneration in livers of 

rats fed with high-fat and high-cholesterol diet. 

  Steatosis 
Lobular 

inflammation 

Ballooning 

degeneration 

Control 

group 
0.12±0.0 0 0 

DIA- 

treated 

group 

0.12±0.0 0 0 

NASH-

untreated 

group 

3.24±0.5
ab

 2.54 ± 0.4
ab

 1.37±0.2
ab

 

NASH+DI

A-treated 

group 

1.80±0.2
abc 

 0.97±0.1
abc

 0.38±0.06
abc

 

Values are expressed as mean± SE (n= 8 rats)  

a: P <0.05 significant difference when compared to control 

group.  

b: P <0.05 significant difference when compared to diacerein-

treated group.  

c: P <0.05 significant difference when compared to NASH-

untreated group 

Effects of diacerein on liver histopathological 

parameters 

Microscopic examination of liver sections of control and 

diacerein-treated rats displayed normal liver architecture 

(Figure 7A, B). Rats of NASH-untreated group, fed 

HFHC diet for 12 weeks, not only developed a high 
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degree of hepatic steatosis with severe cytoplasmic 

vacuoles and swelling of the hepatocytes (ballooning 

degeneration) but also exhibited more prominent 

inflammation, which was confirmed by morphological 

evidence of an abundance of polymorph nuclear 

inflammatory cells infiltration (Figure 7C), whereas, 

hepatocyte degeneration and the infiltration of 

inflammatory cells were significantly (p <0.05) 

ameliorated in NASH+ diacerein-treated rats (Figure 7D, 

Table 5).  

DISCUSSION 

NASH is considered as a progressive liver disease, so 

effective therapies are needed to ameliorate hepatic 

steatosis, inflammation and fibrosis, and to prevent the 

progression to cryptogenic cirrhosis and hepatocellular 

carcinoma.
1
 NASH-associated cirrhosis is currently the 

third most frequent reason for liver transplantation and is 

predicted to become the leading cause by 2020.
17 

The HFHC diet rat model closely resembles the 

pathophysiology observed in human NASH. Dietary 

cholesterol and extra fats play a role in hepatic 

inflammation and progression of NASH. Hepatic 

macrophage (kupffer cells) becomes engorged with 

oxidized LDL which induces inflammatory cytokines 

secretion which acts on other hepatic cells and induce cell 

injury. Kupffer cells also secrete chemokines that recruit 

monocytes to the liver and amplify the inflammatory 

process. Controlling hepatic inflammation is an obvious 

target for NASH therapy.
18 

 

In the current study, by feeding rats a HFHC diet for 12 

weeks, significant increase in body weight, liver weight 

and serum ALT and AST levels were detected suggesting 

the development of NASH model in rats which was 

confirmed by the histopathological findings such as 

steatosis, ballooning degeneration and lobular 

inflammation. These findings are in accordance with 

previous researches.
6,7

  

The results of the present study also showed significant 

increase in serum levels of blood lipids, TNF-α, IL-1β, 

IL-6, leptin and visfatin with increased insulin resistance 

index (HOMA-IR) and decreased adiponectin level in 

NASH rats, thus confirming the role of the above factors 

on the pathogenesis of NASH. 

The current study demonstrates the beneficial effects of 

an anti-inflammatory drug, diacerein, on insulin 

resistance, hepatic steatosis and inflammation in a rat 

experimental model of NASH. To our knowledge, the 

effects of diacerein on hepatic steatosis and NASH have 

not previously been investigated. The present findings 

suggest that modulation of the inflammatory response is a 

key factor in the progression of NASH, in accordance 

with previous report supporting the potential clinical 

utility of a drug with anti-inflammatory effects in patients 

having predisposing factors of NAFLD and NASH.
19

 

In the present study, the histopathological changes of the 

hepatic tissue in the HFHC fed group demonstrated 

hepatic cell injury, which led to the release of excessive 

amounts of intracellular hepatic transaminases into the 

serum. The structural distortion and the functional 

impairment of the hepatic cells by NASH were associated 

with increase in insulin level and high insulin resistance. 

These may be related to the excessive release of 

adipokines and FFAs from adipose tissue, which in turn, 

contribute to insulin resistance, increase blood glucose, 

and dyslipidemia.
20

 Diacerein treatment significantly 

decreased serum ALT and AST levels, these findings 

suggested that diacerein treatment ameliorated liver 

injury which was confirmed by reduced steatosis and 

lobular inflammatory grades in diacerein treated rats. 

Our results revealed that diacerein decreases serum pro-

inflammatory cytokine and adipokines levels, reduces 

fasting blood glucose and ameliorates insulin resistance. 

It was stated that TNF-α, IL-6 and IL-1β have been 

involved in apoptosis of pancreatic β-cells with the 

consequent hyperglycemia. In addition, inflammation of 

adipose tissue induce a systemic inflammation and 

insulin resistance.
21

 Meanwhile, the anti-inflammatory 

properties of diacerein due to the decrease of some 

cytokine concentrations, mainly TNF-α, IL-6 and IL-1β, 

may be responsible for insulin resistance improvement, 

the favorable effects of diacerein on blood lipids and its 

liver protecting potential against NASH development. 

In agreement with our results several studies confirm the 

inhibitory effect of diacerein on pro-inflammatory 

cytokines. Pasin et al found that diacerein inhibits the 

release of TNF-α and IL-1β and reduced their levels in 

the peritoneal fluid of rats.
9
  

Moore et al reported that the chondroprotective effects of 

diacerein is mainly explained by a reduction in the 

concentrations of pro-inflammatory cytokine especially 

TNF-α and IL-6.
22

 

Moreover, in accordance with our results, Tobar et al 

reported that diacerein improves insulin sensitivity, 

reduces macrophage infiltration and cytokine production 

in the muscle and liver in an animal model of obesity and 

type 2 diabetes.
23

 These effects lead to improvement in 

insulin signaling in the liver accompanied by a reduction 

in hepatic glucose output and glucose concentrations. 

However, in contrast with our finding that diacerein 

administration was accompanied with improvement in 

lipid profile and reduction in total cholesterol, Tobar et al 

found insignificant effect of diacerein on lipid profile and 

this may be due to the relative short duration of diacerein 

treatment (10 days) compared to our study.
23

 Coincides 

with our findings, a recent study by Villar et al 

demonstrated that diacerein as an add-on to metformin 

improves glycemic control and significantly decreasing 

fasting blood glucose in diabetic patients.
24 
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Several studies have suggested that pro-inflammatory 

cytokines such as TNF-α, IL-6 and IL-1β are involved in 

the progression of simple steatosis to NASH. TNF-α has 

a central role in the development of fatty liver and 

subsequently NASH. Elevated circulating TNF-α levels 

are associated with obesity and insulin resistance both in 

animal models and humans.
25

 Moreover, mice genetically 

deficient in TNF-α receptor I have proved resistant to 

NASH induced by different diets,
26

 while treatment of 

mice with TNF-α antibodies improved hepatic insulin 

resistance and fatty liver.
27

 

IL-6 is one of the first proteins synthesized in acute 

phase, and plays an important role in the transition from 

the acute to chronic inflammation. Elevated levels of IL-6 

were previously reported in animal models of NASH.
28

 

IL-6 expression was found to be increased in the liver of 

patients with NASH, and was associated with elevation 

of circulating IL-6 levels, and correlated with disease 

severity.
29

 Studies of Ota et al support the idea that 

excessive production of IL-6 versus the defective 

production of adiponectin may provide a link between 

insulin resistance and inflammation in NASH.
30

 

The IL-1β also plays an important role in the 

transformation process of hepatic simple steatosis into 

NASH, Kamari et al found that lack of IL-1α or IL-1β 

inhibited the transformation of steatosis into 

steatohepatitis and liver fibrosis, in hypercholesterolemic 

mice.
31

 In consistent with our results, Stienstra et al 

showed that IL-1β promotes liver steatosis and fibrosis.
32 

Among the most investigated adipokines, adiponectin, 

visfatin and leptin seem to play a prominent role in the 

pathogenesis and progression of NASH.
5 

 

Adiponectin is an adipocyte derived cytokine and is 

considered as an anti-inflammatory adipokine and TNF-α 

antagonist. It reduces body fat, improves hepatic and 

peripheral insulin sensitivity, and is inversely associated 

with body mass index and insulin resistance. In the liver, 

it prevents lipid accumulation by increasing-oxidation of 

free fatty acids and/or by decreasing de novo free fatty 

acids within hepatocytes. Furthermore, adiponectin has a 

protective role in liver inflammation and fibrosis. 

Adiponectin knockout mice develop more severe hepatic 

steatosis when fed with a diet aiming to induce NASH.
33

 

Xu et al also observed a protective effect of adiponectin 

in fatty liver disease in mice.
34

 Masaki et al found that 

adiponectin prevents hepatic injury by inhibiting the 

synthesis and/or release of TNF-α.
35

 

With regard to visfatin, a new adipokine with 

proinflammatory and metabolic properties, Jamali et al 

demonstrated the increased probability of NASH 

presence with decreased serum adiponectin and elevated 

levels of circulating visfatin, and TNF-α.
4
 In the present 

research, serum visfatin levels were significantly 

increased in NASH rats that is in line with previous 

studies.
36,37

 Likewise, serum visfatin was correlated with 

systemic insulin resistance and development of metabolic 

syndrome.
37

 On the other hand, circulating visfatin was 

significantly decreased in the end stage liver disease 

presumably due to decreased hepatic production.
38 

Animal studies have proven that leptin, which is mainly 

produced by adipocytes, directly promotes fibrogenesis 

as it induces transforming growth factor β (TGF-β).
5
 In 

the present study, HFHC diet induced increased level of 

circulating leptin. In accordance with our study, Polyzos 

et al reported that circulating leptin levels were higher in 

patients with NAFLD than in controls. Higher levels of 

circulating leptin were associated with increased severity 

of NAFLD.
39

 Furthermore, Aller et al declared that leptin 

receptors become resistant to its effect leading to 

hyperleptinemia which alters insulin signaling and 

promotes accumulation of intracellular fatty acids in 

hepatocytes thereby increasing hepatic steatosis and 

steatohepatitis.
40

 
 

In our study, diacerein was able to increase the level of 

adiponectin and decrease the level of visfatin in HFHC 

diet fed rats, but its effect on leptin level was 

insignificant. The favorable effects of diacerein on 

adipokines allows us to speculate that these effects are 

involved in the liver protective role of diacerein against 

NASH besides its effects on the other pro-inflammatory 

cytokines. 

CONCLUSION 

Administration of diacerein as an anti-inflammatory drug 

was seen to be useful for preventing NASH in animals fed 

a HFHC diet. Diacerein attenuated liver inflammation as 

confirmed by histopathological examination and also 

improved insulin sensitivity. In addition, it has favorable 

effects on blood lipid profile. These effects are in part 

through inhibition of pro-inflammatory cytokines, TNF-α, 

IL-6 and IL-1β, and its significant beneficial effects on 

adipokines especially adiponectin and visfatin. Diacerein 

may be a therapeutic option for decreasing liver 

inflammation in NASH, however, further studies are 

needed in order to evaluate the clinical usefulness of 

diacerein in patients with NAFLD and NASH. 
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