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Abstract

Silybin, a natural antioxidant, has been traditionally used against a variety of liver ailments. To investigate its effect and the 

underlying mechanisms of action on non-alcoholic fatty liver in rats, we used 60 4-6-week-old male Sprague-Dawley rats to 

establish fatty liver models by feeding a high-fat diet for 6 weeks. Hepatic enzyme, serum lipid levels, oxidative production, 
mitochondrial membrane fluidity, homeostasis model assessment-insulin resistance index (HOMA-IR), gene and protein expres-

sion of adiponectin, and resistin were evaluated by biochemical, reverse transcription polymerase chain reaction (RT-PCR) 

and Western blot analysis. Compared with the model group, silybin treatment (26.25 mg·kg-1·day-1, started at the beginning of 

the protocol) significantly protected against high-fat-induced fatty liver by stabilizing mitochondrial membrane fluidity, reducing 
serum content of alanine aminotransferase (ALT) from 450 to 304 U/L, decreasing hepatic malondialdehyde (MDA) from 1.24 

to 0.93 nmol/mg protein, but increasing superoxide dismutase (SOD) and glutathione (GSH) levels from 8.03 to 9.31 U/mg 
protein and from 3.65 to 4.52 nmol/mg protein, respectively. Moreover, silybin enhanced the gene and protein expression of 

adiponectin from 215.95 to 552.40, but inhibited that of resistin from 0.118 to 0.018. Compared to rosiglitazone (0.5 mg·kg-1·day-1, 

started at the beginning of the protocol), silybin was effective in stabilizing mitochondrial membrane fluidity, reducing SOD as 
well as ALT, and regulating gene and protein expression of adiponectin (P < 0.05). These results suggest that mitochondrial 

membrane stabilization, oxidative stress inhibition, as well as improved insulin resistance, may be the essential mechanisms 

for the hepatoprotective effect of silybin on non-alcoholic fatty liver disease in rats. Silybin was more effective than rosiglitazone 

in terms of maintaining mitochondrial membrane fluidity and reducing oxidative stress.
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Non-alcoholic fatty liver disease (NAFLD), strongly as-

sociated with insulin resistance and metabolic syndrome 

(1,2), is one of the common liver diseases affecting at 

least 24-42% of adults in the Western population (3) and 

5-40% in the Asia-Pacific region (3,4). NAFLD represents 
a spectrum of liver disorders ranging from simple steatosis 

to non-alcoholic steatohepatitis (NASH) and advanced he-

patic fibrosis or even cirrhosis (5). Approximately 12-24% 
of patients with simple steatosis are estimated to develop 

NASH after 8-13 years. Depending on the degree of fibrosis 
at baseline, 15-25% of patients with NASH go on to develop 
cirrhosis over a similar period of time (4,6).

NAFLD is considered to be one of the clinical features of 

metabolic syndrome in which insulin resistance plays a key 

role (7,8). As shown by Marchesini et al. (9) and Sanyal et 

al. (10) using euglycemic-hyperinsulinemic clamping, insulin 

resistance is present in both hepatic steatosis and NASH. 
Over the last decade, adipose tissue has emerged as an 
endocrine organ producing adipocytokines, which play a 

central role in energy homeostasis and have an essential 

effect on the pathogenesis and progress of NAFLD (11). 

We particularly focused on insulin resistance and hepatic 

expression of adipocytokines in NAFLD models and on how 

they changed with the use of silybin and rosiglitazone. 

It has been reported that patients with NASH present 
ultrastructural mitochondrial alterations, impairment of 

hepatic ATP synthesis, and increased reactive oxygen 

species (ROS) production (12). Thus, mitochondrial 
dysfunction is supposed to be the key factor accelerating 

progression from steatosis to steatohepatitis, since it im-



Effect of silybin on NAFLD rats 653

www.bjournal.com.br Braz J Med Biol Res 44(7) 2011

pairs fatty liver homeostasis and induces overproduction 

of ROS that in turn trigger lipid peroxidation and cytokine 
release and even lead to cell death (13). Adaptive mito-

chondrial membrane fluidity is considered to be a key 
factor in maintaining the functional integrity of hepatic 

mitochondria (14). It is important to evaluate the asso-

ciation between mitochondrial membrane fluidity and the 
progression of NAFLD, which may lead to new insights 

into the pathogenesis and the promising treatment.

Silybin, a natural antioxidant, has long been used 

for the treatment of chronic liver diseases without a 

confirmed pathogenesis. We proposed to evaluate the 
effects of non-complex silybin on animal models of NAFLD 

induced by a high-fat diet for 6 weeks, in order to deter-

mine the probable mechanisms of action of this agent, 

and to compare its effect to that of the insulin sensitizer 

thiazolidinedione.

Material and Methods

Animals

Sixty healthy 4-6-week-old male Sprague-Dawley rats 

were obtained from the Experimental Animal Center of Sun 

Yat-Sen University. Animals were maintained on a 12:12-h 

artificial light-dark cycle and housed in 12 cages with 5 
rats each. The experiments were performed according to 

NIH guidelines (NIH Pub. No. 85-23, revised 1996) and 
were approved by the Animal Care and Use Committee of 

Sun Yat-Sen University (#20091201001). All experiments 

were performed in the city of Guangzhou, China. 

Protocol

Non-complex silybin was purchased from Tianjin Tian-

shili Pharmaceutical Co., Ltd., China, and rosiglitazone 

was purchased from Jinan Zhongke Yitong Chemical Co., 

Ltd., China. The doses of silybin and rosiglitazone were 

equivalent. We calculated the most suitable dose for rats 

according to the following formulas: dose for rats = (Xmg/

kg x 70 kg x 0.018) / 0.2 kg = 6.3 Xmg/kg, where X = the 

effective dose for man; 70 kg = the standard weight of a 

man; 0.018 = ratio of the equivalent dose between man 

and rat based on body surface area; 0.2 kg = the standard 

weight of a rat (15). 

After a 1-week accommodation, the 60 Sprague-

Dawley rats were divided randomly into four groups of 

15 rats each: control group (standard diet + intragastric 

distilled water), model group (high-fat diet + intragastric 

distilled water), rosiglitazone group (high-fat diet + intra-

gastric rosiglitazone, 0.5 mg·kg-1·day-1 for 42 days), and 

silybin group (high-fat diet + intragastric silybin, 26.25 

mg·kg-1·day-1 for 42 days). 

Food intake was recorded throughout the 6-week 

treatment with silybin and rosiglitazone. A high-fat diet 

containing 20% lard + 1% cholesterol was provided by the 

Experimental Animal Center of Guangdong Province. 

Autopsy

At the end of the 6th week, rats were anesthetized after 

12 h of fasting, and blood samples were collected into 

tubes by cardiac puncture for blood biochemistry. Liver 

tissue was rapidly dissected, cut and fixed in 10% form-

aldehyde saline solution for histological analysis. Another 

piece of fresh liver tissue was used for the mitochondrial 

membrane fluidity assay and for the determination of the 
hepatic content of malondialdehyde (MDA), superoxide 

dismutase (SOD) and glutathione (GSH) using commercial 
assay kits (Sigma-Aldrich, USA). The remaining tissue 

was snap frozen in liquid nitrogen and stored at -80°C for 

reverse transcription polymerase chain reaction (RT-PCR) 

and Western blot analysis. 

All surgical and experimental procedures were per-

formed according to the guidelines for the care and use 

of animals approved by the Sun Yat-Sen University.

Determination of serum aminotransferase and lipid 

levels

Blood samples were collected into tubes by cardiac 

puncture. Serum levels of aspartate aminotransferase 

(AST), alanine aminotransferase (ALT), total cholesterol 

(TC), triglycerides (TG), high-density lipoprotein (HDL-
C) and low-density lipoprotein cholesterol (LDL-C) were 

determined with an Olympus AU400 Clinical Chemistry 
analyzer (Japan). 

Determination of hepatic oxidative enzymes and 

homeostasis model assessment-insulin 

resistance (HOMA-IR)

Liver tissue was homogenized in 9 volumes of cold 

buffer at 4°C. The homogenates were then centrifuged 

at 4°C (3000 rpm/min, 15 min), and the supernatant was 

stored for later determinations. GSH levels and MDA 
and SOD activities were measured using commercial 
assay kits (Sigma-Aldrich) according to manufacturer 

instructions (16). HOMA-IR was calculated as follows: 
HOMA-IR = [fasting glucose (mM) x fasting insulin (μU/
mL) / 22.5] (17).

Liver histology

Liver specimens were stained with hematoxylin-eosin 

liver histology. Some other sections were stained with Sudan 

III for lipid observation. An expert pathologist evaluated the 

stained samples in a blind fashion using computerized soft-

ware and scored them according to published criteria for mi-

croscopic and macroscopic hepatocyte lipid accumulation, 

ballooning degeneration and inflammation. The percentage 
of steatotic cells (macrovesicular and microvesicular) was 

determined and graded as follows: 0 = absent; 1 = ≤25%; 2 
= 26-50%; 3 = 51-75%, and 4 = >75% of the parenchyma. 

The percentage of ballooning degeneration was graded as 

follows: 0 = absent; 1 = ≤25%; 2 = 26-50%; 3 = 51-75%, 
and 4 = >75% of the parenchyma (18). 
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Mitochondrial membrane fluidity determination
Liver samples were homogenized at 4°C after the addition 

of 5 mL homogenate containing 250 mM sucrose, 5 mM 

EDTA, and 10 mM phosphate buffer, pH 7.4. We isolated 
mitochondria by the method of differential centrifugation 

(19). Briefly, we added 3 mL 2 µM 1,6-diphenyl-1,3,5-
hexatriene liquid (purchased from Sigma-Aldrich), to a 

1-mL mitochondrial suspension, which was incubated at 

25°C with continuous stirring for 30 min. Fluorescence 

was monitored with a Perkin Elmer LS 55 fluorescence 
spectrometer (Waltham, USA) at 22 ± 0.1°C. Fluorescent 

polarization (P) was measured at excitation and emission 

wavelengths of 360 and 432 nm, respectively. The emis-

sion intensity of vertically polarized light was detected 

by an analyzer oriented parallel (IVV) or perpendicular 

(IVH) to the excitation plane. A correction factor for the 
optical system, G, was used. P was calculated according 

to Equation 1, and η according to Equation 2. The higher 
the value of η, the lower the fluidity of the mitochondrial 
membrane.

                                   

                   (Eq. 1)

                                                          

  (Eq. 2)

Isolation of total liver RNA and RT-PCR analysis

Total liver RNA was isolated using Trizol according to 

manufacturer instructions (Qiagen, USA). Total RNA (500 

ng) was used for cDNA synthesis and 1 µL of each reverse 
transcription product was added to 9 µL of the reaction  
MasterMix (containing buffer, SYGB, Hotstart Taq poly-

merase, and dNTPs), 0.2 µL 25 mM dNTPs, 0.5 µL 25 µM 
corresponding primers, and 9.3 µL ddH2O for PCR ampli-
fication. PCR was initiated at 94°C for 2 min followed by 40 
cycles at 94°C for 25 s, 58°C for 30 s, and 68°C for 30 s, and 

a 5-min final extension at 68°C after the last cycle. Number 
of cycles and annealing temperature for each primer pair 

were optimized. The mRNAs examined and 

the sequences of the primers used are listed 

in Table 1. The relative levels of the target 

mRNAs were normalized to the correspond-

ing levels of β-actin mRNA in the same cDNA 
sample by using a standard curve method 

recommended by the LightCycler Software 

Version 3.5 (Roche Molecular Diagnostics 

Systems, France). 

Western blot analysis

Frozen liver tissue was homogenized in 

lysis buffer (20 mM Tris-HCl, 150 mM NaCl, 1 

mM EDTA, 1 mM EGTA, 10 g/L Triton, 1 ng/L leupeptin and 

1 mM PMSF, pH 7.5) at 100°C for 5 min. Protein content was 
estimated by the bicinchoninic acid (BCA) method. Twenty 

micrograms of total protein from each sample was separated 

on 10% polyacrylamide gels, transferred to a nitrocellulose 

membrane and blotted with goat anti-adiponectin (1:2000 

dilution, from Roche Molecular Diagnostics Systems), goat 

anti-resistin (1:2000 dilution, from Santa Cruz Biotechnol-

ogy, USA), and goat anti-β-actin (1:10,000 dilution, from 
Santa Cruz Biotechnology). The immunoreactive proteins 

were visualized with HRP-conjugated goat anti-mouse IgG 
(1:2000 dilutions, from Santa Cruz Biotechnology). After 

washing with PBST, an electrochemiluminescent reagent 

(ECL) was used for detection. Results are reported relative 

to the β-actin band density used as the load control.

Statistical analysis

Data are reported as means ± SD. Data groups were 

compared by one-way analysis of variance (ANOVA) 
followed by the Bonferroni multiple comparisons test. 

Statistical significance for expression analysis was also 
assessed by ANOVA and the differences identified were 
tested by the unpaired Student t-test. Nonparametric data 

are reported as the median (range) and were analyzed by 

the Mann-Whitney test. A P value of <0.05 was considered 

to be significant. 

Results

Effects of the high-fat diet on gross hepatic 

manifestations

After a 6-week consumption of the high-fat diet, the 

liver of the control group was of moderate texture, with a 

smooth and red-brown surface. In contrast, hepatic volume 

was enlarged, and of darker color and hard texture in the 

model group. The liver conditions of the groups treated with 

silybin and rosiglitazone were intermediate between those 

of the above two groups (Figure 1).

Effects of the high-fat diet on hepatopathological 

manifestations

The liver lobules of the control group were distinct, and 

Table 1. Primers and size of products for each target gene.

Gene Primers Length (kp)

Adiponectin Forward: 5’-TTTCCTACCACATCACGG-3’ 804

Reverse: 5’-TGCATAGAGTCCATTGTT-3’

Resistin Forward: 5’-TCCATCTGTCCTATGTTCAAG-3’ 770

Reverse: 5’-CAACTGTTGAAGAATGTCCTG-3’

β-actin Forward: 5’-CGTGCGTGACATTAAGAAG-3’ 205

Reverse: 5’-GGCATAGAGGTCTTAGATG-3’
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the liver cell cords were arranged regularly (Figure 2, N). 

However, the model group (Figure 2, M) showed typical ste-

atosis accompanied by cytological ballooning 

and mild to moderate lobular inflammatory 
cell infiltration. The degree of hepatic injury 
including steatosis, cytological ballooning 

and lobular inflammation was attenuated in 
the silybin and rosiglitazone groups (Figure 

2, S and R, respectively). The median scores 

were 0 (0-3) for the controls, 3.5 (2-4) for the 

model group (P < 0.05 vs control), 2 (0-3) for 

the rosiglitazone group (P < 0.05 vs the model 

group), and 2.3 (0-3) for the silybin group (P 

< 0.05 vs the model group).

Fat accumulated diffusely in the hepatic 

tissue of the model group (Figure 3, M). When 

stained with Sudan III, the cytochylema of 

hepatic cells was salmon pink in color. After 

treatment with rosiglitazone and silybin, fat 

accumulation was reduced, with fewer hepa-

tocytes showing a salmon pink cytochylema 

(Figure 3, R and S, respectively).

Hepatic enzymes and serum lipid and 

HOMA-IR levels 

After 6 weeks on a high-fat diet, rats in 

the model group exhibited increased TG, 

TC, LDL-C, ALT, and AST levels compared 

to control (P < 0.05). The serum levels of 

HDL-C tended to decline in the model group, 
but the difference was not statistically sig-

nificant. After treatment with rosiglitazone 
and silybin, TG, AST and ALT levels were 

decreased compared to the model group 

(P < 0.05). The decline of AST and ALT was 

more obvious in the silybin group than in the 

rosiglitazone group (P < 0.05). As the index 

of insulin resistance, HOMA-IR tended to 
increase in the model group (P < 0.05 vs 

control), but showed a decline after treatment 

with silybin and rosiglitazone (P < 0.05 vs the 

model group) (Table 2).

Hepatic levels of MDA, SOD and GSH 

The hepatic contents of antioxidant 

parameters, namely, MDA, SOD and GSH, 
were determined. As shown in Table 3, the 

high-fat diet caused an elevation of hepatic 

MDA, but a decline of GSH and SOD com-

pared to control. The elevated MDA level was 

reduced by 22% and the GSH and SOD levels 
increased by 12 and 38% in the rosiglitazone 

group. Similarly, MDA decreased by 25% and 

GSH and SOD increased by 16 and 24% in 
the silybin group. Compared to rosiglitazone, 

silybin was more effective in elevating the content of hepatic 

SOD (8.96 ± 2.48 vs 9.31 ± 2.25, P < 0.05).

Figure 1. Rat liver characteristics of the control group (N), model group (M), 

rosiglitazone-treated group (R), and silybin-treated group (S). See legend to Ta-

ble 2 for explanation of groups.

Figure 2. The micrographs show typical hepatic steatosis in the model group (M) 

with a mass of large fat granules (black arrows). In contrast, fewer and smaller 

fat granules are observed in HE-stained sections from rosiglitazone- and silybin-
treated groups (R and S, respectively; black arrows). N = control group. See 

legend to Table 2 for explanation of groups.
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Determination of mitochondrial membrane fluidity 
The microviscosity of liver mitochondria increased in 

the model group (P < 0.05 vs control). After treatment with 

rosiglitazone and silybin, mitochondrial mi-

croviscosity was significantly decreased (P 

< 0.05 vs the model group). Since the fluidity 
of the mitochondrial membrane varies in-

versely with microviscosity, we assumed that 

antioxidant therapy with silybin and insulin 

resistance amelioration with rosiglitazone 

would both reverse the destruction of mito-

chondrial membrane integrity and stabilize 

the fluidity of the mitochondrial membrane. 
Although mean microviscosity was lower in 

the silybin group than in the rosiglitazone 

group, there was no statistically significant 
difference (P > 0.05; Table 3).

Hepatic gene and protein expression of 

adiponectin and resistin

The gene and protein expression levels 

of adiponectin decreased in the NAFLD 

model compared to control and increased 

after treatment with rosiglitazone and silybin. 

However, the gene and protein expression 
of resistin increased in the model group, but 

decreased after pharmaceutical intervention 

(Table 4; Figure 4).

Discussion

NAFLD represents several liver diseases 

with the hallmark of fat infiltration (steatosis) 
in the absence of significant chronic alcohol 
consumption. The biological mechanism 

underlying the occurrence of steatosis and 

progression to NASH is not entirely under-
stood.

Currently, the pathogenesis NASH is 
proposed to involve a response to fat ac-

cumulation in the hepatocytes coupled 

with mitochondrial dysfunction, which may 

manifest as disrupted fatty acid oxidation, 

depressed bioenergetics and increased 

oxidative stress arising from enhanced 

generation of ROS and reactive nitrogen 
species (20,21). Indeed, a key functional 

change of liver mitochondria in animal models 

of high-fat-diet-induced fatty liver disease is 

the inability to maintain membrane fluidity. 
Since adaptive mitochondrial membrane 

fluidity is considered to be the key factor in 
maintaining the functional integrity of hepatic 

mitochondria, it represents a sensitive marker 

for mitochondrial function (13). Increased 

ROS and their interaction with polyunsaturated fatty acids 
(PUFAs) induce lipid peroxidation within the cell and result 

in the formation of 4-hydroxy-2-nonenal (HNE), MDA and 

Figure 3. The micrographs show more numerous and larger fat granules salmon 

pink in color when stained with Sudan III in the model group (M, black arrows). 

Fewer and smaller fat granules could be seen in rosiglitazone- and silybin-treated 

groups (R and S, respectively; black arrows). N = control group. See legend to 

Table 2 for explanation of groups.

Table 2. Effect of rosiglitazone and silybin administration on serum lipid levels, 

hepatic enzymes and HOMA-IR of rats with fatty liver induced by 6 weeks of 
high-fat diet.

Group TC (mM) TG (mM) HDL-C (mM) LDL-C (mM)

Control 1.71 ± 0.37* 0.98 ± 0.51* 0.64 ± 0.15 0.17 ± 0.09*

Model 2.74 ± 0.65 1.51 ± 0.37 0.47 ± 0.16 0.54 ± 0.23

Rosiglitazone 2.34 ± 0.41 1.27 ± 0.50* 0.53 ± 0.16 0.28 ± 0.09

Silybin 2.21 ± 0.57 1.14 ± 0.46* 0.59 ± 0.21 0.29 ± 0.12

Control group (N = 15) = standard diet + intragastric distilled water; model group 

(N = 14) = high-fat diet + intragastric distilled water; rosiglitazone group (N = 15) 

= high-fat diet + 0.5 mg·kg-1·day-1 intragastric rosiglitazone for 42 days; silybin 

group (N = 15) = high-fat diet + 26.25 mg·kg-1·day-1 intragastric silybin for 42 

days; TC = total cholesterol; TG = triglyceride; HDL-C = high-density lipoprotein 
cholesterol; LDL-C = low-density lipoprotein cholesterol; ALT = alanine amin-

otransferase; AST = aspartate aminotransferase; HOMA-IR = homeostasis model 
of assessment for insulin resistance index. *P < 0.05 vs the model group; #P < 

0.05 vs the rosiglitazone group (Bonferroni multiple comparisons test).

Group ALT（U/L） AST（U/L） HOMA-IR

Control 264 ± 48.44* 196 ± 52.23* 1.07 ± 0.26*

Model 450 ± 244.12 460 ± 310.13 3.46 ± 1.16

Rosiglitazone 360 ± 244.37* 300 ± 233.13* 1.44 ± 0.37*

Silybin 304 ± 128.64*# 267 ± 125.73* 1.35 ± 1.05*
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SOD (22), which can freely diffuse into the extracellular 
space to affect distant cells, therefore amplifying the effects 

of oxidative stress, decreasing the capacity for ATP syn-

thesis, resulting in disorder of mitochondrial function and of 

structure integrity manifested by a decline in mitochondrial 

membrane fluidity (23,24). 
In the present study, we found that our high-fat diet 

led to the development of NAFLD in rats, as confirmed by 
histological findings. We observed decreased mitochondrial 
membrane fluidity in the model group, which indicated 
ultrastructural mitochondrial alterations and mitochondrial 

dysfunction. Moreover, we observed increased ALT and 

AST levels in the model group, demonstrating liver impair-

ment. Increased hepatic enzymes affected nucleotide and 

protein synthesis, increased proinflammatory cytokine 
levels and activated stellate cells, ultimately leading to liver 

dysfunction. Levels of peroxidation products such as MDA 

increased while hepatic GSH and SOD content decreased 
in the model group. The elevation of MDA and the decline 

of SOD originated from lipid peroxidation in hepatocytes 
due to mitochondrial dysfunction. In addition, serum TG, 

TC and LDL-C levels were increased in NAFLD rats, prob-

ably due to lipid oxidation and mitochondrial impairment. 

Our findings agree with the viewpoint that mitochondrial 

dysfunction participates in the pathogenesis of NASH at 
different levels, mainly including lipid oxidation impairment 

and the induction of peroxidative production. 

Insulin resistance may play an important role in the de-

velopment of NAFLD since the disease itself is commonly 

observed in patients with obesity or type II diabetes. Insulin 

resistance leads to defective insulin-mediated inhibition 

of lipolysis, while hyperinsulinemia enhances the hepatic 

synthesis of free fatty acids and inhibits the synthesis of 

apolipoprotein (25,26). Thus, insulin resistance results in 

both increased adipose tissue lipolysis and increased he-

patic lipogenesis leading to lipid accumulation, ultimately 

leading to NASH. In this study, serum HOMA-IR levels 
tended to increase in the model group compared to control, 

indicating that hyperinsulinemia and insulin resistance were 

present in rats with NAFLD. 

Adiponectin increases β-oxidation of free fatty acids 
and/or decreases de novo free fatty acid production within 

the hepatocytes, thus preventing lipid accumulation (27,28). 

Kamada et al. (29) showed that adiponectin knockout rats 

develop more severe hepatic steatosis than wild-type 

rats when fed a diet aiming to induce NASH. Resistin, an 
adipokine secreted by adipose tissue and macrophages 

(30), may stimulate TNF-α and IL-12 in macrophages by 
a nuclear factor (NF)-kappa B-dependent pathway (31). 

Treatment with resistin markedly induces the gene expres-

sion of the suppressor of cytokine signaling 3 (SOCS3), a 
known inhibitor of insulin signaling (32). In our study, we 

Figure 4. Protein expression of adiponectin and resistin in the 

liver. Lanes 1 and 2, Model group; lanes 3 and 4, silybin group; 

lanes 5 and 6, rosiglitazone group; lanes 7 and 8, control group. 

See legend to Table 2 for explanation of groups.

Table 3. Effects of rosiglitazone and silybin on hepatic MDA, SOD and GSH levels and mitochondrial membrane fluidity in rats with 
fatty livers.

Group MDA (nmol/mg protein) SOD (U/mg protein) GSH (nmol/mg protein) P η

Control (N = 15) 0.42 ± 0.05* 11.21 ± 2.13* 6.01 ± 1.22* 0.188 ± 0.017* 1.397 ± 0.215*

Model (N = 14) 1.24 ± 0.33 8.03 ± 1.42 3.65 ± 1.54 0.285 ± 0.012 3.277 ± 0.350

Rosiglitazone (N = 15) 0.97 ± 0.27* 8.96 ± 2.48* 5.02 ± 1.76* 0.272 ± 0.012* 2.924 ± 0.323*

Silybin (N = 15) 0.93 ± 0.13* 9.31 ± 2.25*# 4.52 ± 1.09* 0.266 ± 0.011*# 2.765 ± 0.303*#

MDA = malondialdehyde; SOD = superoxide dismutase; GSH = glutathione; P = fluorescent polarization; η = microviscosity. See 
legend to Table 2 for explanation of groups. *P < 0.05 vs the model group; #P < 0.05 vs the rosiglitazone group (Bonferroni multiple 

comparisons test).

Table 4. Effect of rosiglitazone and silybin administration on 

mRNA expression of adiponectin and resistin by rats with fatty 

livers.

Group Adiponectin Resistin

Control (N = 15) 666.12 ± 273.45* 0.0150 ± 0.0013*

Model (N = 14) 215.95 ± 135.87 0.1179 ± 0.0076

Rosiglitazone (N = 15) 453.34 ± 261.79* 0.0221 ± 0.0061*

Silybin (N = 15) 552.40 ± 268.13*# 0.0180 ± 0.00813*

The relative levels of the target mRNAs were normalized to the 

corresponding levels of β-actin mRNA in the same cDNA sample. 
See legend to Table 2 for explanation of groups. *P < 0.05 vs the 

model group; #P < 0.05 vs the rosiglitazone group (Bonferroni 

multiple comparisons test).
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observed a decline in hepatic adiponectin expression as 

well as an elevation in resistin expression in the model 

group, in agreement with previous studies. The changes in 

the expression of adiponectin and resistin were associated 

with insulin resistance and hepatic vulnerability.

Silymarin, extracted from the milk thistle, is a mixture 

of the three isomeric compounds silybin, silidianin, and 

silichristin (33,34). Some randomized controlled trials have 

shown beneficial effects of silymarin such as antioxidant 
therapy and improved survival against a variety of liver 

ailments (35). Silybin, the main isomer, was shown to 

prevent liver fibrosis induced by CCl4 in rats (36). It has 
been demonstrated that silybin in combination with vitamin 

E and phospholipids proved to be effective when used as 

a complementary approach to chronic liver damage (37). 

In our study, we used non-complexed silybin as a pharma-

ceutical intervention. We observed that hepatic enzymes, 

serum lipid levels and MDA decreased while GSH and SOD 
increased after silybin treatment, and mitochondrial mem-

brane fluidity was restored in comparison to the model group. 
Histopathological analysis revealed that macrovesicular and 
microvesicular steatosis and ballooning degeneration were 

significantly decreased after treatment with silybin, indicating 
that silybin helps regenerate the hepatocytes by improving 

mitochondrial membrane fluidity and inhibiting the oxidative 
process. In addition, serum levels of HOMA-IR decreased 
after treatment with silybin compared to the model group. 

Moreover, silybin up-regulated the expression of adiponec-

tin, which reduces inflammation, and down-regulated the 
expression of resistin both at the gene and protein levels, 

indicating that silybin could effectively enhance hepatic sen-

sitivity to insulin. Insulin-sensitizing effects may be another 

important mechanism of silybin in NAFLD. 

Acting as the high-affinity agonist of peroxisome prolifer-
ator-activated receptor gamma (PPARγ), rosiglitazone can 
significantly enhance the tissue sensitivity to insulin (38,39). 
Our results showed that rosiglitazone could effectively de-

crease serum HOMA-IR levels, up-regulate adiponectin ex-

pression and down-regulate resistin expression. However, 
its mitochondrial membrane stabilizing and antioxidative 

effects are not as significant as those of silybin.
In conclusion, we observed insulin resistance and 

mitochondrial dysfunction induced by a high-fat diet for 6 

weeks in the liver of rats. Silybin, superior to rosiglitazone, 

could effectively improve hepatic function and prevent the 

progression to NASH. Mitochondrial membrane stabiliza-

tion, oxidative stress inhibition as well as insulin resistance 

improvement may be the main mechanisms underlying the 

hepatoprotective effect of silybin in NAFLD. 
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