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ABSTRACT 
Fatty liver is the hepatic component of the metabolic syndrome. Compelling evidence demonstrate that cytokines produced by the adipocytes play a major role 
in the pathogenesis of fatty liver disease. This study investigates effect of grape seed proanthocyanidins (GSP, 100 mg / kg b.w) in comparison and in 
combination with metformin (MET, 50 mg / kg b.w) on the mRNA levels in liver of major receptors of adipocytokines [tumor necrosis factor (TNF)-α, 
interleukin (IL)-6, adiponectin and leptin] in a rat model of high fructose, fat diet (HFFD)-induced fatty liver disease. HFFD-fed rats showed increased lipid 
content and oxidative stress with decreased antioxidants. The mRNA levels of receptors of TNF-α, IL-6 and leptin were also higher whereas that of 
adiponectin was lower during fatty liver disease. Upon GSP and MET administration, these changes in the receptor expression of adipocytokines were 
reversed. When both MET and GSP were administered, the effects were observed to be more intense. Restoration of the levels of adipocytokine’s receptors 
gives a clue, in part, of the ability of GSP and MET to combat fatty liver disease. 
Keywords: Grape seed proanthocyanidins, oxidative stress, adipocytokines, receptors, fatty liver. 
 
INTRODUCTION 
Non-alcoholic fatty liver disease (NAFLD) is a chronic 
inflammatory state of the liver involving a wide range of 
disorders from steatosis, steatohepatitis, fibrosis and 
cirrhosis. NAFLD has been associated with many etiological 
factors1-2 the most common ones being obesity and type 2 
diabetes mellitus. Available evidence propose a tenable 
theory of NAFLD pathogenesis involving two stages, known 
as “two-hit theory", the first hit being excessive accumulation 
of lipids in the cytoplasm of liver and the second hit being 
injury due to oxidative stress and subsequent inflammatory 
reactions.3 This has now been modified as "multi hit theory" 
due to involvement of several other factors among which the 
role of pro and anti-inflammatory adipocytokines is 
undisputable.4 Adipocytes secrete a wide range of cytokines 
and at the same time express receptors for most of these 
factors. Adipocytokines play a major role in obesity 
associated insulin resistance by binding to their receptors 
present in liver and other target tissues. Further inflammatory 
cytokines are shown to be involved in the progression of 
NAFLD. Among various adipokines, tumor necrosis factor 
(TNF)-α, interleukin (IL)-6, adiponectin and leptin are the 
most studied due their coherent and important effects 
reported thus far. TNF-α is recognized as the first cytokine 
that could induce insulin resistance. It is the most studied 
proinflammatory cytokine as it provides a molecular link 
between obesity and IR. Another cytokine with pleotropic 
effects is IL-6. This multi-functional cytokine, along with 
TNF-α, plays a major role in mediating inflammation, insulin 
resistance and liver regeneration.5 Leptin, a satiety hormone, 
regulates appetite, energy homeostasis and glucose/lipid 
metabolism.6-7 Adiponectin exerts profound antidiabetic and 
anti-inflammatory roles and is inversely correlated with 
BMI.8-9 A large number of reports have demonstrated that 
grape seed proanthocyanidins (GSP) provide potent 
protection against free radical-induced diseases, such as 
ischemia and reperfusion injury of many organs, tumor 
promotion and carcinogenesis, and are highly bioavailable. 
Studies have shown that the antioxidant power of 

proanthocyanidins is 20 times greater than vitamin E and 50 
times greater than vitamin C.10 Few reports that demonstrate 
the effects of GSP on adipocytokines are available11 but none 
on their receptors. It is well documented that feeding of diet 
high in fructose and fat results in imbalance in energy intake 
and expenditure leading to fat accumulation. Imbalance in 
energy metabolism results in a shift to a proinflammatory 
state mediated by oxidative stress that advances to NASH. 
This investigation was therefore carried out to study the 
mRNA expression of receptors of these four major 
adipocytokines, TNF-α, IL-6, adiponectin and leptin in a rat 
model of NAFLD. We also report the effect of GSP in 
comparison with MET, alone and in combination to verify 
whether the combination treatment is more effective.  
 
MATERIALS AND METHODS 
Chemicals 
Primers were purchased from Sigma-Aldrich (Mumbai, 
India) and the SYBR Green-qPCR master mix was purchased 
from Thermo Scientific, USA. The solvents and chemicals of 
analytical grade were purchased from Himedia Laboratories 
Pvt. Ltd., Mumbai, India.  
 
Experimental Diet and Treatment 
The normal rat feed was obtained from feed supplement 
suppliers (Sai enterprisei, Chennai, India) which contained 60 
% starch, 22.08 % protein and 4.38 % fat. This commercial 
diet provided 382.61 cal / 100 g. The high-fat/fructose diet 
(HFFD) prepared in our laboratory contained 45 % fructose, 
20 % fat, (10 % beef tallow, 10 % groundnut oil) and 22.5 % 
casein and provided 471.25 cal / 100 g. Proanthocyanidin-
rich extract from grape seed (GSP, gravinol-SuperTM) was 
kindly provided by Kikkoman Co. (Chiba, Japan). The grape 
seed extract was composed of 89 % proanthocyanidin, 6 % 
monomers and 5 % other materials. Metformin hydrochloride 
was obtained from the local drug store (Ranbaxy, India). 
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Experimental Animals and Study Design 
This study was conducted in strict accordance with the 
guidelines of the Committee for the Purpose of Control and 
Supervision on Experiments on Animals (CPCSEA). All 
procedures were adhered to the guidelines of the Institutional 
Animal Ethical Committee (IAEC) and approved. Six-week-
old male albino Wistar rats (n = 6) were purchased from 
Rajah Muthiah Medical College and Hospital (RMMC and 
H, Annamalai University) and were individually housed 
under hygienic conditions (22–24°C) in polypropylene cages 
under 12 h light / 12 h dark cycle. After acclimatization for a 
period of 1 week, the animals were divided at random into six 
groups consisting of six rats each. The following groups were 
maintained for a total period of 45 days.   
 
Group 1: CON - Animals received normal rat chow till the 
end of the experimental period. 
Group 2: HFFD - Animals received high fat-high fructose 
diet till the end of the experimental period. 
Group 3: HFFD + GSP - Animals received high fat-high 
fructose diet and were orally administered GSP in water (100 
mg / kg b.w./day) from day 31 till the end of the experimental 
period. 
Group 4: HFFD + MET - Animals received high fat-high 
fructose diet and were orally administered MET in water (50 
mg / kg b.w./day) from day 31 till the end of the experimental 
period. 
Group 5: HFFD + GSP + MET - Animals received high fat-
high fructose diet and were orally administered GSP (100 mg 
/ kg b.w./day) and MET (50 mg / kg b.w./day) at an interval 
of at least 4 h from day 31 till the end of the experimental 
period. 
Group 6: CON + GSP - Animals received normal rat chow 
and were orally administered GSP (100 mg / kg b.w./day) 
from day 31 till the end of the experimental period. 
 
Food and water were provided ad libitum to the animals. At 
the end of the experimental period, the rats were fasted for 18 
h. After cervical decapitation, blood samples were collected 
in EDTA-contained tubes and centrifuged to obtain plasma 
Liver was removed immediately and was washed with ice 
cold physiological saline solution. Samples were stored at -
80°C until further analysis.  
 
Lipid Peroxidation and Protein Carbonylation 
Lipid peroxidation was evidenced by measuring the 
formation of thiobarbituric acid reactive substances (TBARS) 
and hydroperoxides (LHP) in liver following the method of 
Niehaus and Samuelsson (1968) and Jiang et al. (1992) 
respectively.12-13 Protein damage was evidenced by 
measuring protein carbonyl (PC) content in liver samples 
following the method of Levine et al. (1990).14 
 
Assay of GSH and GPx 
The level of reduced glutathione (GSH) and activity of 
gluthathione peroxidase (GPx) was measured using Ellman’s 
reagent (5’5’, di thio nitro benzoic acid) by following the 
method of Ellman (1959) and Rotruck et al. (1973) 
respectively.16-17  
 
Estimation of Total Lipids 
Lipids were extracted from liver by the method of Folch et 
al., (1957)15 using chloroform: methanol mixture (2:1 v/v). 
 
 

Real-Time PCR (qPCR) 
Total RNA from liver was extracted using TriZol reagent. 
The concentration and purity of the isolated RNA were 
checked by measuring the absorbances at 260 and 280 nm. 
Total RNA (2.0 μg) was reverse transcribed to cDNA in a 
reaction mixture containing 1 μl of Oligo (dT) primer (0.2 μg 
/ ml), 1 μl of RNase inhibitor (10 U / ml), 1 μl of 0.1 M DTT, 
4 μl of RT Buffer (5X), 2.0 μl of 30 mM dNTP mix (7.5 mM 
each), 0.5 μl of M-MuLV Reverse Transcriptase (50 U / μl) 
and made up to 20 μl with sterile water and kept at 37°C for 1 
h and then heated at 95°C for 2 minutes. PCR amplification 
was performed in a mixture containing 100 μg cDNA, 1 μl 
each of 50 pM  of forward and reverse primers, 10 μl SYBR 
green master mix with a final volume of 20 μl made up using 
nuclease free water. The primer sequence used are as follows: 
TNF-α receptor 1 (TNFR1)-(F)-3’-tgcctcacactgagcatctt-5’ 
and (R)-3’-ccccaaagtccacactcact-5’; TNF-α receptor 2 
(TNFR2)-(F)-3’-cgctgttccaaggacaatct-5’ and (R)-3’-
ggttgaacccaaggacacag -5’; IL-6 receptor (IL-6R)-(F)-3’-
gcctattgaaaatctgctctgg-5’ and (R)-3’-gctctgaatgactctggcttt-5’; 
Leptin receptor (OB-R)-(F)-3’-cacgaggtattcgatgcaaa-5’ and 
(R)-3’-aggctggactgctccaatta-5’; Adiponectin receptor 
(AdipoR2)-(F)-3’-gcttgggtctgagtggaatc-5’ and (R)-3’-
tagagggcagctcctgtgat-5’ (Sigma Aldrich, St Louis, MO, 
USA). The thermocycling conditions were as follows, initial 
denaturation 95°C for 10 minutes, denaturation 95°C for 15 s, 
annealing 60 ± 3°C for 30 s and extension 72°C for 30 s for 
40 cycles. The reactions were run in triplicate for each 
sample. The Ct values obtained for each gene was normalized 
with that of GAPDH gene using the formula 2^-∆∆Ct. The 
relative quantity was expressed in bar graphs as fold change 
with respect to control after normalization with GAPDH for 
each gene.  
 
Statistical Analysis  
Values are presented as means ± SD of 6 rats for biochemical 
and 4 rats for qPCR analysis. All data analysis was 
performed with the use of SPSS statistical software 17.0. The 
statistical significance of differences between groups was 
determined by one-way ANOVA followed by the Tukey's 
multiple range test (TMRT). P < 0.05 was considered to 
indicate a statistically significant result. 
 
RESULTS 
Oxidative Stress Products in Liver 
The levels of TBARS, LHP and PCO were significantly 
increased in the liver of HFFD-fed rats as compared to CON 
and the treatment groups. Administration of GSP showed 
significant reduction in these levels than that of MET. Of all 
the three treatment, combination treatment (HFFD + GSP + 
MET) showed more reduction as compared to HFFD fed rats. 
The values did not differ significantly between CON and 
CON + GSP (Table 1). 
 
Activity of Glutathione Peroxidase and Levels of Reduced 
Glutathione 
Activity of glutathione peroxidase (GPx) and levels of 
reduced glutathione (GSH) were significantly decreased in 
the liver of HFFD-fed rats as compared to control and the 
treatment groups. GSP administration significantly increased 
the levels of these antioxidants than that of MET. 
Combination treatment (HFFD + GSP +MET) significantly 
restored these levels to near normal as compared to HFFD-
fed rats. The values did not differ significantly between CON 
and CON + GSP (Table 2). 



Baskaran Yogalakshmi et al. Int. Res. J. Pharm. 2013, 4 (7) 

Page 199 

 
Table 1: Levels of Peroxidation Indices (nmoles / mg protein) in Liver of Experimental Rats 

 
Parameters CON HFFD HFFD + GSP HFFD + MET HFFD + GSP + MET CON + GSP 

TBARS 2.15 ± 0.15a 5.86 ± 0.26b 3.27 ± 0.13c 4.11 ± 0.19d 2.99 ± 0.18e 2.09 ± 0.10a 
LHP 1.58 ± 0.04a 4.73 ± 0.25a 2.52 ± 0.12c 3.87 ± 0.29d 2.12 ± 0.22e 1.57 ± 0.07a 
PCO 3.65 ± 0.14a 8.44 ± 0.50a 5.46 ± 0.39c 7.02 ± 0.56d 5.19 ± 0.47e 3.41 ± 0.16a 

CON- Control, HFFD- High fat, fructose diet, HFFD + GSP- High fat, fructose diet + grape seed proanthocyanidins, HFFD + MET - High fat, fructose diet + 
metformin, HFFD + GSP + MET - High fat, fructose diet + grape seed proanthocyanidins + metformin, CON+GSP – Control + grape seed proanthocyanidins. 

 
Values are means ±SD of 6 rats from each group. Values that bear different alphabets in their superscript differ significantly from each other. One way 

ANOVA followed by TMRT. A value that has p < 0.05 is considered statistically significant. 
 

Table 2: Activities and Levels of GPx and GSH in Liver 
 

Parameters CON HFFD HFFD + GSP HFFD + MET HFFD + GSP + MET CON + GSP 
GPx (A) 6.87 ± 0.24a 4.41 ± 0.2b 5.89 ± 0.31c 5.06 ± 0.26d 6.21 ± 0.41e 6.99 ± 0.31a 
GSH (B) 10.7 ± 0.35 a 5.7 ± 0.21 b 7.6 ± 0.41c 6.1 ± 0.27d 8.7 ± 0.39e 11.0 ± 0.86 a 

Treatment and comparisons are as given in Table 1. A= µmoles of GSH utilised/min /mg protein; B= µg/mg protein. 
 

Table 3: Content of Total Lipids in Liver (mg / g tissue) 
 

Parameters CON HFFD HFFD + GSP HFFD + MET HFFD + GSP + MET CON + GSP 
Total Lipids 92 ± 4.51a 241 ± 19.2b 162 ± 9.53c 213 ± 15.2d 171 ± 12.9e 90 ± 5.12a 

Treatment and comparisons are as given in Table 1. 
 

 
 

 
 

Figure 1: mRNA expression of TNFR1 and R2. Values are means ± SD of 4 rats from each group. Values that bear different alphabets in their 
superscript differ significantly from each other. One way ANOVA followed by TMRT. A value that has p < 0.05 is considered statistically significant. 
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Figure 2: mRNA expression of IL-6 receptor. Values are means ± SD of 4 rats from each group. Values that bear different alphabets in their 
superscript differ significantly from each other. One way ANOVA followed by TMRT. A value that has p < 0.05 is considered statistically significant. 
 

 
 

Figure 3: mRNA expression of leptin receptor. Values are means ±SD of 4 rats from each group. Values that bear different alphabets in their 
superscript differ significantly from each other. One way ANOVA followed by TMRT. A value that has p < 0.05 is considered statistically significant. 
 

 
 
Figure 4: mRNA expression of adiponectin receptor. Values are means ± SD of 4 rats from each group. Values that bear different alphabets in their 
superscript differ significantly from each other. One way ANOVA followed by TMRT. A value that has p < 0.05 is considered statistically significant. 
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Levels of Total Lipids 
The amount of total lipids was found to be high in rats fed 
HFFD alone compared to other groups. Administration of 
GSP and MET, alone and in combination reduced these 
levels to significant levels (Table 3).  
 
mRNA Expression of Receptors of Adipocytokines  
Rats fed HFFD showed a significant up regulation of TNFR1 
and R2 to 6.4 and 2.9 folds respectively as compared to 
CON. Supplementation of GSP, MET and combination 
treatment significantly reduced the mRNA expression of 
TNFR1 to 3.85, 4.71 and 2.62 folds and TNFR2 to 1.8, 2.56 
and 1.31 folds respectively as compared to CON (Figure 1). 
Increased mRNA expression of IL-6R by 6.12 fold was 
observed in HFFD-fed rats as compared to control. 
Supplementation of GSP, MET and combination treatment 
significantly reduced the mRNA expression of IL-6R to 3.8, 
5.16 and 2.72 folds respectively as compared to CON (Figure 
2). HFFD fed rats showed significant increase in the mRNA 
expression of OB-R to 4.26 fold as compared with CON. 
Supplementation of GSP, MET and combination treatment 
reduced the expression of OB-R to 3.11, 3.71 and 2.6 folds 
respectively as compared to CON (Figure 3). The mRNA 
expression of adipoR2 was observed to be decreased to 0.32 
fold during HFFD feeding. These were reversed upon GSP 
and MET supplementation to 0.71 and 0.55 folds of 
expression respectively. Combination showed significant up 
regulation of adiponectin receptor and increased its 
expression to 0.85 fold (Figure 4). HFFD-fed rats showed 
maximum susceptibility to chronic hepatic inflammation 
indicated by the up regulation of proinflammatory cytokine 
receptors and down regulation of anti-inflammatory cytokine 
receptors. On comparing between the individual treatments, 
GSP showed better reduction in inflammation than MET.  
 
DISCUSSION 
NAFLD develops as a companion of the metabolic syndrome 
and is associated with excess of proinflammatory cytokines 
in plasma that activate inflammatory response in the liver 
through the receptors found on the hepatic cell surface. In the 
present study we have demonstrated that GSP and MET 
decreased the expression of adipocytokine receptors in liver 
of rats with fatty liver disease. Lipid retention within 
hepatocytes triggers oxidative stress (the “second hit”) 
generating reactive oxygen species (ROS) at different 
intracellular levels. Most lipid peroxides, formed in cells due 
to intracellular ROS diffuse and may reach sites distant from 
those of generation and cause tissue damage and macrophage 
activation thereby provoking inflammation.18 In this respect, 
it has been observed that subjects with steatohepatitis show 
high hepatic and systemic levels of lipid peroxidation 
products. In concordance with this, we observed increased 
total lipids, oxidative stress (TBARS, LHP and PCO, the 
byproducts of lipid and protein peroxidation) and reduced 
antioxidants (GPx and GSH) in liver of HFFD group of rats. 
GSP being a powerful antioxidant by itself might have helped 
to replenish the antioxidant defense and thus suppressed the 
levels of peroxidation products. MET also reduced oxidative 
stress but not as effective as GSP. The combined 
administration of GSP and MET brought down the levels of 
oxidative stress markers even lower than that of GSP and 
MET alone. Bioactive cytokines are released from the 
adipose tissue in response to increased damage by free 
radicals and their byproducts. These include several novel 
and highly active molecules like leptin, resistin, adiponectin 

or visfatin, as well as some more classical cytokines released 
possibly by inflammatory cells infiltrating fat, like TNF-α 
and IL-6.19 The most abundantly expressed within the 
adipose tissue are leptin and adiponectin. These cytokines 
play a major role in the progression of fatty liver to the next 
stage of steatohepatitis. Adiponectin is the most interesting 
and promising cytokine for the clinicians since it has 
profound protective effects as anti-inflammatory, 
vasculoprotective, and anti-diabetic. Adiponectin is low in 
obese subjects and, in particular, insulin-resistant patients.20 
It is shown to suppress the proliferation and activation of 
immune cells and inflammatory cytokines such as TNF-α 
during fatty liver disease.21 Besides these direct effects, 
adiponectin exerts further beneficial actions by lowering 
dyslipidemia and other risk factors of NAFLD.22-23 The 
effects of adiponectin in liver are mediated by its receptor 
AdipoR2, and in skeletal muscle by AdipoR1. Since obesity 
decreases the expression levels of adiponectin receptor, 
regulation of adiponectin action, at least in part, can occur via 
controlling the expression of adipoR2. In the present study, 
HFFD feeding had decreased the expression of adipoR2 
while GSP and MET administration had improved these 
levels at a genetic level. Though GSP showed a more 
pronounced effect than MET in improving adipoR2 
expression, combined treatment showed maximum 
improvement than GSP or MET alone. Leptin drew 
substantial research attention for the past 20 years. Leptin, a 
167 amino-acid protein, encoded by the ob gene, belongs to a 
cytokine family, located within 7q31.3 locus.24 OB-R are 
expressed in number of different tissues, which brought the 
attention of researchers due to the fact that leptin has a very 
widespread range of actions.25-27 Ubiquitous expression of the 
receptors and widespread binding of leptin in various organs 
indicates its role in a constellation of vital processes 
including growth, metabolic control, immune regulation and 
insulin sensitivity regulation. Higher levels of this hormone 
along with increased receptor expression denote leptin 
resistance which is commonly reported under conditions of 
obesity. TNF-α and IL-6 are potent proinflammatory 
cytokines that are known to increase the release of leptin 
from adipocytes.28-29 This is the first study on the effects of 
GSP and MET administration on receptors of adipocytokines 
under HFFD-feeding to rats. The mRNA levels of receptors 
of TNF-α, IL-6 and leptin were found to be very high and 
that of adiponectin was low in liver during HFFD feeding. 
The mRNA expression of receptors is induced in response to 
the circulating protein levels. We also observed increased 
plasma concentrations of TNF-α, IL-6 and leptin and 
decreased levels of adiponectin (unpublished data) in HFFD 
group of rats. GSP and MET administration restored the 
mRNA levels of the receptors. Combined administration of 
both has resulted in near normal level of the receptors. The 
importance of inflammation must be considered while in 
search of a novel drug for suppressing fatty liver disease. 
Hence any drug that controls the expression of inflammatory 
adipocytokines or their receptors may be vouched to have 
good potential as treatment for NAFLD. In this regard, our 
results clearly indicate the role played by GSP and MET 
alone and in combination in regulating the levels of the 
receptors of adipocytokines. Hence GSP alone or in 
combination with MET may be taken to the next level of 
research for developing a pharmacological therapy for 
NAFLD with additional studies on the molecular details of 
their actions. 
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