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A B S T R A C T 

 
This study was designed to evaluate the effect of prolonged intake of resveratrol on lipid metabolism, liver enzymes and 
L-malondialdehyde(L-MDA) in obesity -induced in female rats by feeding high fat diet. Ninety female albino rats were 
divided into six equal groups of 15 rats each. Group Ι: rats fed normal control diet all over the periods of experiment (for 
12 weeks). Group II: rats fed the control normal diet and administered resveratrol orally (0.1 mg/kg b.wt., orally) for 6 
weeks. Group III: rats received the control normal diet and received resveratrol once daily (0.5 mg/kg b.wt., orally) for 6 
weeks. Group IV: rats fed high fat diet (HFD) and received no drugs all over the periods of experiment (for 12 weeks). 
Group V: rats received HFD and administered resveratrol (0.1 mg/kg b.wt./day, orally) for 6 weeks. Group VI: rats fed 
HFD and administered resveratrol (0.5 mg/kg b.wt./day, orally). Blood samples were collected from all rats at 2, 4 and 6 
weeks  from the onset of resveratrol administration for determination of serum total cholesterol(TC), Triacylglycerols 
(TAG), high density lipoprotein cholesterol (HDL-c), low density lipoprotein cholesterol (LDL-c), very low density 
lipoprotein cholesterol (VLDL-c), alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline 
phosphatase (ALP), and erythrocyte L-malondialdehyde (L-MDA).The obtained results showed, significant elevation of 
serum TC, TAG, LDL-c, VLDL-c, ALP,AST, ALT, L-MDA in obese rats as compared to rats fed normal control diet. 
While administration of resveratrol to HFD-fed rats tended to improve hepatic oxidative stress and dyslipidemia through 
improving total cholesterol and triacylglycerols and liver markers enzyme activities. These results suggest that, resveratrol 
is effective in improving the obesity and its associated many important complications such as diabetes mellitus and 
coronary heart disease and liver disease. 
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1. INTRODUCTION 

Obesity is a pathological condition in which excess 
body fat has accumulated to the extent that it may 
have an adverse effect on health, leading to reduced 
life expectancy or increased health problems. 
Obesity has reached the status of a global epidemic, 
with as many as 1.5 billion adults considered 
overweight and around 500 million obese. 
Lifestyle in combination with genetic 
predisposition is the major cause of obesity 
(Andreasen and Andersen, 2009). It is associated 
with many important complications such as 
diabetes, coronary heart disease and diseases of the 
gall bladder, liver and spleen (Abu-Abid et al., 
2002). Obesity is associated with oxidative stress 
which may be due to extended postprandial 
hyperlipidemia and obese humans have increased 
levels of oxidative stress and this is ameliorated by 
diet restriction and weight loss (Dandona et al., 
2001). Also, obesity is associated with increased 

activities of the secondary product of lipid 
peroxidation and weight loss has positive effects on 
oxidative stress and antioxidant activity (Uzun et 
al., 2004).          Nowadays, there is an increased 
demand for using plants in therapy, the ‘‘back to 
nature” slogan, instead of using synthetic drugs 
which might have adverse effects and consequently 
might be more dangerous than the disease itself 
Mady et al. (2001). Resveratrol (3,5, 4'-
trihydroxystilbene), a naturally occurring 
polyphenol, has attracted considerable interest for 
its beneficial potentials for human health, which 
include anti-oxidant, anti-inflammatory, cardio 
protective, and anti-tumor activities (Amri et al., 
2011). Resveratrol hypolipidemic effects were also 
shown by Cho et al. (2008).  

 Accordingly, the purpose of the present study 
was to investigate the effect of resveratrol against 
obesity- induced in female rats by feeding high fat 
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diet. Through determination of serum lipids 
profile, liver markers enzymes and L-
malondialdehyde. 

2. MATERIALS AND METHODS 

2.1.  Experimental animals: 

Ninety white, female Albino Wister rats (8-10 
weeks old age), weighing 165-225 gm. were used 
in the experimental investigation of this study. Rats 
were kept at constant environmental and nutritional 
conditions throughout the period of experiment. 
Animals were housed in separate metal cages. fresh 
and clean drinking water was supplied ad-libitum. 
All rats were acclimatized for minimum period of 
two weeks prior to the beginning of study. 

2.2. Ration and additives: 

The animals, were fed on constant ration 
through the course of the experiment in the form of 
concentrated diet composed of (7-10% fat, 68-70% 
CHO, 18-20% protein, 1-2% vitamins and 
minerals; 210 kcal/100 gr/day) normal control diet 
(NCD). 

2.3. Resveratrol 

Resveratrol, (3,5,4'-trihydroxystilbene) is a 
stilbenoid, a derivate of stilbene, with the 
molecular formula C14H12O3 , molecular weight 
228.2 , melting point 261-263 ºC, white powder 
with yellow casts and highly soluble in normal 
saline or 5% ethanol. It was manufactured by 
Sigma Chemical Co. (St. Louis, Mo, USA) and 
purchased from Schnelldorf, Germany through the 
Egyptian International Center for Import Cairo, 
Egypt. Resveratrol was freshly prepared (saline) 
and administered in orally at a dosage of 0.1 mg/kg 
body weight using stomach tube for group II, and 
the same dose were administrated for group V for 
6 weeks, another dose (0.5 mg/kg body weight) 
was given for group III for 6 weeks and the same 
dose were administrated for group VI. 

2.4. Induction of obesity: 

The experimental induction of obesity in female 
rats was induced by feeding the rats on the prepared 
high fat diet (HFD) for Forty-five day before the 
beginning of the experiment according to the 
method of Altunkaynak (2005). Forty-five day, 
after obesity induction, treatment with resveratrol 
were given and continued for six weeks.  

2.5.  Design of the experiment: 

Rats under study were randomly divided into 
six main equal groups, 15 rats each, placed in 
individual cages and classified as follows: Group Ι: 
(Normal control diet): Rats received normal 

control diet (NCD) all over the experimental 
periods. (for 12 weeks).  Group Π: (CND + 
Resveratrol): rats were maintained on CND and 
received Resveratrol (0.1 mg/kg b.wt./day/orally) 
for 6 weeks. Group III: (CND + Resveratrol): rats 
were maintained on CND and received resveratrol 
(0.5mg/kg b.wt./day/orally) for 6 weeks. Group IV: 
(High fat diet): rats received high fat diet (HFD), 
served as obesity induced rats group, all over the 
periods of experiment. (For 12 weeks). Group V: 
(HFD + Resveratrol): rats were fed HFD and 
received resveratrol (0.1 mg/kg b.wt./day/orally) 
for 6 weeks. Group VI: (HFD + Resveratrol): rats 
were fed HFD and received resveratrol (0.5mg/kg 
b.wt./day/orally) for 6 weeks. 

2.6.  Sampling:  

Random blood samples were collected from all 
animal’s groups (control and experimental groups) 
three times along the duration of experiment at 2, 4 
and 6 weeks from the onset of rats exposed to lead 
and administrated with resveratrol. Blood samples 
were collected by ocular vein puncture from all 
animal groups three times along the duration of 
experiment and after overnight fasting. Part of 
blood collected in capped heparinized tubes and 
Erythrocytes were separated from blood plasma by 
centrifugation at 2500 r.p.m for 15 minutes. then 
kept in a deep freeze at -20° C until used for 
subsequent biochemical analysis.  

2.7. Biochemical analysis: 

Serum total cholesterol, triacylglycerols, high 
density lipoprotein cholesterol (HDL-c), low 
density lipoprotein cholesterol (LDL-c), very low 
density lipoprotein cholesterol (VLDL-c), alanine 
aminotransferase (ALT), aspartate 
aminotransferase (AST), Alkaline phosphatase 
(ALP) and erythrocyte L-malondialdehyde (L-
MDA). were analyzed according to the methods 
described by Breuer (1996); Connerty et al. (1961); 
Friedewald et al. (1972); Friedman (1997); 
Matthews et al. (1985); National Cholesterol 
Education program (1995); NCEP expert panel 
(1988); Stein (1987); Tietz (1995), respectively. 

2.8. Statistical analysis: 

The obtained data were analyzed using the 
statistical package for social science, (SPSS, 13.0 
software, 2009), for obtaining mean and standard 
deviation and error. The data were analyzed using 
one-way ANOVA to determine the statistical 
significance of differences among groups. 
Duncan's test was used for making a multiple 
comparison among the groups for testing the inter-
grouping homogeneity. 
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 Table (1): Effect of treatment with Resveratrol on serum Triacylglycerols, Total cholesterol and LDL-c concentrations in normal and obesity-induced in female rats 
(mg/dl).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data are presented as (Mean ± S.E).  S.E = Standard error. Mean values with different superscript letters in the same column are significantly different at(p ≤0.05). 
 
Table (2): Effect of treatment with Resveratrol on serum HDL-c(mg/dl), VLDLc (mg/dl) and L-MDA(µmol/l) concentrations in normal and obesity-induced in female 
rats.   
 

Data are presented as (Mean ± S.E).  S.E = Standard error. Mean values with different superscript letters in the same column are significantly different at(p ≤0.05). 
 
 
 

LDL-c Total cholesterol  triacylglycerol      Parameters 

Groups 6 weeks  4 weeks       2 weeks            6weeks 4            4 weeks 2 weeks 6 weeks 4 weeks 2 weeks 

40.84±2.69d 38.67±0.40b 39.95±0.57c 146.44±2.59c 114.06±1.28c 102.6±0.84c 267.8±7.8b 122.39±0.98c 108.89±1.91b,c Group Ι: 

31.54±6.63d 36.86±0.16b 33.58±0.51d 122.72±2.1d 111.88±1.66c 98.85±0.8c,d 209.62±4.59c 112.65±1.32d 106.46±2.08b,c Group II: 

30.78±1.15a 38.96±1.73b 25.86±0.42e 119.34±1.18d 114.55±3.11c 94.64±.87d 121.4±1.7e 99.66±2.03e 103.45±1.97b,c Group III: 

154.41±9.73a 86.64±15.26a 60.8±1.18a 233.46±2.33b 178.19±3.4a 133.49±2.00a 311.46±3.63b 175.85±2.49a 155.36±2.54a Group IV 

99.67±1.18b 53.6±1.92b 53.93±1.67b 179.9±4.19b 127.86±1.2b 118.86±2.09b 165.89±2.55d 150.27±1.87b 109.75±4.87b Group V: 

71.36±2.47c 46.28±2.57b 50.33±4.38b 148.22±2.9c 117.29±4.59c 113.82±3.02b 127.8±1.55e 114.82±2.45d 100.46±1.29c Group VI: 

L-MDA  VLDL-c HDL-c Parameters 

Groups 2         6 weeks 2         4 weeks 2            2 weeks 6         6  weeks 4w        4 weeks 2 weeks 6 weeks 4            4 weeks 2 weeks 

46.17±1.73b 31.39±2.41c 27.65±2.33d 53.49±1.56a 24.48±0.19c 21.78±0.38b,c 55.23±1.93b 50.75±1.33a,b 40.94±0.89b Group Ι: 

38.11±3.22c 34.33±2.9c 30.99±2.69c,d 41.92±0.92b 22.2±0.12d 21.29±0.42b,c 56.15±1.47b 52.82±1.76a,b 43.98±0.97a,b Group II: 

30.3±0.6d 33.56±0.86c 33.51±0.7c 24.28±0.33c 19.93±0.41e 20.69±0.4b,c 63.98±1.58a 55.66±1.95a 48.18±0.47a Group III: 

75.32±1.18a 72.69±0.86a 67.12±0.73a 53.29±8.44a 35.17±0.5a 31.07±0.51a 31.43±3.83d 39.87±1.00d 41.38±0.51b Group IV : 

38.39±0.92c 44.96±0.1b 52.36±079b 33.18±0.51b,c 30.05±0.37b 21.95±0.97b 47.17±2.88c 44.21±2.75c,d 42.98±2.71a,b Group V: 

39.67±1.53c 44.3±0.96b 49.33±1.2b 25.57±0.31c 22.95±0.5d 20.09±0.26c 51.22±1.43b,c 48.05±2.12b,c 43.12±2.56a,b Group VI: 
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Table (3): Effect of treatment with Resveratrol on serum AST, ALT and ALP activities in normal and obesity-induced in female rats    (U/L).   
 

Data are presented as (Mean ± S.E).  S.E = Standard error. Mean values with different superscript letters in the same column are significantly different at p ≤0.05.

ALP  ALT  AST  Parameters 

Groups 6 weeks   4 weeks 2 weeks 6         6 weeks4       4 weeks2 weeks 6 weeks 4          4 weeks 2 weeks 

266.44±9.63b 196.63±1.2a,b 137.77±4.18a,b 105.54±2.62b 76.51±2.07d 105.92±2.7a,b 182.70±1.41b183.45±3.93a 197.22±2.45a,b Group Ι 

255.15±3.43b 186.96±2.13a,b,c 137.42±3.95a,b 103.55±2.77b 71.65±1.85d 103.69±2.64a,b109.27±3.73d149.22±3.11b 188.10±3.31b,c Group II 

174.04±10.07d164.03±11.76b,c118.08±13.13b103.55±2.54d 68.44±2.07d 88.05±2.17c 82.45±1.49e 111.42±4.48c 169.17±3.45d Group III 

297.41±2.00a 258.83±12.61a 156.2±8.61a,b 116.18±2.6a 129.93±3.57a 116.62±2.79a 200±4.49a 186.73±8.94a 199.67±1.06a Group IV  

252.04±6.7b 117.67±52.44c 144.4±4.61a,b 95.99±1.54c 120.74±2.27b 93.84±8.85b,c 124.90±9.17c 176.36±8.91a 183.40±6.06c Group V 

215.42±9.69c 154.24±5.64b,c 127.5±13.9a,b 88.7±1.95c,d 86.06±3.6c 85.31±4.41c 102.60±2.10d131.30±3.32b 134.61±2.66e Group VI 
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3. RESULTS 

The obtained data demonstrated in table (1, 2 
and 3) revealed a significant increase in serum 
levels of TC, TAG, LDL-c, VLDL-c, AIP, AST, 
ALT and L-MDA concentrations in obesity 
induced in rat’s groups. Treatment of obese rats fed 
HFD with resveratrol ameliorate all of those 
parameters when compared to obese non-treated 
rats. However, serum HDL-c level was 
significantly decreased in obesity induced rat’s 
groups. Treatment of HFD-fed rats marked 
increased in serum HDL-c level compared to HFD-
fed non-treated group. 
Administration of resveratrol to rats fed normal 
control diet did not produce any significant 
changes in all serum biochemical parameters 
investigated in comparison to the values in normal 
control rats. 

4. DISCUSSION 

Obesity is characterized by a number of 
metabolic abnormalities which in all mas 
contribute to development of cardiovascular 
disorders (Vecchione et al., 2002). Great evidence 
suggesting obesity as an independent risk factor for 
a number of health problems, including liver and 
spleen disease (Chandrasekaran et al., 2012). 

The present data demonstrated in table (1 and 2) 
revealed that, a significant increase in serum levels 
of TC, TAGs, VLDL-c, LDL-c and L-MDA. 
While, serum HDL-c level was significantly 
decreased in obesity induced in rat’s groups. This 
result is consistent with those achieved by Cyrus et 
al. (2003) showed that, mice fed HFD had a 
significant increase in both plasma total cholesterol 
and triglycerides and LDL-C. That may lead to the 
development of abnormal lipid metabolism 
(Taboada et al., 2006). These results were in 
agreement with that of Lien and Horng (2001); Xu 
et al. (2011) who reported that plasma cholesterol, 
triacylglycerols, LDL-c, VLDL-c and 
phospholipids were increased in 
hypercholesterolemia animals. However, the level 
of HDL-C was significantly reduced (Al-Attar, 
2010). 

Additionally Brousseau et al. (2000) showed 
that hyperlipidemic diet caused a significant 
increase of the plasma triacylglycerols and 
cholesterol content in the liver, despite that diet 
produced a cessation of endogenous cholesterol 
synthesis. Visceral obesity is associated with 
impaired levels of triglycerides, increased very 
low-density lipoproteins (VLDL-C) and low – 

density lipoprotein cholesterol (LDL-C). Higher 
levels of VLDL-C diminish HDL-C cholesterol 
because of an exchange of core lipids, which is 
mediated by cholesterol ester transfer protein 
(Scott, 2003).  

Similarly, Chalasani et al. (2004) reported that, 
a significant increase in serum L-MD 
concentrations. Hydroperoxides have toxic effects 
on cells both directly and through degradation to 
highly toxic hydroxyl radicals. They may also react 
with transition metals like iron or copper to form 
stable aldehydes such as malondialdehydes that 
will damage cell membranes. Peroxyl radicals can 
remove hydrogen from lipids, producing 
hydroperoxides that further propagate the free-
radical pathway (Szabo, 2005). 

Treatment of obese rats fed HFD with 
resveratrol significantly decreased serum TC, 
TAGs, VLDL-c, LDL-c and L-MDA 
concentrations with marked increased in serum 
HDL-c level compared to obese non-treated rats 
group. These results were in agreement with 
Beckerman and Koppenol (2014) who 
demonstrated that,  the resveratrol prevents the 
oxidation of LDL "bad" cholesterol, and makes it 
more difficult for platelets to stick together and 
form the clots that can lead to a heart attack. Also, 
Day (2006) who revealed that, a significant 
decrease in serum in TC,TAG, LDL- C, VLDL-C 
concentrations mean while a significant increase 
HDL-C level  was observed in resveratrol treated 
group. Moreover, Lixian et al. (2008) investigated 
effect of resveratrol on serum and liver lipid profile 
and antioxidant activity in hyperlipidemia rats 
showed that, the resveratrol hypolipidemic effect 
of resveratrol in treated rats as revealed by lower 
fat consumption and fat deposition. It was recorded  
serum  lipid profile  were not changed, the 
accumulation of abdominal white adipose tissues 
was markedly prevented in resveratrol diet-fed 
OLETF rats after 4 weeks of feeding, (Koji et al., 
2013). 

This result is consistent with those achieved by 
DiSilvestro et al. (2012) showed that, RES 
significantly inhibited lipid peroxidation in rats. 
Also, treatment with the resveratrol and vitamin C 
caused a significant (p<0.01) decrease in the MDA 
in obese animals (Kamchouing et al., 1998) . 

Moreover, Ramnath et al. (2007) showed that, 
Peroxidation in Cellular metabolic reactions 
generate small amounts of ROS, including 
hydroxyl radicals (•OH), superoxide anions (O2•−) 
and hydrogen peroxide (H2O2). Under normal 
physiological conditions, ROS production is 
balanced by several cellular antioxidant 
mechanisms in order to avoid the harmful effects 
of these species. 
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L- Malondialdehyde is a byproduct of the 
oxidative degradation of lipids in cell membranes, 
and the change in MDA concentration can be used 
as an index of oxidative cell damage. The 
significant decrease in MDA level by treatment of 
resveratrol (Akondi et al., 2011). Numerous 
investigations have reported that resveratrol 
inhibits effectively the lipid peroxidation of 
cellular membranes, the protein oxidation as well 
as the DNA damage due its ability to directly 
scavenge various free radicals, including 
superoxide radicals and peroxyl and hydroxyl 
radicals, (Leonard et al., 2003). In addition, the 
ability of the resveratrol is to exert protective effect 
against intoxication by reducing the MDA 
production that is indicative of its antioxidant 
activity, (Yousuf et al., 2009). Also Similarly, 
Resveratrol supplementation significantly reduced 
MDA in obese rats (Mehmet et al., 2016). 

The obtained results presented in table (3) 
showed that, a significant increase in serum level 
AST, ALT and ALP activities in the obese rats 
compared to the control group. In obesity, fat 
accumulation in the cytoplasm of fatty hepatocytes 
caused a leakage of cytoplasmic ALT into the 
blood, (Guzzaloni et al., 2000). Moreover, the 
increment of the activities of AST, ALT, and ALP 
in plasma is mainly due to the leakage of a these 
enzymes from the liver cytosol into the blood 
stream (Navarro et al., 1993), which, indicated 
liver damage and disruption of normal liver 
function, (Shakoori et al., 1994). Serum AST and 
ALT values are higher in obese patients, probably 
because these persons commonly have fatty livers, 
(Salvaggio et al., 1991). Based on the fact that the 
more damage of the tissue cells  is 
indicative to higher release of these enzymes in 
blood, (Rowland and Tozer, 1989), the increased 
serum AST and ALT along with reduction in their 
activities in liver, aorta and heart of atherogenic 
diet fed rats can be considered as a marker of 
atherogenic tissue injury. These results were in 
agreement with, Ali et al. (2006) who found that, 
alkaline phosphatase (ALP) has also been reported 
to increase in obesity. Additionally, agree with Al-
Sultan (2008) who showed that serum level of 
alkaline phosphatase (ALP) in obese was 
significantly higher than non-obese subjects. High-
cholesterol (HC) diet had an increasing effect on 
lipid peroxidation in plasma and tissue in rabbits.  

The obtained results presented in table (3) 
showed that, Treatment of HFD-fed rats with 
resveratrol significantly decreased serum AST, 
ALT and ALP activities compared to obese non-
treated control group. The difference is that ALT is 
found predominantly in the liver, with clinically 
negligible quantities found in the kidneys, heart, 

and skeletal muscle, while AST is found in the 
liver, heart (cardiac muscle), skeletal muscle, 
kidneys, brain, and red blood cells. Aspartate 
aminotransferase (AST) is commonly measured 
clinically as a part of diagnostic liver function tests, 
to determine liver health (Sushma et al., 2010). 
This result is consistent with those achieved by 
Ebyl et al. (2006) found that, RSV significantly 
decreased ALT and/or AST activity in animal 
models (mice or rats) with induced by obesity 
.Additionally, agree with Şehirli et al. (2008) 
showed that, RSV significantly decreased ALT 
and/or AST activity in animal models (mice or rats) 
with induced by obesity . Additionally, de la Lastra 
and Villegas (2005) stated anti-inflammatory effect 
of resveratrol on serum liver profile who recorded 
that, resveratrol was seen to decrease the liver 
lesions and transaminase activities caused obese in 
died mice. Also, Ibrahim et al. (2005) who 
recorded this decrease lipid profile and liver 
enzymes may be due to low activity of hydroxyl 
methyl glutaryle co-enzyme A in the liver, which 
responsible for cholesterol synthesis.  It was 
recorded serum liver profile were not changed, the 
accumulation of abdominal white adipose tissues 
was markedly prevented in resveratrol diet-fed rats 
(Koji et al., 2013).  

5. CONCLUSION  

From the obtained results, it could be concluded 
that, administration of resveratrol to HFD-fed 
helped in controlling obesity tended to prevent 
hyperglycemia improve dyslipidemia and other 
changes relevant to complications disease mainly 
through improving lipid profile, liver enzymes and 
L-malondialdehyde (L-MDA).  
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