
Abstract. – Background: Obesity, a
worldwide health problem, is a metabolic dis-
ease currently associated with a cluster and pro-
gressive pathologies presenting several features
of metabolic syndrome.

Objectives: The present study was undertak-
en to investigate the effect of rimonabant, sim-
vastatin and their combination on obesity asso-
ciated metabolic disorder mediators in adult
male rats.

Materials and Methods: Fifty adult male Wis-
tar rats weighing (120 ± 10 g) were divided into
five groups: Group 1 was kept on standard ro-
dent chow and served as normal diet control.
Group 2 was given high fat diet (HFD) for twenty
weeks and served as HFD control. Groups 3, 4
and 5 administered HFD for ten weeks and then
orally received rimonabant (2 mg/kg/day), sim-
vastatin (10 mg/kg/day), combination of both
drugs, respectively for another ten weeks with
continuing feeding HFD.

Results: The current results showed that the
treatment of HFD rats with either rimonabant or
simvastatin significantly reduced body mass in-
dex, total cholesterol, triacylglycerides, low den-
sity lipoproteins, tumor necrosis factor alpha and
monocyte chemoattractant protein-1, while in-
creased adiponectin serum levels. Rimonabant
showed to be more effective than simvastatin.
Moreover, concomitant administration of rimona-
bant and simvastatin achieved the highest effect
which nearly normalized most of the studied pa-
rameters as compared to singular therapy.

Conclusion: Rimonabant is the drug of prima-
ry choice as singular therapy for obesity. The ad-
junct therapy of rimonabant with simvastatin
may be a novel and a promising therapeutic ap-
proach as it has a beneficial effect on the patho-
physiological processes of obesity and its asso-
ciated metabolic disorders.
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Introduction

Obesity is a complex and multifactorial meta-
bolic disease resulting from an imbalance be-
tween energy intake and expenditure that may
have genetic and/or behavioral origins involving
the quantity and quality of food intake1. It is as-
sociated with a cluster of chronic and progressive
pathologies presenting several features of meta-
bolic syndrome, including type 2 diabetes, hyper-
insulinemia and insulin resistance, atherosclero-
sis, hypertension, steatohepatitis, inflammation
and cancer2,3. Abdominal obesity, the most dan-
gerous form, is associated with a cluster of dia-
betogenic and atherogenic metabolic abnormali-
ties referred to as the metabolic syndrome4.
Metabolic disorder of the principal organs in-
volved in lipid and glucose metabolism is con-
nected with a whole body lipid disturbance
called dyslipidemia which is characterized by an
increase in circulating levels of cholesterol,
triglycerides and free fatty acids, and by the re-
duction in the ratio of circulating levels of high-
density lipoprotein-cholesterol (HDLc) and low-
density lipoprotein-cholesterol (LDLc)5. In addi-
tion, the excessive fat accumulation in vital or-
gans and tissues involved in energy metabolism
regulation, such as adipose tissue, liver and mus-
cle, impairs tissue integrity and causes a confined
inflammation characterized by an increase in the
proinflammatory cytokines such as tumor necro-
sis factor alpha (TNF-α)6,7.Obesity is also char-
acterized by a whole inflammatory state8. with an
increase in circulating level of proinflammatory
cytokines such as C-reactive protein (CRP), in-
terleukin-1-beta (IL-1β), interleukin-6 (IL-6),
plasminogen activator inhibitor-1 (PAI-1), trans-
forming growth factor beta (TGF β)9 and a de-
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crease in anti-inflammatory cytokine levels such
as adiponectin10 This obesity-associated inflam-
matory component seems to play an important
part in the dramatic progression of obesity and
metabolic syndrome7. Moreover, obesity is asso-
ciated with premature death and significant
health care costs11. Many obese patients have co-
morbidities that worsen their prognosis, particu-
larly if hypercholesterolemia is present. In these
patients, dietary restrictions are not sufficient to
reduce hypercholesterolemia, lose body weight
and amoleriate associated metabolic risks12.
Rimonabant, the first cannabinoid receptor

(CB1-receptor) blocker, is intended as an antiobe-
sity and smoking-cessation dual-purpose drug.
Rimonabant produces a dose-dependent reduction
in food intake in various rodent models and these
effects seem to be both centrally and peripherally
mediated13. Potential peripheral mechanisms in-
clude; (1) enhanced thermogenesis via increased
oxygen consumption in skeletal muscle14, (2) di-
minished hepatic15 and adipocyte lipogenesis16,
(3) augmented adiponectin concentrations17, (4)
promoted vagally mediated cholecystokin-in-
duced satiety, (5) inhibited preadipocyte prolifera-
tion18, and (6) increased adipocyte maturation
without lipid accumulation19. Large-scale clinical
trials have demonstrated that rimonabant therapy
can reduce waist circumference, body weight and
also improve several metabolic risk factors4. Al-
though, the precise mechanisms of action of ri-
monabant have to be further dissected, it is
emerging, from both preclinical and clinical re-
search, that not only is rimonabant an antiobesity
drug, but also it functions as a drug for a broad
range of diseases, from obesity-related comor-
bidities to drug dependence and cancer20. Howev-
er, the Committee for Medicinal Products for Hu-
man Use have pulled the marketing authorisation
for rimonabant (Acomplia) as its benefits no
longer outweigh its risks and the marketing au-
thorisation was suspended across the European
Union (EU).
Simvastatin, a 3-hydroxy-3-methylglutaryl

coenzyme A (HMG-CoA) reductase inhibitor, is
used in the treatment of hypercholesterolemia
and in the primary and secondary prevention of
coronary heart disease. Its use achieved marked
reductions from baseline in serum total choles-
terol and low density lipoprotein levels together
with a small increase in serum high density
lipoprotein level and a modest decrease in
triglycerides level21. Simvastatin has shown to re-
duce high sensitive C-reactive protein levels, in-

terleukin-6, tumor necrosis factor alpha levels22,
monocytic nuclear factor kappa B levels and in-
crease phosphatidyl inositol 3-kinase activity23,24.
The principle goal of the present study was to

investigate the potent influence of rimonabant,
simvastatin and their combination on obesity as-
sociated metabolic disorder mediators in adult
male rats.

Materials and Methods

Experimental Animals
Fifty adult male Wistar rats of similar age

and weight (120 ± 10 g) were enrolled in the
present study. The animals were obtained from
the Animal House Colony of the National Re-
search Centre (Cairo, Egypt). They were housed
in stainless steel wire meshed suspended rodent
cages under environmentally controlled condi-
tions. The ambient temperature was 25 ± 2°C
and the light/dark cycle was 12/12 hours. The
animals had free access to water and subjected
to either a standard rodent chow diet or a high
fat diet (HFD) as described below. All animals
received human care in compliance with guide-
lines of the Ethical Committee of National Re-
search Centre, Egypt.

Dietary Supplements
Standard laboratory chow (STD): fat content

10% protein 17% and carbohydrate 73%25.
High-fat diet (HFD): fat content 49% (based

on lard, olive oil and coconut oil), protein 18%
and carbohydrate 18%25.

Drugs
• Rimonabant (Acomplia® 20 mg tablets,
Sanofi-Synthelabo, Montpelleir, France);

• Simvastatin (Zocor® 40 mg tablets, Merk,
Canada).

Experimental Design
A week after acclimatization,the animals were

randomly divided into five groups. Group (1)
was kept on standard rodent chow for twenty
weeks and served as normal control. Group (2)
received high fat diet (HFD)for twenty weeks
and served as HFD control. Group (3) was given
HFD for ten weeks, then orally received rimona-
bant (2 mg/kg/day) for another ten weeks26 with
continuing feeding HFD. Group (4) administered
HFD for ten weeks, then orally received simvas-
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peroxide and cholesterine. The peroxide was
evaluated by the Trinder reaction by a chromo-
gene, in the presence of peroxidase, forming a
quinonimine with a red coloring. The intensity of
this color was proportional to the cholesterol
concentration in the sample. Finally, colorimetric
determination was performed in a spectropho-
tometer (Eppendorf, model Biophotometer, Ham-
burg, Germany) at a wavelength of 500 nm.
Serum HDL was determined by StanBio Lab-

oratory kits (Boerne, TX, USA) according to
Finley et al31 based on the action of a product
which induces the precipitation of the LDL- and
VLDL-lipoproteins. Thus, the HDL-lipoproteins
are only isolated in the supernatant, in which the
binding of cholesterol is then measured. Finally,
colorimetric determination was performed in a
spectrophotometer (Eppendorf, model Biopho-
tometer Hamburg, Germany) at a wavelength of
500 nm.
Serum LDL was determined by StanBio Labo-

ratory kits (Boerne, TX, USA) according to
Steele et al32 with a two-step technique. First,
chylomicrons, VLDL and HDL are eliminated as
cholesterol. This cholesterol, specifically derived
from these lipoproteins, but not from LDL, is ox-
idated to colesterine and hydrogen peroxide and
then degradated to catalase. In a second reaction,
LDL is specifically measured through the action
of peroxidase with the formation of pinkish color
quinine. The intensity of the color formed is pro-
portional to the LDL concentration in the sample.
Finally, colorimetric determination was per-
formed in a spectrophotometer (Eppendorf, mod-
el Biophotometer, Hamburg, Germany) at a
wavelength of 600 nm.
Serum TNF-α was determined according to

Seriolo et al33 using solid phase Enzyme Linked
Immuno Sorbent Assay (ELISA) by using TNF-
α kits (Biosource International, Camarillo, CA,
USA) and microtiter plate reader, Fisher Biotech,
Ebersberg, Germany.
Serum MCP-1 was determined according to

Ono et al34 by solid phase Enzyme Linked Im-
muno Sorbent Assay (ELISA) using MCP-1 kits
(Biosource International, Camarillo, CA, USA)
and microtiter plate reader, Fisher Biotech,
Ebersberg, Germany
Serum adiponectin was determined according

to Watanabe et al35 by solid phase Enzyme
Linked Immuno Sorbent Assay (ELISA) using
adiponectin kits (Biosource International, Ca-
marillo, CA, USA) and microtiter plate reader,
Fisher Biotech, Ebersberg, Germany.

tatin (10 mg/kg/day) for another ten weeks27 with
continuing feeding HFD. Group (5) was kept on
HFD for ten weeks, then orally received a combi-
nation of rimonabant and simvastatin at the same
doses mentioned above for another ten weeks,
with continuing feeding HFD.
Weight gain and waist circumference were

monitored once a week. Body mass index (BMI)
was determined firstly at the end of the 10th
week and secondly at the end of the 20 th week.
Blood samples were collected under anaesthesia
from retro-orbital sinus in a dry centrifuge tube,
centrifuged at 1400 × g for 15 minutes at 4°C.
Aliquots of serum were frozen and stored at
–20°C for further determinations of biochemical
markers including: triglycerides (TG), total cho-
lesterol (TC), high density lipoprotein (HDL),
low density lipoprotein (LDL), tumor necrosis
factor-alpha (TNF-α), monocyte chemoattractant
protein-1 (MCP-1) and adiponectin.
After blood collection, animals were sacri-

ficed, visceral adipose tissue were removed, 10%
Formalin-fixed and paraffin-embedded adipose
tissue were processed. Four-µm-thick serial sec-
tions of adipose tissue were cut and stained with
Oil-Red-O histopathological investigation using
a light microscope28.

Biochemical Analyses
Serum TG was determined by StanBio Labo-

ratory kits (Boerne, TX, USA) according to Dry-
er29 based on the action of the enzyme lipopro-
teinlipase with liberation of glycerol and free fat-
ty acids. Glycerol is converted into glycerol-3-
phosphate and adenosine-5-diphosphate by glyc-
erol kinase and ATP. Glycerol-3-phosphate is
then converted by glycerol phosphate dehydroge-
nase into dihydroxyacetone phosphate and hy-
drogen peroxide. In the last reaction, hydrogen
peroxide reacts with 4-aminophenazone and p-
clorophenol in the presence of peroxidase to give
a red colored dye. The intensity of the color
formed is proportional to the triglyceride concen-
tration in the sample. Finally, colorimetric deter-
mination was performed in a spectrophotometer
(Eppendorf, model Biophotometer, Hamburg,
Germany) at a wavelength of 505 nm.
Serum TC was determined by StanBio Labo-

ratory kits (Boerne, TX, USA) according to
Stein30 based on the action of the enzyme choles-
terole sterase which hydrolyzed the esters present
in the sample, giving free cholesterol and fatty
acids. A subsequent enzymatic oxidation using
the cholesterol enzyme oxidase formed hydrogen
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Statistical Analysis
The obtained data were statistically analysed.

The differences between groups were assessed
by one-way analysis of variance (ANOVA), us-
ing the SPSS software (Chicago, IL, USA). The
values are expressed as mean ± SD. Inter-group
comparisons were performed by Duncan’s multi-
ple rank test using MSTAT-C computer program.
Mean values followed by the same alphabetical
letter are not significantly different. Differences
were considered to be significant at p < 0.05.

Results

In the present study, feeding rats with high fat
diet (HFD) for twenty weeks causes a marked in-
crease in body weight by 35% as compared to
normal control group kept on standard rodent
chow for the same period. There was significant
increase in waist circumference (39%) as well as
BMI (34%) in rats supplemented with HFD as
compared to normal control (Figure 1).
Regarding the effects of HFD on lipid profile,

there were significant increases in serum TG
(39%), TC (106%) and LDL (328%) accompa-
nied by significant decrease in serum HDL (8%)
in HFD group in comparison with the normal
control group (Figure 2).

Serum levels of pro-inflammatory cytokine
TNF-α and pro-atherosclerotic chemokine MCP-
1 were significantly elevated in HFD group ver-
sus normal control group by 48% and 73% re-
spectively. However, serum adiponectin was sig-
nificantly reduced (47%) in HFD group com-
pared to normal control group (Figure 3).
Supplementing HFD rats with 2 mg/kg rimon-

abant for ten weeks modulated body composition
significantly by attenuating body weight and
waist circumferences as well as body mass in-
dices by 42%, 25% and 33% respectively as
compared to HFD group (Figure 1). Rimonabant
showed an ameliorative effect on dyslipidemia
which was manifested in significant reductions in
serum TG, TC and LDL levels, accompanied by
a significant elevation in serum HDL level (23%)
versus HFD group (Figure 2). In addition, rimon-
abant therapy significantly lowered serum MCP-
1 level (41%), raised serum adiponectin level by
97% as compared to HFD group and almost nor-
malized serum TNF-α level (Figure 3).
Administration of simvastatin (10 mg/kg) in

HFD rats for ten weeks significantly reduced body
weight (30%) and BMI (22%) versus HFD group.
However, simvastatin failed to significantly alter
waist circumferences (Figure 1). Analysing lipid
profile after simvastatin treatment revealed that
serum TG, TC, and LDL was significantly low-
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Figure 1. Effect of Rimonabant®, Simvastatin® and their combination on body weight (BW), waist circumference (WC)
and body mass indices (BMI) in rats. a, b, c, Columns followed by the same alphabetical letter for each parameter are not
significantly different at p < 0.05.
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Figure 2. Effect of Rimonabant®, Simvastatin® and their combination on lipid profile in rats. a, b, c, Columns followed by the
same alphabetical letter are not significantly different at p < 0.05.
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Figure 3. Effect of Rimonabant®, Simvastatin® and their combination on serum TNF-α (A), MCP-1 (B), and adiponectin (C)
in rats. a, b, c, Columns followed by the same alphabetical letter for each parameter are not significantly different at p < 0.05.
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ered regards to HFD group, whereas it has null ef-
fect on HDL level (Figure 2). In addition, simvas-
tatin therapy significantly down regulated both
serum TNF-α and MCP-1 levels by 27% and 24%
respectively as compared to HFD group. Mean-
while, it significantly raised serum adiponectin
level by 46% versus HFD group (Figure 3).
Co-administration of rimonabant and simvas-

tatin significantly reduced body weight (49%)
and waist circumferences (23%) as well as BMI
(34%) as compared to HFD group (Figure 1).
Dyslipidemia was significantly improved after
the combination therapy and this was evidenced
by significant depression in serum TG (24%),
TC (50%) and LDL (80%) levels, whereas
serum HDL was significantly higher by 25%
than HFD group (Figure 2). Rimonabant and
simvastatin combination significantly reduced
serum TNF-α (44%) and MCP-1 (43%) lev-
els,meanwhile, this combined therapy upregu-

lated serum adiponectin level by 91% versus
HFD group (Figure 3).
Histopathological examination of adipocytes of

HFD rats revealed great deposition of lipid droplets
in the cytoplasm as compared to the normal con-
trol. Treatment of HFD rats with simvastatin
and/or rimonabant showed less deposition of lipid
droplets in the cytoplasm of the adipocytes as com-
pared with the adipocytes of HFD rats. The data re-
vealed that, lipid deposition in the adipocytes of ei-
ther rimonabant alone or in its combination with
simvastatin was lesser than that in the adipocytes
of simvastatin treated group (Figure 4). 

Discussion 

Obesity is an inflammatory chronic and pro-
gressive disease, characterized by an increased
body weight and development of adipose tissue
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Figure 4. This figure shows histopathological examination of adipose cells of HFD rats treated with simvastatin® or rimona-
bant® and their combination (oil red-O × 200). A, Adipocytes of normal rat. B, Adipocytes of HFD rats. C, Adipocytes of sim-
vastatin. D, Adipocytes of rimonabant. E, Adipocytes of combined therapy.
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with excessive fat storage36. In the present study,
feeding rats with HFD for twenty weeks signifi-
cantly increased body weight, waist circumfer-
ence as well as BMI as compared to the normal
diet control rats. Adipose tissue is a dynamic tis-
sue and an important endocrine organ, secreting
biologically active molecules called adipocy-
tokines that are involved in the regulation of ener-
gy metabolism and body weight homeostasis19. It
has been reported that these adipocytokines play a
crucial role in several pathophysiological process-
es, including obesity and associated diseases37.
High fat diet induced obesity is also recognized as

a major risk factor for lipid disorders including hy-
percholesterolemia, reduced HDLc/LDLc ratio38,
increased inflammation and a procoagulant
state39. These previous findings are in consistent
with the results obtained in the current study,
where HFD significantly elevated serum TG, TC
and LDL levels, whereas decreased serum HDL
level. These results could be discussed on the ba-
sis that the intestinal absorption capacity can be
adapted to the fat content of the diet. This fat-me-
diated adaptation takes place through the en-
hancement of the intestinal cell proliferation,
which might lead to an increased absorptive area.
Consistent with this assumption, rat studies
showed that fatty acid-enriched diets increase the
height of villi and induce the rate of enterocyte
migration along the crypt-to-villus axis. More-
over, fat-induces coordination of genes known to
play a significant role in intestinal fatty acid up-
take or intracellular processing and lipoprotein se-
cretion40. HFD can promote a down regulation of
hepatic LDL receptor, leading to a decrease in he-
patic clearance of LDLc41. Hypertriglyceridemia
resulting from HFD may be due to increased he-
patic triglycerides production and VLDL secre-
tion, as a consequence of increased adipocyte hor-
mone sensitive lipase activity and decreased mus-
cle lipoprotein lipase activity42.
The present investigation demonstrated that

HFD significantly elevated pro-inflammatory cy-
tokine (TNF-α) and pro-atherogenic chemokine
(MCP-1). These results agree with Morin et al43

and Schafer et al44. Adipose tissue is a source of
TNF-α (AT-TNF) as the elevated levels of AT-
TNF protein and mRNA in adipose tissue were
originally observed in rodents models of obesity.
AT-TNF mRNA was decreased following weight
reduction. So AT-TNF activity as well as protein
and mRNA is increased by high fat feeding45,46.
Obesity is a complex metabolic disorder which

contributes to lipid deposition in the arterial wall

and initiate leukocyte and monocyte recruitment.
The monocyte chemoattractant protein recruit
monocytes to the vascular endothelium, where
they enter the subendothelial space, accumulate
lipids and differentiate into macrophages. MCP-1
is present in these macrophage-rich atherosclerot-
ic plaques and oxidized LDLc which induces the
production of MCP-1 in endothelial and smooth
muscle cells47. Obesity is a whole inflammatory
state with an increased in circulatory level of pro-
inflammatory cytokines such as TNF-α, C-reac-
tive protein, interleukin 1β and a decrease in anti
inflammatory cytokine level as adiponectin.
These findings agree with the present results
which showed a sigmificant depletion in serum
adiponectin level in HFD rats. Several studies in
animal models and human, have reported that
adiponectin levels are inversely correlated with
the increase in pro-inflammatory cytokines partic-
ularly TNF-α48. Adiponectin and TNF-α antago-
nise each other in adipose tissue which may
progress and induce serious pathologies as dys-
lipidemia, hepatic diseases and cardiovascular
disorders49. 
There is no pharmacological agent that has

both antiobesity effects and reverses obesity relat-
ed features of metabolic disorders and their com-
plications, in particular,the inflammatory compo-
nent associated with metabolic diseases36. The se-
lective cannabinoid receptor type 1 (CB1 recep-
tor)antagonist rimonabant has been reported to
have potent antiobesity effect39. The present study
revealed that rimonabant treated rats showed sig-
nificant reductions in body weight, waist circum-
ference and BMI. These results are in accordance
with the findings of Leite et al50. The reduction in
body weight and BMI may be partly a result of its
peripheral metabolic action on adipose tissue,
where rimonabant inhibits preadipocyte cell pro-
liferation and induces an uncoupling of the asso-
ciation between the inhibition of adipocyte cell
proliferation and lipid accumulation. This power-
ful property may account for the potent activity of
rimonabant in obesity treatment19.
The current results showed that rimonabant

treatment produced significant reductions in
TG,TC and LDL, whereas elevated protective
HDL in HFD rats. These rimonabant induced
changes in lipid profile are in the same line with
Padwal and Majumdar51, and Florentin et al52 and
may be related to our observation that rimona-
bant treatment increases serum adiponectin lev-
els. Where adiponectin level is significantly and
positively correlated with HDL level and nega-
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tively correlated with TC and LDL levels53. Also
rimonabant can decrease lipoprotein lipase activ-
ity in primary adipocyte cell culture and, there-
fore, reduces body fat stores16.
Our results demonstrated a significant depres-

sion in serum TNF-α and MCP-1, whilst a signif-
icant elevation in serum adiponectin was detected
following treating rats with rimonabant. These re-
sults agree with Lee and Pratley et al36 and Schafer
et al44. The elevation in adiponectin is attributed to
the stimulation of adiponectin mRNA expression
in adipose tissue by a direct effect of rimonabant
on adipocytes and also inhibition of mitogen-acti-
vated protein (MAP) kinase activity which attenu-
ates the stimulation of adiponectin expression.
These effects of rimonabant may be mediated via
antagonism of local endocannabinoid tone or
through the inverse agonist activity of this com-
pound and involve functional CB1 receptors ex-
pressed in adipocytes54. Adiponectin is inversely
correlated with pro-inflammatory cytokines in
particular TNF-α48. The increase in serum levels
of adiponectin along with the the corresponding
reduction in TNF-α underlie a large part of ri-
monabant anti-inflammatory effects44. Rimona-
bant positively modulated obesity induced in-
flammatory pathway by reducing the substrate
LDL, lowering levels of chemoattractant MCP-1
and decreasing circulating monocytes. This mech-
anism may be due to alternative signaling through
CB2 receptors in the presence of functional CB1
blockade, where activation of the other endo-
cannabinoid receptor CB2 reduces monocyte
chemoattractant properties and monocyte-en-
dothelial cell adhesion55. CB2 receptors are found
in immune cells and macrophages. This localiza-
tion is directly coupled to the action of these re-
ceptors in the suppression of pro-inflammatory
cytokines expression56.
The current results clearly demonstrated the

beneficial multiprotective effects of rimonabant
therapy, particularly in reducing BMI, modulat-
ing lipid profile disorders, downregulating pro-
inflammatory cytokines (TNF-α), attenuating the
release of pro-atherogenic chemokines (MCP-1)
and increasing protective anti-inflammatory cy-
tokines and adiponectin.
Simvastatin, a 3-hydroxy-3-methyl glutaryl

co-enzyme A (HMG-coA) reductase inhibitor is
used in the treatment of hypercholesterolemia12.
In the present study,administration of simvastatin
(10 mg/kg) in HFD treated rats significantly re-
duced body weight and BMI of HFD treated rats,
These results were supported by the findings of

Derosa et al12. Also our results revealed that sim-
vastatin therapy significantly improved lipid dis-
orders by lowering serum TG, TC and LDL lev-
els but failed to significantly alter serum HDL
level. These results are in agreement with Cav-
allini et al57. Simvastatin inhibits HMG-coA re-
ductase, the rate limiting enzyme of the meval-
onate pathway, thereby, decreasing hepatic intra-
cellular cholesterol synthesis resulting in com-
pensatory increase in the expression of hepatic
LDL receptors,which clear LDL from the circu-
lation. Moreover, the drug reduces VLDL and
triglycerides58. 
Our data showed that treating HFD rats with

simvastatin significantly dowregulated serum
TNF-α and MCP-1,whilst elevated adiponectin
level modestly but significantly as compared to
HFD group. These results are in accordance with
Park et al59 and Liu et al60. Simvastatin has direct
inhibitory effect on TNF-α induced monocyte-en-
dothelial cell adhesion which is mediated via ger-
anylgeranyl isoprenoid-dependent generation
ROS59. Simvastatin may influence cell functions
through diverse receptors and multiple pathways.
It inhibits the activation of nuclear factor kappa B
which is a major nuclear factor that regulates the
expression of diverse cytokines including MCP-1,
IL-8 and IL-6 mRNA as well as TNF-α induced
expression of MCP-1, IL-8 and IL-6 mRNA60.
The mechanism by which simvastatin increases
adiponectin concentration is unknown. However, it
was observed that adiponectin concentration is as-
sociated positively with HDL-cholesterol and neg-
atively with triglycerides and cholesterol/HDL-
cholesterol at baseline61. Hyperlipidemia increases
the oxidative stress-reactive oxygen species(ROS)
in the vessel wall by nicotinamide adenine dinu-
cleotide phosphate (NADPH) oxidase and xanthine
oxidase, leading to dysequilibrium of NO/O2- and
the degradation of nitric oxide (NO) bioavailability.
However, simvastatin therapy significantly in-
creased NO levels, and reduced MDA levels.
Adiponectin showed positive correlation with NO.
This positive correlation between adiponectin and
NO suggests that simvastatin has a therapeutic
function through the restoration of normal circulat-
ing adiponectin60.
Simvastatin confirmed its effectiveness in the

management of blood lipid, modulation of pro-
inflammatory cytokines and chemokines and also
in increasing adiponectin. However, its effect
was less pronounced than rimonabant therapy.
Co-administration of rimonabant and sim-

vastatin produced significant improvement in
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all measured parameters as compared to HFD
group. The combination treatment showed sig-
nificant reductions in body weight, waist and
thoracic circumferences as well as BMI as
compared to HFD treated group. Also the com-
bination therapy significantly lowered serum
TG, TC and LDL levels, whilst significantly in-
creased serum HDL level. Moreover, the com-
bination significantly downregulated serum
TNF-α and MCP-1 whereas significantly in-
creased adiponectin.
The above mentioned biochemical results

were clearly documented by the histopathologi-
cal investigation of visceral adipose tissue sec-
tions of the different studied groups.
The present study concluded that the selective

CB1 antagonist rimonabant and the HMG-coA
reductase inhibitor simvastatin have antiobesity,
anti hyperlipidemic and anti-inflammatory ef-
fects, where each of these drugs significantly re-
duced body weight, BMI, TC, TG, LDL, TNF-α
and MCP-1, while increased adiponectin in HFD
treated rats. A key finding was that the effect of
the combination of rimonabant and simvastatin
showed the highest effect which nearly normal-
izes most of the studied parameters as compared
to individual therapy.
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