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Metabolic syndrome (MetSyn) is the clustering of various interrelated risk factors of 

metabolic origin that increased incidence of cardiovascular diseases and type 2 diabetes. In 

this study the effectiveness of curcumin was evaluated in comparison with metformin in 

fructose-induced MetSyn disease in rats. Fructose was fed (10% solution in drinking water) for 

8 weeks during which groups of rats were administered once daily vehicle (2% carboxy methyl 

cellulose), curcumin (40 and 80 mg/kg), metformin (100 and 200 mg/kg), their combinations 

and compared with group received tap water instead of fructose. The results revealed that 

induction of MetSyn was associated with glucose intolerance, insulin resistance alongside with 

increased weights of body and visceral fats. This was accompanied with an elevation of arterial 

blood pressure. Meanwhile, it caused disturbances in lipid profile (triglyceride, total 

cholesterol, HDL-C and LDL-C) and both oxidative stress (malondialdehyde, 8-iso-PGF2α and 

superoxide dismutase) and inflammatory status (tumor necrosis factor-α, interleukin-6, C-

reactive protein and adiponectin) parameters. Each of curcumin and metformin significantly 

prevents, to variable extents, the progression of most of these signs of MetSyn. Furthermore, the 

efficacy of each of the two drugs in question was significantly augmented upon their concurrent 

administration. These protective effects of the two drugs under investigation presumably may be 

relevant to their ability to reduce the oxidative stress and to ameliorate the inflammatory 

processes. 

 

 

INTRODUCTION 

 

The metabolic syndrome (MetSyn) is a 
socially important issue which has drawn 
attention of many physicians and researchers as 
its prevalence is gradually escalating around 
the world. This syndrome includes central 
obesity, insulin resistance (IR), impaired 
glucose tolerance (IGT), dyslipidemia and 
hypertension; associated abnormalities include 
inflammation and endothelial dysfunction. 
These risk factors are substantially increase 
morbidity of cardiovascular diseases and type 2 
diabetes1. The multiplicity of mechanisms 
underlying the etiology of these risk factors has 
necessitated the combined therapy of different 
drug groups to improve management of 
MetSyn. However, the non specificity of these 
used drugs and the possibility of adverse 

interactions during their coadministration may 
limit its use2. Metabolic syndrome is still not 
fairly curable and neither prevention strategies 
nor long treatment modalities are encouraging.  

Curcumin, the bioactive phenolic 
component of spice turmeric has been recently 
reported to exert surprisingly 
multipharmacological activities including 
antiobesity, antidiabetic, cardioprotective, 
antioxidant, anti-inflammatory, antiprolifera-
tive and anticarcinogenesis with no side 
effects3. On this basis, in the past five years, 
curcumin has rapidly emerged as natural 
therapeutic to be of potential favourable effects 
on virtually most components of MetSyn. 
Indeed, data are scanty and contradictory4. 

The present study was conducted to give 
on insight about the possible protective 
effectiveness of curcumin in comparison with 



Abdel-Halim M. Afifi, et al. 

78 

metformin, which is widely used in the 
treatment of MetSyn, in fructose-fed rats 
(FFR). The effects of chronic oral 
administration (8 weeks) of two dose levels of 
these two drugs either solely or in 
combinations on the lipid profile, body and 
visceral fat weights, obesity, glucose tolerance 
and IR-index were investigated. Moreover, the 
effects on both oxidative stress and 
inflammatory status together with arterial blood 
pressure (ABP) were assessed. To our 
knowledge the interrelation-ship between the 
effects of curcumin and/or metformin and these 
parameters has not been evaluated 
simultaneously thus far.  
 

MATERIALS AND METHODS 

 

Animals and induction of metabolic 

syndrome  

Adult male albino-Wistar rats (180-200 
gm) were obtained from the animal house of 
Faculty of Medicine, Assiut University. Rats 
were housed under standard laboratory 
conditions and supplied with laboratory chow 
and tap water ad libitum. All rats were 
randomly assigned to 8 groups each comprised 
14-16 animal. All the procedures were 
approved by the Animal Care and Use 
Committee of the Faculty of Medicine, Assiut 
University.  

For the induction of MetSyn in rats, the 
fructose model described by Dai and McNeill5 
was followed. In this method, fructose solution 
(10%) was freshly prepared every two days. 
This solution was used for drinking the rats 
instead of tap water for 8 consecutive weeks.  
 
Drugs and chemicals  

Curcumin (Columbus Chemical Industries, 
Inc. USA, suspended in 2% carboxy methyl 
cellulose (CMC)), metformin (Egyptian 
Pharmaceutical Company Chemical Industries 
Development (CID), dissolved in bidistilled 
water), CMC (Sigma-Chemical Company, 
USA), fructose (Winlab, UK), 
malondialdehyde bis-dimethylacetal (Merck, 
Germany) and thiobarbituric acid (MP 
Biomedicals Inc., France). 
 
Experimental design  

Animals of group I (normal control group) 
were maintained on drinking plane tap water 

(without fructose) and each rat was 
administered 2 ml of 2% CMC daily for eight 
weeks. The rats of Group II to Group VIII are 
FFR. They were allowed to drink fructose 
solution for 8 consecutive weeks to induce 
MetSyn (FFR) and simultaneously received the 
following treatments once daily orally by a 
stomach tube:  
Group II: FFR received 2 ml of 2% CMC 

only.  
Group III: FFR treated with curcumin (40 

mg/kg). 
Group IV: FFR treated with metformin (100 

mg/kg).  
Group V: FFR medicated concurrently with 

curcumin (40 mg/kg) and 
metformin (100 mg/kg).  

Group VI: FFR treated with curcumin (80 
mg/kg).  

Group VII: FFR medicated with metformin 
(200 mg/kg). 

Group VIII: FFR coadminstered curcumin (80 
mg/kg) and metformin (200 
mg/kg). 

 
Animals were individually weighed at the 

start of the experiment and then weekly to 
adjust the doses. At the end of experimental 
period, each rat was weighed, measured nose to 
anus length and Lee index was calculated. The 
rats with Lee index values exceeding 300 were 
considered as being obese6. 
 

Arterial blood pressure (ABP) measurement 

At the end of 8 weeks experimental 
period, ABP of each rat was recorded by 
indirect (non invasive) method using LE 5001 
Non Invasive Blood Pressure Meter (Panlab, 
Harvard). Rats were subjected to once daily 
trial for seven days before the experiment to be 
accommodated to the procedures and provide 
constant readings7. 
 

Insulin resistance (IR) and oral glucose 

tolerance test (OGTT) 
After ABP monitoring, rats were deprived 

of food for 12 hr. The fructose-supplemented 
drinking water was replaced with normal water 
for the food-deprivation period. After that, the 
basal blood glucose level (BGL) and insulin 
concentrations were measured in blood taken 
from the tail vein using enzymatic “glucosy 
kits” (Diamond Diagnostics, Cairo, Egypt)8 and 
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a solid phase enzyme-linked immunosorbent 
assay (ELISA) kit (Immunospec Corporation, 
Canoga Park, USA)9, respectively. 

Insulin resistance was calculated by the 
Homeostasis Model Assessment index of 
Insulin Resistance (HOMA-IR)10. 

Rats were then given 25% glucose 
solution (100 mg/100 g body weight) by oral 
gavage, blood samples were taken from the tail 
vein and OGTT was calculated11. 

Animals were then sacrificed. Blood 
samples were suitably collected and sera were 
separated by centrifugation and frozen at -20°C 
for further biochemical analysis. Visceral fat 
was removed, rinsed with saline, dried by filter 
paper and immediately weighed.  

 
Assessment of metabolic parameters 

Lipids were determined by enzymatic 
colorimetric Liquizyme Kits (Egyptian 
Company for Biotechnology, Cairo, Egypt) for 
triglycerides (TG), total cholesterol (TC) and 
high density lipoprotein-cholesterol (HDL-C) 
estimation. Low density lipoprotein-cholesterol 
(LDL-C) was measured by enzymatic 
colorimetric Kit (Biodiagnostic Laboratory, 
Giza, Egypt). All tests were performed 
according to the manufacture ̕ s guidelines.  

 
Assessment of oxidative stress parameters 

Malondialdehyde (MDA) and 8-iso-
PGF2α, as indicators of lipid peroxidation, were 
determined spectrophotometrically by 
"thiobarbituric acid reactive substances 
method"12 and ELISA Kit (Glory Science Co., 
USA) respectively. Superoxide dismutase 
activity was measured by a colorimetric Kit 
(Biodiagnostics, Giza, Egypt).  

 

Assessment of inflammatory status 

parameters 

The ELISA Kits were used to measure 
serum levels of adiponectin, TNF-α (Assaypro, 
USA) and IL-6 (Ani Biotech Oy Orgenium 
Lboratories Business Unit, Finland). CRP was 
determined using Latex Reagent Kit (ATLAS 
MEDICAL, Cambridge, UK). All levels were 
quantified according to the instructions 
supplied with the kits. 

 
Statistical analysis 

Data are presented as mean ± standard 
error of the mean (S.E.). Changes in the 
assessed parameters in different treatment 

groups, FFR group and non FFR (normal 
control) group were compared by one-way 
analysis of variance (ANOVA), followed by 
Newman-Keuls for multiple comparison, and 
Student's t test for significance. Analysis 
revealing P-value < 0.05 was deemed to be 
statistically significant13. Statistical analysis 
was performed using GraphPad prism® 

software, Inc version 5. 
 

RESULTS AND DISCUSSION 
 

Results 

Effects on metabolic parameters 

Feeding with fructose for 8 weeks resulted 
in induction of MetSyn-like condition in rats as 
indicated by the development of most features 
of the disease. For instance, it caused a 
significant increase in the serum glucose and 
insulin levels alongside with IGT and IR when 
compared to those of the normal control group 
(Fig. 1). In the same line, a significant increase 
in serum TG, TC and LDL-C together with 
decreased HDL-C were also recorded (Fig. 2). 

Significant attenuation of the progression 
of these metabolic parameters by variable 
extents was observed in FFR which received 
curcumin (40 and 80 mg/kg) and metformin 
(100 and 200 mg/kg) either solely or in 
combinations as compared to FFR control 
group (Figs. 1&2). However, the levels of these 
tested parameters were still significantly higher 
as compared to those of normal control group. 
The two combinations of curcumin and 
metformin exerted greater effects than that 
produced by either curcumin or metformin 
alone. Noticeably, the curcumin (80 mg/kg) / 
metformin (200 mg/kg) combination appears to 
have the highest effectiveness. The last 
combination restores the normal levels of the 
tested parameters except those of lipid profile 
(Figs. 1&2).   

The ameliorating effects of the two dose 
levels of metformin (100 and 200 mg/kg) on IR 
and IGT were significant comparing to those of 
curcumin (40 and 80 mg/kg). In contrast, the 
improvement effects of the two dose levels of 
curcumin on lipid profile were significant as 
compared to those of metformin.  

Induction of MetSyn in rats was 
associated with significant increase in weights 
of body and visceral fats together with 
development of obesity as indicated by the lee 
index (Table 1).
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Fig. 1: Effects of various treatments on (A) BGL, (B) OGTT, (C) serum insulin and (D) HOMA-IR of 
different rat groups.  

Data represent the mean ± S.E. of 9-11 observations. a, b, c, d, e, f, g Significant difference from normal control, FFR 
control, Cur 40, Met 100, Cur 40 + Met 100, Cur 80 and Met 200, respectively, at P< 0.05.  
FFR = Fructose-fed rats, Cur 40 = Curcumin (40 mg/kg/day), Cur 80 = Curcumin (80 mg/kg/day), Met 100 = 
Metformin (100 mg/kg/day), Met 200 = Metformin (200 mg/kg/day) and HOMA-IR = Homeostasis Model 
Assessment index of Insulin Resistance. 
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Fig. 2: Effects of various treatments on (A) Triglyceride, (B) Total Cholesterol, (C) HDL-C and (D) 
LDL-C of different rat groups.  

Data represent the mean ± S.E. of 9-11 observations. a, b, c, d, e, f, g Significant difference from normal control, FFR 
control, Cur 40, Met 100, Cur 40 + Met 100, Cur 80 and Met 200, respectively at P< 0.05.  
FFR = Fructose-fed rats, Cur 40 = Curcumin (40 mg/kg/day), Cur 80 = Curcumin (80 mg/kg/day), Met 100 = 
Metformin (100 mg/kg/day) and Met 200 = Metformin (200 mg/kg/day). 
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Table 1: Effects of various treatments on Body weight, Lee index and Visceral fat of different rat 
groups. 

Group Treatment 
Final Body 
weights (g) 

Lee index 
Visceral fat Weight 

(g/100 g body weight) 

Group I 
Normal 
(control) 

2 ml daily orally of 2% CMC for 
8 weeks 

251.4 ± 9.8 287.2 ± 9.6 0.8 ± 0.05 

Group II 
FFR 

(control) 

10 % Fructose in drinking water 
+ 2 ml daily orally of 2% CMC 

for 8 weeks 
311.4 ± 14.5a 305.5 ± 10.1 2.0 ± 0.08a 

Group III 
FFR 

(treated) 

Curcumin (40 mg/kg/day) orally 
for 8 weeks 

270.0 ± 12.4ab 293.2 ± 13.2  1.8 ± 0.11a 

Group IV 
FFR 

(treated) 

Metformin (100 mg/kg/day) 
orally for 8 weeks 

227.8 ± 14.8abc 288.0 ± 9.3 1.7 ± 0.04a 

Group V 
FFR 

(treated) 

Curcumin (40 mg/kg/day) + 
Metformin (100 mg/kg/day) 

orally for 8 weeks 
215.0 ± 19.7abcd 

275.5 ± 10.7 
 

1.2 ± 0.02abcd 

Group VI 
FFR 

(treated) 

Curcumin (80 mg/kg/day) orally 
for 8 weeks 

265.3 ± 17.0ab 290.2 ± 8.9 1.5 ± 0.07ab 

Group 
VII 
FFR 

(treated) 

Metformin (200 mg/kg/day) 
orally for 8 weeks 

219.0 ± 16.5abdf 287.6 ± 11.5 1.3 ± 0.09abd 

Group 
VIII 
FFR 

(treated) 

Curcumin (80 mg/kg/day) + 
Metformin (200 mg/kg/day) 

orally for 8 weeks 

205.0 ± 
15.6abefg 

272.3 ± 12.4 1.0 ± 0.06bf 

Data represent the mean ± S.E. of 10-11 observations.  
a, b, c, d, e, f, g Significant difference from normal control, FFR control, Group III, Group IV, Group V, Group 
VI and Group VII, respectively, at P< 0.05.  
FFR = Fructose-fed rats. 

 
 
Curcumin in its two dose levels (40 and 80 

mg/kg) significantly decreased the body 
weights of rats as compared with FFR control 
group, but still higher than those of normal 
control group. In contrast, metformin in its two 
dose levels significantly decreased the rats’ 
body weights below their normal values. The 
high dose levels of each of curcumin (80 
mg/kg) and metformin (200 mg/kg) 
significantly decreased the visceral fat weights 
as compared with the FFR control group, but 
still significantly higher than those of normal 
control group. No significant differences in the 
weight of visceral fats were observed in rats 
treated with the low dose levels of each of 
curcumin (40 mg/kg) and metformin (100 

mg/kg). A marked significant decrease in 
weights of both body and visceral fat was 
recorded in rats administered the two drug 
combinations particularly those which received 
curcumin (80 mg/kg) plus metformin (200 
mg/kg). An abolishment of obesity was 
observed in all FFR administered the different 
doses of drugs under investigation (Table 1).  
 

Effects on arterial blood pressure (ABP) 

Data of the present study showed a 
significant elevation in ABP from 118.1 mmHg 
for normal control group to 144.7 mmHg after 
8 weeks of fructose feeding. 

Curcumin in its two dose levels (40 and 80 
mg/kg) significantly decreased the ABP to the 
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levels of 137.0 and 130.4 mmHg, respectively, 
as compared to that of FFR control group, but 
still higher than those of normal control group. 
No significant changes in ABP were observed 
in rats treated with either doses of metformin 
(100 and 200 mg/kg). The normal level of ABP 
was almost restored in rats coadminstered with 
curcumin (80 mg/kg) plus metformin (200 
mg/kg).   
 
Effects on oxidative stress parameters 

In FFR, concentrations of MDA and 8-iso-
PGF2α were significantly increased while the 
activity of SOD was significantly decreased as 
compared to normal control group (Fig. 3).  

These disturbances in the oxidative stress 
profile associated with MetSyn were variably 
corrected in rats treated with each of the two 
dose levels of the curcumin or metformin and 
their combinations. Marked correction of these 
disturbances was observed in rats which 
concurrently administered curcumin (80 
mg/kg) with metformin (200 mg/kg). The 
effects of the low (40 mg/kg) and high (80 
mg/kg) doses of curcumin appears to differ 
significantly from the respective doses (100 
and 200 mg/kg) of metformin.  
 

Effects on inflammatory status parameters 

Induction of MetSyn was accompanied by 
elevation in the serum levels of the pro-
inflammatory cytokines (TNF-α and IL-6) and 
marker (CRP) concomitantly with decreased in 
the anti-inflammatory adiponectin as compared 
to their respective values in normal control 
group (Fig. 4). 

Treatment of FFR with curcumin (40 and 
80 mg/kg) and metformin (100 and 200 mg/kg) 
either singly or concurrently caused significant 
decrease in TNF-α, IL-6 and CRP together 
with increase in adiponectin levels when 
compared to FFR control group. Moreover, 
concurrent administration of curcumin (80 
mg/kg) with metformin (200 mg/kg) led to 
significant reduction in the serum levels of 
these parameters to almost their levels in 
normal control group. The effects of the low 
(40 mg/kg) and high (80 mg/kg) doses of 
curcumin appears to be significantly different 
from the respective doses (100 and 200 mg/kg) 
of metformin. 
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Fig. 3: Effects of various treatments on oxidative stress parameters (A) MDA, (B) 8-Iso-PGF2α and 

(C) SOD of different rat groups.  

Data represent the mean ± S.E. of 9-10 observations. a, b, c, d, e, f, g Significant difference from normal control, FFR 
control, Cur 40, Met 100, Cur 40 + Met 100, Cur 80 and Met 200, respectively at P< 0.05.  
FFR = Fructose-fed rats, Cur 40 = Curcumin (40 mg/kg/day), Cur 80 = Curcumin (80 mg/kg/day), Met 100 = 
Metformin (100 mg/kg/day), Met 200 = Metformin (200 mg/kg/day), MDA = Malondialdehyde, 8-Iso-PGF2α = 8-
Iso-Prostaglandin F2α and SOD = Superoxide Dismutase. 
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Fig. 4: Effects of various treatments on (A) TNF-α, (B) IL-6, (C) CRP and (D) adiponectin of 
different rat groups.  

Data represent the mean ± S.E. of 9-10 observations. a, b, c, d, e, f, g Significant difference from normal control, FFR 
control, Cur 40, Met 100, Cur 40 + Met 100, Cur 80 and Met 200, respectively at P< 0.05.  
FFR = Fructose-fed rats, Cur 40 = Curcumin (40 mg/kg/day), Cur 80 = Curcumin (80 mg/kg/day), Met 100 = 
Metformin (100 mg/kg/day), Met 200 = Metformin (200 mg/kg/day), TNF-α = Tumor Necrosis Factor-alpha, IL-6 
= Interleukin-6 and CRP = C-reactive protein. 
 

Discussion 

The prevalence of MetSyn is rising rapidly 
even in developing countries; the condition is 
proving to be a common precursor of 
cardiovascular diseases and type 2 diabetes. 
Measures therefore are required to prevent the 
associated complications1. 

High fructose diet has been shown to 
induce clustering signs of MetSyn in several 
animal models14. In the current study, feeding 
rats with fructose for 8 weeks developed the 
previously repeatedly reported cardinal features 
of MetSyn. Thus, FFR exhibited 
hyperglycemia, hyperinsulinemia, IGT and 
higher value of IR-index comparing to control 
group. Meanwhile, FFR showed dyslipidemia 
as reflected by significant elevation in serum 
TG and TC levels accompanied by increased 
value of LDL-C with decreased HDL-C level. 
Additionally, feeding of rats with fructose 
caused elevation in body weight gain, weight of 
visceral fats and obesity-index together with 
moderate rising in ABP. 

Existing evidence points to multitude of 
molecular mechanisms involved in the 
development of these observed interrelated 
metabolic abnormalities. High consumption of 

fructose stimulates hepatic lipogenesis with 
consequent increased formation of fatty acids, 
TG and lipoproteins through several metabolic 
pathways. Excess intracellular lipids is thought 
to cause dysfunctional insulin signaling, hence 
impairs insulin actions and utilization of 
glucose leading to hyperglycemia, 
hyperinsulinemia, IGT and IR15. The 
accumulation of fats together with increased 
calories intake resulted in increased fat mass 
and obesity which closely interwined with IR16. 
Compensatory hyperinsulinemia has been 
thought to be a cause of hypertension since 
insulin could cause sympathetic overactivity, 
sodium retention and vascular smooth muscle 
proliferation17. 

Data of the present study provide a direct 
evidence for the potential role of oxidative 
stress in the development of MetSyn's events in 
FFR. This is deduced by significant elevation 
of the serum levels of MDA and 8-iso-PGF2α in 
these rats which are formed as main end 
products of lipid peroxidation and served as 
indicators of oxidative stress intensity18 
alongside with reduced activity of the 
antioxidant enzyme SOD. Similarly, the 
production of 8-iso-PGF2α through the non 
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enzymatic oxidation of arachidonic acid by 
ROS is markedly increased in MetSyn19. 
Increased lipid peroxidation could be 
secondary to hyperglycemia as fructose in 
higher concentrations provides oxidative 
environment20. The decrease in SOD activity in 
the present study could be due to a feedback 
inhibition or oxidative inactivation of enzyme 
proteins due to excessive ROS generation. The 
significant increase in lipid peroxidation and 
reduction in SOD activity in the current study 
gained support from the concept that increased 
oxidative stress may play an important role in 
the progression of MetSyn related 
manifestations including dyslipidemia, 
hyperglycemia, IR and hypertension. The ROS 
activate serine/threonine kinase cascade that 
eventually phosphorylate insulin receptors 
resulting in IR21. Additionally, ROS 
dysregulate expression of inflammation related 
adipocytokines in the MetSyn condition 
through stimulation of redox-sensitive 
transcription factors particularly nuclear factor-
kappa B (NF-κB)22. 

The present data revealed that FFR 
exhibited increased levels of the pro-
inflammatory cytokines (TNF-α and IL-6) and 
marker (CRP) with decreased level of the anti-
inflammatory adipokine, adiponectin. The 
observed abnormalities in these assessed 
parameters that could be assumed to be linked 
to the increase in body mass, as indicated by 
higher obesity-index and increased visceral fat 
of these rats. This assumption gained support 
from the quite recent concept that adipose 
tissue particularly visceral fats is the main 
source of cytokines that constitute major 
mediators in the inflammatory states of 
MetSyn22. Emerging laboratory and clinical 
evidence have provided strong relationship 
between CRP and various features of MetSyn. 
Furthermore, Ridker et al.

23 claimed that CRP 
be added as a clinical criterion of MetSyn. In 
the same line, the cytokines TNF-α and IL-6 
may activate components of inflammatory 
pathways such as NF-κB and inactivate insulin 
receptor substrate-1 (IRS-1) and thereby, 
inhibit insulin signaling with consequent IR, 
type 2 diabetes and cardiovascular events24. In 
contrast, adiponectin is known to inhibit the 
activity of NF-κB, increase insulin sensitivity 
and improve lipid profile25. Additionally, the 
serum adiponectin is reduced in obese human 

and animals26 as exactly seen in the current 
study. The observed reciprocal relationship of 
CRP and adiponectin in this study has been 
also documented by Sugiura et al.

27 who 
reported that adiponectin could decrease CRP 
synthesis and secretion.  

The results of the current study revealed 
that coadministration of the two dose levels of 
curcumin (40 and 80 mg/kg) and metformin 
(100 and 200 mg/kg) with fructose for 8 weeks 
ameliorated, to various extents, all the assessed 
parameters of MetSyn as compared to those of 
fructose fed control group. Noticeably, more 
pronounced effects were observed with the 
high doses of curcumin (80 mg/kg) and 
metformin (200 mg/kg) compared with the 
corresponding small doses (40 and 100 mg/kg, 
respectively). Accordingly, it can be cautiously 
believed that the effects of the two drugs seem 
to be dose-dependent. 

This study indicated that each of curcumin 
and metformin treatment of FFR caused an 
improvement of hyperglycemia and IGT 
together with the reduction of elevated serum 
insulin levels. This is probably may occur 
secondary to the reduction in the hallmark of 
MetSyn progression, IR, as indicated by 
reduced HOMA-IR index in these rats. 
Decreased IR and/or improved insulin 
sensitivity are thought to stimulate glucose 
disposal and therefore, attenuate hyperglycemia 
and hyperinsulinemia. These results are in 
harmony with those of Seo et al.

28 who 
documented the improvement of IGT and 
insulin sensitivity in FFR treated with 
curcumin. The benefits of curcumin as a 
hypoglycemic agent have been repeatedly 
established in both diabetic rats29 and 
patients30. The hypoglycemic effect of 
curcumin was attributed to reduction in glucose 
output, improvement of insulin sensitivity via 
activation of PPAR-γ31 and protection of 
glucose transporter-1 (GLUT-1)32. Meanwhile, 
the antihyperglycemic effects of the insulin 
sensitizing agent, metformin, have been 
extensively reported and documented. These 
effects could be primarily mediated by 
inhibition of mitochondrial respiratory chain 
complex I33, activation of AMP-activated 
protein kinase (AMPK) which regulate glucose 
and fat metabolism and upregulation of insulin 
receptors34. 
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In the present study, curcumin 
significantly decreased body weight and 
improved obesity-index of FFR as compared 
with FFR control group. However, the rats' 
weights at the end of the study were still higher 
than those of normal control group. Likewise, 
metformin produced remarkable significant 
decrease in body weight of FFR below their 
normal values. Similarly, previous studies 
elucidated the ability of curcumin to inhibit 
angiogenesis in adipose tissues, decreased 
differentiation of preadipocytes and reduced 
accumulation of lipids in adipocytes that result 
in lowering of body weight35. Moreover, the 
weight loss during metformin medication to 
obese36 and non obese diabetic patients37 was 
remarked. The observed surpassing lowering 
effect of metformin comparing to that of 
curcumin on body weights of FFR, could be 
attributed to other favorable effects of 
metformin beyond its well known 
antihyperglycemic and insulin sensitizing 
characteristics. This presumably could be 
related to a decrease net caloric intake through 
appetite suppression, induction of lipolysis and 
reduction of the levels of leptin38 and ghrelin39. 

It is worth here to mention that the 
elevated ABP induced by fructose was 
significantly reduced upon treatment with 
curcumin. This can be explained on the basis of 
the notion that hyperinsulinemia and IR are 
intrinsically linked to the pathogenesis of 
hypertension in FFR17. It is therefore suggested 
that the reversal of these metabolic 
disturbances by curcumin could result in a 
concomitant lowering in ABP. This 
explanation is consistence with that emerged 
by Khan et al.

40. Although it was reported that 
metformin, in relatively large doses, caused 
lowering in ABP in diabetic hypertensive rats41 
and patients42. However, in this study 
metformin caused insignificant reduction in 
ABP. Similarly, clinical trial indicated the 
same results in diabetic hypertensive patients43. 

The present study indicated that curcumin 
and metformin served as antidyslipidemic 
agents as it is evident by the improvement of 
the disturbed lipid profile in FFR. In this 
respect, the effects of curcumin were generally 
more pronounced in comparison to those of 
metformin. The fact that IR causes excessive 
accumulation of carbohydrates which in turn 
can lead to increase in lipid production15 

should be born in mind. The hypolipidemic 
effect of both drugs might be secondary to their 
insulin sensitizing effects. This idea is 
substantiated by the observed restoration of the 
reduced levels of adiponectin in the treated rats 
which can be positively correlated with 
increased insulin sensitivity. Moreover, it has 
been suggested that curcumin via its activation 
of cholesterol 7 α-hydroxylase enzyme and 
upregulation of hepatic LDL receptors may 
stimulate cholesterol catabolism44. Metformin 
may also inhibit lipogenesis secondary to 
AMPK activation45. 

The protective effects of either curcumin 
or metformin against fructose induced MetSyn 
in rats was accompanied with abrogation of 
increased oxidative stress. Both two drugs 
reduced the elevated serum levels of lipid 
peroxidation markers, MDA and 8-iso-PGF2α, 
together with restoration of the activity of the 
antioxidant enzyme SOD. Our results are in 
harmony with those previously reported which 
postulated that the antioxidant mechanisms of 
curcumin included its ability to scavenge 
variety of ROS owing to its phenolic structure; 
reduction of ROS production through NADPH 
oxidase suppression46 and inhibition of 
oxidative enzymes like cytochrome P45047. 
The antioxidant potentiality of metformin also 
has been assumed by Bonnefont-Rousselot et 

al.
48 and subsequently by Ouslimani et al.49. 

They reported that metformin is able to 
scavenge free radicals either by reducing 
NADPH oxidase or respiratory chain reactions 
in mitochondria. In the present study, the 
amelioration of oxidative stress was significant 
in curcumin treated rats as compared to the 
metformin groups. This is in good agreement 
with the finding that the antioxidant capacity of 
curcumin is 100 fold stronger than that of 
vitamin C and E50 while that of metformin is 
only comparable to vitamin E51. 

Data of the present study provide clearly a 
direct evidence for the anti-inflammatory 
activity of each of curcumin and metformin. 
This was deduced by the significant reduction 
in the serum levels of the pro-inflammatory 
cytokines (TNF-α and IL-6) and marker (CRP) 
together with elevation in the levels of the anti-
inflammatory adipokine, adiponectin. 
Curcumin is observed to lower these 
inflammatory parameters better than 
metformin. These effects were also concur with 
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significant decrease in the weight of visceral 
fat which quite recently is recognized to be the 
main source of these adipocytokines22. These 
results are in agreement with those of Usharani 
et al.

52 who observed reduction in the levels of 
TNF-α, IL-6 and CRP in diabetic patients 
treated with curcumin, and in hypertensive 
dyslipidemic patients receiving metformin53. It 
was assumed that direct suppression of NF-κB 
activity and activation of PPAR-γ by each of 
curcumin54 and metformin55 could lead to 
downmodulation of the expression of genes 
involved in pro-inflammatory cytokine 
synthesis. In addition, adiponectin is able to 
suppress NF-κB activity25. We must take in 
consideration the fact that reduction in ROS 
inhibits NF-κB and modulates the secretion of 
adipocytokines. The observed antioxidant 
properties of curcumin and metformin may be 
contributed in their anti-inflammatory 
activities. This possible inference is tempting 
to speculate that the improvement of oxidative 
stress and inflammatory status in FFR 
displayed by the two drugs, resulted in 
restoration of insulin signaling and reduction of 
IR.  

Interestingly, the progression of MetSyn 
features in FFR not only improved but seems 
even to be normalized when curcumin (80 
mg/kg) and metformin (200 mg/kg) were 
concurrently administered. As mentioned 
before, the two drugs under investigation 
display multiple effects on clustering signs of 
MetSyn. Therefore, it is plausible to suggest 
that the enhancement of their protective effect 
upon their combination might be relevant to 
their complementary mechanisms. 

In conclusion, the significant findings of 
the present study indicate that curcumin was 
fairly superior or at least comparable to the 
well known antihyperglycemic, insulin 
sensitizing agent, metformin in protecting rats 
against fructose-induced MetSyn. The 
protective effectiveness of the two drugs was 
clearly augmented upon their combined 
administration. The confirmed efficacy of the 
two drugs appears to be mediated partially, 
through their antioxidant and anti-
inflammatory effects. Lastly, the important 
findings and conclusions reached in the present 
study on the rat encourage future confirmatory 
studies to substantiate the possible clinical use 
of curcumin as a protective agent against the 

serious condition of MetSyn. Elucidation of the 
pleiotropic actions of curcumin at the 
molecular level also represents an important 
target for prospective plan of study. Further 
studies are under current investigation to 
achieve more definite conclusions.  
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