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INTRODUCTION

Metabolic syndrome (MetS) is caused by the clustering 
of  risk factors of  insulin resistance (IR), hypertension, 
dyslipidaemia, central obesity, pro-inflammatory and pro-
thrombotic states which leads to substantially increased 
morbidity of  cardiovascular diseases (CVD) and diabetes 
mellitus type 2 (T2DM).1-,2

The clustering of  these risk factors and their relationship to 
lifestyle changes suggests that they are dependent on one 
another and have similar underlying causes, mechanisms 
and characteristics.3,4

Patients with the MetS have altered blood cytokines and 
growth factor profile that may partially account for the 
adverse clinical outcomes seen in MetS.5 There is an up-
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regulation of  certain pro- and anti-inflammatory cytokines 
in obesity; general obesity is associated with significantly 
elevated levels of  interleukin (IL)-5, IL-10, IL-12, IL-13, 
interferon (IFN-γ) and tumour necrosis factor (TNF-α), 
while significantly increased levels of  IL-5, IL-10, IL-12, 
IL-13 and IFN-γ-were observed in central obesity.6

Leading factors for the development of  the symptom 
complex include obesity, reduced physical activity and 
improper diet.7 Components of  the syndrome are risk 
factors for atherosclerosis, making metabolic syndrome a 
significant risk for coronary heart disease.8 Obesity and IR 
also provide significant risk for developing type 2 diabetes 
mellitus.9

Over recent decades, fructose consumption has increased 
dramatically in industrialized countries as manufacturers 
have turned to using fructose instead of  sucrose to 
sweeten processed foods and beverages. Similarly, 
the intake of  saturated fat has risen during the same 
period.10 High dietary intake of  fructose and saturated fat 
contributes to the epidemic of  the metabolic syndrome,8 
which was generally considered to be an association of  
impaired glucose tolerance, hypertension, dyslipidaemia, 
hyperuricaemia, and central obesity.9

Metabolic syndrome is increasing, in accordance with 
increasing body mass index (BMI) and age.11 Worldwide 
prevalence of  MetS was reported to be between 10% and 
84%, and this depends on the ethnicity, age, gender and race 
of  the population.12 About 20% of  adults in the Western 
world have also been reported to have MetS.13

Several approaches have been used to measure risk factors 
of  MetS. This study was aimed at determining the serum 
concentrations of  biochemical and inflammatory cytokines 
in a rat model of  metabolic syndrome. This may provide 
information that may aid in the prevention and management 
of  biochemical derangements and inflammation associated 
with metabolic syndrome.

MATERIALS AND METHODS

Study area
The study was carried out in the Departments of  Chemical 
Pathology and Immunology, School of  Medical Laboratory 
Sciences, Usmanu Danfodiyo University, Sokoto, and 
Animal House, Faculty of  Pharmaceutical Sciences, 
Usmanu Danfodiyo University, Sokoto. 

Reagents/Chemicals
Analytical graded chemicals and reagents were used for this 
research. ELISA test kits for serum IL-6, IL-10 and TNF-α 
assay were obtained from Sigma-Aldrich®, Saint Louis, MO, 

USA. Serum lipid profile and plasma glucose assay kits were 
procured from Randox Laboratories England.

Experimental animals	
Twenty (20) male Wistar Albino rats weighing between 
100-140 g were purchased from Faculty of  Pharmaceutical 
Sciences, Usmanu Danfodiyo University Sokoto. The rats 
were housed in well aerated cages under hygienic conditions 
and allowed to acclimatize for a period of  two weeks 
before commencement of  the experiment. The animals 
were fed with pelletized growers feed (Vital®), obtained 
from Grand Cereal Soil Mills Limited, Jos, Nigeria. They 
were also allowed access to clean drinking water ad libitum 
throughout the experimental period. Cleaning of  the 
animal cages was carried out daily, and on regular basis. 
They were maintained in clean metabolic cage-sand, placed 
in a well-ventilated room conditions with a temperature 
of  26oC to 28oC, photoperiods of  12 hours light and 12 
hours darkness; humidity of  40% to 60% as described by 
the National Research Council (US) Committee for the 
Update of  the Guide for the Care and Use of  Laboratory 
Animals in 2011.14

Ethical consideration
All the experimental protocols were in compliance with 
the Animal Ethics Committee of  Usmanu Danfodiyo 
University, Sokoto, Nigeria, as well as internationally 
accepted practices for use and care of  laboratory animals 
as contained in U.S.A. guidelines, and also in accordance 
with the recommendations of  the International Association 
for the study of  Pain. 

Experimental design
Twenty (20) rats were randomly divided into two groups 
of  10 rats each. Control group (n = 10): untreated/ on 
drinking water and standard rodent chow ad-libitum for 32 
weeks. MetS group (n = 10): Fructose-loaded / treated 
with 10% fructose in drinking water (w/v) and standard 
rodent chow ad-libitum for 32 weeks.15

Anthropometric measurements
The body weights of  all rats were measured using a 
sensitive weighing balance, once before the commencement 
of  fructose dosing and once on the day of  sacrifice (32 
weeks). The weight in gram (g) of  each rat was measured 
by placing the rat into a container placed on a sensitive 
weighing balance after zeroing the machine.16

The body length of  each rat was measured from anus to 
the tip of  the nose in centimetres (cm) once before the 
commencement of  fructose dosing and once on the day 
of  sacrifice.The body mass index (BMI) of  each rat was 
calculated using the following expression:BMI (g/ cm2) = 
body weight (gram)/ body length (cm2).
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Blood sample collection and processing
After 32 weeks of  the experiment, the animals were fasted 
for 12 hours, and were anaesthetized in a glass jar containing 
wool soaked with chloroform. About five millilitres (5ml) 
of  blood samples were collected from each animal through 
cardiac puncture. Four (4) millilitres of  the blood samples 
were collected into clean, plain Vacutainer tubes. The 
samples collected were allowed to clot at room temperature 
and later centrifuged at 4000 revolution per minute (4000 
rpm) for 10 minutes. The sera were then transferred into 
labelled sterile serum bottles and tightly caped and stored 
at -20 °C until used for the measurement of  serum IL-6, 
IL-10, TNF- α, and biochemical parameters. The remaining 
1millitre of  blood was collected into fluoride oxalate bottle 
for estimation of  fasting plasma glucose within one hour 
of  the sample collection. Humane procedures were used 
in the process.

Analytical methods
Serum total cholesterol (TC), triglyceride (TG), high density 
lipoprotein cholesterol (HDL-C), low density lipoprotein 
cholesterol (LDL-C), very low density lipoprotein 
cholesterol (VLDL-C) and plasma glucose, were estimated 
using test kits procured from Randox Laboratories, 
England. Atherogenic Index was calculated as the ratio 
of  TC to HDL-C.17 Serum IL-6, IL-10 and TNF-α were 
estimated by the method of  Yener et al.18 using ELISA kits 
obtained from Sigma-Aldrich®, Saint Louis, MO, USA. 

Statistical analysis
Data was analysed using GraphPad Prism (GraphPad 
Software, 2365 Northside Dr. Suite 560 San Diego, CA 
92108). Values were expressed as mean ± standard error of  
mean for rats in each group. The data of  anthropometric, 
biochemical and immunological parameters were analysed 
using independent sample t-test. Pearson correlation 
coefficient was used to assess the relationship between the 
parameters analysed, while the differences were considered 
significant when P value is equal to or less than 0.05 
(p ≤ 0.05).

RESULTS

Chronic administration of  fructose as a 10% drinking 
solution for 32 weeks induced several alterations included 
in the cluster of  risk factors of  MetS. At the end of  the 
experiment, the fasting blood glucose concentrations, final 
body weight and body mass index of  fructose-induced 
metabolic syndrome (MetS) rats and controls (Table  1) 
indicated significantly increased FBG (P < 0.000), body 
weight (P < 0.000) and BMI (P < 0.000) in MetS group 
compared with control group (P = 0. 912, P = 0. 455 and 
P = 0. 606 respectively). 

Regarding the levels of  serum lipids of  MetS group 
compared to controls (Table 2), serum TC (P < 0.000) and 
LDL-C (P < 0.000) were significantly increased. On the 
other hand, HDL-C levels were significantly decreased in 
MetS group (P = 0.040), while the levels of  VLDL-C, TG 
and AIX were not significantly (P = 0.343 and P = 0.214 
respectively) different between the groups. The serum 
levels of  inflammatory cytokines in fructose-induced 
metabolic syndrome rats and controls is shown in Table 3. 
The result indicated significantly increased serum IL-6 
(P = 0.005), IL-10 (P < 0.000) and TNF-α (P = 0.013) in 
MetS group as compared with controls.

The correlation between each of  serum IL-6, IL-10 
and TNF-α, with body mass index and blood glucose 
concentration of  fructose-induced MetS group (Table 4) 
revealed that serum IL-10 and TNF- α were inversely 
correlated with BMI (r = -0.732, P = 0.016; r = -0.785, 
P  = 0.007 respectively). Serum IL-10 also showed the 
same relationship with FBG (r = - 0.817, P = 0.004) while, 
serum TNF- α was not associated with FBG (r = 0.205, 
P = 0.570). Likewise serum IL-6 levels were not associated 
with either of  BMI and FBG (r = 0.516, P =  0.126; 
r = 0.205, P = 0.570 respectively) (Table 4). 

The result of  the correlation between each of  serum TC 
and TG with serum AIX, HDL-C, LDL-C and VLDL-C 
of  fructose-induced metabolic syndrome rats (Table  5) 
indicated that serum AIX and VLDL-C were positively 
correlated with TG (r = 0.733, P = 0.016; r = 1.000, 
P = 0.000 respectively) while, HDL-C level was inversely 
correlated with TG (r = -0.817, P = 0.004). 

With the exception of  serum LDL-C which positively 
correlated with TC (r = 0.840, P = 0.002), significant 
correlation was not established between serum TC and 
each of  AIX, HDL-C and VLDL-C (r = 0.588, P = 0.016; 
r = -0.210, P = 0.560 and r = 0.262, P = 0.464 respectively). 

Table 1: Changes in FBG, body weight and BMI 
of fructose-induced MetS rats and controls
Parameter Controls (n = 10) MetS (n = 10)
FBG (mmol/L)

Week 1 3.16±0.18 3.18±0.12
Week 32 3.46±0.24 9.30±0.80α

P. values 0.912 < 0.000
Body weight (g)

Week 1 205.40±1.31 207.0±1.63
Week 32 223.20±0.10 272.30 ±2.28α

P. values 0.455 < 0.000
BMI (g/cm2)

Week 1 0.53±0.03 0.56±0.04
Week 32 0.48±0.02 0.73±0.05α

P. values 0.606 < 0.001
Values expressed as mean±SEM, n=number of rats, MetS=metabolic syndrome, 
αP < 0.000 when compared with MetS rats using Student t-test
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DISCUSSION

In the current study, the effect of  10% fructose in drinking 
water, which is equivalent to a diet containing 48-57% 
by calories, was examined on metabolic characteristics in 
Wistar rats. The results in this study, indicated that fructose 
enriched diet could induce dyslipidaemia, increase fasting 
blood glucose concentration, body weight and body mass 
index in fasting rats. 

The result of  this study corroborated with previous 
study.15 The significant increase in fasting blood glucose 
(FBG) observed in MetS rats is in agreement with several 
studies. 15, 19-22 However, our result contrasted with the 
previous studies22,23 that observed no changes in the FBG 
levels between MetS and control groups. Sobczak et al.24in 
their study reported that, the significant elevation of  
blood glucose levels may be the result of  accumulation of  
non-esterified free fatty acids which may reduce insulin 
sensitivity by increasing the intra myo-cellular lipid content. 
Whereas the discrepancy observed in blood glucose could 
be due to the differences in the analytical methods used in 

the estimation of  glucose. In this study, glucose oxidase-
peroxidase specific method was used while, Mohammed 
et  al.22 and Norshalizah et al.23 both used the chemical 
methods (Folin Wu) for glucose estimation. 

Administration of  fructose in drinking water significantly 
increased body weight and BMI in MetS rats compared 
with the controls. This is in agreement with the study of  
Norshalizah et al. 23, but contrasted with the report of  
et al. 22 on metabolic syndrome. Impairment of  central 
insulin transport which is inversely associated with an 
increased energy intake and body weight with consequent 
decrease in insulin delivery to the central nervous system 
may be responsible for obesity and weight gain in MetS 
rats.25 Excessive fructose consumption has previously been 
reported to alter the serum concentrations of  leptin and 
ghrelin leading to increased energy intake, weight gain and 
obesity. 26

Supporting evidences on the relationship between 
serum lipids and metabolic syndrome continues to 
accumulate, the relation between dyslipidaemia and 
metabolic syndrome could also be conjectured. In this 
study, the significant increase in serum TC and LDL-C 
and decrease serum HDL-C concentrations in MetS rats 
corroborated with the report of  previous studies,15,27 on 
metabolic syndrome. This study, however demonstrated no 
significant differences in the serum VLDL, TG and AIX 
between MetS group and control group. The observed 
dyslipidaemia could be due to exposure of  the liver to 

Table 2: Serum lipid profile and atherogenic index of fructose-induced MetS rats and controls
Group N TC (mmol/L) HDL-C (mmol/L) LDL-C (mmol/L) VLDL-C  (mmol/L) TG (mmol/L) AIX
Controls 10 0.82±0.04 0.33±0.04 0.18±0.06 0.41±0.03 0.90±0.06 4.26±0.56
MetS 10 1.71±0.10b 0.22±0.03a 0.96±0.08b 0.44±0.03 0.98±0.06 6.51±1.65
P. values <0.000 0.040 <0.000 0.343 0.343 0.214

Data expressed as mean±SEM, N=number of rats, TC=total cholesterol, HDL-C=high density lipoprotein cholesterol, LDL-C=low density lipoprotein cholesterol, VLDL-C=very 
low density lipoprotein cholesterol, TG=triglyceride, AIX=atherogenic index, MetS=metabolic syndrome rats, aP  < 0.05, bP < 0.001 when compared with control rats using 
Student t-test

Table 3: Serum IL-6, IL-10 and TNF- α of fructose-
induced MetS rats and controls
Group N IL-6 (pg/dL) IL-10 (mg/dL) TNF-α (mg/dL)
Controls 10 9.08±0.70 0.131±0.01 1.91±0.18
MetS 10 12.23±0.70* 0. 21±0.01** 2.69±0.22*
P. values  0.005 <0.000 0.013
Data expressed as mean±S.E.M, N=number of rats, IL-6=Interleukin-6, IL-
10=Interleukin-10, TNF-α=Tumour necrosis- alpha, MetS=metabolic syndrome 
rats.*P <0.05, **P <0.001 when compared with control rats using Student t-test

Table 4: Pearson’s analysis of the correlation 
between each of serum IL-6, IL-10 and TNF-α, 
with BMI and FBG concentration of fructose-
induced MetS rats
Parameter BMI (g/cm2) FPG (mmol/L)

r P  r P
IL-6 (pg/dl) 0.516 0.126 - 0.250 0.486
IL-10 (mg/dl) -0.732 0.016 -0.817 0.004
TNF- α (mg/dL) -0.785 0.007 0.205 0.570

Data expressed as correlation coefficient (r), P=P=value, BMI=body mass index, 
FPG=fasting plasma glucose, IL-6=Interleukin-6, IL-10=Interleukin-10, 
TNF-α=Tumour necrosis- alpha, MetS=metabolic syndrome rats

Table 5: Pearson’s analysis of the correlation 
between each of serum TC and TG with serum 
AIX, HDL-C, LDL-C and VLDL-C of fructose-
induced MetS rats
Parameter TC (mmol/L) TG (mmol/L)

r P  r P
AIX 0.588 0.074 0.733 0.016
HDL-C (mmol/L) - 0.210 0.560 -0.817 0.004
LDL-C (mmol/L) 0.840 0.002 0.189 0.600
VLDL-C (mmol/L) 0.262 0.464 1.000 0.000

Data expressed as correlation coefficient (r), P=P=value, TC=total cholesterol, 
TG=triglyceride, HDL=high density lipoprotein cholesterol, LDL-C=low density 
lipoprotein cholesterol, VLDL-C=very low density lipoprotein cholesterol, 
AIX=atherogenic index
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an overload of  fructose which in turn enhances glycogen 
storage directly from glucose or through gluconeogenesis. 
Unlike glucose, fructose bypasses the rate-limiting step 
catalysed by phosphofructokinase and stimulates fatty acid 
synthesis and hepatic triglycerol secretion 28 and further 
lead to a chain of  reactions in the lipoprotein and lipids 
leading to dyslipidaemia.

Metabolic syndrome is characterized by low-grade 
inflammatory state. In this study, the increased serum 
levels of  IL- 6, IL-10 and TNF-α in fructose-induced MetS 
rats is in agreement with previous studies.5-6,29 However, 
Matia-Garciaet al.30 and Srikanthan et al.31 reported no 
significant changes in the serum IL-10 levels between 
MetS state and in controls. Calcaterra et al.32 in their study 
had earlier speculated that the increased IL-10 levels 
is an attempt by the body to inhibit the on-going pro-
inflammatory cytokine production. However, Srikanthan 
et al.31 in their study reported no significant difference in 
serum TNF- α levels between MetS state and in controls. 
The increased serum TNF-α levels observed in this study 
may be a consequence of  continual accumulation of  lipids 
both in macrophages and adipocytes within the adipose 
tissues, leading to a shift in macrophage subtype to a 
pro-inflammatory M1 polarization.33, with the resultant 
release of  TNF-α. 

Interleukin-6 has been implicated in inflammatory 
crisis and as a key player in the mediation of  low-grade 
inflammatory process in tissues.34 In this study, increased 
levels of  IL-6 was observed in MetS rats in comparison 
with the control group. Elevated serum levels of  IL-6 
have earlier been reported in many diseases including 
atherosclerosis, malnutrition, cardiovascular events and 
hypertension.34-35 It was suggested that, the secretion of  
IL-6 was closely related to obesity which is an important 
component of  metabolic syndrome.34 and increased IL-6 
levels in hypertensive patients was more marked among 
hypertensive adult patients with obesity. 34-36

Attempt was also made to correlate the mean serum 
blood glucose and body mass index with the inflammatory 
cytokines in order to access the degree of  the association 
between the two. The result in this study indicated that 
serum IL-10 and TNF- α were inversely correlated with 
BMI. Serum IL-10 also showed the same relationship 
with FBG while, serum TNF- α was not associated with 
FBG. Likewise serum IL-6 levels were not associated with 
either of  BMI and FBG. The inverse correlation between 
IL-10 and TNF- α and BMI suggest that increased BMI 
resulted in the down regulation of  the IL-10 and TNF- 
α in fructose-induced MetS rats. Likewise, serum IL-10 
negatively correlated with FBG which also transmitted 
the message that increase of  FBG in MetS rats resulted in 

the down regulation of  IL-10 in the serum of  MetS rats. 
Serum TNF- α was not associated with FBG, and serum 
IL-6 levels were not associated with either of  BMI and 
FBG. The positive correlation observed between serum 
TG and each of  AIX and VLDL-C lead to increased 
atherogenic index of  plasma and elevated levels of  
VLDL-C in MetS rats. With the exception of  serum 
LDL-C which positively correlated with TC, significant 
correlation was not established between serum TC and 
each of  AIX, HDL-C and VLDL-C in MetS rats. As 
expected, the inverse association between the levels of  
HDL-C and TG in MetS rats implies that a decreased 
in serum HDL-C resulted to significant elevation of  
triglyceride which contribute to dyslipidaemia in MetS 
rats. 

CONCLUSION

In conclusion, the rat model of  MetS was established 
after 32 weeks treatment with 10% fructose in water. 
This plays an important role in the pathogenesis 
of  components of  metabolic syndrome, including 
dyslipidaemia, hyperglycaemia and obesity; and serum 
IL-6, IL-10 and TNF-α are raised in MetS rats and this 
underscores the role of  these cytokines in inflammation 
associated with metabolic syndrome. 
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