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Abstract
The present study was performed to evaluate the effects of 
either a low intensity swim- exercise program or low soybean 
flour supplementation on the different components of metabolic 
syndrome in aged postmenopausal rats. Fifty five rats, weighing 
260-350 gm, were randomly allocated into: Control group (C), 
Metabolic Syndrome group(MS), Metabolic syndrome 6-week - 
swim exercised group (MSE), and Metabolic syndrome 6 week 
-soybean flour supplemented group (MSS). All rats were followed 
weekly for assessment of body weight and arterial blood pressure 
which was found to be significantly increased in all metabolic 
syndrome groups (MS,MSE and MSS) compared to C group. 
At the end of the experimental period, all rats were subjected to 
measurement of arterial blood pressure. Biochemical analysis 
including plasma insulin and fibrinogen levels, and lipid profile 
was performed, then HOMA-IR and atherogenic index (AI) were 
calculated.

MS rats exhibited significant increase in their body weight gain 
(BWG), visceral fat (VF), visceral fat/ body weight ratio (VF/BW 
Ratio), arterial blood pressure values (ABP), as well as, plasma 
triglyceride level (TG) and AI compared to their controls. MSE 
group exhibited significant decrease in their BWG, VF, VF/BW 
Ratio and AI compared to MS group. The MSS had significantly 
decreased BMI, VF and VF/BW Ratio, ABP values, plasma TG 
and AI compared to MS group. Plasma levels of insulin and total 
cholesterol were significantly higher in MSS group compared to the 
MS group. MSE group showed normalization of the values of their 
BWG, VF, VF/BW Ratio. MSS group showed normalization of their 
BMI, VF and VF/BW Ratio. When the (MSS) group was compared 
to the MSE group, a significant increase in plasma insulin level was 
observed in addition to significant decrease in ABP values.

Conclusion: Low dietary intake of soybean flour or low intensity 
swim- exercise program for 6 weeks were equally effective in 
normalizing visceral adiposity, but were partially effective as 
regards hypertriglyceridemia and hypertension in metabolic 
syndrome aged rats.
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Introduction
Metabolic syndrome (MS) is defined as a collection of risk factors 

including elevated blood levels of fasting glucose, total cholesterol, 
LDL- cholesterol, triglycerides as well as increased arterial blood 
pressure and central adiposity. It could be associated with increased 
risk for cardiovascular disease (CVD) and type 2 diabetes [1].

The prevalence of the metabolic syndrome was found to be higher 
in aged population particularly in females [2]. Moreover, the state of 
estrogen deficiency was reported to be associated with an increased 
risk for the development of MS [3] in addition to a higher androgen 
to estrogen ratio in postmenopausal women than premenopausal 
ones [4]. In addition, adipose tissue could produce several cytokines 
including leptin, adiponectin and IL-6 [5].

Soybean was reported by Barnes [6] to be the principal plant that 
produces the natural estrogens (phytoestrogens and isoflavones) and 
might be considered as a natural alternative to estrogen replacement 
therapy [6,7]. However, reports in literature about its health benefits 
were conflicting with some authors reporting favorable anti diabetic 
effect, body weight gain reduction, body composition improvement 
and amelioration of hypertension [8-10] and it was reported that, in 
a raw unprocessed form, soybeans contain a variety of enzymes and 
other biomolecules that could interfere with digestion and absorption 
of other nutrients [11]. Isoflavone molecules in soy could inhibit an 
enzyme involved in thyroid hormone synthesis [12].
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On the other hand, life style intervention by increasing physical 
activity had become an important aspect of a non-pharmacological 
strategy to control obesity, weight gain, insulin resistance, glucose 
intolerance and dyslipidemia, independent of the changes in body fat 
content [13,14]. This was further confirmed by Seo et al. [15] who 
reported that exercise was a good method for preventing MS as it 
increased muscle mass, decreased percent body fat and body weight, 
controlled diabetes, reduced blood pressure, and reduced overall 
cardiovascular risk factors.

However, some authors reported that the harmful effects of 
overeating, smoking and other physical abuses cannot be corrected 
by exercise alone [16], and that although exercise training might 
increase cardio-respiratory fitness, yet it had no independent effect on 
insulin sensitivity [17]. This was explained by Sostaric et al. [18] that 
the highly aerobic muscle stimulation under anaerobic conditions 
might generate a large amount of reactive oxygen species that could 
disrupt mitochondrial and cellular functions.

Therefore, it was intriguing to investigate and compare the effects 
of natural estrogen supplementation and life style intervention in the 
form of physical exercise program on the different components of 
metabolic syndrome in aged postmenopausal female rats.

Aim of the Work
The present study aimed at evaluating the long term effects 

of implementing a swim- exercise program and soybean flour 
supplementation in diet on the various components of the metabolic 
syndrome in aged female rats.

Materials and Methods
Experimental animals

This study was carried out on 55 aged female Wistar rats, initially 
weighing 250-280 gm (age of rats was between 15-21 months). Rats 
were purchased from Ophthalmic Diseases Research Institute (Giza) 
and were housed in the Physiology Department Animal House, 
Faculty of Medicine, Ain Shams University under standard conditions 
of boarding at room temperature 22 ± 1°C. Rats were kept in plastic 
cages (3-4 rats /cage) for one week for acclimatization. Regular meals 
were introduced daily at 8:00h. Rats were fed water ad libitum and 
standard rat chow diet (every Kg rat chow consisted of 400ml milk, 
600g balady bread and vegetables). This study was approved by the 
Ethics Committee of Faculty of Medicine, Ain Shams University.

Age of rats was calculated according to the following equation:

Age in months = {Body weight in grams X 0.0675} -1.9 [19].

Experimental protocol
All rats were checked for estrous cycle activity by vaginal swabs 

and all rats showing estrous cycle activity were excluded. The 
included menopausal rats were randomly allocated into the following 
experimental groups:

Group I: Control group (n = 13): Rats in this group were fed 
standard rat diet throughout the study.

Group II: Metabolic Syndrome group (n = 42): They were 
allowed to drink10% fructose solution (10 gm fructose dissolved in 
100 ml distilled water) for 8 weeks to induce metabolic syndrome 
[20].

At the end of the 8th week, rats were subdivided into: A. Metabolic 
syndrome- untreated rat group (n=13). They continued drinking the 
10% fructose solution till the end of the study. On the 9th week of the 
study, those rats were subjected to 5 minute water immersion before 
each swimming session of the swim-exercised (MSE) rat group.

B. Metabolic syndrome swim-exercised rat group (n=15). Rats in 
this group continued drinking the 10% fructose solution till the end 
of the study and were subjected to swim exercise program, 2 hours 
daily, 5 days a week, for 6 weeks. The 2-hour swimming session was 
considered a low intensity long term exercise program according to 

Koshinaka et al. [21].

C. Metabolic syndrome soybean-supplemented rat group (n=14).
They continued drinking the 10% fructose solution till the end of the 
study and were fed standard rat chow supplemented with 10% soybean 
flour for 8 weeks [22]. Soybean flour (consisted of 48% soybean 
protein and 6% fat) was purchased from Soybean product factory, 
Food Technology Research Institute, Agricultural Research Center, 
Giza, Egypt. Wang and Murphy [23] reported that commercially 
available soy products, such as soy flour and textured protein, contain 
0.1-5 mg isoflavones/gm protein.

Throughout the experimental period, both water intake and 
food intake were evaluated daily to each cage and divided by the rat 
number in the cage to ensure that all rats received adequate water and 
food per day. Also, all rats were subjected to weekly assessment of:

1. Body weight and body mass index (BMI)

2. Arterial blood pressure (ABP)

At the end of the induction period of metabolic syndrome (8th 

week), all rats were subjected to measurement of arterial blood 
pressure and waist circumference. On the day before the sacrifice day, 
intraperitoneal glucose tolerance test was performed.

On the day of sacrifice, overnight fasted rats were weighed and 
anaesthetized by intra-peritoneal injection of Pentobarbitone (40 
mg/kr BW). All anthropometry measures (nasoanal length, waist 
circumference and final BMI) were determined. Then, a midline 
abdominal incision was made, and blood samples were collected from 
the abdominal aorta into flouride containing tube and heparinized 
tube. The abdominal fat (retroperitoneal, perirenal and mesenteric) 
was excised and weighed in 5-digit Metler balance (Sartorius AG, BL-
210S).

Blood samples were centrifuged at 4000 rpm for 15 minutes to 
obtain plasma samples. The fluoride containing plasma was used to 
determine fasting blood glucose (FBG) on the same day of sacrifice. 
The heparinized plasma was stored at -80°C for later determination 
of plasma insulin, lipid profile and fibrinogen level. Then, the 
homeostasis model assessment of insulin resistance (HOMA-IR) and 
the atherogenic index (AI) were calculated.

Experimental procedures

Because female sex hormones confer protection against 
metabolic syndrome [24] all rats were checked for estrous cycle 
activity by vaginal swabs and all rats showing estrous cycle activity 
were excluded.

Vaginal swab: Vaginal smears were carried out to monitor cellular 
differentiation and to evaluate the presence of leucocytes, nucleated 
epithelial cells, or cornified cells. Aged female rodents exhibit periods 
of persistent estrous associated with low levels of progesterone and 
tonic blood titres of estrogen which stimulates cornification of the 
vaginal epithelium and acyclic state [25].

In menopausal rats, the vaginal smear showed an atrophic pattern 
consisting of leucocytes, mucus and scarce nucleated epithelial cells 
(Figure 1a), while fertile rat’s vaginal smears consisted mainly of 
exfoliated cornified cells(Figure 1b) [26]. Thus, the fertile rats were 
excluded and the menopausal rats were included in the study.

Swimming training protocol: The protocol of swim - training 
was 2 hours swimming a day between 10-12 AM, 5 days/week for 
6 weeks. At the beginning of every swimming session, sedentary 
control rats were immersed in water for 5 minutes, then the metabolic 
syndrome swim-exercised rats were put in water and were urged to 
swim actively all the time. In the first week of the swimming program, 
the duration of the swimming session was prolonged gradually 
from 20 minutes in the first day to 120 minutes by the fifth day for 
accommodation modified from Liu et al. [27]. Water was maintained 
at a thermoneutral temperature 30 ± 2°C. Water was emptied from 
the tank after each swimming session and the tank was thoroughly 
cleaned.
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Determination of Body Mass Index (BMI): It was calculated 
according to the following equation:

BMI= Body weight (gm)/ length (cm2) [28].

Measurement of arterial blood pressure: The rat arterial blood 
pressure was measured using non-invasive small animal tail blood 
pressure system (NIBP200A, Biopac systems Inc; USA).

Intraperitoneal glucose tolerance test: It was performed 
according to Kennaway et al. [29] by using Uni-Check blood glucose 
test strips. The apparatus was calibrated using the bar code film strip. 
Rats were fasted for six hours by moving to a clean cage without food 
at the end of their dark cycle, then they were weighed. Fasting blood 
glucose level was estimated. A glucose challenge dose (1 gm glucose/
Kg BW) dissolved in distilled water, was injected intraperitoneally. 
Blood glucose values were estimated using the rat tail blood at 30, 60 
minutes.

Measurement of fasting blood glucose level: It was assayed by 
enzymatic oxidation according to Tietz [30] using liquizyme glucose 
reagent kits (Spectrum Diagnostics) supplied by Egyptian Company 
for Biotechnology.

Measurement of plasma insulin level: It was determined by 
enzyme-linked-immunosorbent assay (ELISA) method according to 
Bowsher et al. [31] using insulin kit supplied by Abnova, Egypt.

HOMA-IR was calculated according to Bonora et al. [32] as 
follows:

HOMA-IR = [fasting plasma insulin (μU/mL) x fasting plasma 
glucose (mmol/L)/22.5].

(Blood glucose was converted from mg/dl unit to mmol/L by 
dividing on 18).

Determination of plasma fibrinogen level: It was performed by 
ELISA according to a method describedby Bach-Gansmo et al. [33], 
using kit supplied by Assaypro.

Determination of plasma triglycerides level: This was performed 
according to the method described by Vassault et al. [34] using kits 
supplied by Greiner Diagnostic, Germany.

Determination of plasma total cholesterol: This was performed 
according to the method described by Rifai et al. [35] using kits 
(CHOD-PAP) supplied by Greiner Diagnostic, Germany.

Determination of plasma LDL-cholesterol: This was performed 
using a method described by (Rifai et al. [35] using kits supplied by 
Greiner Diagnostic, Germany.

Determination of plasma HDL-cholesterol: This was performed 
according to the method described by Fruchart [36], using kits 
supplied by Greiner Diagnostic, Germany.

Determination of plasma IL-6: Using Rat IL-6 ELISA kit 
(Immuno-Biological Laboratories, Inc.) (IBL-America).

Calculation of Atherogenic index: The atherogenic index was 
calculated according to Grundy et al. (1987) as follows: Atherogenic 
index = Total cholesterol / HDL-C [37].

Statistical Analysis

All results in the present study were expressed as mean ± SE 
of the mean. Statistical Package for the Social Sciences (SPSS, Inc., 
Chicago, IL, USA) program, version 16.0 was used. Differences were 
considered significant when P ≤ 0.05.

Correlations and Lines of Regression were calculated by linear 
regression analysis using the Least Square Method. A probability of 
(P < 0.05; 2tailed) was considered statistically significant.

Ethics Committee
This study was approved by the Ethics Committee of Faculty of 

Medicine, Ain Shams University.

Results
Throughout the 14 week-study period, no deaths were observed 

in control group, one rat died from the metabolic syndrome (MS) and 
metabolic syndrome soybean flour- supplemented (MSS) rat groups 
(death ratio; 7%). On the other hand, 5 rats died from the metabolic 
syndrome swim- exercised (MSE) rat group with a death ratio 30% 
due to drowning. The final number (n) of rats in the four studied rat 
groups was control group (n = 13), MS (n = 12), MSE (n = 10) and 
MSs (n = 13).

On the 8th week of the study before starting the intervention 
programs (swim-exercise program and the soybean flour 
supplementation in diet)

All rats with metabolic syndrome (MS, MSE and MSS) showed 
insignificant changes in their body weight, body mass index and waist 
circumference when compared to the control (C) rat group. However, 
they showed significantly higher systolic, diastolic and mean arterial 
blood pressure values when compared to the control group (153.11 
± 1.19 versus 132.07 ± 1.04; 86.57 ± 0.84 versus 80.3 ± 0.83; 108.75 ± 
0.72 versus 97.56 ± 0.76, P < 0.001, P < 0.002, P < 0.001, respectively) 
(Table 1).

Anthropometry measures at the end of experimental period

Final body weights and body mass indices were not significantly 
different in metabolic syndrome (MS) group compared to control 
group. However, MS rats showed significant increase in their body 
weight gain, visceral fat weight and visceral fat / body weight ratio 
compared to the control group (57.5 ± 12.3 versus 30 ± 6.9; 29.29 ± 

         

A B
Figure 1: (a) Microscopic examination of vaginal swab in aged premenopausal rat showing large number of vaginal epithelial cells and few leukocytes (400x); 
(b) Microscopic examination of vaginal swab in aged postmenopausal rat showing scarcity of cells due to vaginal desquamation and many leukocytes (400x).
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3.19 versus 21.85 ± 2.9 and 0.09 ± 0.008 versus 0.07 ± 0.008; P < 0.05) 
(Figure 2).

Metabolic syndrome swim-exercised (MSE) group exhibited 
insignificant changes in their final body weight and body mass 
index compared to metabolic syndrome (MS) group, however, 

their body weight gain, visceral fat weight and visceral fat /body 
weight ratio were significantly decreased compared to MS group 
becoming insignificantly different from control group (27 ± 10.01 
versus 57.5 ± 12.3; 16.7 ± 1.59 versus 29.29 ± 3.19 and 0.06 ± 0.006 
versus 0.09 ± 0.008; P < 0.05, P < 0.001, P < 0.01, respectively) 
(Figure 2).

On the other hand, metabolic syndrome soybean flour-
supplemented group (MSS) had insignificant changes in their final 
body weight and body weight gain compared to metabolic syndrome 
(MS) rat group. However, their body mass index, visceral fat and 
visceral fat/ body weight ratio were significantly decreased compared 
to MS rat group becoming insignificantly different from control 
group (0.64 ± 0.02 versus 0.72 ± 0.04; 21.5 ± 1.59 versus 29.29 ± 3.19 
and 0.07 ± 0.005 versus 0.09 ± 0.008; P < 0.05). Body weight, body 
weight gain, body mass index, visceral fat and visceral fat/body weight 
ratio were not significantly different between MSS and MSE groups 
(Figure 2).

Changes in arterial blood pressure

Systolic, diastolic and mean arterial blood pressure values showed 
significant increase in metabolic syndrome (MS) group compared to 
control group (153.58 ± 0.95 versus 133.76 ± 0.32; 91.92 ± 1.2 versus 
80.5 ± 0.84 and 112.47 ± 0.98 versus 98.28 ± 0.51; P < 0.001). Metabolic 

Table 1: Changes in systolic blood pressure (SBP, mmHg), diastolic blood 
pressure (DBP, mmHg) and mean arterial blood pressure (MAP, mmHg), body 
weight (BW, gm), body mass index (BMI) and waist circumference (WC7w) in the 
8th week in control group (C) and all metabolic syndrome (MS, MSE and MSS) 
groups.

Rat

group

SBP

(mmHg)

DBP

(mmHg)

MAP

(mmHg)

BW

(g)

BMI

(g/cm2)

WC

(cm)
C 

(n = 13)

132.07

± 1.04

80.3

± 0.83

97.56

± 0.76

280.00

± 5.25

0.61

± 0.00

13.19

± 0.16
All MS groups 

(MS+MSE+MSS) 

(n = 42)

P

153.11

± 1.19

< 0.001

86.57

± 0.84

< 0.002

108.75

± 0.72

< 0.001

283.33

± 4.03

NS

0.61

± 0.06

NS

13.60

± 0.14

NS

All results are expressed as mean ± SEM
P: Significance by student T test for unpaired data at P < 0.05 from control group.
NS: not significant
n: is the number of rats
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Figure 2: Anthropometry changes in the different studied groups. (a) Significance by LSD at P < 0.05 from control 
group; (b) Significance by LSD at P < 0.05 from metabolic syndrome group.
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syndrome swim-exercised (MSE) group exhibited insignificant 
change in their systolic, diastolic and mean arterial blood pressure 
values compared to metabolic syndrome (MS) group, remaining 
significantly higher than control group values (154.1 ± 1.42 versus 
133.76 ± 0.32; 89.4 ± 1.3 versus 80.5 ± 0.84 and 110.9 ± 1.16 versus 
98.28 ± 0.51; P < 0.001) (Figure 3).

On the other hand, metabolic syndrome soybean flour-
supplemented group (MSS) showed significant decrease in their 
systolic, diastolic and mean arterial blood pressure values compared 
to metabolic syndrome (MS) group (150.7 ± 0.84 versus 153.58 ± 
0.95; 86.6 ± 1.4 versus 91.92 ± 1.2 and 107.97 ± 0.95 versus 112.47 
± 0.98; P < 0.05, P < 0.005, P < 0.001, respectively). However their 
systolic, diastolic and mean arterial blood pressure values remained 
significantly higher than control group values (150.7 ± 0.843 versus 
133.76 ± 0.32; 86.6 ± 1.4 versus 80.5 ± 0.84 and 107.97 ± 0.95 versus 
98.28 ± 0.51; P < 0.001, P < 0.001, P < 0.0001, respectively).When MSS 
rat group was compared to MSE rat group, systolic blood pressure 
and mean arterial blood pressure values were found to be significantly 
decreased (150.7 ± 0.84 versus 154.1 ± 1.42; 86.6 ± 1.4 versus 89.4 ± 
1.3 and 107.97 ± 0.95 versus 110.96 ± 1.16; P < 0.01, P < 0.02, P < 
0.0001, respectively), although, the diastolic blood pressure value was 
not significantly changed (Figure 3).

Fasting blood glucose level, plasma insulin level and 
the homeostasis model assessment of insulin resistance 
(HOMA-IR)

Fasting blood glucose levels and HOMA-IR were not significantly 

different in metabolic syndrome (MS) group compared to control (C) 
group and were not significantly changed in either metabolic syndrome 
swim- exercised (MSE) group or metabolic syndrome soybean flour-
supplemented (MSS)group when compared to MS group and when 
compared to each other (Table 2). Similarly, plasma insulin levels were 
not significantly different in metabolic syndrome (MS) group when 
compared to control (C) group and were not significantly changed in 
metabolic syndrome swim-exercised (MSE) group when compared to 
MS group. However, metabolic syndrome soybean-flour(MSs) group 
showed highly significant increase in their plasma insulin levels when 
compared to MS, MSE and the control (Table 2).

Also, as shown in table 3, intraperitoneal glucose tolerance 
test showed that significantly higher fasting blood glucose level 
only in metabolic syndrome compared to the control group while 
insignificant changes were observed in metabolic syndrome swim- 
exercised (MSE) group and metabolic syndrome soybean flour-
supplemented group when either compared to control group or 
metabolic syndrome group or to each other (Table 2).

Blood glucose after 30 min was significantly reduced in metabolic 
syndrome swim- exercised (MSE) group compared to metabolic 
syndrome group, while non-significant changes were present when 
comparing treated or untreated metabolic syndrome groups to 
control group or to each other (Table 2).

Blood glucose after 60 min was significantly reduced in metabolic 
syndrome swim- exercised (MSE) group and in metabolic syndrome 
soybean flour-supplemented group compared to metabolic syndrome 
group. Non-significant changes were obtained when comparing the 
blood glucose after 60 min in MSE and MSS groups and when comparing 
all metabolic syndrome groups with the control group (Table 2).

Changes in plasma fibrinogen level

Plasma fibrinogen levels were not significantly different in 
metabolic syndrome (MS) group compared to control group and 
were not significantly changed in either metabolic syndrome swim- 
exercised (MSE) group or metabolic syndrome soybean-flour 
supplemented group (MSS) when compared to MS or control groups 
and when compared to each other (Table 2).
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Figure 3: Changes in systolic, diastolic and mean pressure values in the 
different studied groups. (a) Significance by LSD at P < 0.05 from control 
group; (b) Significance by LSD at P < 0.05 from metabolic syndrome 
group; (c) Significance by LSD at P < 0.05 from metabolic syndrome swim- 
exercised group.

Table 2: Changes in fasting blood glucose (BGf, mg/dl), plasma insulin level (µU/
ml), HOMA-IR, fibrinogen level (FB, μgm/ml) and interleukin6 (IL6) (pg/ml)in the 
different studied groups.

Rat group BGf

(mg/dl)

Insulin level

(µU/ml)

HOMA-IR Fibrinogen 
level

(μgm/ml)

IL6

(pg /ml)

Control group 

(n = 13)

120.46

± 8.08

3.27

± 0.11

0.98

± 0.11

35.88

± 3.22

122.92

2.81
MS 

(n = 12)

P1

119.08

± 9.4

NS

3.2

± 0.07

NS

0.94

± 0.08

NS

32.76

± 2.69

NS

164.54

4.76

< 0.001
MSE

(n = 10)

P1

P2

114.1

± 3.43

NS

NS

3.2

± 0.08

NS

NS

0.9

± 0.04

NS

NS

37.03

± 1.67

NS

NS

136.6

1.58

< 0.02

< 0.001
MSS

(n = 13)

P1

P2

P3

110.6

± 7.47

(n = 13)

NS

NS

NS

4.08

± 0.17

(n = 13)

< 0.001

< 0.001

< 0.001

1.11

± 0.09

(n = 13)

NS

NS

NS

34.61

± 2.93

(n = 12)

NS

NS

NS

139.72

1.96

(n = 11)

< 0.002

< 0.001

NS

All results are expressed as mean ± SEM
P1: Significance by LSD at P <0.05 from control group.
P2: Significance by LSD at P <0.05 from metabolic syndrome group.
P3: Significance by LSD at P <0.05 from metabolic syndrome swim- exercised 
group.
NS: not significant. n: is the number of rats.
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Changes in plasma IL6 level

Plasma IL6 level was significantly increased in metabolic 
syndrome (MS) group, metabolic syndrome swim- exercised (MSE) 
group and metabolic syndrome soybean-flour supplemented group 
(MSS) compared to control group. It was significantly lowered in MSE 
group and in MSS when compared to MS. However, non-significant 
changes were observed in MSS compared to MSE (Table 2).

Changes in plasma lipid profile and atherogenic index (AI)

Metabolic syndrome (MS) group showed significantly higher 
values of plasma triglyceride level and atherogenic index compared 
to control group (120.9 ± 13.68 versus 47.1 ± 4.8; P < 0.001) and (6.69 

± 2.15 versus 2.28 ± 0.41; P < 0.5), respectively. However, their plasma 
levels of total cholesterol, HDL-cholesterol and LDL-cholesterol were 
not significantly different from their control group values (Figure 4).

Although metabolic syndrome swim-exercised (MSE) group 
didn’t show significant changes in their plasma levels of total 
cholesterol, HDL-cholesterol, and LDL-cholesterol from MS group 
values, MSE group exhibited significant decrease in their atherogenic 
index (1.4 ± 0.15 versus 6.69 ± 2.15, P < 0.01) becoming not 
significantly different from control group values. On the other hand, 
plasma triglyceride level of MSE group showed insignificant decrease 
from MS group value, remaining significantly higher than control 
group values (101.1 ± 20.82 versus 47.1 ± 4.8, P < 0.01) (Figure 4).

Despite metabolic syndrome soybean flour- supplemented 
group (MSS) had non-significant changes in plasma levels of HDL-
cholesterol and LDL-cholesterol compared to MS group, their plasma 
total cholesterol level was significantly higher than the MS group 
(75.08 ± 8.91 versus 52.9 ± 8.25, P < 0.05), being not significantly 
different from control group values. Atherogenic index in MSS group 
exhibited significant decrease compared to MS group (2.64 ± 0.60 
versus 6.69 ± 2.15, P < 0.05), and being not significantly different from 
control group. Plasma triglyceride level showed significant decrease 
in MSS group than MS group (86.85 ± 11.72 versus 120.9 ± 13.86, 
P < 0.05), although still significantly higher than control group level 
(86.85 ± 11.72 versus 47.1 ± 4.8, P < 0.05). However, when MSS group 
was compared to MSE group, no significant difference was found in 
any parameter of plasma lipid profile (Figure 4).

Correlations
Correlation study in the different studied groups revealed a significant 

positive correlation between absolute and relative weights of visceral fat 
(VF and VF/BW ratio) and fasting blood glucose level in both MS and 
MSS groups. Also, there was a significant positive correlation between 
absolute and relative weights of visceral fat (VF and VF/BW ratio) and 
HOMA-IR only in MS group (Table 4 and Table 5).

Discussion
In the present study, metabolic syndrome rats showed significant 

hypertension on the 8th week of the study, but no significant changes 
were observed as regards their body weight, body mass index and 
waist circumference from control values. Similarly, Bahgat and 
Soliman [38] found insignificant changes in body weight, BMI in 
fructose induced metabolic syndrome in aged Wistar rats. This might 

Table 3: Intraperitoneal glucose tolerance test in all studied groups.

Rat group Fasting Blood 
glucose

Blood Glucose 
after 30 min 

Blood Glucose 
after 60 min

Control

(n = 13)

89.25

± 2.35

141

± 11.48

100.25

± 3.15
MS (n = 12)

P1

103.18

± 6.21

< 0.05

153.91

± 17.16

NS

109.09

± 3.07

NS

MSE (n = 10)

P1

P2

96.5

± 3.23

NS

NS

118.15

± 10.93

NS

< 0.05

94.67

± 3

NS

< 0.05

MSS (n = 13)

P1

P2

P3

96.25

± 3.6

NS

NS

NS

147.08

± 10.75

NS

NS

NS

97.21

± 5.79

NS

< 0.05

NS

All results are expressed as mean ± SEM

P1: Significance by LSD at P < 0.05 from control group.

P2: Significance by LSD at P < 0.05 from metabolic syndrome group.

P3: Significance by LSD at P < 0.05 from metabolic syndrome swim- exercised 
group.

NS: not significant.
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Figure 4: Changes in plasma lipid profile [total cholesterol (Ch., mg/dl), 
high density lipoprotein cholesterol (HDL-C, mg/dl), low density lipoprotein 
cholesterol (LDL-C, mg/dl)] in the different studied groups. (a) Significance 
by LSD at P < 0.05 from control group (C); (b) Significance by LSD at P < 
0.05 from metabolic syndrome group (MS).

Table 4: Correlations of visceral fat (VF) weight to fasting blood glucose (FBG) 
and HOMA-IR in the different studied groups.

Rat groups FBG HOMA-IR
Control (n = 13)r

P

-0.255

NS

-0.235

NS
MS (n = 12)r

P

0.585

< 0.05

0.661

< 0.05
MSE (n = 10)r

P

0.343

NS

0.075

NS
MSS (n = 13)r

P

0.568

< 0.05

0.388

NS

r: Pearson correlation; P: Significance at P < 0.05 (two-tailed); n: number of rats

Table 5: Correlations of visceral fat /body weight (VF/BW) ratio to fasting blood 
sugar and HOMA-IR in the different studied groups.

Rat groups FBG HOMA-IR
Control (n = 13) r

P

-0.236

NS

-0.209

NS
MS (n = 12) r

P

0.591

< 0.05

0.651

< 0.05
MSE (n = 10) r

P

0.193

NS

0.076

NS
MSS (n = 13) r

P

0.566

< 0.05

0.427

NS

r: Pearson correlation; P: Significance at P < 0.05 (two-tailed); n: number of rats
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be attributed to the fact that both metabolic syndrome (MS) and 
control rats in the present study were aged and menopausal. Both 
aging and menopause independently induce some features of the 
metabolic syndrome as reported by Ghezzi et al. [39], who stated that 
aging in Wistar rats triggered metabolic syndrome, as well as, Guerra 
et al. [40], who demonstrated that metabolic syndrome could be 
produced in young rats by induction of menopause by ovariectomy. 
Also, studies of animal models develop a complete case of metabolic 
syndrome, including all risk factors, are rare. Aging process could 
lead to the manifestation of metabolic syndrome symptoms in 
rodents; however, manifestation differs between rat strains [39]. In 
addition, fat distribution could be more closely linked to metabolic 
disorders than total body weight, and fat distribution was found to be 
even more significant in older individuals [41].

However, by the end of the study, metabolic syndrome rats 
exhibited significant body weight gain, visceral obesity, hypertension 
and hypertriglyceridemia compared to the controls, although their 
food consumption was not comparable throughout the study. 
Stabilized food intake was observed in the current study after 8 weeks 
similar to the studies of Morley [42], Takano et al. [43] and Ghezzi 
et al. [39]. Rats ate more during accelerated body growth similar to 
human beings, with subsequent stabilization. Thus, the increased 
weight gain and mesenteric fat in animals could not be related to the 
increased food intake [39].

Lifestyle intervention by the swim-exercise program or soybean 
flour supplementation in diet caused MSE and MSS rats to show 
significant decrease in their visceral adiposity, plasma triglycerides 
and atherogenic index compared to MS group. Blood pressure 
values showed significant decrease in MSS group, but remained 
insignificantly different from MS group values in the MSE group. 
Therefore, lifestyle intervention, implemented in the present study, 
could normalize some features of the metabolic syndrome like 
visceral adiposity but couldn’t completely normalize hypertension or 
hypertriglyceridemia.

Lewis et al. [44] reported that dietary fructose increases 
triglyceride production by enterocytes in the form of chylomicrons. 
Fructose disposal by hepatocytes is mainly in the form of lactate, 
glucose and fatty acids which become incorporated into very-low-
density lipoprotein (VLDL)-palmitate [45]. Fructose, by providing 
large amounts of hepatic triose-phosphate as precursors for fatty acid 
synthesis, is highly lipogenic together with fructose contribution to 
the synthesis of both the glycerol- and the fatty-acyl parts of VLDL-
triglycerides [45].

Moreover, hepatic insulin resistance and disturbed lipid 
metabolism could contribute to insulin resistance and impaired 
glucose tolerance because hepatic insulin resistance causes glucose 
production by the liver to be less suppressed by insulin leading to 
hyperinsulinemia and hyperglycemia which are primary events 
in the development of metabolic syndrome in animal models 
[46]. Hyperinsulinemia contributes to hypertension by increasing 
sympathetic nervous system activity, enhancing renal sodium 
reabsorption and accumulating intracellular aldehydes, thereby, 
impairing the function of L-type calcium channels leading to an 
increased intracellular calcium concentration in vascular smooth 
muscle, and increased vascular resistance [47-49].

In the present study, metabolic syndrome (MS) rats didn’t 
exhibit significant fasting hyperglycemia or insulin resistance when 
compared to control rats. Wistar rats at age of twenty-four months 
were found to have similar blood insulin and blood glucose levels 
as three-month-old adult rats [50], despite increased body weight 
and adipocyte hypertrophy [51]. However, intraperitoneal glucose 
tolerance test revealed significant fasting hyperglycemia only in 
metabolic syndrome group compared to the control group, despite 
non-significant changes in 30 min and 60 min readings. This could be 
attributed at least partially to the already high fasting blood glucose 
levels in the control rats because of aging and menopause [52].

Nevertheless, a significant positive correlation between absolute 

and relative weights of visceral fat and fasting blood glucose levels, 
as well as, the HOMA-IR were observed in the metabolic syndrome 
(MS) rat group. This finding was in line with the report of The Third 
Report of The National Cholesterol Education Program [53] that 
visceral adiposity is the cornerstone of the pathogenesis of metabolic 
syndrome resulting in insulin resistance. In addition, Tappy and 
Lê [54] reported that fructose could be linked to insulin resistance 
through altered lipid metabolism and lipotoxicity secondary to 
stimulation of de novo lipogenesis, or by fructose induced oxidative 
stress.

Also, the intraperitoneal glucose tolerance test showed significant 
lower 30 min and 60 min readings in swim-exercised trained 
metabolic syndrome compared to metabolic syndrome group. 
However, metabolic syndrome soybean-supplemented (MSS) group 
had only significantly lowered 60 min reading compared to metabolic 
syndrome group. This could be attributed to the positive correlation 
between absolute and relative weights of visceral fat and fasting blood 
glucose persisted in the metabolic syndrome soybean-supplemented 
(MSS) rat group, while the positive correlation between absolute and 
relative weights of visceral fat and HOMA-IR was abolished, possibly 
because MSS rats exhibited significant decrease in their visceral fat 
weights and significant hyperinsulinemia. Neither the controlnor 
the swim-exercised rat (MSE) groups showed significant positive 
correlations between visceral fat weights and fasting blood glucose or 
HOMA-IR, the index of insulin resistance.

The relationship between high fructose intake and visceral obesity 
was reported by Pollock et al. [55] and was attributed by Khitan and 
Kim [56] to be due to postprandial hypertriglyceridemia, and by 
Bursac et al. [57] to be due to alterations of glucocorticoid signalling 
in both hypothalamus and adipose tissue resulting in enhanced 
adipogenesis, possibly serving as an adaptation to energy excess in 
order to limit deposition of fat in non-adipose tissues.

In the present study, MS rats had significant hypertriglyceridemia 
when compared to control group although non- significant changes 
in fasting blood glucose were observed in MS rats. Similarly, Botezelli 
et al. [58,59] reported that fructose induced metabolic syndrome in 
rats was found to be manifested as altered lipid metabolism more 
than glucose alterations.

Also, visceral fat was reported to be hyperlipolytic and more 
resistant to the antilipolytic effect of insulin than subcutaneous fat 
[60], being an important source of free fatty acids and inflammatory 
mediators, such as TNF-α, interleukins (IL) and adipokines, which 
were directly delivered to the liver via the portal vein, affecting 
hepatic glucose and fat metabolism, and possibly contributing to the 
development of hepatic insulin resistance [61].

The metabolic features observed in MS, MSE and MSS groups 
could be attributed to the significant higher plasma IL6 level according 
to the study of Brunner et al. [62].

Both TNF-α and IL-6, released from visceral fat, were considered 
to cause insulin resistance. TNF-α could cause it directly by down-
regulating insulin receptor substrate 1 (IRS-1), inducing serine 
phosphorylation of IRS-1 and by decreasing glucose transporting 
protein-1 (GLUT-1), while IL-6 could cause insulin resistance by 
decreasing the activation of IRS-1 [63]. In the present study, although 
hepatic insulin resistance was not assessed, yet its manifestations like 
hypertriglyceridemia as reported by Sparks et al. (2012) was evident 
in all groups with metabolic syndrome (MS, MSE and MSS) [64].

It is worth noting that aging process might be overwhelming 
the metabolic syndrome features in this study. Spencer et al. [65] 
reported that at or after the menopause, there could be increased total 
cholesterol and triglycerides; lowered HDL and HDL subfraction 
2; increased LDL and lipoprotein A; increased insulin resistance; 
decreased insulin secretion; decreased insulin elimination; increased 
android fat distribution; impaired vascular function; increased factor 
VII and fibrinogen, and reduced sex-hormone binding globulin. 
Therefore, the non-significant changes observed in MS group 
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compared to control group could be due to the metabolic features 
developed in postmenopausal period. Imperatore et al. [66] suggested 
that hyperfibrinogenemia could be a component of the metabolic 
syndrome, thus it was evaluated in the current study.

Therefore, the rats of MS developed 3 criteria of metabolic 
syndrome by the end of experimental period which were 
hypertension, increased triglycerides, significant weight gain and 
visceral fat increase compared to control rats. However, the MSE and 
MSS groups developed hypertension and hypertriglyceridemia with 
decreased visceral adiposity and less weight gain when each group 
compared to control group.

The physical exercise program implemented in the present study 
normalized visceral obesity in MSE rats and improved dyslipidemia 
as evidenced by normalization of the atherogenic index and 
amelioration of hypertriglyceridemia. This was in agreement with 
the results of Damirchi et al. [67] and Mostarda et al. [68], although 
they used higher exercise- intensity programs. These favourable 
effects might be attributed to increased utilization of fructose as an 
energy source during exercise, thus decreasing fructose load in the 
blood [69]. Also, it might be suggested that by targeting the visceral 
adiposity in MSE rats, accompanied by significantly reduced IL6, the 
physical exercise program could reverse or alleviate the events that 
ensued from visceral obesity and led to hepatic insulin resistance. 
Irving et al. [70] reported that there is a preferential loss of visceral 
fat with aerobic exercise possibly by inducing secretion of lipolytic 
hormones, facilitating greater post-exercise energy expenditure and 
fat oxidation, and by favouring a greater negative energy balance [71].

Soy bean flour is one of the less processed soybean products 
that are less likely to induce soybean side effects. The present study, 
also, demonstrated that diet supplementation with soybean flour 
was effective in improving almost all the criteria of the metabolic 
syndrome that were observed in the non-supplemented metabolic 
syndrome (MS) group (namely body mass index, visceral obesity, 
arterial blood pressure, plasma triglycerides and atherogenic index), 
which agreed with the findings of Hamed et al. [72] and Barrios-
Ramos et al. [73]. The improving of these features could be partially 
due to decreased plasma IL6.

The favourable effects of soybean flour on the metabolic 
syndrome markers in MSS group might be because it targeted 
the main pathogenic mechanism of metabolic syndrome (visceral 
adiposity), thus reversing or alleviating the deleterious consequences 
ensuing from visceral obesity which are increased free fatty acid flux 
to the liver and increased hepatic synthesis of triglycerides, hepatic 
and peripheral insulin resistance and hypertension.

The anti adipogenic effect of soybean particularly on the visceral 
fat was consistent with the findings of Hamed et al. [72], possibly by 
down regulating the adipogenesis -related genes [74].

Soybean flour is a raw product of soybeans that contain many 
ingredients like proteins (~ 50%) , fibers, polyunsaturated fatty acids,  
phytoestrogens like isoflavones (an estrogen- like molecule), genistein, 
daidzein and glycitein lignin, saponins and sterols with some of them 
having antioxidant capacity [75]. These components could contribute 
to the favorable effects of soybean flour on triglyceride and arterial 
blood pressure.

The significantly high plasma insulin level in soybean flour-
supplemented group than MS, MSE and control groups might 
contribute to the significant decrease in plasma triglyceride level. This 
insulinotropic effect of soybean was consistent with the findings of 
Feres et al. [76] and Yang et al. [77]. The soybean constituent involved 
in this insulinotropic effect was suggested to be its isoflavonoid 
aglycones and small peptides [78]. Moreover, soybean feeding might 
affect insulin sensitivity and lipid homeostasis via altered signalling 
in the liver through promiscuous nuclear receptors, including 
peroxisome proliferator-activated receptors [PPAR] either PPARα 
and/or PPARγ [79] or through other transcription factors, such as 
the sterol regulatory element binding protein [8].

The triglyceride - lowering effect of soybean flour in MSS rats was 
consistent with the findings of Andrade et al. (2013), who explained 
it to be due to decreased liver fat content and increased intestinal 
peristalsis [80]. Soybean protein and isoflavones might be involved in the 
triglyceride lowering effect of soybean flour as reported by Cederroth and 
Nef [81]. Isoflavones, which are the main phytoestrogens in soybean bind 
with its receptors, could exert an estrogen-like effect on plasma lipids in 
the form of decreasing total cholesterol, particularly in the LDL fraction, 
VLDL and triglycerides, as well as, elevating HDL-C [82]. However, in 
the current study, HDL-C was insignificantly increased when compared 
to control group.

The blood pressure lowering effect of soybean flour 
supplementation in diet was also explained by Yang et al. [83] to 
be caused by its protein component which has inhibitory effect on 
angiotensin II-converting enzyme. In addition, Genistein treatment, 
a soy derived isoflavone, caused decrease in SBP, plasma lipids 
and insulin resistance together with increased HDL cholesterol in 
postmenopausal metabolic syndrome in rat. This could be through 
affecting PPAR involved in regulation of insulin sensitivity, 
adipogenesis, lipid metabolism, inflammation, and blood pressure 
[84]. Bragt and Popeijus [85] mentioned that synthetic PPARs 
agonists, such as fibrates and thiazolidinediones could treat metabolic 
disturbances such as hyperlipidemia and diabetes mellitus, both 
typical features of metabolic syndrome. Moreover, genistein could 
act as an estrogen receptor (ER) agonist in a low estrogenic state and 
as antagonistin an estrogenic excess, in which it could be ligand for 
PPAR determining antiestrogenic effects leading to adipogenesis 
[86]. The balance between the activation of ERs and PPARγ could 
be related to the genistein concentration and this might account for 
the different obtained results in significant higher total cholesterol in 
MSS compared to MS. Also, this higher cholesterol level in MSS group 
compared to MS group could be due to either insignificant increase in 
HDL-C fraction [82] or due to excessive soy-protein intake which was 
mentioned to do more harm than good [87]. In addition, Soy-protein 
feeding in mini pigs caused increase in the total, free thyronine 
and postprandial growth hormone [88], partly affecting cholesterol 
concentrations by soy protein.

In contrast to rodents, humans need very high fructose 
consumption to develop metabolic syndrome. However, bad dietary 
habits in the form of consumption of sweetened beverages, containing 
either sucrose or a mixture of glucose and fructose, were associated 
with increased food intake because fructose causes less satiation than 
glucose [89]. This might result in increased body weight, visceral 
obesity, increased intrahepatic lipids, dyslipidemia, insulin resistance 
and hypertension [54]. This, together, with an abnormal life style in 
the form of high caloric diet and low physical activity would result in 
development of the metabolic syndrome.

The present study showed that either low dietary intake of soybean 
flour or low intensity physical exercise program was effective in 
normalizing visceral adiposity and atherogenic index as an aspect of 
dyslipidemia. Also, they alleviated the other features of the metabolic 
syndrome like hypertriglyceridemia, possibly by targeting visceral 
adiposity as the initiating pathology of metabolic syndrome. The 
results, also, showed that the soybean flour intake was more effective 
in decreasing the metabolic syndrome-associated hypertension than 
the physical exercise program.

Conclusion
The present study showed that low dietary intake of soybean 

flour or low intensity swim- exercise program were completely 
and equally effective in normalizing visceral adiposity, the main 
pathogenic event of metabolic syndrome, but were partially effective 
as regards hypertriglyceridemia and variably effective as regards the 
hypertension with no significant effect of the swim-exercise program 
and partial improvement by the soybean flour dietary intake, possibly 
by decreasing plasma IL6. The results of the current study demonstrate 
two natural lifestyle interventions that can be used to manage the 
metabolic syndrome according to its features in every patient.
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Further studies are recommended to evaluate the effects of the 
physical exercise program and soybean flour dietary intake on the 
different features of the metabolic syndrome, particularly other 
grades of exercise intensity and various soybean ingredients and/or 
their combination.
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