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ABSTRACT 

Background: Cardiovascular disease (CVD) is one of the leading causes of death worldwide and is more 

prevalent in post-menopausal women. Monocyte chemo-attractant protein-1(MCP-1) is a chemokine that 

attracts monocytes/macrophages to sites of inflammation and play a role in development of atherosclerosis. 

Objective: This study aimed to explore the effects of ovariectomy (Ovx) as a model of menopause on the 

serum level of MCP-1 in high fat diet induced atherogenesis and clarify the modulatory effects of moderate 

exercises on the serum level of MCP-1 in this model. Animals and methods: 96 female albino rats divided 

equally into 4 groups, each is subdivided equally into 2subgroups subgroup (Ia): non ovx ,sedentary, fed 

standard diet for 10 weeks, subgroup (Ib): non ovx ,sedentary, fed high fat diet for 10 weeks. Subgroup 

(IIa) ovx sedentary, fed standard diet for 10 weeks subgroup (IIb): ovx, sedentary fed high fat diet for 10 

weeks. Subgroup (IIIa): non ovx ,exercised and fed standard diet for 10 weeks. subgroup (IIIb) non ovx 

,exercised and fed high fat diet for 10 weeks. Subgroup (IVa): ovx ,exercised and fed standard diet for 10 

weeks. subgroup (IVb) ovx ,exercised and fed high fat diet for 10 weeks. Results: in ovx obese sedentary 

rats, there was a significant (p <0.001) increase in MCP-1,Lipid profile, Atherogenic indices, Platelets 

activation percentage, Total leucocytic counts, Differential monocyte counts, and Interleukin 8 and aortic 

thickness versus lean subgroup. Swimming exercise showed significant (p <0.001) reductions in the above 

parameters, associated with significant increase in the serum HDL level in ovx obese exercised subgroup 

versus ovx obese sedentary subgroup. Conclusions: MCP-1 level increased in obesity and menopause 

leading to development of atherosclerosis and these changes could be reversed by adaptive moderate 

exercises.                                                         
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INTRODUCTION 

enopause is permanent cessation of 

menstruation has social, reproductive, 

physical and psychological impact on 

woman health due to withdrawal of estrogen 

and subsequent disturbances 
[1]

. 

Postmenopausal women are at greater risk for 

cardiovascular disease (CVD) than 

premenopausal so decrease of estrogen due to 

natural or surgical menopause increases the 

risk of developing coronary atherosclerosis 
[2]

. Atherosclerosis is a systemic vascular 

inflammatory disease that proceed to coronary 

artery disease, myocardial infarction, and 

stroke which are the main causes of death
 [3]

. 

It has been predicted that by the year 2050 

one billion women worldwide will be 

postmenopausal
 [4]

, so preventive or 

therapeutic intervention important to limit 

coronary artery disease and its associated 

health risks
 [5]. MCP-1 is a chemokine 

produced by inflammatory endothelial cells, 

platelets. Also adipocytes are important 

source of MCP-1
 [6]

. It helps initiation and 

development of atherosclerotic lesion 
[7]

. It 

was found that it was associated with carotid 

intima-media thickness, which reflects 

generalized atherosclerosis 
[8]

. MCP-1 also 

plays a vital role as chemo-attractant, growth 

regulators of osteoblast and osteoclast activity 

and involved in the physiological bone 

remodeling process 
[9]

. It has been reported 

that serum MCP-1 level increased in 

ovarictomy and during menopausal transition 
[10]

, suggesting that it is indicator of hormonal 

changes 
[11]

. Some studies reported that MCP-

1 plays a vital role in inflammatory processes 

and metabolic disturbances in high fat diet 
[12]

. Others reported no effect of MCP-1 on 

metabolic parameters 
[13,14]

. It has been 

reported that MCP-1 correlated with markers 

of the metabolic syndrome including: obesity, 

insulin resistance, Type 2 diabetes, 

hypertension 
[15]

. Moreover, it has been 

M 
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reported that poor exercise is a greater 

contributor to the risk of cardiovascular death 
[16]

. Fitness modulation improves risk of 10% 

of CVD mortality 
[17]

. Regarding the effect of 

exercise on serum level of MCP-1, the 

previous studies have shown controversial 

results as Some studies reported that exercise 

decreased serum levels of the chemokines and 

MCP-1 in metabolic syndrome patients
[18]

, 

while others founded that exercise increased 

serum level of MCP-1 in patients at risk for 

coronary artery disease 
[19]

. Therefore, this 

study was designed to explore and clarify the 

modulatory effects of moderate exercise on 

the serum level of MCP-1 in the menopausal 

model of atherogenesis.                    

ANIMALS AND METHODS 

A total number of 96 healthy adult female 

albino rats 8 – 10 weeks old weighting 180-

200g, were obtained from the faculty of 

veterinary medicine Zagazig University. 

Animals were provided free access to food 

and water and were left for 48 hours prior to 

the beginning of the experiments for 

adaptation to laboratory conditions. Rats were 

randomized and divided into Group I (n=24): 

Non- ovariectomized, sedentary group, 

subdivided equally into Subgroup (I a): were 

fed standard laboratory chow for 10 weeks 

and Subgroup (I b): were fed Atherogenic diet 

for 10 week. Group IΙ (n=24): bilaterally Ovx 

and subdivided into Subgroup (IΙa): were fed 

standard laboratory chow for 10 week and 

Subgroup (IΙ b): were fed atherogenic diet for 

10 week. Group III (n=24): Non-

ovariectomized, exercised group) also 

subdivided into Subgroup IIIa: fed standard 

diet, performed swimming for 10 weeks, 

Subgroup IIIb: fed atherogenic diet, 

performed swimming exercise for 10 weeks. 

Group IV (Ovariectomized, exercised group) 

bilateral ovx, subdivided into Subgroup IVa 

fed standard diet and swimming exercise for 

10 weeks, Subgroup IVb fed atherogenic diet, 

swimming exercise for 10 weeks. Rats in 

normal fed subgroups received standard chow 

composed of  3.89 Kcal/gm (Casein 33.11%, 

Cystine 0.30%, Starch 25.21% Dextrose 

25.21%, Cellulose 5.00%, Soybean oil 5.00%, 

Minerals 5.00%, Vitamins 1.00%, Colin 

0.17%, and Lard 0%) while the rats fed 

atherogenic diet composed of Maize (8.9 kg), 

Soya bean meal (3.74 kg), Oat dry grain (17.5 

kg) ,Wheat bran (5kg) ,Rice bran (12.5kg), 

Egg shell (1kg), Bone meal (0.5kg), Common 

salt (0.13 kg), Fish meal (0.5kg), Sunflower 

oil (0.30 kg) and Cholesterol (0.10 kg) 
[20]

.   

Ovariectomy:  
Ovariectomy was performed by mid-ventral 

method which was technically easier 
[21]

. Rats 

were fasted overnight, and then they were 

anaesthetized intra peritoneal with thiopental 

sodium 40 mg/kg bodyweight. After 

anesthesia, the animals were put in the dorsal 

recumbence. The mid ventral area was shaved 

and cleaned by alcohol, Then Skin incision 

was done and Skin was separated from 

underlying muscle. Incision was made on the 

linea alba followed by peritoneum. Uterus 

was exteriorized by gentle traction which 

extends posterior- medially to form V shape.  

Then ovaries were exposed from fat and 

exteriorized and removed. The uterine horns 

were returned back to the abdominal cavity. 

The peritoneum and linea alba were closed 

with simple interrupted pattern using 3/0 

chromic catgut and skin was closed with cross 

mattress using 1/0 silk 
[22,23]

. Finally, the 

closed incision covered with sterilized gauze 

and rats were observed until the recovery 

from anesthesia. Ampicillin sodium was 

given to rats (25 mg/kg, IM) for 3 days to 

guard against post-operative infections. 

Suture was removed on 8th day post-

operative. The exercise was initiated one 

week after recovery from ovariectomy 
[24]

.                                                           

Exercise regimen: 
Swimming was selected as our exercise 

regimen as it is less stressful 
[24]

. Sedentary 

rats remain in a tank filled with water to a 

depth of 5cm, when the exercised rats 

practiced swimming in plastic tanks with 90 

cm diameter, 50 cm height and filled with 

water to a depth of 35cm. The water 

temperature was maintained at 32±1
o
C, warm 

water was added if the water temperature 
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dropped below 30°C. Rats were continuously 

observed during swimming to prevent 

drowning. At the end of each daily swimming 

session, each rat was dried with a towel until 

their fur was completely dried before being 

returned to their cages 
[25]

. Rats were trained 

to the swimming exercise during the first 

week. Initially, rats swam for 15 min, 

increasing of additional 15 min daily, until a 

swimming period of one hour was attained at 

the end of the first week. The exercise was 

done for 5 days per week between 1pm and 3 

pm and this was maintained for 10 weeks 
[26]

. 

  

Measurement of BMI : 

 At the start and at the end of the experimental 

period before sacrificing, rats were weighted 

in all groups by the digital balance, and their 

lengths were taken from nose to anus by 

graduated metal ruler. Body mass index 

(BMI) was calculated using the following 

equation: BMI (gm / cm2) = body weight 

(gm)/ length 2(cm2) 
[27]

. 

 Blood Sampling:  
General anesthesia was performed using 

thiopental sodium 50 mg/kg body weight intra 

peritoneal. Then rats were sacrificed by 

decapitation and blood sample was collected 

into two tubes: In one tube, the blood was 

allowed to clot and Serum was separated by 

centrifugation of blood at 3000 rpm for 15 

minutes. The supernatant serum was pipetted 

off using fine tipped automatic pipettes and 

stored frozen at -20 ºC until assayed for MCP-

1, IL-8, lipid Profile (TC, TG, HDL, LDL) and 

atherogenic index. The other tube (EDTA 

tube), that contain EDTA for anticoagulation. 

Plasma was separated by centrifugation of 

blood for 15 min. The supernatant plasma was 

immediately used for assessment of platelet 

activation, total and differential leukocyte 

counts. 

Platelets aggregation: 

 Determination of platelet aggregation was 

done according to Marcus et al. 
[28] 

using 

DiaMed kits. Platelets were stimulated to 

aggregate by ADP. These aggregations were 

determined by optical density in turbo optical 

instrument (540) dual channel aggrego meter. 

Maximum aggregation is recorded as a 

percentage.       

 Total & Differential leukocytic counts:        
Total numbers of Leukocytes and its       

populations were quantitatively assessed 

using     automatized blood cell counter 
[29]

.  

 Atherogenic index:  

It was calculated as follows [TC – (HDL-C)] / 

(HDL-C) 
[30]

.            

 Sampling of tissues:  

After collection of blood samples, the thoracic 

and abdominal aorta were dissected, cleaned 

from adventitia and immersed in a phosphate 

buffered formalin solution. Paraffin section 

were prepared and stained by haematoxylin & 

eosin for histological examination of aortic 

strips. 

Morphometric analysis:           

The thickness of tunica media were measured 

from photos of X 400 magnification using 

Digimizer 4.3.2.Image analysis software 

(Med Calc Software bvba, Belgium).Then the 

value of the thickness from each sample was 

finally statistically compared.   

 Statistical Analysis:  

The data obtained in the present study were 

expressed as mean ± SD for quantitative 

variables and statistically analyzed by using 

SPSS program (version 18 for windows) 

(SPSS Inc. Chicago, IL, USA). One way 

Analysis of Variance (ANOVA) was used to 

compare the results of all examined groups 

followed by LSD test to compare statistical 

differences between groups. P value < 0.05 

was considered statistically significant. 

RESULTS 

     The results revealed non-significant 

increase in BMIs, serum cholesterol, T.G, 

LDL, MCP-1, IL8 level, atherogenic index, 

platelets activations, total leucocytic counts, 

differential monocyte counts, and aortic 

thickness in lean ovx sedentary subgroup 

versus its value in the lean non- ovx sedentary 

subgroup. Moreover, there was also non-

significant decrease in the previous 

parameters in lean exercised versus its value 

in the lean sedentary subgroup. In addition, 
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there was non-significant reduction in the 

previous mentioned parameters in lean ovx 

exercised subgroup when compared with lean 

ovx. sedentary subgroup. The results also 

showed significant increases in the previous 

mentioned parameters in the obese non-ovx 

sedentary subgroup associated with non-

detectable changes in the aortic thickness 

when compared with lean non-ovx sedentary 

subgroup. However, the results showed 

significant increases in the above parameters 

in obese ovx sedentary rats when compared 

with non-ovx obese sedentary subgroup.  On 

the other hands, regarding the effect of 

exercise, the existing results showed 

significant reductions in the mentioned 

parameters, associated with significant 

increase in the serum HDL level in non-ovx 

obese exercised subgroup when compared 

with non-ovx obese sedentary subgroup. 

Furthermore, following moderate trained 

exercise, obese ovx. subgroup showed 

significant reductions in the same mentioned 

parameters as well as significant increase in 

serum HDL level when compared with ovx 

obese sedentary subgroup. In addition, the 

present study also demonstrated a statistically 

significant positive correlations between 

serum levels of MCP-1 and BMI, cholesterol, 

T.G, LDL, atherogenic index, platelets 

activation, TLC, DMC, IL-8, aortic thickness 

and statistically significant negative 

correlations between serum levels of MCP-1 

and HDL in ovx. sedentary group. Also, 

 statistically significant positive correlations 

were found between serum levels of MCP-

1and these parameters in ovx. exercise group.  

 

Table (1) Show: comparison of all studied parameters in non-ovx and ovx sedentary studied 

groups. 

 

 
N=12 

Group 

1a 

Group 

1b 

Group 

IIa 

Group 

IIb 

Initial BMI    (gm/cm2) 
Χ± SD 0.48±0.19 0.50±0.03 0.49±0.029 0.489±0.03 

 P > 0.05 P > 0.05 P > 0.05 

Final BMI    (gm/cm2) 
Χ± SD 0.64±0.02 0.80±0.014 0.66±0.02 0.99±0.03 

 P <0.001# P > 0.05# P < 0.001#* 

cholesterol   levels (mg/dl) 
Χ± SD 60.9±2.7 70.4±1.07 63.9±1.6 96.7±2.4 

  P < 0.001# P < 0.05# P < 0.001*# 

T.G  levels (mg/dl) 
Χ± SD 62.5±6.02 68±6.25 65.4±2.009 80.8±3.4 

  P < 0.001# P > 0.05# P < 0.001*# 

HDL  levels (mg/dl) 
Χ± SD 51.5±3.5 49.4±3.2 49.5±1.08 41.3±1.82 

  P < 0.05# P > 0.05# P<0.001*# 

LDL  levels (mg/dl) 
Χ± SD 44.3±3.2 49.3±4.14 46.7±2.5 55.01±3.07 

  P<0.001# P > 0.05# P< 0.001*# 

MCP-1 (pg/ml) 
Χ± SD 112.07±14.5 114.5±13 119.4±1.6 140.16±7.9 

  P > 0.05# P> 0.05 # P< 0.001*# 

Atherogen-ic index 
Χ± SD 0.18±0.1 0.43±0.09 0.28 ±0.03 1.34±0.12 

  P<0.001# P> 0.05# P<0.001 #* 

platelets     activation 
Χ± SD 21.95±1.5 23.4±1.7 23.2±2.3 27.5±1.2 

  P<0.05# P> 0.05# P <  0.01*# 

TLC/ mm3 
Χ± SD 5255±505.9 5530.8±659.5 

5499.1±530.

8 
7067±909.6 

  P>0.05 # P>0.05# P< 0.001* 

Differential monocytic counts  
Χ± SD 0.54±0.04 0.59±0.02 0.56±0.02 0.79±0.03 

  P<0.01# P > 0.05# P < 0.001* 

IL-8 

(pg/ml) 

Χ± SD 34.7±3.5 39.3±2.03 36.9±2.19 55.5±4.3 

  P< 0.01# P > 0.05 # P< 0.001* 

Aortic              thicknss 

(µm) 

Χ± SD 54.8±1.6 57.2±1.5 56.3±3.2 76.1±4.7 

  P<0.05# P > 0.05# P< 0.001* 
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Table (2) Show: comparison of all studied parameters in non-ovx and ovx exercised studied groups. 
Group 

IIb 

 

Group               III a 
Group 

III b 

Group 

IV a 

Group 

IV b 

Initial BMI    (gm/cm2) 
0.50±0.02 0.49±0.03 0.50±0.028 0.49±0.03 

P > 0.05 P > 0.05 P > 0.05 P > 0.05 

Final BMI    (gm/cm2) 
0.63±0.13 0.70 ± 0.02 0.65±0.09 0.82 ± 0.014 

P > 0.05# P < 0.001* P> 0.05# P > 0.05 *$ 

cholesterol   levels (mg/dl) 
59.16 ± 4.1 63.9±1.6 61.6±4.1 72.9±2.1 

P > 0.05 # P < 0.001* P > 0.05 # P < 0.05*# $ 

T.G  levels (mg/dl) 
61.4 ±1.6 63.19±1.8 62.5±1.7 69.6±2.9 

P > 0.05# P < 0.01* P > 0.05 # P > 0.05*$ 

HDL  levels (mg/dl) 
51.5 ± 3.26 53±2.2 51.1±2.26 47.5±1.87 

P > 0.05# P< 0.01* P > 0.05# P > 0.05*$ 

LDL  levels (mg/dl) 
43.5±3.1 45.3±1.07 45±3.7 50.08±2.4 

P > 0.05# P< 0.01* P > 0.05# P > 0.05*$ 

MCP-1 (pg/ml) 
111.12±12.3 112.4±6.3 113.6±8.6 115.04±10. 1 

P> 0.05 # P> 0.05* P> 0.05 # P> 0.05 * $ 

Atherogen-ic index 
0.14±0.08 0.19 ± 0.07 0.20 ±0.07 0.53±0.09 

P> 0.05 # P<0.001#* P> 0.05 # P<0.001*$ 

platelets     activation 
21.94±1.3 21. 9±1.54 22.03±1.4 25.3±1.9 

P> 0.05 # P<0.05 *# P> 0.05 # P <  0.01*$ 

TLC/ mm3 
5253.5±484.09 5257.9±256.15 5398.6±525.06 5545.4±320.4 

P>0.05# P>0.05* P>0.05 # P > 0.05 * 

Differential monocytic 

counts  

0.52±0.007 0.48±0.03 0.54±0.017 0.60±0.02 

P > 0.05 # P < 0.001* P > 0.05# P>0.05*$ 

IL-8 

(pg/ml) 

33.16±2.8 34.7±3.2 34.7±1.2 40.4±4.6 

P > 0.05# P< 0.001* P > 0.05 # P > 0.05*$ 

Aortic              thicknss 

(µm) 

53.9±2.02 54.84±1.5 54.8±1.8 60.4±4.3 

P > 0.05# P<0.05* P > 0.05# P<0.05 *$ 

# versus I a.     * versus I b.     $ versus II b.  TLC: total leucocytic counts 

 

 

 

 

Table (3): Correlation between MCP-1 level and other parameters in HFD ovariectomised subgroups. 
 

 

 

Ovx sedentary 

subgroup 

(II b) 

Ovx exercised 

subgroup 

(IV b) 

R P r P 

BMI 0.665* 0.018 0.639* 0.025 

Cholesterol 0.602* 0.038 0.603* 0.038 

T.G 0.632* 0.027 0.594* 0.042 

HDL - 0.642* 0.025 - 0.582* 0.047 

LDL 0.678* 0.015 0.610* 0.035 

Atherogenic  index 0.770** 0.003 0.773** 0.003 

Platelets activations 0.644* 0.024 0.677* 0.016 

Total 

leukocytic counts 
0.586* 0.045 0.652* 0.022 

Differential monocytic counts 0.768** 0.004 0.776** 0.003 

Interleukin 8 .734** 0.007 0.859** 0.000 

Aortic thickness 0.731** 0.007 0.763** 0.004 
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Fig (1): Correlation between MCP-1 and atherogenic index in  obese ovx subgroup; 

 
Fig (2): Correlation between MCP-1 and il8 in obese ovx subgroup. 

 

 
Fig (3): Correlation between MCP-1 and DMC in obese ovx subgroup. 

 

 
Fig (4): Correlation between MCP-1 and aortic thickness obese ovx subgroup. 
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Slide (1): A photomicrograph of aortic artery histopathology in Group Ia (lean rat) H & E stain x 400 

magnification.  
 

Showing the normal structure of the tunica intima, tunica media and tunica adventitia. The intimal surface 

was smooth and regular and was composed of a continuous layer of flat endothelial cells with normal 

thickness, tunica media characterized by regularly arranged smooth muscle fibers in addition to normal 

thickness of tunica media. 

 
Slide (2): Another photomicrograph of aortic artery histopathology in Group IIb (ovariectomized with high 

fat diet (H & E stain x 400 magnification). 
 

Showing ruptured atheromatous plaqueand focal atrophy in media. 

Tunica media 

Tunica intima 

intima 

Tunica adventitia 
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DISCUSSION 

Hormonal changes in menopause such as low 

plasma estrogen level and increased Luteinizing 

Hormone (LH) and Follicle Stimulating 

Hormone (FSH) levels are responsible for 

dyslipidemia that causes CVD and associated 

complications 
[31&32]

. Activation of platelets and 

leukocytes contributes to progression of 

atherosclerosis
[33]

.So thrombosis activated early 

in the development of cardiovascular diseases 
[34]

.The results revealed non-significant increase 

in BMIs, serum cholesterol, T.G, LDL, MCP-1, 

IL8 level, atherogenic index, platelets 

activations, total leucocytic counts, differential 

monocyte counts, and aortic thickness in lean 

ovx. sedentary subgroup versus its value in the 

lean non- ovx sedentary subgroup. In addition, 

there was non- 

Significant reduction in the previous parameters 

in lean ovx. exercised subgroup when 

compared with lean ovx. sedentary subgroup. 

The results also showed significant increases in 

the above parameters in the obese non-ovx 

sedentary subgroup when compared with lean 

non-ovx sedentary subgroup. As regards the 

ovariectomy and obesity, our results 

demonstrated significant increases in the above 

parameters in obese ovx sedentary rats when 

compared with non-ovx obese sedentary 

subgroup. On the other hands, regarding the 

effect of exercise, the existing results showed 

significant reductions in the above mentioned 

parameters, associated with significant increase 

in the serum HDL level in non-ovx obese 

exercised subgroup when compared with non-

ovx obese sedentary subgroup. Furthermore, 

following moderate trained exercise, obese ovx. 

subgroup induced significant reductions in the 

above mentioned parameters as well as 

significant increase in serum HDL level when 

compared with ovx obese sedentary subgroup. 

These results indicate that obesity increases 

BMI and lipid profile. It induced low grade 

inflammation, followed by recruitment of 

monocytes toward inflammations and 

increasing pro-inflammatory cytokines (MCP-

1, IL-8), monocytes counts, and proliferation of 

haemopioetic stem cells increasing total 

leucocytic counts. The model of menopause 

and post-menopausal women are at risk of 

obesity due to lack of exercise and lower basal 

metabolic rate that leads to abnormal 

redistribution of body fats results and visceral 

adiposity 
[35]

. Obesity and decreased estrogen in 

menopause are associated with disturbed 

metabolic changes such as insulin resistance, 

that leads to development of type II diabetes 

mellitus and hyperlipidemia together with CHD 

leads to metabolic syndrome. These results are 

consistent with  several studies that observed 

increased BMI and obesity in old menopausal 

women and marked increase of weight after 

hysterectomy with bilateral oophorectomy in 

women transitioning into menopause 
[36-38]

. 

This may be due to estrogen and progesterone 

withdrawal causing disturbance in homeostasis 

e.g. decreases in insulin sensitivity and leptin 

secretion and changes in lipid metabolism, 

leading to a decreased in energy expenditure. 

Together with physical inactivity and 

consumption of a high fat diet, these factors 

significantly contribute to obesity and risk of 

CHD in postmenopausal women 
[39]

. However, 

others found no effect of bilateral ovariectomy 

on BMI 
[40]

. In addition, Tan, et al. 
[41]

 

performed cross-sectional studies and founded 

no association between BMI and menopausal 

symptoms. The controversial findings may be 

due to different ages and menopausal status of 

the studied samples 
[42]

. As regards the effect of 

exercise on increased BMI in menopause, the 

current results in agreement with the North 

American Menopause Society
[43]

 and Yeh et al. 
[44] 

who reported that exercise can help 

menopausal women to improve weight, BMI 

and body fat measures. The present results 

about lipid profile, comes in agreement with 

several studies that reported significantly 

increased TC, T.G, and LDL-C associated with 

decreased HDL levels especially in 

postmenopausal women with metabolic 

syndrome.
[45,46]. 

Also another study reported 
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that TC,T.G, HDL-C, and LDL-C were 

significantly increased in postmenopausal 

women than in premenopausal women
[47]

.This 

changes in lipid profile may be explained as 

estrogen deficiency increase the activity of 

hormone sensitive lipase resulting in increased 

free fatty acid level and accumulation of 

abdominal fat which is a risk factor for 

cardiovascular disorders and insulin resistance. 

Also the decrease in LDL receptor synthesis  

with consequent increased in LDL level as a 

result of decrease estrogen stimulatory effects 

on synthesis of LDL receptor after menopause 
[48]

.As regards the effect of exercise on lipid 

profile, the existing results in agreement with 

other studies that showed combination of 

aerobic exercise and resistance training 

,decreased total cholesterol, triglycerides and 

LDL-C, increased HDL-C and improved 

glycemic control and insulin resistance.
[49,50] 

On 

the contrary, Antoninus et al.
[51]

 founded 

significant reduction in HDL-C after interval 

exercise training. However, no significant 

change in HDL in continuous training. This 

may be referred to the type and interval of 

exercise training programs. In the present study, 

the results detected increase in  MCP-1 level in 

obese ovx subgroup compared to obese non-

ovx subgroup which is consistent with the 

studies that reported increased MCP-1 level in 

obese ovx mice in post-menopausal obese 

women than premenopausal 
[11]

. This may be 

due to loss of estrogen anti-inflammatory 

effects associated with increased level of 

cytokines, that leads to impaired vascular 

function  and impaired metabolism. On the 

other hands, Park et al.
[52] 

founded that MCP-1 

level not significantly different between non-

obese and obese women and it was associated 

with menopausal status irrespective of obesity. 

Regarding the effect of moderate swimming 

exercise, current results show significant 

reduction of MCP-1,consistent with these 

results, studies demonstrated that high-fat diet 

caused a significant increase in MCP-1 level, 

which was decreased after exercise due to 

decreased its expression
 [53,54]

. In addition, other 

studies reported that high intensity interval 

training reduced MCP-1 levels due to more 

reduction in oxidative stress 
[55,56]

.
 

On the 

contrary, a study detected up regulation in 

MCP-1in skeletal muscle cells, associated with 

increased its serum level after moderate 

exercise 
[57]

.
 
Moreover, short bouts of strenuous 

exercise produce significant increase in MCP-1 

in healthy persons 
[58]

. These controversies may 

be contributed to the difference in exercise 

program e.g. moderate exercise in the present 

work versus strenuous exercise in the other 

studies. In addition, may be referred to the 

difference in duration of exercise e.g.60 min in 

the present work versus 8–10 min in the 

previous studies. The current results showed 

significant increase in serum IL8 in both obese 

non-ovx and obese ovx subgroup. In 

concordance with the present finding several 

studies showed increased IL-8, and MCP-

1expression from the adipocytes. Their levels 

correlate with a higher BMI and this significant 

increase in IL-8 level persist for a long period 

after estrogen deficiency.
[59,11,60]

 In 

contradiction, Dorneles et al.
[61] 

demonstrated 

that high intensity interval exercise (HIIE) 

decreased IL-8 in lean and obese individuals. 

Also, Thorbjorn et al. 
[62] 

founded that exercise 

increased IL-8 expression in skeletal muscle but  

small release of IL-8 from muscle not elevate 

plasma level of IL-8. Zwetsloot et al.
[54]

 

Observed that after strenuous prolonged 

exercise IL-8 increased. These data indicated 

that IL-8 level is affected by intensity of 

exercise. The present study detected significant 

increase in atherogenic index in both obese 

non-ovx and obese ovx subgroup versus lean 

subgroup, these results also comes in agreement 

with other several studies, As Pourfarzam, et 

al.
[63]

; Zhan et al.
[64]

; Gaojun Cai et al.
[65]

; Shen 

et al.
[66]

 demonstrated that atherogenic index 

associated with metabolic syndrome and it was 

higher  in coronary heart diseases. Furthermore 

it was positively correlated with TC, TG and 

negatively correlated with HDL-C. In addition, 
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Bakry et al. 
[67]

 showed that atherogenic index 

used as a significant predictor of atherosclerosis 

and CVD. Regarding the effect of exercise on 

atherogenic index in the previously mentioned 

subgroups, the results are in consistent with the 

study done by Antoninus et al. 
[51]

 who showed 

that continuous exercise training significantly 

decrease the atherogenic index of plasma as a 

method of decreasing cardiovascular risk in 

sedentary non-obese males. On the other hands, 

Ghorbanian B et al.
[68] 

founded that aerobic 

exercise training induced non-significant 

decrease AIP in post- menopausal women, and 

TG, LDL-c/HDL-c, and TC/HDL-c     

significantly decreased .The current study also 

revealed elevated levels of platelets activations 

after ovariectomy is in agreement with the 

study done by Lundberg et al. 
[69] 

and Singla A. 

et al.
[70] 

who reported that platelets of 

postmenopausal women were more reactive to 

aggregate than of premenopausal suggesting 

increased incidence of athero-thrombotic events 

in postmenopausal women. This may be 

because platelets contain the estrogen receptor 

β ,17β-estradiol has inhibitory effects on 

platelet aggregation in vitro and this inhibition 

is lost in postmenopausal women.
[71] 

As regards 

the effect of exercise on platelet activation in 

menopause, the current results in consistent 

with the study done by Heber et al. 
[72]

 who 

reported that exercise decreased platelet 

reactivity in old women. Regarding effects of 

obesity and oophorectomy on WBCs, the 

present results are in concordance with Jung et 

al. 
[73]

 who reported that total and differential 

WBC counts increased with age and with BMI. 

All subtypes of WBCs were positively 

associated with serum triglyceride levels and 

negatively associated with serum HDL 

cholesterol, that are characters of 

atherosclerosis. Also, Karino et al.
[74] 

 reported 

that increased total and differential WBC 

counts associated with higher risk of CHD in 

elder Japanese-American men. As regards the 

effect of exercise on WBC count in menopause, 

existing data in agreement with the study done 

by Neil et al. 
[75]

 who reported that aerobic 

exercise training decreased total WBC and 

neutrophil counts, in obese post-menopausal 

women. Also Uba Chupel et al. 
[76]

 showed that 

Strength training exercises decreased leukocyte 

and lymphocyte counts in older women. On the 

other hand, Dorneles et al.
[77]

 founded that high 

intensity interval exercise increased leukocytes, 

monocytes and lymphocytes counts in obese 

group. These differences may be due to the 

short duration and different type of exercises. 

Regarding effects of obesity and menopause on 

monocyte counts, the existing results in 

consistent with several studies. Zernecke et al. 
[78]

 detected that Apo-lipoprotein mice with 

disturbed lipid profile, develop a model of 

atherosclerosis with leukocytosis, especially 

monocytosis. Apo E deficiency disturbs 

cholesterol efflux, increases membrane 

cholesterol content and the surface expression 

of the IL-3 receptor that stimulates proliferation 

of hematopoietic stem cell in the bone marrow 

and the spleen leading to monocytosis 
[79]

. 

Konstantin et al. 
[80]

 founded association 

between high levels of atherogenic 

Lipoproteins and increased pro inflammatory 

monocytes in atherosclerosis. Mohammed 

Shamim et al. 
[81]

 explained how disturbed lipid 

profile leads to monocytosis. Hyperlipidemia 

alters bone marrow production of monocyte 

precursors and mature monocytes and promotes 

accumulation of lipid droplets in monocyte 

subsets; inducing pro inflammatory chemotaxis 

of monocytes and increasing tissue damage 

during atherogenesis. As regards the effect of 

exercise on monocytosis, the present results are 

inconsistent with Timmerman et al. 
[82]

 who 

founded that exercise training decrease 

monocyte counts in a physically inactive 

population. Koichi Node et al. 
[83]

 reported that 

exercise significantly decreased Leukocytes, 

monocytes, and neutrophil counts. Aerobic 

exercise training can affect some inflammatory 

processes and increased aerobic capacity may 

be anti-inflammatory and have cardiovascular 

protective effects in obese women. On the other 
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hand, Mendham et al. 
[84]

 reported significant 

leukocytosis, monocytosis and lymphocytosis 

immediately after a moderate exercise in obese 

men, independent of exercise intensity and 

maybe explained by chemotactic factors or 

increased sympathetic discharge 
[85]

. The 

increased aortic thickness that detected in the 

ovx obese subgroup in the current work is 

consistent with Amano et al. 
[86]

 who reported 

that MCP-1 stimulates macrophage division 

and accelerates atherosclerotic changes with 

increase in aortic thickness with consequence 

increase  incidence of cardiovascular disease. 

The effect of exercise on the aortic thickness, 

our current data  in consistent with  the study 

that reported aortic thickness correlates with 

carotid intima–media thickness, this indicates a 

systemic diseases. The patients with increased 

intima–media thickness of the carotid have risk 

of cardiovascular mortality
[87]

. 
 

CONCLUSIONS 

The present study demonstrated increases in 

serumMCP-1ofpost-menopausal atherosclerotic 

obese experimental model. This increase  was 

positively correlated with pro-inflammatory and 

thrombotic markers and associated with histo-

pathological alterations of the aortic artery. 

These changes were significantly  improved 

after moderate trained exercise. 

 RECOMMENDATIONS 

 Post-menopausal women especially with bad 

hypercholesterolemic dietary regimen appear to 

be prone to have atherosclerosis and CVD 

complications. So it is advisable to correct 

faulty dietary habits and follow moderate 

trained exercise program to protect against 

cardiovascular insults. 
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