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 Abstract 

Background:  Obesity is a risk factor for obesity-related disorders such as type 2 

diabetes mellitus.  That obesity could hinder the individual work capacity and the cost 

for managing obesity complications. Aim of Work: was to study the effect of diet 

induced obesity and swimming on the plasma glucose, insulin, insulin resistance, body 

mass index (BMI), muscle mass and muscle glycogen, and fat tissue weight according to 

meal timing. Materials and Methods:  Sixty Sprague dawely adult rats were 

randomized into two equal groups control group and obese group. The first was exposed 

for induction of obesity by hyper caloric diet and the other completes the standard one. 

At the end of the 12th week of age, rats started the exercise program for three months. 

The immediate group receives their meals immediately after exercise and the delayed 

one receive their meals three hours later. Then after receiving their meal, free access to 

food was allowed.  Samples of blood were taken from all animals at the beginning and at 

the end of experiment and examined for plasma glucose and plasma insulin. Insulin 

resistance was estimated by HOMA-IR formula. Results:  Immediate feeding after the 

exercise bout produced greater increase in muscle bulk and muscle glycogen, with 

decreased fat tissue weight in comparison with that of the corresponding delayed feeding 

either on obese and control groups Conclusion:  Immediate meal timing was a powerful 

strategy to improve glucose homeostasis. Data of the present study showed that muscle 

bulk was greater with lower fat tissue weight in the immediate feeding group versus the 

delayed one. 
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INTRODUCTION  

     The incidence of obesity and its association 

with co morbidities is dramatically increased 

worldwide. Its prevalence is also related to 

environmental factors, especially diet and reduced 

physical activity (1). The incidence of obesity 

between Egyptians aged 15 to 100 year is 22% in 

males and 48% in females (2).   Since the adverse 

consequences of obesity on health are directly 

related to excess body fat, the ideal method of 

classification of obesity should be based on direct 

measurement of fatness, which is expressed as 

percentage body fat (PBF), but this may not be 

easily attainable. In the clinical environment, 

techniques such as body mass index BMI, waist 

circumference, and waist circumference over hip 

circumference ratio were used extensively. 

Although, these methods are less accurate, they are 

satisfactory in identifying the individuals who are 

at risk of, weight-related, health problems (3).  

Regular exercise combined with dietary 

intervention is more successful than 

pharmacological intervention in the treatment and 

prevention of obesity (4). Change dietary habits 

can help weight management (5).  Timing of food 

intake itself may have a significant role in obesity 

as the time of feeding, particularly for high-energy 

content meals, may be decisive, and changes in 

this timing could have metabolic consequences for 

the development of obesity and for weight loss (6).  

But, the effect of Timing of food intake post 

exercise on fat mass and glucose homeostasis in 

obesity is unclear. 

 This study was conduct on a trial to 

 

1- Demonstrate the effect of post exercise meal 

timing on BMI, fat accumulation, 

gastrocnemius ms mass and its glycogen in 

lean and obese groups and 

2-  Answer a question (it is it better to receive 

meals immediately after exercise or to delay it 

for three hours later on obese and non-obese 

adult male albino rats?).  

 

MATERIALS AND METHODS  

   Sixty Adult male albino (Sprague Dawely strain) 

rats, about 4 months old were used throughout the 

present study. Rats were purchased from the 

National Research Center, Cairo, Egypt. They 

were housed at room temperature with natural 

light/dark cycles in suitable cage. Rats were fed a 

standard diet of commercial rat chow and tap 

water and left to acclimatize to environment for 

two weeks prior to inclusion in the experiment. 

Rats were randomized into two equal groups. The 

first was exposed for induction of obesity by high 

fat diet and the other completes the standard one 

(7).    

 

Table (1) : Composition of the standard diet of 

commercial rat chow and the high fat diet  

The slandered diet The high fat diet 

Fat 5% [corn oil] 

Carbohydrates 65% 

[corn starch 15% and 

sucrose 50%],  

Proteins 20.3% [casein 

20% and DL-

Methionine 3%],  

Fiber 5% 

Salt mixture 3.7%,  

Vitamin mixture 1%).  

Fat 46% [corn oil 25.5%, 

and  beef tallow 20.5%]  

Carbohydrates 24% [corn 

starch 6% and sucrose 

18%] 

Proteins 20.3% [casein 

20% and DL-Methionine 

3%] 

 Fiber 5%  

Salt mixture 3.7%, 

Vitamin mixture 1%). 
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Lee index was calculated for each rat 

according to the following formula:-  

Cube root of body weight (g) X 

10/nasoanal length(mm) All rats fed 

with HFD had a Lee index higher than 

0.3 and are considered obese (8).    

 All rats were weighed and their nose to 

tail length was measured and body mass 

index was detected weekly according to 

the following formula:- 

-Body mass index (BMI) = body weight 

(g)/length2 (cm2). 

.  Rats started the exercise program for three 

months. The immediate group receives their meals 

immediately after exercise and the delayed one 

receive their meals three hours later. Then after 

receiving their meal, free access to food was 

allowed. 

• Obese group (30 rats): Divided into three equal 

subgroups : 

a) Obese non-exercised (ON). 

b) Obese exercised every other day and take their 

meal immediately after exercise (OI). 

c) Obese exercised every other day and take their 

meal three hours after exercise (OD). 

• Non obese (lean) group (30 rats): Divided into 

three equal subgroups : 

a) Lean non exercised groups (CN). 

b) Lean exercised rats exercise every other day 

and receive their meal immediately after 

exercise (CI). 

c) Lean exercised rats exercise every other day 

and receive their meal three hours after 

exercise (CD).  

 

Exercise swimming program  

At the beginning of the program, the aquatically 

native rats were given the chance to stay in water 

bath for a short time in few numbers. After 

becoming familiar with water rats were put in 

water bath in large numbers and were urged to 

swim actively all the time. Rats in exercise groups 

were exercised by swimming 1hrs/day for 12 

weeks. The swimming exercise was performed in 

plastic barrel (50 cm) diameter filled with water 

(50 cm deep) maintained at 32-36
0
C. Rats stop 

swimming one day before decapitation and were 

left fasting for 12 hrs before decapitation (9).   

 

Collection of blood samples  

Samples of blood were taken from all animals at 

the beginning by retro orbital route and at the end 

of experiment by decapitation. Fasting blood 

samples were withdrawn through the Retro-orbital 

route using heparinized capillary tubes inserted in 

medial canthus medial to eye globe. The blood 

samples were delivered into centrifuge tubes to 

which anticoagulant were added. They were then 

centrifuged for 20 minutes and plasma was 

separated and stored as - 70 °C until used. These 

samples were examined for plasma glucose and 

plasma insulin. Insulin resistance was estimated by 

HOMA-IR formula.  

 

Measurement of serum fasting glucose, insulin 

and HOMA-IR index   

 Serum insulin was measured by ELISA ACTIVE 

Insulin Enzyme-Linked Immunosorbent (ELISA) 

by Glory Science kits (10), serum glucose by 

enzymatic colorimetric method by Biodiagnostic, 

Egypt kits (11) and insulin resistance was 

estimated by HOMA-IR (homeostasis model 

assessment; IR, insulin resistance), which was 
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calculated as (fasting blood glucose (mmol/l) x 

fasting insulin (mU/l)) / 22.5 (12 ).    

Determination of fat mass and Glycogen 

Content: 

Mesenteric, retroperitoneal and epididymal 

adipose tissue were immediately removed and 

weighed. This present work concentrates on 

visceral fat mainly, because visceral fat is more 

important than the subcutaneous fat in the 

development of obesity-induced insulin resistance 

(13).    

The method of glycogen content measurement in 

muscle was adopted from (14).   . It was based on 

heating of glycogen solution with concentrated 

sulphuric acid induces dehydration of the former 

and development of pink color, the intensity of 

which is proportionate to the glycogen 

concentration. The intensity of the pink color was 

read spectrophotometrically at 520 nm.             

 

Statistical Evaluation of Experimental Data:  

     Data were presented as means ±SE (Standard 

Error). The Student’s t-test was utilized to 

determine if differences existed between the (lean 

and obese), (trained and sedentary) and 

(immediate and delayed) animals at the beginning 

and end of the study. Two-way analysis of 

variance (ANOVA) followed by a Student 

Newman-Keuls post hoc analysis was employed to 

assess the effects of obesity, training and meal 

timing on the dependent variables. The level of 

significance accepted when P < 0.05. 

 

RESULTS 

After obesity induction, Obese groups (ON, OI 

and OD) showed significant higher BMI and total 

fat tissue weight than their corresponding control 

groups (CN, CI and CD) respectively. Trained 

groups (CI and CD) and (OI and OD) showed 

significant lower BMI and fat weight than their 

corresponding non exercised groups CN and ON 

respectively. Immediate feeding groups (CI and 

OI) showed no significant difference in BMI with 

their corresponding delayed feeding groups (CD 

and OD) respectively. Immediate feeding groups 

(CI and OI) showed significant lower fat tissue 

weight with their corresponding delayed feeding 

groups (CD and OD) respectively (Fig. 1 & 2). 

 

Obese groups (ON, OI and OD) showed 

significant lower gastrocnemius muscle weight 

with their corresponding control groups (CN, CI 

and CD) respectively. Trained groups (CI and CD) 

and (OI and OD) showed significant higher 

gastrocnemius muscle weight than their 

corresponding non exercised groups CN and ON 

respectively. Immediate feeding groups (CI and 

OI) groups showed significant higher 

gastrocnemius muscle mass with their 

corresponding delayed feeding groups (CD and 

OD) respectively (Figure 3). 

Obese groups (ON, OI and OD) showed 

significant higher muscle glycogen content with 

their corresponding control groups (CN, CI and 

CD) respectively. Trained groups (CI and CD) and 

(OI and OD) showed significant higher 

gastrocnemius muscle glycogen content than their 

corresponding non exercised groups CN and ON 

respectively. Immediate feeding groups (CI and 

OI) groups showed significant higher 

gastrocnemius muscle glycogen content with  their 

corresponding delayed feeding groups (CD and 

OD) respectively (Figure 4). 
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At the start of the training, schedule there was a 

significant higher plasma glucose between the 

obese groups (ON, OI and OD) and their 

corresponding control groups (CN, CI and CD).  

At the end of the exercise schedule, the ON group 

showed significant higher plasma glucose level 

than that of the corresponding CN group but with 

training the obese exercised groups (OI and OD) 

showed no significant difference with the 

corresponding control exercised (CI and CD) one. 

Trained groups (CI and CD) showed no significant 

difference in plasma glucose level with their 

corresponding non exercised groups (CN), 

however OI and OD groups showed significant 

difference with their corresponding ON group. 

Immediate feeding groups (CI and OI) showed no 

significant difference with their corresponding 

delayed feeding groups (CD and OD) respectively. 

Trained groups (CI and CD) and (OI and OD) 

groups showed significant lower plasma glucose 

than their pre-training values (PPCI and PPCD) 

and (PPOI and PPOD) groups respectively (Figure 

5). 

At the start of the training schedule, there was 

significant higher plasma insulin between the 

obese groups (ON, OI and OD) and their 

corresponding control groups (CN, CI and CD). At 

the end of the exercise schedule, obese groups 

(ON, OI and OD) showed significant higher 

plasma insulin level than their corresponding 

control groups (CN, CI and CD) respectively. 

Trained obese groups (OI and OD) showed 

significant lower plasma insulin with their 

corresponding non exercised groups ON. 

Immediate feeding groups (CI and OI) groups 

showed no significant difference in plasma insulin 

level with their corresponding delayed feeding 

groups (CD and OD) respectively. Trained groups 

(OI and OD) groups showed significant lower 

plasma insulin level with their corresponding pre-

training values (Figure 6). 

At the beginning of the training schedule, there 

was a significant higher insulin resistance values 

between the obese groups (ON,OI and OD) and 

their corresponding control groups (CN,CI and 

CD).  Obese groups (ON, OI and OD) showed 

significant higher insulin resistance with their 

corresponding control groups (CN, CI and CD) 

respectively.  Trained groups (OI and OD) showed 

significant lower insulin resistance than their 

corresponding non exercised groups ON 

respectively. However, within the control groups 

(CN, CI and CD), there was no significant 

difference in insulin resistance.  Immediate 

feeding groups (CI and OI) showed no significant 

difference in insulin resistance with their 

corresponding delayed feeding groups (CD and 

OD) respectively. All trained groups (CI and CD) 

and (OI and OD) showed significant decrease in 

insulin resistance than their corresponding per-

training values (Figure 7). 
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Fig.(1): Comparative results in BMI between different groups. 

 

Fig.(2): Comparative results in fat tissue mass between different groups. 

 

Fig.(3): Comparative results in gastrocnemius muscle mass between different groups at the end of the study. 
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Fig. (4): Comparative results in gastrocnemius muscle glycogen content between different groups at the end of the study. 

 

Fig. (5): Difference in plasma glucose level between different groups at the beginning and the end of the study. 

 

Fig.(6): Difference in plasma insulin level between different groups at the beginning and the end of the study. 
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DISCUSSION 

The present work demonstrated higher BMI in the 

obese rats compared to non obese rats which in 

agreement with Abdel Malek. (15) and Arnold et 

al.  (16). Also, the final BMI in the trained rats (OI 

and OD, CI and CD) was lower than non trained 

rats which are in line with that reported by 

previous studies (14, 17).  

The mechanisms have been suggested for 

increased BMI by HFD include: (1) high 

palatability of fat and overconsumption of high 

caloric diet (18); (2) HFDs lower the rate of 

oxidation of fatty acids and increase lipogenesis 

(19).   

 BMI was still higher in the trained obese (OI and 

OD) than their corresponding trained control group 

(CI and CD). This agreed with Pinheiro-Mulder et 

al. (20), Schroeder et al. (21) and Arnold et al (16). 

Matsakas et al. (22) explained the decrease in BMI 

with training (swimming) by the decrease in food 

intake and body fat component. Endurance 

exercise induce loss of fat mass by increasing fat 

oxidation through increasing mitochondrial 

density, the activity of enzymes involved in  β-

oxidation and oxygen delivery to muscle and 

increases the gene expression and protein content 

of several fatty acid transporters, which aid in the 

uptake and delivery of fatty acids to mitochondria 

(23). Also, adaptation to endurance training 

increases the energy expenditure helping body 

weight loss (17).  In the present work, immediate 

feeding (CI and OI) showed non- significant 

increase in BMI than the delayed group (OI and 

OD) respectively. This can be explained by the 

increase in muscle weight in the immediate group 

than the delayed one. Boualga et al. (24) found 

comparable results.  

The present study demonstrated a statistically 

significant higher total weight of the 

retroperitoneal, epididymal and mesenteric fat in 

the obese groups than the non obese ones. This 

agreed with Pinheiro-Mulder et al.  (20) Who 

found that retroperitoneal fat mass was 

significantly greater in obese group (diet-induced 

obesity) than in control group, also, the high-fat 

feeding used in this study led to dramatic increases 

in the total amount of adipose tissue (14). 

In present study, gastrocnemius was 

chosen as it is intensively involved in swimming 

(22). The gastrocnemius muscle had a lower 

muscle weight in obese groups in relation to its 

corresponding control. This was agreed with 

Arnold et al. (16)  and Paturi et al. (25) who 

explained that obesity decreased plasma levels of 

growth hormones and thyroid hormones this 

hinder skeletal ms growth and produced  insulin 

resistance  accelerated muscle degradation.  

The trained immediately feeding rats (CI and OI) 

showed significantly higher muscle weight than 

the corresponding delayed feeding one (CD and 

OD) respectively. This agreed with previous 

researchers (26, 27). Leenders et al. (28) found 

that timing of protein intake after training is 

important for the development of hypertrophy in 

skeletal muscle as a result of larger net muscle 

protein synthesis in immediate training compared 

to the delayed one.  

 

The effect of obesity on muscle glycogen content 

is controversial: in the present study muscle 

glycogen was slightly significant increase in the 

obese groups than the control ones. This was 
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Fig. (7): Difference in insulin resistance between different groups at the beginning and the end of the study. 

 

agreed with Elj, et al. (17). However, Goodpaster 

et al. (29) reported that obesity is associated with 

insulin resistance that is characterized by a 

reduced transport and/or phosphorylation of 

glucose and lower rates of muscle glycogen 

synthesis. The difference between different studies 

may result from using different exercise intensity 

because the high-intensity exercise leads to more 

rapid carbohydrate oxidation; whereas low-

intensity as used in the present work bouts are 

beneficial for the consumption of fatty-acid fuel 

(30).  

 

In the present study, the trained groups (CI and 

CD) and (OI and OD) showed higher muscle 

glycogen than the sedentary one (CN and ON) 

respectively. This agreed with Luciano et al. (31). 

Training increases PI3-kinase activity (31). That 

enhances insulin sensitivity, glycogen synthase 

expression (32, 33).  In this study, muscle 

glycogen was significantly higher in the immediate 

than the delayed feeding groups. This agreed with 

Cribb and Hayes (34).  

 

The increased muscle mass produces an increase 

in the resting metabolic rate which could explain 

the decreased adipose tissue weight in the 

immediate versus the delayed feeding groups (35). 

In the present work, the immediate group showed 

insignificant difference in plasma glucose, insulin 

and insulin resistance between the immediate (CI 

and OI) and delayed group (CD and OD) 

respectively, this agreed with Tang et al. (36). 

The high-fat diet used in our work significantly 

increase the plasma levels of glucose and insulin 

(17) that may be explained by the increased liver 

triacyl glycerol in association with maximal lipid 

storage capacity in visceral adipose tissue (14). 

The increased lipid availability is associated with 

diminished insulin-stimulated glucose uptake and 

glycogen synthesis that was proposed to account 

for the generation of lipid induced insulin 

resistance, ranging from substrate competition 

between lipids and carbohydrates to the activation 

of inhibitory signal transduction. That interferes 

with the insulin signaling pathways and 

stimulating glucose transport and glycogen 

synthesis (37). This sparing effect of carbohydrate 
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substrate may explain the higher levels of 

glycemia and insulinemia with high fat diet (17). 

Physical inactivity promotes obesity and insulin 

resistance, whereas physical activity and exercise 

reduce these risks (38). In the present study, the 

plasma glucose, insulin and insulin resistance were 

higher between sedentary (CN and ON) than 

trained (OI, OD, CI and CD) groups. This is 

agreed with Morris et al. (39), who found that 

exercise reduced insulin and blood glucose levels. 

Also,  Chen et al. (40), found that regular exercise 

improves glycemic control, as measured by 

glycated hemoglobin and fasting blood glucose 

levels, and ameliorates insulin resistance in obese 

groups. This could explained by Increased 

expression of hexokinase ,  translocation of 

glucose transporter 4 (GLUT4) to the cell surface 

and  expressing higher levels of insulin receptors 

in the adipocytes (14). 

  

Conclusion: Immediate post exercise feeding is 

better than three hours later as a                                 

strategy for glucose homeostasis. 
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