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Abstract 

Insulin resistance in skeletal muscle is important since it is normally responsible for most of the insulin-mediated glucose 
disposal and contains the largest glycogen storage regulated by insulin sensitivity. A high-calorie diet is known to be a risk 
factor for insulin resistance. Lifestyle modification by regulating caloric intake through intermittent fasting (IF) is 
recommended to prevent insulin resistance. This study aims to analyze the effect of eight weeks of intermittent fasting on 
skeletal muscle glycogen stores in rats with a four-week high-calorie diet. A total 24 healthy male Wistar rats were divided 
into four groups, Ad-libitum with a standard diet (AL-SD); Ad-libitum with a high-calorie diet (AL-HCD); IF with a standard 

diet (IF-SD); IF with a high-calorie diet (IF-HCD). Muscles were obtained and stained with PAS stain to evaluate glycogen 
expression based on color intensity. The results of the glycogen expression score were obtained as follows, AL-
SD=2.113±0.589; AL-HCD=1.827±0.375; IF-SD=2.109±0.499; IF-HCD=1.979±0.334. Although there was no significant 
difference between groups (p> 0.05), IF can prevent excessive reduction of glycogen stores in subjects with a HCD compared 
to the AL-HCD group. In conclusion, this study suggests that IF might improve the reduction of glycogen stores in muscles 
due to a high-calorie diet. 
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1. Introduction 

Type 2 Diabetes mellitus is a common metabolic disorder and be a global challenge in the healthcare system. 

It is estimated that 463 million people aged 20-79 live with diabetes. This number will continue to increase so that 

by 2045 approximately 700 million people worldwide will be living with diabetes [1]. One of the 

pathophysiologies in type 2 diabetes mellitus is insulin resistance, which is the inability of insulin-sensitive tissues 

to respond appropriately to insulin resulting in the disturbance of insulin signaling pathways in the target organ, 

such as muscle tissue [2,3]. Insulin resistance in skeletal muscle is particularly important since it is normally 

responsible for more than 75% of all insulin-mediated glucose disposal and contains the largest store of glycogen 

which is strictly regulated by the influence of insulin sensitivity [4,5] . Insulin resistance in skeletal muscle will 

affect the process of glucose uptake through GLUT4 and the activation of the main enzymes in glucose 

phosphorylation and glycogen synthesis [6,7] . As a result, in conditions of insulin resistance, the amount of 

glycogen synthesized by muscles will decrease [8]. 

The incidence of insulin resistance is indirectly related to an unhealthy lifestyle, such as excessive calorie 

consumption. In a previous study by Herawati et al. [9] , mice that received a high-glucose diet experienced a 

higher increase in blood sugar levels than the control group and had a lower density of beta cells, resulting in a 

decrease in serum insulin levels. Low serum insulin levels cause reduced glucose uptake into cells. The high 

increase in blood sugar due to high carbohydrate consumption will induce inflammation and insulin resistance so 

that the efficiency of insulin signal transmission decreases [10]. Therefore, increasing caloric intake can be a risk 

factor for insulin resistance [11]. 

Lifestyle modification has been recommended as the primary prevention of insulin resistance, especially the 

progression to type 2 diabetes mellitus [12–14]. Regulation of caloric intake through intermittent fasting can 

reduce the risk of insulin resistance. Fasting may represent a possible approach to prevent and minimize 

disturbances in glucose homeostasis [15]. Another study states that fasting increases the sensitivity of insulin 

receptor signaling so that it is more ready to stimulate glucose uptake by muscle cells [16,17]. The aim of this 

study was to investigate the effect of eight weeks of intermittent fasting on muscle glycogen stores given a high-

calorie diet for four weeks. 
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2. Material and Method 

Approval for this research has been obtained from the Committee of Health Research, Faculty of Medicine, 

Universitas Airlangga (No. 63/EC/KEPK/FKUA/2022) 

2.1. Animal 

The animal subjects were obtained from the Faculty of Veterinary, Universitas Airlangga.  The rats were 

distributed into four groups: (1) Ad-libitum with a standard diet (AL-SD); (2) Ad-libitum with a high-calorie diet 

(AL-HCD); (3) Intermittent Fasting with a standard diet (IF-SD); (4) Intermittent fasting with a high-calorie diet 

(IF-HCD). Each group consists of six rats. Acclimatization was carried out for 14 days before the intervention by 

giving a standard diet and drinking water ad libitum. 

The standard diet given to each rat consisted of 75% carbohydrates, 20% proteins, 5% fats, fiber, vitamins, 

and minerals. The food is served in the form of pellets of 15-20 grams/day. Meanwhile, the high-calorie diet was 

given a standard diet added with daily oral gavage of glucose solution 0.013 g/g of body weight [9]. IF regimen 

used in this study was IF 5:2. Every two days a week (Monday and Thursday), rats were fasted for 14 hours 

(16.00-06.00) by limiting access to food and water. IF groups also received a 20% calorie restriction from the 

standard diet [15]. 

For the first four weeks, all rats received a standard diet, with fasting for the IF group and without fasting for 

the SD group. At the end of the fourth week, AL-SD and IF-SD groups were sacrificed. The remaining two groups 

(AL-HC and IF-HC) continued the intervention for the next four weeks. At this time, a high-calorie diet was given. 

At the end of the eighth week, rats were sacrificed. 

2.2. Tissue Collecting and Staining 

After undergoing the intervention, all rats were sacrificed by anesthetizing using 30% chloroform. The 

gastrocnemius muscle of the rats was dissected. Portions of the tissue were fixed in a 10% formalin buffer solution 

and cut into 5-µm-thick paraffin sections. These sections were stained in periodic acid-Schiff (PAS) to detect and 

quantify the glycogen content. Briefly, 5 µm cross muscle sections were incubated for 10 minutes at room 

temperature in 0.5% periodic acid, then washed and incubated with Schiff’s reagent for 15 minutes. 

2.3. Muscle Glycogen Expression Scoring 

PAS-stained muscle slides were evaluated using an Olympus photomicroscope. Glycogen expression in PAS-

positive cells was observed in 5 fields of view with 200x magnification. The intensity of PAS staining assessed 

semiquantitatively and graded as: 0 = no staining intensity, 1 = low staining intensity, 2 = moderate staining 

intensity, and 3 = high staining intensity [18].  Each cell was scored per field of view. Then the average score for 

each field of view was determined by adding the total score divided by the number of cells per field of view. The 

final mean score was obtained from the average of 5 fields of view per treatment group.  

2.4. Statistical Analysis 

The data are expressed as the mean ± SD. Normality and homogeneity test was performed to evaluate data 

distribution. The data were statistically analyzed by one-way ANOVA (SPSS software 23.0 version for Windows). 

The results were considered statistically significant when the P value was less than 5%. 
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3. Result 

The data of the  variable measured in this study can be seen in the table below. 

Table 1 Mean score of muscle glycogen expression in each group 

 

Group Score 

(Mean ± SD) 

AL-SD 2.113 ± 0.589 

AL-HC 1.827 ± 0.375 

IF-SD 2.109 ± 0.499 

IF-HC 1.979 ± 0.334 

 
The score of muscle glycogen expression did not show a significant difference among groups (P=0.675). 

However, the average patterns seemed to have a decreasing score trend in the HC group compared with the AL 
group (figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 Muscle glycogen expression after treatment. Demonstrated no significantly different (P≥0.05) between groups.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2  Photomicrograph representative of each group 

(a) AL-SD, the non-fasting group without a high-calorie diet); (b) AL-HCD, the non-fasting group with a high-calorie diet; 

(c) IF-SD is the fasting group without a high-calorie diet; (d) IF-HCD, the fasting group with a high-calorie diet. (PAS staining; 

200x magnification; using microscope Olympus, Olympus CellSense) 
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4. Discussion 

The present study demonstrated that intermittent fasting had an insignificant effect on skeletal muscle 

glycogen stores. However, there was a trend in the IF-SD group to have a lower score than the AL-SD control 

group. It means that the IF-SD group has lower glycogen stores than the AL-SD group. It is probably caused by 

changes in body physiology in fasting conditions.  

In healthy individuals, after eating, insulin is secreted by pancreatic beta cells, which is stimulated by an 

increase in blood glucose levels. Insulin will further regulate the process of glucose storage in the liver and muscles 

in the form of glycogen. Conversely, in fasting conditions, the body does not receive food intake for a certain 

period. As a result, blood glucose levels tend to fall, which causes a decrease in insulin secretion, and at the same 

time, the levels of glucagon hormones and catecholamines increase [19].  

Other studies have shown a decrease in plasma insulin levels in fasting conditions, which is influenced by the 

length of fasting; longer fasting duration results in significantly lower plasma insulin levels [20]. This is consistent 

with previous research by Ayala et al. [21], who showed that 18 hours-fasted rats had significantly lower plasma 

insulin than 5 hours-fasted rats. The study also found that Gastrocnemius muscle glycogen did not differ 

significantly between 5 hours-fasted rats and 18 hours-fasted rats, although rats that fasted for 18 hours had lower 

muscle glycogen levels. Another study by Kokubun et al. [22] showed a decrease in glycogen in rats with fasting 

intervention for 12 and 48 hours due to a decrease in the amount of activated Akt in skeletal muscle. Akt activation 

in skeletal muscle cells is stimulated by insulin through a signaling pathway. Insulin will bind to the insulin 

receptor and autophosphorylate IRS-1, which will activate Akt/PKB. Activation of Akt causes translocation of 

GLUT4 and results in glucose uptake into cells [23,24]. 

The lowest average muscle glycogen expression score was found in the AL-HCD group, indicating that the 

AL-HCD group had fewer glycogen stores among all groups. In this study, a high-calorie diet was given in the 

form of glucose solution as much as 0.013 gram/gram body weight, equivalent to an additional calorie of 3-5% 

per day from standard calorie needs. A previous study [8] stated that groups of rats with additional calories in the 

form of glucose with a high glycemic index had lower serum insulin levels. Low insulin levels cause less glucose 

to enter the cells. Another study found that a high-carbohydrate diet impaired GLUT4 expression and translocation 

to the plasma membrane [25].  

The insulin signaling pathway in skeletal muscle is an essential process in the normal mechanism of insulin 

action. Defects in transduction or phosphorylation between signaling molecules such as PI3K, AKT, and GLUT4 

are associated with the occurrence of insulin resistance in the development of diabetes and the administration of 

high-calorie diets [26]. Thus, the lower glycogen stores in the high-calorie diet group may be due to low insulin 

levels and the development of insulin resistance in skeletal muscle cells. 

In addition, this study found that the group that received a high-calorie diet intervention (HCD) showed the 

fasting group (IF-HCD) had a higher score than the non-fasting group (AL-HCD). It can hypothesize that fasting 

has an ameliorative effect on insulin resistance induced by a high-calorie diet. From previous studies, fasting is 

known to be beneficial in preventing and improving aspects of metabolic syndrome in both experimental animals 

and humans. Intermittent fasting with an ADF regimen for 28 days relieves insulin resistance, prevents weight 

gain in diabetic rats, increases glycogen synthesis in muscle and liver, activates IRS-1/PKB signaling, and reduces 

inflammation [27]. Intermittent fasting using the eTRF (early time-restricted feeding) method for five weeks with 

a 6-hour eating period improved insulin levels, insulin sensitivity, and oxidative stress levels in prediabetic 

subjects [28]. Subjects with excess body weight who did intermittent fasting 5:2 for six months with calorie 

consumption of 500-600 calories on fasting days experienced decreased body fat, increased insulin sensitivity, 

and reduced blood pressure [29]. Ramadan fasting in subjects with metabolic syndrome showed reduced energy 

intake, decreased plasma glucose levels, and increased insulin sensitivity [30]. 

5. Conclusion 

Our study revealed that intermittent fasting did not show a significant effect on rat muscle glycogen stores. 

However, intermittent fasting in the present study reduced the decrease in glycogen stores in rats on a high-calorie 

diet. May intermittent fasting has an ameliorative effect on insulin resistance in muscle cells due to high-calorie 
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administration. Further research is needed, particularly to understand the mechanism of how fasting can affect 

muscle glycogen stores in subjects receiving high-calorie diets. 
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