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Abstract 

Intermittent fasting (IF) has been reported to improve metabolic health in diabetes but the underlying mechanisms by which 

intermittent fasting promotes metabolic health in streptozotocin-induced diabetes have not been fully elucidated. This study 

investigated the effects of Time-Restricted (TR) and Alternate- Day (AD) Intermittent Fasting (IF) on body weight, liver 

enzymes, liver glycogen, blood glucose, and oral glucose tolerance test (OGTT) in streptozotocin-induced diabetic male Wistar 

rats. Sixty male Wistar rats (200-250g) were grouped into six groups (n=10). Group 1 (non-diabetic control) and Group 2 (non-

diabetic +time-restricted intermittent fasting). Groups 3 - 6 received streptozotocin (50mg/kg) intraperitoneally (i.p.). After 

diabetes was confirmed, animals in groups 3, 5 and 6 were treated with Time-restricted intermittent fasting, metformin 

(200mg/kg) orally, and Alternate- day intermittent fasting protocols respectively, while group 4 animals were untreated (Diabetic 

control) for 28days. After 28 days, oral glucose tolerance test (OGTT), fasting blood glucose (FBG), liver function enzymes, 

Aspartate Aminotransferase (AST), Alanine Transaminase (ALT), and Alkaline Phosphatase (ALP) were measured. The results 

showed that while there was significant decrease in body weight, there was significant increase in fasting blood glucose and 

concentrations of liver enzymes AST, ALT and ALP in group 4 compared to group 1. Time- restricted fasting, metformin 

treatment and Alternate day intermittent fasting caused significant decrease in body weight, fasting blood glucose and serum 

levels of AST, ALT and ALP in groups 3, 5 and 6 compared to group 4. Liver glycogen was significantly reduced in group 4 

and increased in groups 3, 5 and 6 of diabetic rats. The study showed that Time-restricted (18: 6) and Alternate-Day intermittent 

fasting regimens ameliorated diabetes through improved glucose tolerance, liver glycogen synthesis and liver function enzymes. 
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1. Introduction 

Diabetes mellitus (DM) is a major global health problem 

affecting millions of people worldwide and causing serious 

problems in many organs and systems in the body. Diabetes is 

characterized by lack of complete control of blood glucose 

due to inadequate insulin secretion, insulin action or both. Im-

pairment of insulin production causes insulin deficiency with 

consequent abnormalities in carbohydrates, fat and protein 

metabolism. 

Fasting is deliberate abstinence from food but not water and 

can last from a few hours to several days or even weeks. Inter-

mittent fasting [IF] has shown to be fruitful strategy in treating 

and managing illnesses such as obesity, diabetes, antioxidant 

stress and cardiometabolic disorders [1]. There are different pat-

terns of intermittent fasting which include alternate day fasting 

(no calories consumption on fasting days), alternate day-modi-

fied fasting (consuming less than 25% of caloric requirements 

on fasting days), time restricted fasting (restricting food intake 

at specific times of the day), and periodic fasting (fasting on one 

to two days per week). The health benefits of IF have been re-

ported in previous studies [2-4]. Clinical studies have shown 

that IF diets caused reduction in adult body mass index (BMI) 

and insulin resistance [5]. There are conflicting clinical reports 

on the effects of IF diets in patients with impaired glucose and 

lipid metabolism. The study of [6] reported that IF caused re-

duction in insulin resistance, body weight, waist circumference, 

and HbA1c and contributed to maintaining stable glucose levels 

after discontinued use of insulin. In contrast [7] found out that 

Ramadan IF for a month caused 0.11% increase in HbA1c in 

patients with metabolic syndrome. 

According to International Diabetes Federation (IDF), the 

global prevalence of diabetes among adults aged 20-79 years 

people was expected to be 10.5% (536.6 million) in 2021, ris-

ing to 12.2% (783.2 million) by 2045 [8]. This study examined 

whether Time-restricted or Alternate day intermittent fasting 

could improve insulin sensitivity and liver function enzymes 

in streptozotocin-induced diabetes in male Wistar rats. The 

liver plays an important role in metabolic homeostasis [9]. Af-

ter feeding, the liver absorbs glucose and synthesize glycogen 

and triglycerides but releases glucose via glycogenolysis or 

gluconeogenesis, and initiates ketogenesis during fasting [10]. 

Different types of IF have been reported but not all can be ap-

plied to humans. Limited data is available on the effects of IF 

on liver function enzymes and liver glycogen in diabetes. The 

liver is one of the organs affected by diabetes and is important 

in glucose regulation [11]. The mechanisms by which IF pro-

motes metabolic health in diabetes have not been fully studied. 

STZ selectively destroys pancreatic β-cells, causing hypergly-

cemia and is used in experimental diabetes models [12]. 

Therefore, this study investigated the effects of 28-day Time-

restricted (18: 6) and Alternate- day intermittent fasting on 

body weight, liver glycogen, liver function enzymes, fasting 

blood glucose and oral glucose tolerance test (OGTT) in strep-

tozotocin-induced diabetic male Wistar rats. 

2. Materials and Methods 

Forty-eight male Wistar rats weighing between (200-250g) 

were used for the study. For two weeks of acclimatization, 

animals were kept in transparent, clean plastic cages, floored 

with soft wood shavings in the animal house, Department of 

Physiology, University of Ibadan, Ibadan. They were kept 

under photoperiodic conditions (12 hr of light and 12 hr of 

darkness) and an ambient room temperature between 28°C-

30°C with unlimited access to standard rat chow and water. 

The experiment was carried out in accordance with the 

guidelines of the University of Ibadan, Animal Care and Use 

Research Ethics Committee (ACUREC) under strict compli-

ance to the “Principle of Laboratory Animal Care”. Food in-

take and body weight were measured daily and weekly re-

spectively. 

2.1. Preparation of Streptozotocin and 

Induction of Diabetes Mellitus 

Prior to the induction of diabetes, streptozotocin (STZ) was 

dissolved in 50mM of sodium citrate buffer (0.1 M, pH 4.5), 

this is because STZ degrades within 15 to 20 minutes after 

dissolving in the citrate buffer, thus, STZ was prepared freshly 

and was injected within 5 minutes of dissolution. Diabetes was 

induced in experimental animals after an overnight fasting by 

injecting streptozotocin (STZ) 50mg/kg intraperitoneally and 

equal volume of citrate buffer (vehicle pH 4.5) was given in-

traperitoneally (i.p) to the control group animals. After admin-

istration of STZ 50mg/kg, animals in diabetic groups were 

given 10% of sucrose water (10g/100ml) during the night to 

prevent possible hypoglycemia and had access to normal food. 

After 72hr post diabetes induction, blood glucose was meas-

ured to confirm diabetes using the Accu Check glucometer. 

After overnight (16hr) fasting, blood was collected from cau-

dal (tail) vein to estimate glucose level. Blood glucose greater 

than 200mg/dl was considered diabetic and used for the study. 

The diabetic rats were grouped into four (n=8) and used for 

the study. 

2.2. Experimental Design and Treatment 

Animals were randomly divided into six different groups 

(n=8) which are: Group 1 control non-diabetic ad libithum 

(CTRL), Group 2 non-diabetic + Time-Restricted intermittent 

fasting, 16: 8 (CTRL + IF), Group 3 Diabetic + Time- re-

stricted fasting 16: 8; 16 hours of fasting with 8 hours eating 

window (DM+TRIF), Group 4 Diabetic control ad libithum 

(DM+CTRL), Group 5 Diabetic + metformin 200mg/kg 

(DM+MET) and Group 6 Diabetic + Alternate- Day fasting: 

food deprivation for 24 hr, followed by ad libithum access to 

food for another 24 hr (DM+ALDIF). Animals in groups 1, 4 

and 5 had free access to food for 28 days. 
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2.3. Measurement of Body Weight and Food 

Intake 

The body weights of animals were measured before and af-

ter two weeks of acclimatization. After induction of diabetes, 

animals were weighed weekly during the twenty-eight-day ex-

perimental period using digital weighing scale. Food intake 

was measured daily in percentage. Total weight of feed pro-

vided per group was subtracted from the weight of daily feed 

remnants. Spilled food was allowed to dry fully to avoid meas-

urement of wet weight added. 

2.4. Oral Glucose Tolerance Test (OGTT) 

OGTT was done on the 26th day of experimental period and 

after 12 hours of overnight fasting. Using a tail snip, blood 

was collected for glucose estimation using glucometer. Each 

animal was given a glucose solution of 2g/kg per body weight 

orally. Blood glucose was measured at 30 minutes intervals 

for (0 min, 30 min, 60 min 90 min, and 120 min). 

2.5. Animal Sacrifice, Sample Collection and 

Biochemical Assays 

Animals were sacrificed by cervical dislocation. Blood 

samples were collected via ocular puncture using heparinized 

capillary tube and transferred into plain sample bottles. The 

liver was collected and weighed immediately. Thereafter, 1g 

of fresh liver was removed from each animal and immersed in 

30% potassium hydroxide for the determination of liver gly-

cogen. Liver glycogen was estimated by modified anthrone 

reagent method as described by [13]. Liver function enzymes 

(Aspartate Aminotransferase (AST), Alanine Transaminase 

(ALT) and Alkaline Phosphatase (ALP) were measured using 

ELISA. 

Statistical analysis 

Data were analyzed using student’s t-test and one-way anal-

ysis of variance (ANOVA) followed by post hoc test (Turkey 

positive test) for multiple comparisons. The significance level 

for all tests was p<0.05. All results were reported as mean plus 

standard error, Mean± S. E. M. 

3. Results 

3.1. Effects of TRIF and ALDIF on Body 

Weight of STZ-Induced Diabetic Rats 

STZ injection caused significant reduction in body weights 

of diabetic rats compared with control. Time restricted inter-

mittent fasting caused significant decrease in body weights of 

nondiabetic rats compared with control. Time- restricted in-

termittent fasting, alternate- day intermittent fasting, and met-

formin treatment caused significant decrease in body weights 

of diabetic rats compared with diabetic control (Figure 1). 

 
Figure 1. Effects of time-restricted intermittent fasting, metformin 

treatment and alternate day intermittent fasting on body weight of 

streptozotocin-induced diabetes rats. *p˂0.05 when compared with 

diabetic control group (DM+CTTRL), # p˂0.05 when compared with 

non-diabetic control rats (CTRL). 

KEY: 

CTRL: Non- Diabetic Control 

CTRL + IF: Control + Time-Restricted Intermittent fasting 

DM+ TRIF: Diabetic + Time Restricted Intermittent fasting 

DM + CTRL: Diabetic Control 

DM + MET: Diabetic + Metformin 200mg/kg 

DM + ALDIF: Diabetic + Alternate day Intermittent fasting 

3.2. Effects of TRIF, ALDIF and Metformin 

Treatment on Fasting Blood Glucose in 

STZ-Induced Diabetic Rats 

 
Figure 2. Effects of time-restricted intermittent fasting, metformin 

treatment and alternate day intermittent fasting on fasting blood glu-

cose of streptozotocin-induced diabetes rats. *p˂0.05 when com-

pared with diabetic control group (DM+CTTRL), # p˂0.05 when 

compared with non-diabetic control rats (CTRL). 

There was significant (p< 0.05) decrease in fasting blood 

glucose of non-diabetic rats treated with Time-restricted inter-

mittent fasting regimens (18: 6) compared with control. STZ 

injection caused significant increase in fasting blood glucose 

levels of rats compared with non-diabetic control. However, 

Time-restricted intermittent fasting, Alternate- day intermit-

tent fasting and metformin treatment caused significant de-
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crease in blood glucose levels of diabetic rats compared to di-

abetic control DM +CTRL (Figure 2). 

3.3. Effects of TRIF and ALDIF on Liver 

Glycogen of Streptozotocin-Induced 

Diabetic Rats 

 
Figure 3. Effects of time-restricted intermittent fasting, metformin 

treatment and alternate day intermittent fasting on liver glycogen of 

streptozotocin-induced diabetes rats. *p˂0.05 when compared with 

diabetic control group (DM+CTTRL), # p˂0.05 when compared with 

non-diabetic control rats (CTRL). 

Time-restricted intermittent fasting (TRIF) caused signifi-

cant decrease in liver glycogen of non-diabetic rats compared 

with control. There was significant (p< 0.05) decrease in liver 

glycogen of diabetic (DM+control) rats compared with non-

diabetic control group (CTRL+INTF). However, time-re-

stricted intermittent fasting, alternate-day intermittent fasting 

and metformin treatment caused significant increase in glyco-

gen levels of diabetic rats compared with diabetic control 

(Figure 3). 

3.4. Effects of TRIF and ALDIF on Fasting 

Blood Glucose and OGTT in STZ-Induced 

Diabetic Rats 

The fasting glucose level of diabetic rats was significantly 

higher compared with the non-diabetic control rats. The AUC 

also showed a significant increase in glucose level of diabetic 

rats after 120mins post glucose load. There was also an in-

crease in the glucose level of the treated groups at 30 minutes 

post glucose load, but at 60 minutes, the blood glucose level 

started dropping. AUC showed a significant fall in all groups 

at 120 minutes except the diabetic control group (Figures 4 

and 5). 

 

 
Figure 4. Effects of time-restricted, metformin treatment and alternate day intermittent fasting on fasting blood glucose and Oral Glucose 

Tolerance Test of streptozotocin-induced diabetic rats. *p˂0.05 when compared with DM + CTTRL, # p˂0.05 when compared with the non-

diabetic control. 
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Figure 5. Area under the curve (AUC) showing glucose tolerance 

test on the effects of time-restricted, metformin treatment and alter-

nate day intermittent fasting on fasting blood glucose in streptozoto-

cin-induced diabetic rats. *p˂0.05 when compared with DM + 

CTTRL, # p˂0.05 when compared with the non-diabetic control. 

Area under the curve is (mg/dl×min). 

3.5. Effects of TRIF and ALDIF on Liver 

Function Enzymes (AST, ALT, and ALP 

Levels) in STZ-induced Diabetic Rats 

In this study, there was significant increase (p< 0.05) in se-

rum levels of AST (57.0 ± 2.6), ALT (95.9 ± 3.6) and ALP 

(46.4 ± 1.9) respectively of diabetic control (DM + CTRL) 

compared to the non-diabetic CTRL group for AST (50.6 ± 

0.6), ALT (77.7 ± 1.0), ALP (30.7 ± 0.6) respectively. Serum 

level of ALP was significantly increased in DM+ CTRL group 

(46.4 ± 1.9) compared to control (30.7 ± 0.6). However, TRIF 

and ALDIF caused significant decrease (p< 0.05) in serum 

level of ALP (37.3 ± 2.6, 34.4 ± 1.2) respectively compared to 

DM+CTRL (46.4 ± 1.2) (Figure 6). 

 
Figure 6. Effects time-restricted intermittent fasting, metformin 

treatment and alternate day intermittent fasting on Alkaline phospha-

tase (ALP) of streptozotocin-induced diabetes rats. *p˂0.05 when 

compared with DM + CTRL, # p˂0.05 when compared with CTRL 

(non-diabetic control). 

There was significant increase in ALT of DM+ CTRL 

group (95.9 ± 3.6) compared with CTRL group (77.7 ± 1.0). 

Treatments with time-restricted and Alternate day intermittent 

fasting regimens caused significant decrease in serum level of 

ALT in diabetic rats (88.4 ± 4.2, 77.4 ± 2.0 respectively) com-

pared to DM+ CTRL (95.9 ± 3.6), (Figure 7). 

 
Figure 7. Effects time-restricted intermittent fasting, metformin 

treatment and alternate day intermittent fasting on Alanine Transam-

inase (ALT) of streptozotocin-induced diabetes rats. *p˂0.05 when 

compared with DM + CTTRL group, # p˂0.05 when compared with 

the CTRL control. 

 
Figure 8. Effects time-restricted intermittent fasting, metformin 

treatment and alternate day intermittent fasting on Aspartate Ami-

notransferase (AST) of streptozotocin-induced diabetes rats. 

*p˂0.05 when compared with DM + CTTRL group, # p˂0.05 

when compared with (CTRL) non-diabetic control. 
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4. Discussion 

The study investigated the effects of time- restricted and al-

ternate- day intermittent fasting regimes and meltformin treat-

ment on body weight, liver function enzymes, liver glycogen 

and oral glucose tolerance test in streptozotocin-induced dia-

betes in male Wistar rats. Streptozotocin (STZ) is a diabeto-

genic chemical used in animal models to induce diabetes and 

is cytotoxic to pancreatic β-cells [12]. 

The findings of this study demonstrated a decrease in fast-

ing blood glucose and body weight of diabetic rats treated with 

Time-restricted and Alternate-day intermittent fasting regi-

mens compared with diabetic control. This is consistent with 

the studies of [6, 14-16]. The observed decrease in body 

weight and fasting blood glucose in the present study may be 

due to activation of AMPK (adenosine-monophosphate acti-

vated protein kinase) and may explain how TRIF and ALDIF 

lower blood glucose and promotes weight loss. Intermittent 

fasting has been reported to cause an increase in AMP-acti-

vated protein kinase (AMPK) levels and upregulation of 

AMPK pathway. Activation of AMPK improves insulin sen-

sitivity and promotes expression and activity of GLUT4 

thereby increasing glucose uptake. This enables the body to 

utilize and manage blood glucose [15, 17, 18]. AMPK also 

activates lipases causing release of fatty acids and promotes 

beta-oxidation. 

In the present study, the observed decrease in fasting blood 

glucose and body weight of diabetic rats treated with TRIF 

and ALDIF may also be due to a metabolic switch. After hours 

of fasting, there is a shift from utilization of glucose to fatty 

acids and ketones as energy substrates. Intermittent fasting has 

been reported to help with weight control and improve glucose 

metabolism thereby preventing the development of diabetes 

[5]. Previous studies have also reported significant reduction 

in body weight, and visceral fat of patients treated with IF [19, 

20]. The results of the present study in which Time-restricted 

and Alternate-day intermittent fasting caused a decrease in 

fasting blood glucose in both normal and diabetic groups com-

pared with the controls contrast the studies of [21, 22] which 

reported that IF had no effect on blood glucose and that, IF 

caused an increase in fasting blood glucose [23]. 

Metformin treated group also showed reduction in body 

weight and fasting blood glucose compared with diabetic con-

trol. This might be due to its effect on hypothalamic appetite-

regulation centers including leptin sensitivity [18]. Metformin 

has been shown to inhibit gluconeogenesis and activates 

AMPK thereby enhances insulin sensitivity, promotes translo-

cation and expression of GLUT4 [18]. 

In this study, time-restricted intermittent fasting caused a 

decrease in liver glycogen and fasting blood glucose levels of 

non-diabetic rats, this may explain partly the mechanism by 

which intermittent fasting maintains metabolic health. During 

fasting, maintenance of blood glucose depends on glycogen 

store in the liver and muscle. The liver supplies energy to the 

body under physiological conditions. It has been reported that 

12-24hr of fasting depletes hepatic glycogen, and a switch to 

a metabolic mode that utilizes fat-derived ketone bodies, free 

fatty acids and non-hepatic glucose as energy sources [24, 25]. 

In the present study, time-restricted fasting (18: 6) caused a 

decrease in liver glycogen and fasting blood glucose level of 

non-diabetic rats compared with the control. 

The observed reduction in liver glycogen of diabetic rats in 

the present study may be due to decrease in the activity of gly-

cogen synthase caused by STZ injection [26]. However, Time-

restricted and Alternate-day intermittent fasting caused liver 

glycogen of diabetic rats to greatly increase compared with 

diabetic control. This may be due to improved insulin sensi-

tivity and activity of glycogen synthase. Intermittent fasting 

has been reported to improve activity of glycogen synthase 

and reduced glycogen phosphorylase activity in diabetic rats 

[26]. This implies that Time-restricted and Alternate-Day in-

termittent fasting regimes are effective in ameliorating diabe-

tes through improved insulin sensitivity and liver glycogen 

synthesis and may explain partly the mechanism by which in-

termittent fasting improves metabolic health in diabetes. A re-

cent study reported an impairment in the liver to synthesis gly-

cogen due to decreased activity of glycogen synthase because 

of insulin deficiency which in turn caused hyperglycemia [27]. 

The findings of this study contrast the observation of [18] 

which reported higher glycogen levels in prediabetic rats com-

pared with IF group. 

In this present study, the blood glucose of diabetic rats re-

mained elevated after administration of glucose load during 

OGTT [28, 29]. Time-restricted and Alternate day fasting reg-

imens caused the blood glucose levels to fall to fasting levels 

between 1hr and 2hrs after glucose load at OGTT in diabetic 

rats while in untreated diabetic rats, the blood glucose levels 

remained high 1hr and 2hrs after glucose load at OGTT. Inter-

mittent fasting has been reported to lower glucose absorption 

from the intestine and improve insulin sensitivity [17, 30]. In 

the present study, the observed decrease in body weight of rats 

treated with intermittent fasting may also contribute to im-

proved glucose tolerance. 

The findings of this study showed that STZ-induced hyper-

glycemia contributed to liver damage which resulted in in-

creased serum levels of liver enzymes AST, ALT and ALP 

[11]. Liver enzymes ALT, AST and ALP are biomarkers of 

liver function, used to evaluate hepatic functions and are in-

creased in liver diseases [1]. The results of this study in which 

time-restricted and alternate- day intermittent fasting regi-

mens significantly reduced concentrations of liver enzymes 

AST, ALT and ALP in diabetic rats are consistent with previ-

ous studies [1, 31, 32]. The reduction in level of liver enzymes 

suggests an improvement in liver function [1, 33]. The signif-

icant reduction in body weight of animals may explain how 

time-restricted and alternate-day intermittent fasting improves 

liver function and metabolic health in diabetes [1]. The liver 

is one of the organs that is affected in diabetes and plays a key 

role in glucose regulation. Liver damage contributes to pro-
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gression of diabetes and other systemic complications associ-

ated with the disease [34]. In diabetes, liver dysfunction is 

linked to some pathological processes including insulin re-

sistance [11]. The results of this study revealed that Time-re-

stricted and Alternate- day intermittent fasting regimens en-

hanced liver function in diabetes by lowering markers of liver 

damage. This may explain partly how IF improves metabolic 

health in diabetes. The findings of the present study helped us 

better understand the physiological and biochemical changes 

that occur during Intermittent fasting in both normal and dia-

betic rats. 

5. Conclusion 

The findings of this study reveal that STZ-induced diabetes 

caused an increase in liver function enzymes which may be 

due to liver damage. The study also shows that time-restricted 

(18: 6) and alternate- day intermittent fasting regimens can be 

an effective approach to improve metabolic health and prevent 

lifestyle disease such as diabetes through improvement in glu-

cose tolerance, liver glycogen synthesis and liver function en-

zymes. 
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IF Intermittent Fasting 

TRIF Time-Restricted Intermittent Fasting 

ADIF Alternate-Day Intermittent Fasting 

OGTT Oral Glucose Tolerance Test 

FBG Fasting Blood Glucose 

AST Aspartate Aminotransferase 

ALT Alanine Transaminase 

ALP Alanine Phosphatase 

BMI Body Mass Index 

STZ Streptozotocin 

AMPK Adenosine Monophosphate Kinase 

Author Contributions 

Isehunwa Grace Olufunmilayo: Conceptualization, Data 

curation, Project administration, Resources, Supervision, 

Writing – original draft, Writing – review & editing 

Akanji Omolola Nafisat: Data curation, Formal Analysis, 

Funding acquisition, Investigation, Methodology, Visualiza-

tion, Writing – original draft 

Shittu Shehu-Tijani Toyin: Data curation, Formal Analy-

sis, Methodology, Software, Visualization 

Shittu Seyyid Alli: Data curation, Formal Analysis, Meth-

odology, Visualization 

Conflicts of Interest 

The authors declare no conflicts of interest. 

References 

[1] M. Khalafi, S. K. Rosenkranz, F. Ghasemi, S. Kheradmand, A. 

Habibi Maleki, M. Korivi, J. P, Tsao, Efficacy of intermittent 

fasting on improving liver function in individuals with meta-

bolic disorders: a systematic review and meta-analysis. Nutri-

tion & Metabolism. 22(1): 1, 2025. 

[2] V. D. Longo and S. Panda. Fasting, circadian rhythms, and 

time-restricted feeding in healthy lifespan. Cell Metabolism 23: 

1048-1059, 2016. 

[3] R. E. Patterson and D. D. Sears, Metabolic effects of intermit-

tent fasting. Annual Review Nutrition 37: 371-393 2017. 

[4] R. de Cabo and M. P. Mattson., Effects of intermittent fasting 

on health, aging, and disease. New England Journal of Medi-

cine 381: 2541-2551, 2019. 

[5] Y. Cho, N. Hong, K. W. Kim, S. J. Cho, M. Lee, Y. H. Lee, Y. 

H. Lee, E. S. Kang, B. S. Cha, B. W. Lee., The effectiveness of 

intermittent fasting to reduce body mass index and glucose me-

tabolism: a systematic review and meta-analysis. Journal of 

clinical Medicine 8(10): 1645, 2019. 

[6] S. Furmli, R. Elmasry, M. Ramos, and J. Fung., Therapeutic 

use of intermittent fasting for people with type 2 diabetes as an 

alternative to insulin, B. M. J. Case Reports, 2018. 

[7] A. S. Alghamdi, K. A. Alghamdi, R. O. Jenkins, M. N. Al-

ghamdi and P. I. Haris., “Impact of ramadan on physical activ-

ity and sleeping patterns in individuals with type2 diabetes: the 

first study using fitbit device,” Diabetes Therapy, vol. 11, no. 

6, pp. 1331–1346, 2020. 

[8] H. Sun, P. Saeedi, S. Karuranga, M. Pinkepank, K. Ogurtsova, 

B. B. Duncan, C. Stein, A. Basit, J. C. N. Chan, J. C. Mbanya, 

M. E. Pavkov, A. Amachandaran, S. H. Wild, S. James, W. 

H. Herman, P. Zhang, C. Bommer, S. Kuo, E. J. Boyko and 

D. J. Magliano, IDF Diabetes Atlas: Global, regional and 

country-level diabetes prevalence estimates for 2021 and pro-

jections for 2045. Diabetes Research Clinical Practice 183: 

109119, 2022. 

[9] Y. A. Lawrence, B. C. Guard, J. M. Steiner, J. S. Suchodolski 

and J. A. Lidbury., Untargeted metabolomic profiling of urine 

from healthy dogs and dogs with chronic hepatic disease. PLoS 

One 14: e0217797, 2019. 

[10] A. Besse-Patin, S. Jeromson, P. Levesque-Damphousse, B. 

Secco, M. Laplante and J. L. Estall., PGC1A regulates the IRS1: 

IRS2 ratio during fasting to influence hepatic metabolism 

downstream of insulin. Proc. Natl. Academy Science USA 116: 

4285-4290. 2019. 

[11] S. Özkan and M. Koyutürk., Assessment of Liver Damage in 

an Experimental Model of Streptozotocin-Induced Diabetes in 

Sprague Dawley Rats: Focusing on Morphological and Oxida-

tive Stress Status. Medical Journal of Bakirkoy, 21(3): 267-27, 

2025. M. J. Galenos, 1-25, 2025. 

[12] 20. A. Ghasemi and S. Jeddi., Streptozotocin as a tool for in-

duction of rat models of diabetes: a practical guide. EXCLI. 

Journal 22: 274-94, 2023. 

http://www.sciencepg.com/journal/aap


Advances in Applied Physiology http://www.sciencepg.com/journal/aap 

 

17 

[13] G. O. Isehunwa, I. O. Oluranti and E. O. Adewoye., Effects of 

Aqueous Extract of Launaea taraxacifolia Leaf on Glucose, 

Glycogen Levels and Lactate Dehydrogenase Activity in Male 

Wistar Rats Arch. Bas. App. Med. 5, 43–46, 2017. 

[14] X. Yuan, J. Wang, S. Yang, M. Gao, L. Cao, X. Li, D. Hong, S. 

Tian, and C. Sun., Effect of Intermittent Fasting Diet on Glu-

cose and Lipid Metabolism and Insulin Resistance in Patients 

with Impaired Glucose and Lipid Metabolism: A Systematic 

Review and Meta-Analysis. Hindawai International Journal of 

Endocrinology Volume 2022, 9 pages.  

https://doi.org/10.1155/2022/6999907 

[15] M. Safitri, H. Harliansyah, S. Wuryanti., Effect of intermittent 

fasting on fasting blood glucose, sirtuin 1, and total antioxidant 

capacity in rat models of diabetes mellitus. Indonesian Journal 

of Medicine and Health. JKKI: 15(1): 27-36, 2024. Vol 15. Iss 

1. Art 5. https://doi.org/10.20885/JKKI 

[16] H. Alfheeaid, A. Alhowail, F. Ahmed, A. Zaki, A. Alkhaldy., 

Influence of various intermittent fasting regimens on body 

weight and glycemic control in streptozotocin induced diabetic 

rats. European Review Medical Pharmacology Science 27 (23): 

11433-11444, 2023.  

https://doi.org/10.26355/eurrev_202312_34582 

[17] M. Albosta and J. Bakke., Intermittent fasting: is there a role in 

the treatment of diabetes? A review of literature and guide for 

primary care physicians. Clinical Diabetes and Endocrinology 

7: 3, 2021. https://doi.org/10.1186/s40842-020-00116-1 

[18] S. Msane, A. Khathi and A. M. Sosibo., The Effect of the 14: 

10-Hour Time-Restricted Feeding (TRF) Regimen on Selected 

Markers of Glucose Homeostasis in Diet-Induced Prediabetic 

Male Sprague Dawley Rats. Nutrition. 17, 292, 2025,  

https://doi.org/10.3390/nu17020292C 

[19] B. T. Corley, R. W. Carroll, R. M. Hall, M. Weatherall, A. 

Parry‐Strong, J. Krebs., Intermittent fasting in type 2 diabetes 

mellitus and the risk of hypoglycaemia: a randomized con-

trolled trial. Diabetes Medicine 35(5): 588-94, 2018. 

[20] S. Carter, P. M. Clifton, & J. B. Keogh., Effect of intermittent 

with continuous energy restricted diet on glycemic control in 

patients with type 2 diabetes: a randomized noninferiority trial. 

JAMA netw. open, 1, e180756, 2018. 

[21] S. Carter, P. M. Clifton, J. B. Keogh, The effect of intermittent 

with continuous energy restriction on glycaemic control in pa-

tients with type 2 diabetes: 24-month follow-up of a random-

ized noninferiority trial. Diabetes. Research Clinical Practice. 

151, 11-19, 2019. 

[22] M. J. McAllister, B. L. Pigg, L. I. Renteria and H. S. Waldman, 

Time-restricted feeding improves markers of cardiometabolic 

health in physically active college-age men: a 4-week random-

ized pre-post pilot study. Nutrition Research 75, 32-43, 2020. 

[23] R. Antoni, K. L. Johnston, A. L. Collins, & M. D. Robertson, 

Intermittent v. continuous energy restriction: differential ef-

fects on postprandial glucose and lipid metabolism following 

matched weight loss in overweight/obese participants. British 

Journal of Nutrition 119(5), 507-516, 2018. 

[24] J. Ma, Y. Cheng, Q. Su, W. Ai, L. Gong, Y. Wang, L. li, Z. Ma, 

Q. Pan, Z. Qiao and K. Chen. Effects of intermittent fasting on 

liver physiology and metabolism in mice. Experimental and 

Therapeutic Medicine 22: 950, 2021.  

https://doi.org/10.3892/etm.2021.10382 

[25] T. Sanvictores, J. Casale, M. R. Huecker., Physiology, Fasting. 

In: StatPearls. Publishing, Treasure Island (FL). PMID: 

30521298, 2023. 

[26] E. Agbonifo-Chijiokwu, K. E. Nwangwa, M. O. Oyovwi, B. 

Ben-Azu, A. O. Naiho, V. Emojevwe, E. P. Ohwin, A. P. Ehi-

warior, E. T. Ojugbeli, S. U. Nwabuoku, E. G. Moke, B. O. 

Oghenetega. Underlying biochemical effects of intermittent 

fasting, exercise and honey on streptozotocin-induced liver 

damage in rats. Journal Diabetes & Metabolism Disorder 22(1): 

515-527, 2023. https://doi.org/10.1007/s40200-022-01173-2 

[27] S. Alam, M. M. Sarker, T. N. Sultana, M. N. Chowdhury, M. A. 

Rashid, N. I. Chaity., Antidiabetic potential of dietary polyphe-

nols: a review of the mechanisms of action and molecular tar-

gets. Antioxidants (Basel). 11(4): 713, 2022.  

https://doi.org/10.3390/antiox11040713 

[28] M. O. Germoush, H. A. Elgebaly, S. Hassan, E. M. Kamel, M. 

BinJumah, & A. M. Mahmoud., Consumption of terpenoids-

rich padina pavonia extract attenuates hyperglycemia, insulin 

resistance and oxidative stress, and upregulates PPARγ in a rat 

model of type 2 diabetes. Antioxidants, 9(1), 22, 2019. 

[29] S. Lodhi, & M. L. Kori, Structure – Activity relationship and 

therapeutic benefits of flavonoids in the management of diabe-

tes and associated disorders. Pharmaceutical Chemistry Jour-

nal, 54, 1106–1125, 2021. 

[30] E. A. Chijiokwu, E. K. Nwanga, M. O. Oyovwi, A. O. Naiho, 

V. Emojevwe V et al, Intermittent fasting and exercise therapy 

abates STZ-induced diabetotoxicity in rats through modulation 

of adipocytokines hormone, oxidative glucose metabolic, and 

glycolytic pathway Physiological Reports. 10: e15279. | 1 of 

19, 2022. https://doi.org/10.14814/phy2.15279 

[31] M. Ranjbar, S. Shab-Bidar, H. Mohammadi, K. Djafarian, Ef-

fect of intermittent fasting on liver function tests: A Systematic 

review and meta-analysis of randomized clinical trials. Nutri-

tion Reviews. Mar; 83(3): e965-79, 2025. 

[32] A. Tavakoli, C. Akhgarjand, H. Ansar, H. Houjaghani, A. Khor-

mani, K. Djafarian, A. Rostamian, M. Ranjbar, G. M. Farsani, 

The effects of intermittent fasting on antioxidant and inflam-

matory markers and liver enzymes in postmenopausal, over-

weight and obese women with rheumatoid arthritis: a random-

ized controlled trial. Scientific Reports. Jan 18; 15(1): 2357, 

2025. 

[33] N. M. Rabeh, O. G. Refaat, M. T. Hama, The Effect of Inter-

mittent Fasting and Caloric Restricted Diet on Diabetic rats. 

Journal of Advanced Zoology ISSN: 0253-7214 Volume 44 Is-

sue S-6, Page 1333: 1340, 2023. 

[34] S. Jiang, J. L. Young, K. Wang, Y. Qian, L. Cai., Diabetic-in-

duced alterations in hepatic glucose and lipid metabolism: the 

role of type 1 and type 2 diabetes mellitus (Review). Mo. L. 

Med. Rep. 22: 603-11, 2020. 

http://www.sciencepg.com/journal/aap

