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Plain English Summary 
Diabetes is a common health condition that affects how the body controls blood sugar. One approach to 
managing diabetes is intermittent fasting, a pattern of eating that alternates between fasting and regular 
meals. This study explored how different types of intermittent fasting affect the liver and kidneys, which are 
vital for metabolism and waste removal. 

Abstract 
Objectives: Intermittent fasting (IF) is increasingly adopted as a dietary strategy for managing diabetes mellitus, 
yet its effects on vital metabolic organs such as the liver and kidneys remain unclear. This study investigated the 
impact of different IF regimens on hepatic and renal functions in streptozotocin-induced diabetic rats. 
Methods: Fifty male Wistar rats were divided into five groups (n=10): control (group 1), diabetic (group 2), and 
three diabetic groups subjected to distinct IF protocols with a high-fat diet—time-restricted feeding (group 3), 
alternate-day fasting (group 4), and the 5:2 diet (group 5). The experiment lasted four weeks. Weekly body weight 
and blood glucose (BG) levels were monitored. Serum lipid profile, liver enzymes (ALT, AST, ALP), renal markers 
(urea, creatinine), and histopathological changes were assessed using standard methods. Data were analysed by 
one-way ANOVA at p<0.05. 
Results: All groups gained weight, but BG and biochemical parameters varied significantly. Groups 2 and 5 
showed the greatest BG reduction (104.0 ± 10.23 to 63.3 ± 15.37 mg/dL and 93.8 ± 6.65 to 42.8 ± 4.72 mg/dL, 
respectively; p=0.05). The 5:2 diet produced the lowest total cholesterol (3.0 ± 0.06 mg/dL), AST (56.5 ± 7.92 U/L), 
and urea (1.43 mg/dL), with elevated HDL and creatinine. Histological analysis showed varying degrees of hepatic 
alteration across IF groups. 
Conclusion: Intermittent fasting, particularly the 5:2 regimen, improved glycemic and lipid profiles despite mild 
hepatic and renal stress. IF may support metabolic regulation in diabetes, though dietary fat modification and 
cautious fasting durations are advised to protect organ integrity. 
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Researchers used fifty male rats to model diabetes by giving them a chemical called streptozotocin. The 
animals were then divided into groups that followed different fasting plans: time-restricted feeding (fasting 
for 16 hours daily), alternate-day fasting, and the “5:2 diet” (five days of eating normally and two fasting 
days each week). Over four weeks, the rats’ body weight, blood sugar, cholesterol, and markers of liver 
and kidney health were measured. 
The results showed that intermittent fasting, especially the 5:2 diet, significantly lowered blood sugar and 
total cholesterol levels while improving “good” cholesterol. However, some fasting groups showed mild 
signs of stress in the liver and kidneys. 
Overall, the study suggests that intermittent fasting may help control diabetes and improve heart health, 
but fasting should be carefully managed—particularly when combined with high-fat diets, to avoid possible 
harm to vital organs. 

 
Background 
Type 2 diabetes mellitus (T2DM) is a metabolic 
disorder characterised by chronic hyperglycemia 
due to insulin resistance or inadequate insulin 
secretion (1). The global prevalence of T2DM is 
increasing, particularly in low- and middle-income 
countries, with approximately 589 million adults 
aged 20-79 years living with diabetes as of 2024, 
and projections indicating that nearly 853 million 
will live with diabetes by 2050 (2, 3). It poses 
significant global health challenges, particularly in 
developing countries like Nigeria, where shifts to 
processed diets and sedentary lifestyles contribute 
to its rising prevalence. Complications such as 
diabetic kidney disease (DKD) significantly affect 
quality of life and mortality rates among diabetic 
patients (4). However, intermittent fasting (IF) has 
emerged as a popular dietary strategy for 
managing T2DM (5). The IF, including alternate-
day fasting (ADF) and time-restricted feeding 
(TRF), has long been established to enhance 
metabolic health, improve glucose control, and 
facilitate weight loss through metabolic shifts 
involving reduced insulin levels and increased 
sensitivity (6, 7). The IF shows promise for 
managing T2DM, enhancing metabolic 
parameters, and lowering complication risks. With 
the rising T2DM prevalence and associated 
complications, the quest for effective therapies with 
minimal or no side effects is on the rise. Although 
intermittent fasting is effective in managing weight 
(8). However, the effects of weight cycling and its 
cardiometabolic impacts raise concern about 
factors which might negate the effectiveness of 
intermittent fasting in controlling weight gain, 
largely among obese diabetic individuals who use 
fasting as a means of obese weight management, 
especially in the case of (9, 10). This study 
investigates the effects of IF on the liver and kidney 
of Streptozotocin (STZ)-induced rats fed a high-fat 
diet, exploring its potential to mitigate high-fat diet-
induced damage to these crucial metabolic organs. 
The STZ induction mimics aspects of diabetes and 
replicates some features of human T2DM, 

providing insights into how IF may impact 
metabolic health in diabetic conditions exacerbated 
by dietary factors. Understanding IF's influence on 
liver and kidney health is crucial for comprehending 
its broader implications in metabolic homeostasis 
and the prevention of complications associated 
with type 2 diabetes. Therefore, the effects of IF on 
T2DM and diabetic complications in STZ-induced 
rats were examined in this study. It is believed that 
mechanistic insights into the impact of IF on liver 
and kidney function may offer new T2DM and DKD 
treatments. 
 
Materials and Methods 
Materials 
Fifty male Wistar rats (90-120 g) were sourced from 
Babcock University Animal Facility, Ogun State, 
Nigeria, and housed in suitable cages at the 
Department of Physiology, Babcock University, 
Ilishan-Remo, Ogun State, Nigeria. They were 
acclimatised for a week with rat feed and water 
under a natural 12-hour light-dark cycle before the 
experiment began. Wistar rats, rat cages, standard 
rat feed, weighing scale, glucometer, test strips, 
cotton wool, methylated spirit, scissors, 
streptozotocin, syringes, butter, chloroform, and 
sample bottles. 
 
Methods  
An experimental study was conducted for a period 
of four (4) weeks in three phases.  Fifty rats were 
randomly allocated into five groups (10 rats/group). 
There were two control groups (1 and 2). Group 1 
(positive control group) was not injected with STZ 
and was placed on standard rat feed and water 
alone. Group 2 (negative control group) and other 
groups were injected with STZ to induce diabetes 
and were fed with a high-fat diet of 70% standard 
rat feed and 30% margarine with ad libitum access 
to water. Their weekly food intake and weekly body 
weights were recorded.  
The weight of the rats was determined using a 
sensitive and calibrated scale. Before starting the 
experiment, each rat was weighed to establish a 
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baseline weight. The weighing was carried out 
weekly for four weeks to help in tracking weight 
changes over time. Weight gain was calculated for 
each rat by subtracting the baseline weight from 
the weight recorded at each measurement in 
grams. 
Weight gain (g)= Weight (weekly measurements) – 
Initial weight (Baseline) 
 

Treatments 
The experimental animals were divided into five 
groups of 10 rats per group based on their weights. 
After one week of acclimatisation, the other four 
groups of animals were induced with streptozotocin 
(STZ) and treated for 21 days with intermittent 
fasting based on their groups, making a total of 
28days. Description of the experimental grouping 
is stated in Table 1. 

 
Table 1: Descriptions of Experimental groups of the study 

Experimental Groups Description 

Group 1 Standard rat feed and water alone (Positive control) 
Group 2 (Streptozotocin alone) Intraperitoneal administration of STZ at a dose of 50 mg/kg (Negative 

control) 
Group 3 (Streptozotocin + IF 1) Intraperitoneal administration of STZ at a dose of 50 mg/kg + with 16 

hours fasting and access to food for 8 hours (time-restricted feeding) 
Group 4 (Streptozotocin + IF 2) Intraperitoneal administration of STZ at a dose of 50 mg/kg + alternate 

day fasting (alternating between feeding days and fasting days (alternate 
day fasting) 

Group 5 (Streptozotocin +IF 3) Intraperitoneal administration of STZ at a dose of 50 mg/kg + 5:2 diet (5 
days of free feeding in a week with 2 non-consecutive fasting days) 

STZ- Streptozotocin, IF- Intermittent fasting 
 
The five groups were distinct based on the 
treatment that each one received. The first group 
(positive control), known as the control group, had 
access only to regular rat feed and water without 
fasting. The second group (negative control) 
received an intraperitoneal administration of 
streptozotocin (STZ) at a dosage of 50 mg/kg, 
without any additional modifications to their diet. 
The third group (time-restricted feeding) also 
administered STZ at the same dosage, but this was 
combined with a regimen of intermittent fasting; 
specifically, they underwent a fast for 16 hours and 
were allowed to eat for only 8 hours each day. In 
the fourth group (alternate day fasting), the same 
STZ dosage was administered, but the animals 
followed a different pattern, practising alternate day 
fasting for 16 hours, alternating between days of 
feeding and days of fasting. Finally, the fifth group 
(5:2 diet) was given the same STZ treatment, which 
allowed them five days of unrestricted feeding 
followed by two non-consecutive fasting days (16 
hours/day) each week.  
 
Induction of diabetes 
Animals received their respective diets for 7 days 
for acclimatisation. On the 7th day, except for the 
positive control group, all animals in the treatment 
groups were injected intraperitoneally with 50 
mg/kg streptozotocin (Sigma-Aldrich, St. Louis, 
MO, USA) after a 12-hour fast (11). In the post-
injection, animals had ad libitum access to food and 
water to prevent hypoglycemic shock. Control 

groups received vehicle (0.01 M citrate buffer, pH 
4.5).  
Before streptozotocin treatment, fasting blood 
glucose was measured from the tail vein blood 
using an Accu-Check glucometer. Blood glucose 
was measured again on the 16th day to confirm 
diabetes induction (blood glucose ≥ 250 mg/dl). 
Weekly records were kept for body weight, water 
intake, and food intake. Blood glucose levels were 
measured every three days from the tail vein. 
Standard rat feed was supplemented with 
margarine at a 70% to 30% ratio according to the 
method of Olufadekemi et al (12). 
 
Evaluation of Lipid profile and Histopathological 
analysis 
The blood was taken following an Institutional 
Animal Care and Use Committee (IACUC)-
approved Animal Protocol, which was performed 
with a euthanasia procedure when the animal was 
under deep anaesthesia. The Blood was 
centrifuged at 3000 rpm for 20 minutes to obtain 
serum. Triglycerides, total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), low-
density lipoprotein cholesterol (LDL-C), alanine 
aminotransferase (ALT), aspartate 
aminotransferase (AST), alkaline phosphatase 
(ALP), urea, and creatinine levels were determined 
using assay kits. The liver and kidneys were 
exercised, weighed, fixed in 10% formal saline, and 
processed for histopathological examination. 
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Organ samples were rinsed in ice-cold 1.15% KCl 
solution, blotted dry, and weighed. They were then 
sectioned for histology and fixed in Formalin. 
Meanwhile, harvested tissues were homogenised 
in 0.1M Phosphate buffer and centrifuged at 10,000 
rpm for 15 minutes at 4°C to obtain post-
mitochondrial fractions for biochemical analyses. 
Liver and kidney tissues underwent dehydration in 
alcohol, with internal surfaces of embedding 
moulds treated with glycerine to aid paraffin 
embedding. After 48 hours of solidification, excess 
wax was trimmed from tissue blocks. Sections of 5 
microns were cut using an automated microtome, 
floated on water, and straightened if folded. Slides 
coated with egg albumen facilitated section transfer 
and drying at 40°C.  
 
Histological staining  
Haematoxylin and Eosin (H&E) procedures were 
employed. Haematoxylin-stained nuclei blue-black, 
while Eosin imparted various colours to cytoplasm 
and connective tissue (13). Slides were examined 
under magnifications of 40x and 400x for 
histopathological evaluation. 
 
Statistical analysis 
Data were analysed using Statistical Package for 
Social Science (SPSS) version 22, and described 
by mean and standard deviation (SD). Mean 

differences between the groups were determined 
using a one-way analysis of variance (ANOVA), 
and multiple comparisons were conducted using 
the Bonferroni post hoc test to control for Type I 
error. Statistically significant differences were set at 
values of p<0.05.  
 
Results 
Water and food intake 
Mean water intake was not consistent. While group 
1 had a decline in water intake at the fourth week, 
groups 2 to 5 had an increase in water intake 
(p>0.05). There was a decline in food intake in all 
groups in the third week. However, in the fourth 
week, food intake increased in all groups except 
group 3 (177.3±27.99g to 168.9±19.08g) 
(appendix).  
 
Body weight of experimental animals 
Figure 1 presents findings on water intake of the 
subjects. Throughout the period of study, all groups 
exhibited weight gain. The average weight of the 
rats in the first week ranged from 116.9±4.68g (in 
group 4) to 207.7±12.75g (group 1). Likewise, the 
increase in weight also occurred at the fourth week, 
with group 1 having the highest value 
(242.1±4.97g) and group 4 the least weight 
(163.7±5.78g).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1: Weight trend of the rats in grams 
 
Blood glucose level 
The result of the blood glucose of the study animals 
is presented in Figure 2. At the initial stage, the 
blood glucose level of group 2 (76.0±14.07mg/dL) 
was the lowest, while group 3 had the highest value 
of blood glucose (90.3±9.78mg/dL). After inducing 
diabetes with STZ, all groups showed increased 

blood glucose levels. Following treatment, a 
significant reduction was observed in blood 
glucose in group 2 (104.0±10.23mg/dL to 
63.3±15.37mg/dL) and group 5 (93.8±6.65 to 
42.8±4.72mg/dL)  
(p<0.05). 
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Figure 2: Blood glucose levels of study rats (mgldl) 
 
Plasma lipid profile 
The findings on the plasma lipid profile of the 
experimental rats are presented in Table 2. The 
highest values of total cholesterol (7.2 ± 
5.06mg/dL) and triglyceride (13.7 ± 6.08mg/dL) 
were found in group 1, while group 5 had the 
significantly highest values of high-density 
lipoprotein (34.4 ± 1.76mg/dL) and low-density 

lipoprotein (47.3± 1.95mg/dL) (p<0.05). Group 5 
had the significantly lowest total cholesterol (3.0 ± 
0.78mg/dL). The least values of triglyceride (6.8 ± 
1.71mg/dL), high-density lipoprotein (5.7 ± 
0.99mg/dL) were found in group 3. The least value 
of low-density lipoprotein was found in group 4 (2.4 

± 1.29mg/dL) (p<0.05).  

 
Table 2: Lipid profile of the experimental rats 

Groups TC 
(mg/dl) 

TG 
(mg/dl) 

HDL-C (mg/dl) LDL-C (mg/dl) 

1 7.23a ± 0.05 13.72a ± 0.18 9.04b ± 0.03 4.56b ± 0.06 
2 3.50a ± 0.07 7.88a ± 0.17 6.28b ± 0.49 4.25b ± 0.15 
3 3.95a ± 0.03 6.78a ± 0.01 5.66b ± 0.09 3.06b ± 0.08 
4 4.86a ± 0.04 7.09a ± 0.02 5.87b ± 0.08 2.43b ± 0.02 
5 3.01a ± 0.06 7.57a ± 0.08 34.43a ± 1.76 47.33a ± 1.09 

Means with different superscripts along the column differ significantly at p < 0.05 
 
Liver function profile 
Table 3 presents the results of the liver function 
biomarkers test. The level of AST, ALT, and ALP 
was observed to be in varying degrees after 
treatment in groups 2,3,4 and 5 compared to the 
control group (group 1) which had the significant 

highest values of AST (414.9 ± 303.63mg/dL) and 
ALP (4529.8 ± 2177.67mg/dL), while group 3 had 
the least amount of ALP (880.0 ± 28.19mg/dL, p=). 
Group 5 had the least significant amount of AST 
(56.5 ± 22.92mg/dL, p=) while group 4 had the least 
amount of ALT (0.2 ± 0.04mg/dL). 

 
Table 3: The liver function biomarkers test 

Groups AST ALT ALP 

1 414.96a ± 26.63 0.43a ± 0.09 4529.80a ± 77.67 

2 221.16ab ± 19.57 0.52a ± 0.04 1712.70b ± 40.74 

3 172.85ab ± 9.77 0.60a ± 0.07 880.00b ± 28.19 

4 254.33ab ± 17.41 0.19a ± 0.04 2210.10b ± 10.09 

5 56.45b ± 7.92 5.79a ± 0.13 1758.90b ± 18.68 

Means with different superscripts along the column differ significantly at P < 0.05 
 
Kidney function profile 
Table 4 shows the mean values of urea and 
creatinine levels in the blood samples of the rats in 

each experimental group. The mean of urea across 
the group ranges from 1.43mg/dL to 3.35mg/dL, 
with group 5 having the lowest amount at 
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1.43mg/dL and group 1 having significant highest 
at a value of 3.35mg/dL. The mean value of 
creatinine level across all groups ranges from 
9.67mg/dL to 86.75mg/dL, with group 4 having the 
lowest value of 9.67mg/dL and group 5 having the 
highest value of 86.75mg/dL (p<0.05). 
 
Histopathology Findings 
Figures 3 and 4 present a photomicrograph 
representation of the liver sections from different 
experimental groups at lower and higher 
magnification. Micrographs of liver and kidney 
histological sections from different groups were 

observed at lower and higher magnifications. In the 
liver (x400), Group 1 showed standard histological 
features with central vein, sinusoids, hepatocytes, 
and central vein haemorrhage. Group 2, treated 
with STZ only, displayed normal hepatocyte 
morphology without tissue degeneration. Group 3 
exhibited dilated sinusoids, few inflammatory cells, 
and necrosis. Group 4 showed signs of 
degeneration with vacuolated cytoplasm and 
reduced hepatocyte count. Group 5 demonstrated 
less injury with improved cellular structure and 
uniform sinusoidal arrays, albeit has necrosis. 

 

 
                        Figure 3: Magnification x40  

 

 
Figure 4: Magnification x400 

 
In Figures 5 and 6, photomicrograph 
representations of the kidney sections from 
different experimental groups at lower and higher 
magnification are presented. In the kidney (x400), 
group 1 (A) displayed normal kidney architecture. 

Group 2 (B) maintains normal kidney structure with 
no visible abnormalities. Group 3 (C) and 4 (D) 
showed hepatocellular necrosis and vacuolation, 
while Group 5 (E) exhibited partial preservation of 
architecture. 
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Figure 5: Magnification x40 

 

 
Figure 6: Magnification x400 

 
CV = Central Vein (represented with a yellow 
arrow) 
S = Sinusoids (represented with blue arrow) 
N = Necrosis (represented with white arrow) 
H = Hepatocytes (represented with black arrows) 
 
Discussion 
The findings of this study present significant 
insights into the impacts of intermittent fasting (IF) 
on various metabolic and health markers in diabetic 
model rats induced by streptozotocin (STZ). The 
results demonstrated notable changes in body 
weight, blood glucose levels, and lipid profiles, 
emphasising the potential benefits of dietary 
modifications for managing diabetes. Variations in 
water intake, food consumption, and associated 
metabolic variables highlighted the complexities 
between fasting regimens and metabolic 
outcomes, indicative of the multifaceted nature of 
IF (14, 15). 
The study's observations of significant differences 
among treatment groups correlate with previous 
research indicating that IF can alleviate metabolic 
disturbances caused by diabetes and obesogenic 

diets (16, 17). While fasting is typically linked to 
dietary intake restrictions, the observed increase in 
water consumption during fasting could prevent 
dehydration, which is critical for maintaining blood 
glucose levels (8, 18). This behavioural aspect 
could influence the efficacy of fasting regimens in 
managing diabetic conditions and necessitate 
further examination of hydration's role in fasting 
protocols. 
The variations in body weight and food intake 
among the experimental groups further complicate 
the understanding of IF's effects; specifically, the 
5:2 regimen led to unexpected weight gain, 
contradicting conventional expectations of fasting 
leading to weight loss (19, 20, 21). The results align 
with studies which reported that alternate-day 
fasting may not sufficiently address weight 
management due to compensatory caloric intake 
following fasting periods (22). This highlights the 
mechanism where the quality and quantity of food 
consumed post-fasting significantly influence 
weight outcomes, suggesting that merely 
employing IF without caloric oversight may yield 
limited success (23). 
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Additionally, blood glucose levels effectively 
illustrated the implications of fasting, particularly 
with the 5:2 diet, which registered significant 
reductions in glucose levels. This corresponds to 
the studies demonstrating IF's benefits in 
improving glucose metabolism and tolerance (24, 
25, 26). However, varied experimental conditions 
underscore the critical nature of context in 
translating these results to broader human 
applications (27, 28, 29). 
The lipid profiles observed showed intriguing 
results, with variations suggesting that intermittent 
fasting regimens could influence lipid metabolism. 
For instance, significant reductions in total 
cholesterol and improvements in HDL levels were 
pronounced in groups adhering to specific fasting 
protocols (30, 31, 32). While prior findings have 
typically associated IF with improved lipid levels, 
additional factors, such as the health status of 
experimental subjects and specifics of the fasting 
regimens, may contribute to observed metabolic 
profiles (33, 34, 35). 
However, histological evaluations of kidney and 
liver function revealed mixed findings, with one 
group demonstrating improved renal function 
markers while concurrently exhibiting elevated 
creatinine levels, indicating hydration and dietary 
influences during fasting as potential confounding 
factors among animals placed on intermittent 
fasting. These findings resonate with previous 
studies highlighting intermittent fasting's effects on 
organ function, but they also emphasise the need 
for cautious interpretation given the diverse 
responses of metabolic pathways to fasting 
documented in previous literature (36, 37, 38). 
In addition, this study presents evidence favouring 
intermittent fasting as a potential therapeutic 
avenue for managing Type 2 Diabetes Mellitus and 
its complications. However, limitations such as 
variability in responses among species, fasting 
duration, and dietary quality complicate the 
replicability of findings. Controlled dietary intake 
alongside fasting regimens is crucial to enhance 
these interventions' efficacy in clinical settings. 
Future studies should focus on delineating the 
mechanisms behind these results and 
implementing controlled human trials to evaluate 
the broader applicability of IF in diverse metabolic 
conditions.      
 
Conclusion 
This study demonstrates that the 5:2 intermittent 
fasting diet offers significant promise in managing 
diabetes-related metabolic disturbances, notably 
by markedly reducing blood glucose and 
cholesterol levels and improving lipid profiles, while 

also providing protective effects on the liver and 
kidneys in a rat model. These findings contribute 
novel insights into the potential application of 
specific dietary regimens for metabolic health, 
highlighting the 5:2 diet as a particularly effective 
intervention despite associated weight gain and 
some elevation in renal and hepatic biomarkers.  
However, limitations associated with the study 
include the observed organ-specific biomarker 
elevations, which could be due to physiological 
state of the study animals before the study or 
cumulative effects of fasting, dehydration and fat 
diet on metabolism (which were not accounted for), 
a short period of time spent to conduct the study 
and the use of an animal model, which may not fully 
translate to humans. Future research should 
explore long-term safety, optimise dietary 
protocols, and evaluate clinical efficacy in human 
populations to better inform potential therapeutic 
applications and mitigate risks associated with 
such dietary interventions.  
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