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Introduction

ABSTRACT

Objective: The current study was conducted to investigate the effect of intermittent
fasting (IF) with a low-carbohydrate-high-protein (LCHP) diet on blood glucose control
in streptozotocin (STZ)-nicotinamide-induced type 2 diabetic rats (DR).

Methods: Thirty male Wistar rats were divided into six groups (n = 5) including a
group of normal rats (NR) that received a control diet (CD) (50% carbohydrates, 17%
protein, and 33% fat) with ad libitum (AL) feeding. The remaining 5 groups were DR
injected with STZ and fed on CD or LCHP diet (40% carbohydrates, 30% protein, and
30% fat) for 6 weeks, either AL or IF (with a time-restricted feeding of 16 h followed
by 8 h feeding period). There was a standard control group treated with metformin
and fed on CD with AL feeding. A random blood glucose was measured. Changes in
body weight and feed intake (FI) were monitored weekly.

Results: Feeding rats on LCHP and IF and their combination significantly reduced
FI, body weight gain, blood glucose (P <0.001), and improved insulin resistance (P <
0.05) with no effect on the insulin levels (P> 0.05). LCHP and IF decreased the levels
of triglycerides and very-low-density lipoprotein and showed a possible protection
against atherosclerosis by reducing the atherogenic index (P < 0.01). Furthermore,
LCHP+IF greatly alleviates the pancreatic histopathological changes induced by STZ
and showed the normal histological structure of the Langerhans islets.

Conclusion: I[F with a LCHP diet could be effectively used in improving the indicators
of glucose control, and reversing pancreatic histopathological alterations in type 2
diabetes.

Keywords: Low-carbohydrate-high-protein diet, intermittent fasting, streptozotocin,
insulin resistance, pancreatic histopathology

For diet composition, the most recent nutritional guideline from
the American Diabetes Association emphasizes that there is not

Diabetes mellitus describes a group of metabolic disorders
characterized by hyperglycemia due to insufficient production
of insulin secretion, insulin action, or both. With a lack
of insulin, the glucose remains in the blood rather than
transferred into the cells to provide energy for cellular
functions, which leads to high levels of blood glucose above
normal (International Diabetes Federation [IDF], 2021).
Prevalence estimates of diabetes mellitus reported by the IDF
in 2021 showed that 537 million people have diabetes, and
this number is projected to reach 783 million by 2045 (IDF,
2021). Furthermore, diabetes mellitus not only has an impact
on the individual but also in terms of the economy. Globally,
the annual economic burden of diabetes was estimated at 966
billion dollars;" In Saudi Arabia, the annual cost of diabetes
has been estimated at 17 billion Riyals.[?

one ideal percentage of calories from macronutrients for all
people with diabetes and that macronutrient recommendations
should be individualized.P! The critical review by Feinman
et al ™ suggests that a low carbohydrate diet with a carbohydrate
content of <45% of energy plays a role in glycemic control,
insulin sensitivity, body weight control, and a positive effect
on lipid levels in T2DM study conducted by Skytte et al.¥
investigated the effect of a similar carbohydrate-reduced and
high-protein diet. The authors concluded that after 6 weeks
reduced fasting glucose concentrations, HbA ¢ levels, and fat
content of the liver and pancreas in weight-stable patients with
type 2 diabetes. These results were confirmed by.[

On the other hand, intermittent fasting (IF) refers to alternating
fasting time with ad libitum (AL) calorie intake time. The
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most commonly used forms of IF are: Alternate-day fasting
(ADF): 24 h of fasting followed by 24 h of AL feeding time;
modified alternate-day fasting: calorie intake is restricted to
25% on 1 or 2 days each week alternating with AL feeding
time; time-restricted feeding (TRF); and Feeding occurs during
specified hours in the day. Typically, eat for 8 h, followed
by fasting for the next 16 h. In all instances, non-caloric
fluid intake is allowed to reduce the risk of hypotension and
dehydration.”#] Mechanisms through which fasting affects the
body. One such mechanism is the fasting-induced stimulation
of NEUROGS3 cells that stimulates the regeneration of beta
cells and therefore increase insulin secretion.”'” In animal
studies, it was found that fasting for 16 h protected against
hyperinsulinemia and reduced plasma glucose compared with
groups with AL feeding to a high-fat diet despite comparable
energy intake.!!! A similar study in rodents with streptozotocin
(STZ)-induced diabetes!'? reported that TRF for 30 days from
(5 PM to 8 AM) increased glucose tolerance, plasma insulin,
and an increase in the number of pancreatic B-cells relative
to controls.

Therefore, the aim of the current study was to investigate
the effects of low-carbohydrate-high-protein (LCHP) versus
normal diets, and AL feeding versus IF in type 2 diabetic rats
(DR) induced by STZ.

Materials and Methods

All chemicals were acquired from Sigma Chemicals (St. Louis,
MO). All chemicals used in the study were analytical grade.
Commercial diagnostic kits for estimating serum glucose, lipid
profile, and kidney function enzymes were purchased from
(Human Diagnostic Worldwide, Germany). Enzyme-linked
immunosorbent assay (ELISA) kit for estimating serum insulin
was purchased from the Bioassay Technology Laboratories
(Shanghai, China). Metformin was purchased from (Merck
Pharma GmbH, Darmstadt, Germany). The ingredients of the
experimental diets were purchased from MP Biomedicals,
Inc (Irvine, CA, USA). Except for cornstarch, sucrose, and
sunflower oil, which were locally purchased.

Experimental animals and diets

Thirty male Wistar albino rats weighing between (200 and
250g, 7 weeks old) were obtained from the Animal House,
College of Pharmacy, King Saud University, Saudi Arabia. Rats
were housed in polyacrylate plastic wire mesh cages having
sawdust as bedding (5 rats/cage) at 23 = 2°C, and under a 12-h
light/dark cycle, under a relative humidity of 40—45% in an
experimental animal house at the Department of Food Science
and Human Nutrition, College of Agriculture and Food,
Qassim University, Saudi Arabia. Rats were provided AL water
and standard basal diet according to AIN-93 guidelines (Reeves
et al., 1993), and allowed to acclimatize to the laboratory
environment for 1 week before starting the experiment. The
diabetic control diet (CD) was prepared in accordance with the
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diabetes dietary guidelines by the Diabetes and Nutrition Study
Group (DNSG) of the European Association for the Study of
Diabetes, ' and a low-carb-high-protein diet was formulated
among acceptable macronutrient distribution range.[!*!%
All diets had similar energy densities, CD (4.37 kcal/g) and
LCHP (4.29 kcal/g). This approach has been used to provide
equivalent energy intakes in previous feeding studies.!'®
Table 1 shows the composition of experimental diets.

Induction of type 2 diabetes

After the acclimatization period, three rats were used for a
pilot study to ascertain that the rats could be made diabetic
at the dose level. After that, the rats fasted overnight, and
diabetes was induced by intraperitoneal injection with freshly
dissolved STZ in citrate buffer (0.1 M, pH =4.5) at a dose of
(45 mg/kg-BW) after 15 min administration of nicotinamide
(NA) intraperitoneal (120 mg/kg-BW) according to the
method of ') In the first 24 h after STZ induction, rats were
provided with a 5% glucose solution as drinking water to
prevent hypoglycemia. After 72 h, glucose was measured
using a glucometer (Contour next one Glucometer, USA) by
small incision from the tail vein and loading a drop of blood
on glucometer strips. Rats that had reached a considered
200 mg/ dL or above were considered diabetic and were
included in the study.!'®

Preparation of metformin

Metformin powder was dissolved in 1 mL of 0.9 % normal
saline and orally administered at a dose of (500 mg/kg- BW).
The animal dosage (mg/kg) was calculated from the
multiplication of the human dosage (mg/kg for a normal 60 kg

Table 1. Composition of experimental diets

Ingredients CD LCHP
em% keal% gm% keal%
Protein 19 17 32 30
Carbohydrates 55 50 43 40
Fat 16 33 14 30
Total 100 100
Kcal/g 4.37 4.29
Casein 161.9 648 286.9 1148
L-cystine 1.8 7 1.8 7
Corn starch 226.2 905 130 520
Dextrose 155 620 155 620
Sucrose 100 400 100 400
Cellulose 50 0 50 0
Sunflower oil 141.1 1270 128.3 1155
Mineral mixture (AIN-93M) 35 0 35 0
Vitamin mixture (AIN-93M) 10 0 10 0
Total 881 3850 897 3850

CD: Control diet, LCHP: Low-carbohydrate high-protein
Based upon amount of food needed to deliver 3850 kcal of energy
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adult).!" Metformin was chosen as the reference drug in this
study according to a previous study.?”

IF protocol

The IF groups involve restriction for a specific time during
the day without calorie restrictions, 16-h fasting periods with
periods of 8-h of AL access to the chow during the active phase
(dark period) which is similar to the morning for humans.
The time for food access was controlled by removing food
daily from (16:00 to 08:00) to implement alternate periods
of fasting and feeding. All groups were free to access water
during the experimental period. The fasting hours were based
on previous studies.?!!

Experimental design

The experimental protocol of this study was approved by the
Qassim University Committee for Scientific Research Ethics
(Approval #April 21, 2013). The rats were randomly divided
into six groups for 6 weeks (n =5, for each group) as follows:
G1:normal rats (NR) as a negative control + CD + AL feeding
(NR+CD+AL). While the remaining groups were injected with
STZ and NA to induce type 2 diabetes.

After that, diabetic rats (DR) were randomly distributed
based on body weight and blood glucose level into five
groups: G2: DR as a positive control + CD + AL feeding
(DR+CD+AL). G3: DR + CD + IF (DR+CD+IF). G4: DR+
LCHP + AL feeding (DR+LCHP+AL). G5: DR + LCHP diet
+ IF (DR+LCHP+IF). G6: DR + CD + AL feeding + treated
with metformin (DR+CD+AL+MET).

The fasting groups were allowed access to the diet for 8 h per
day. After 6 weeks, animals were sacrificed. Figure 1 shows
the experimental design of the present study.

Thirty grams per rat of the CD or low-carb-high-protein
diet were weighed and presented at ZT 8 for all groups.
Subsequently, feed intake (FI) was measured weekly at 16:00
for IF groups and after 24 h for AL groups by the difference
between food provided and food remaining in the cage.
Residual food was discarded and replaced with a fresh diet.
Water and bedding materials were changed daily. Furthermore,
random blood glucose (RBG) 2 h after the reintroduction of
food to search for possible hypoglycemia and body weight
were measured weekly.

After the experimental period, the rats were fasted overnight
and sacrificed under anesthetized with a mixture of alcohol,
chloroform, and ether (1:2:3) according to.*?! Blood samples
were collected in plain tubes and centrifuged at 4000xg for
30 min under cooling to separate the serum, which was stored
at —20°C until biochemical analysis.

The liver and kidney were collected and blotted of adhering blood
and washed with cold saline solution and dried between two filter
papers. After that, the organs’ relative weight was calculated by
the body weight of the animals as previously described.!

Biochemical measurements

Glucose, insulin and insulin resistance
Serum fasting glucose level was measured by the method of
glucose oxidase.?” Serum insulin level was measured by the

acclimatization period Diabetes induction Experimental period
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Figure 1: Experimental design of the present study. NR + CD + AL: normal rats as a negative control + control diet + ad libitum feeding, DR +
CD + AL: diabetic rats as a positive control + control diet + ad libitum feeding, DR + CD + IF: diabetic rats + control diet + intermittent fasting,
DR + LCHP + AL: diabetic rats+ low-carbohydrate-high-protein diet + ad libitum feeding, DR + LCHP + IF: diabetic rats + low-carbohydrate-
high-protein diet + intermittent fasting, DR + CD + AL + MET: diabetic rats + control diet+ ad libitum feeding + administered metformin
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ELISA technique according to the method of.**! The fasting
insulin resistance index was determined according to the
method of,?% using the Homeostatic Model Assessment for
Insulin Resistance (HOMA-IR).

Lipid profile

Total cholesterol (TC) level

Serum TC level was determined according to the method
described by.?”! Serum triglyceride level was determined
according to the method described by.*® Serum high-density
lipoprotein cholesterol level was determined according to
the method described by.*”! Serum low-density lipoprotein
cholesterol level was determined according to the method
described by.*"

Serum very-low-density lipoprotein cholesterol level was
determined according to the method described by Friedewald
(1972).839

Atherogenic index (Al) and percent of protection
against atherogenicity

To predict atherosclerosis, Al and % protection were calculated
according to the method described by Niroumand et a/.?'" using
the following formula:
Al = log Triglycerides
HDL -c

Atherogenicindex of control —

Protection (% ) _ Atherogenicindex of treated <100

Atherogenicindex of control

Histological examination

Pancreas histopathological examination was done according to
the methods described bP? The pancreas specimens were fixed
in 10% formalin immediately, sections were dehydrated using
increasing concentrations of ethanol, xylene and embedded
with paraffin wax, then these paraffin blocks were sectioned
at S5um thickness by rotatory microtome (Leica RM 2125RT)
and stained with Mayer’s hematoxylin and eosin (H&E).
Finally, mounted with diphenylxylene and examined under the
microscope for histopathological changes by an observer and
micrographs were captured using (Leica DMD108) Standard
software.

Statistical analysis

The study results were analyzed statistically by (SPSS, V.
21) Data were expressed as mean + standard deviation (SD).
One-way analysis of variance (ANOVA) was used, followed
by Tukey’s post hoc test. Results were considered significant
if (P < 0.05) according to.53
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Results

Effect of LCHP diet and IF on body weights and
relative organ weights in type 2 DR

The data in Table 2 and Figure 2 demonstrate the effect of
different treatment groups on body and organ weight change
in DR. At the beginning of the experiment, all groups had
similar body weights (P > 0.05). After the 1** week, DR had
a lesser weight gain compared to the normal control. Weight
loss significantly continued in DR+CD+AL compared to
NR+CD+AL for up to 6 weeks (P <0.001).

There was a significant difference in the final body weight
(FBW) (P < 0.001). The highest FBW took place in the
NR+CD+AL group, whereas the lowest FBW was recorded
for the DR+LCHP+IF group. Concerning body weight gain
percent (BWG%), the results showed that there was a significant
decrease (P <0.001) in the DR+CD+AL group when compared
to NR+CD+AL by 18.33%. Moreover, the DR+CD+AL+MET
and DR+LCHP+AL treatments significantly increased BWG
by 8.15% and 3.85%, respectively, compared DR+CD+AL
group. While the fasting (regardless of the type of diet) in
the DR+CD+IF and DR+LCHP+IF groups significantly
reduced BWG% by 4.51% and 4.22%, respectively, compared
DR+CD+AL group (P < 0.001). In addition, the liver and
kidney-to-body weight ratios were not significantly different
between all the groups (P > 0.05). On the other hand, there
was no significant difference in average FI between the
NR+CD+AL and the DC+CD+AL group. In contrast, decreases
were observed in FI by fasting rat groups compared to non-
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-En -¥- DR+LCHP+AL
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Period (week) -m- DR+CD+AL
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o 25+
E
g
£
=
8
= 204
1 T T T T : 6
1 2 3 4 5 ¢
E Period (week)

Figure 2: Effect of a low-carbohydrate, high-protein diet and
intermittent fasting for 6 weeks on body weight (a), feed intake
(b) changes in type 2 diabetic rats
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Table 2: Effect of a low-carbohydrate, high-protein diet and intermittent fasting on body weight and relative organ weights in type 2

diabetic rats

Treatment IBW (g) FBW(g)
NR+CD+AL 249.40+4.16° 329.20+8.14¢
DR+CD+AL 242.40+8.79° 273.40+11.97%
DR+CD+IF 231.20+13.53¢ 250.40+17.11¢
DR+LCHP+AL 233.2049.88* 271.80+7.36
DR+LCHP-+IF 228.80+11.95* 248.40+13.89¢
DR+CD+AL+MET 234.40+17.00* 283.20+16.99°

BWG (%) RLW (%) RKW (%)
31.10+2.43¢ 2.62+0.09° 0.75+0.06*
12.77+1.68d 3.00+0.04* 0.80+0.07*
8.26+1.25¢ 2.67+0.09° 0.76+0.05*
16.62+2.14¢ 2.71+£0.24° 0.78+0.15*
8.55+0.93¢ 2.62+0.22° 0.76+0.08*
20.92+2.46° 2.69+0.07° 0.73+0.03*

NR+CD+AL: Normal ratst+control diet+ad libitum, DR+CD+AL: Diabetic rats+control diet+ad libitum, DR+CD+IF: Diabetic rats+control diet+intermittent fasting, DR+LCHP+AL: Diabetic rats+low-carb
high-protein diett+ad libitum, DR+LCHP+IF: Diabetic rats+low-carb high-protein diet+intermittent fasting, DR+CD+AL+MET: Diabetic rats+control diet+ ad libitum+metformin, IBW: Initial body weight,
FBW: Final body weight, BWG%: [(FBW—-IBW)/IBWx100], RLW: Relative liver weight, RKW: Relative kidney weight. Values are expressed as meantstandard deviation. Values with different superscripts

within the same column are significantly different (P<0.05)

fasting groups and it was lower in the LCHP diet group than
CD diet group up to 6 weeks. After treatment with metformin,
the DR decreased the amount of FI decreased compared with
the DR+CD+AL group, but still more than the fasting groups
(P <0.001).

Effect of a LCHP diet and IF on glucose, insulin,
and insulin resistance in type 2 DR

RBG, fasting blood glucose, insulin, and insulin resistance
are presented in Table 3 and Figure 3. After 1 week, there
appeared to be a significant rise in the random glucose level
after the induction of diabetes in all groups compared to the
NR+CD+AL group (P < 0.001). However, over the 6 weeks,
there was a significant decrease in the blood glucose level
near to normal in all the treated groups compared to the
DR+CD+AL group.

Notably, the DR+CD+MET and DR+LCHP-IF groups showed
the lowest glucose level, respectively (P < 0.001). Serum
fasting glucose level was also considered significantly raised
(P < 0.01) in DR+CD+AL compared to the NR+CD+AL
group. However, DR+CD+MET, DR+LCHP+IF, DR+CD+IF,
and DR+LCHP+AL, respectively, significantly reversed the
upraised levels of serum glucose toward normal compared to
DR+CD+AL. There was a reduction in serum insulin level in
the DR+CD+AL group when compared with the NR+CD+AL
group, but this observation was not statistically significant
(P > 0.05). Conversely, there was a significant decrease
(P < 0.05) in the level of serum insulin in DR+LCHP+AL,
DR+LCHP+IF, and DR+CD+AL+ MET compared with
NR+CD+AL. Consistent with increased serum glucose and
decreased serum insulin levels lead to the insulin resistance
index was significantly increased in the DR+CD+AL group
(P <0.05) compared with the NR+CD+AL group. The efficacy
of IF (regardless of the type of diet) was similar to the metformin
group in the improvement of the HOMA-IR index (P < 0.05).

Effect of a LCHP diet and IF on the lipid profile
and Al in type 2 DR

The effect of IF, LCHP, LCHP+IF, and metformin on the lipid
profiles including TG, TC, HDL-c, LDL-c, and VLDL-c in

Table 3: Effect of a low-carbohydrate, high-protein diet and
intermittent fasting on the glucose, insulin, and insulin resistance

in type 2 DR
Treatment Glucose (mg/dL) Insulin (mIU/L) HOMA-IR
NR+CD+AL 78.30£1.77° 5.61+1.34 1.08+0.26°
DR+CD+AL 229.87+89.80° 3.99+0.08* 2.26+0.87°
DR+CD+IF 85.90+8.55° 4.24+0.94% 0.89+0.16°
DR+LCHP+AL 105.94+18.26° 3.21+0.36" 0.84+0.19%
DR+LCHP+IF 82.16+11.87° 3.23+0.79° 0.65+0.12°
DR+CD+AL+MET 80.34+17.13° 3.23+0.61° 0.66+0.26"

NR+CD+AL: Normal rats+control diet+ad libitum, DR+CD+AL: Diabetic rats+control diet+ad
libitum, DR+CD+IF: Diabetic rats+control diet+intermittent fasting, DR+LCHP+AL: Diabetic
ratstlow-carb high-protein diet+ad libitum, DR+LCHP+IF: Diabetic rats+low-carb high-protein
diet+intermittent fasting, DR+CD+AL+MET: Diabetic rats+control diet+ ad libitum+metformin.
Values are expressed as meantstandard deviation. Values with different superscripts within the
same column are significantly different (P<0.05)
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Figure 3: Effect of a low-carbohydrate, high-protein diet and
intermittent fasting for 6 weeks on random blood glucose change in
type 2 diabetic rats

type 2 DR was determined; results are illustrated in Table 4.
A significant increase in the TG and VLDL-c was noted at
52.28% and 52.35%, respectively, in DR+CD+AL when
compared to NR+CD+AL. Furthermore, TC and LDL-c have
recorded an insignificant increase of 30.92% and 54.62%,
respectively, whereas a non-significant decrease in HDL-c
concentration was observed in DR+CD+AL compared to
NR+CD+AL (P> 0.05). All experimental treatments showed
an improvement in the TG, TC, LDL-c, and VLDL-c levels;
this effect was strongest in the LCHP+IF group which was
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Table 4: Effect of a low-carbohydrate, high-protein diet and intermittent fasting on the lipid profile in type 2 diabetic rats

Treatment TG (mg/dL) TC (mg/d)

NR+CD+AL 58.37+1.15° 71.53+1.412
DR+CD+AL 88.89+2.30° 93.65+12.80*
DR+CD+IF 41.13+£3.04° 81.84+5.63°
DR+LCHP+AL 44.44+8.04° 83.59+21.35%
DR+LCHP+IF 43.09+5.05° 77.65+0.81%
DR+CD+AL+MET 45.77£11.9° 79.06+0.81*

HDL-c (md/dL)

LDL-c (mg/dL) VLDL-c (mg/dL)

28.3242.40° 31.54+0.94° 11.67+0.23°
27.10+2.36° 48.77+12.10° 17.78+0.46*
25.88+2.59° 47.74+6.90* 8.23+0.61°
25.70+0.91¢ 49.01+23.30° 8.89+1.61°
25.70+0.91¢ 43.33+1.02* 8.62+1.01°
25.35+2.48° 44.56+2.076* 9.15+2.39°

NR+CD+AL: normal rats+control diet+ad libitum, DR+CD+AL: diabetic rats+control diet+ad libitum, DR+CD+IF: diabetic rats+control diet+intermittent fasting, DR+LCHP+AL: diabetic rats+low-carb
high-protein diet+ad libitum, DR+LCHP+IF: diabetic rats+low-carb high-protein diet+intermittent fasting, DR+CD+AL+MET: diabetic rats+control diet+ ad TG: triglycerides, TC: total cholesterol, HDL-c:
high-density lipoprotein cholesterol, LDL-c: low-density lipoprotein cholesterol, VLDL-c: very low-density lipoprotein cholesterol. Values are expressed as mean+standard deviation. Values with different

superscripts within the same column are significantly different (P>0.05).

similar to those in the normal control group (P < 0.001).
Although none of the experimental groups had any effect on
HDL-c.

Interestingly, the highest protection against atherogenicity
was found by decreasing the Al significantly in DR+CD+IF,
DR+LCHP+IF, DR+LCHP+AL, and DR+CD+AL+MET
groups, respectively, compared to the positive control group
(P < 0.01). However, no significant differences were found
between the normal control group and all treated rats (P> 0.05)
[Table 5].

Histopathological examination

The results of histological changes in the structure of the
pancreas of the different groups are shown in Figure 4.
The histological examination of pancreatic sections from
the normal control group (NR+CD+AL) showed a normal
histological structure of the endocrine islets of Langerhans
consisting of beta and non-beta cells as well as the exocrine
acini. (DR+CD+AL): The pancreas of the diabetic control
group showed distortion of the general architecture of islet
cells with severe degenerative changes in islets of Langerhans
and the exocrine part.

The pancreas of the CD + IF group showed a large irregularly
shaped islet of Langerhans; it looks newly formed islet of
Langerhans with few mononuclear leukocytic infiltrations.
(DR + LCHP + AL): The pancreas of LCHP + AL showed
a large irregularly shaped islet of Langerhans and dilated
irregularly rounded interlobular duct with a congestion area.
(DR +LCHP +IF): The pancreas of LCHP+IF showed a nearly
normal structure of islets Langerhans which is represented by
shrinkage in size and irregular shape with few congestions.
(DR+CD+AL+MET): The pancreas of the metformin group
showed mild changes in islets Langerhans were relatively
small in size and irregular in shape with moderate congestion.

Discussion
The present study aimed to evaluate the combined effect of

LCHP diet, and IF in type 2 DR. To our knowledge, this is
the first study to investigate such a combined effect in type 2
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Table 5: Effect of a low-carbohydrate, high-protein diet, and
intermittent fasting on atherogenic index and percent of protection
against atherogenicity in type 2 diabetic rats

Treatment Atherogenic index % Protection
NR+CD+AL 0.32+0.04% 38.4
DR+CD+AL 0.52+0.05* 0
DR+CD+IF 0.20+0.07° 61.5
DR+LCHP+AL 0.234+0.08° 55.7
DR+LCHP+IF 0.22+0.05b 57.6
DR+CD+AL+MET 0.25+0.15° 51.9

NR+CD+AL: normal rats+control diet+ad libitum, DR+CD+AL: diabetic rats+control diet+ad
libitum, DR+CD+IF: diabetic rats+control diet+intermittent fasting, DR+LCHP+AL: diabetic
rats+low-carb high-protein diet+ad libitum, DR+LCHP+IF: diabetic rats+low-carb high-protein
diet+intermittent fasting, DR+CD+AL+MET: diabetic rats+control diet+ ad libitum+metformin.
Values are expressed as meantstandard deviation. Values with different superscripts within the
same column are significantly different (P<0.05)

DR. Our data showed a significant increase in blood glucose,
insulin resistance, hypertriglyceridemia, FI, and lower body
weight and insulin secretion in STZ/NA-induced DR. Thus,
these changes resemble many aspects of type 2 diabetic
patients,** suggesting that it is considered a good model in
this study.

Compared with the CD diet in the current study, the LCHP
diet affected body weight recovery and decreased food intake.
Indeed, weight loss is a common symptom of untreated
diabetes.) Occurs due to metabolic dysfunction; tissues
cannot absorb glucose; the body creates energy pathways by
increasing gluconeogenesis, lipolysis, and ketone production,
resulting in weight loss.*® Therefore, the improved body
weight may explain in part the improved glucose homeostasis.
On the other hand, Increased food intake is the direct result
of glucose accumulation in the blood and depends on energy
expenditure, catabolic processes, and urinary excretion.*” The
reduction in food intake after the introduction of the LCHP
diet was ascribed to the satiating effect of proteins % and
increasing the gastric emptying time."

In agreement with previous findings that used an LCHP diet
with a carbohydrate percentage of 40%-30% and protein
of 29%-30%,5:640-42] fasting glucose was significantly
lower in LCHP diet as compared with a CD diet. This was
partly explained by the reduced efficient glucose output of
gluconeogenesis and exogenous glucose.[*’! In addition, these
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N \ s
DR+LCHP+IF DR+CD+AL+MET

Figure 4: The histopathological examination of the pancreases from
experimental groups. (H&E- Hematoxylin and eosin, x100). (NR +
CD + AL): normal rats + control diet + ad libitum, (DR + CD + AL):
diabetic rats + control diet + ad libitum, (DR+CD+IF): diabetic rats +
control diet + intermittent fasting, (DR + LCHP + AL): diabetic rats +
low-carb high-protein diet + ad libitum, (DR + LCHP + IF): diabetic
rats + low-carb high-protein diet + intermittent fasting, (DR + CD+
AL + MET): diabetic rats + control diet+ ad libitum + metformin

studies did not find significant changes in insulin levels.F4?!
One possibility for the insulin concentration to be unaffected
is that despite the secretion of insulin stimulated by an increase
in protein intake,* a corresponding reduction in carbohydrates
causes an adverse effect on the insulin response.*! Contrary
to our results,>*! found that LCHP did not affect insulin
resistance suggest that further study is required on the
mechanism associated with insulin resistance.

Regarding hyperlipidemia, our results showed a significant
decrease in TG and VLDL-c is in line with those reported, 64"
and in disagreement with another study.®! Although there
was no significant change in TC and LDL-c in our study, a
downward trend was demonstrated, which is congruent with
a previous study.” Once glycogen stores have been drained
during the fasting period, the body then enters ketosis.>"
During ketosis, fat is used for energy, and triglycerides are
broken down into glycerol and three fatty acids. However,
these changes in blood lipids appear to be variable and may
depend on the quality and quantity of food consumption and
the degree of weight change.F!

In the present study, the LCHP diets improve triglyceride
levels and reduce the risk of atherogenicity, which agrees with

the findings.>®! On the other hand, the effect of carbohydrate
intake restriction on HDL metabolism is not entirely
consistent and may depend on concomitant changes in
glucose and body weight. As in the present study, reviewed
data from 13 studies and indicated that the LCHP diet does
not improve HDL. However, another meta-analysis of 23
studies (from 3 months to 2 years) showed a near-significant
increase in HDL, probably due to the that longer periods
are needed to manifest changes in LCHP diet-induced HDL
metabolism, possibly due to the slow turnover rate of HDL
particles.t®

Similar to,7#85457 the present study showed a decrease in
body weight that may be attributed to the decrease in food
intake,!'” and might be indicative of a shift to fat rather than
carbohydrates as a source of fuel.’®] Regulation of energy
metabolism during fasting and refeeding depends greatly on
the interaction between hormones and energy substrates.™
Fasting leads to adaptive hormonal and metabolic responses,
including the conversion to dependence on fatty acids
and ketones to produce energy, accompanied by lower
triglycerides, blood glucose, and insulin.’®”! Accordingly, the
obtained results showed decreased blood glucose and insulin
resistance.[1247:5357611 Fyrthermore, some studies have not
shown an improvement in insulin secretion.!'234%7]

As appeared in the histopathological investigation of the
sections of the pancreas in the current study, the diabetic
group of rats showed pathological changes in both exocrine
and endocrine components of pancreatic tissue in comparison
to the normal structure observed in the normal control group.
This finding was parallel to previous studies that showed STZ
seemed highly selectively toxic to the pancreas’s p cells and
subsequently reduced insulin secretion.l®”? The section of the
pancreas of the DR+CD+IF group showed newly formed islet
of Langerhans with few mononuclear leukocytic infiltrations,
the restoring pancreatic beta cell function is considered
strategical approach for the treatment of diabetes.[®] The
pancreas of the DR+LCHP+AL group demonstrated a large
irregularly shaped islet of Langerhans and dilated irregularly
rounded interlobular duct with a congestion area. In contrast, it
was observed that the DR+LCHP+IF and DR+CD+AL+MET
showed recovery in the structural of pancreatic islet B-cells
and tissues. Thus, it could repair islet injury and recuperate
the structural integrity of pancreatic islet B-cells and tissues
against ROS-mediated damage.[*¥)

To our knowledge, only one case study has investigated the
effects of IF in conjunction with a low-carbohydrate diet for a
69-year-old man diagnosed with type 2 diabetes who is treated
using insulin.' However, the protocol of IF and macronutrient
composition differed from what applied in our study, where
used ADF and a very- low-carbohydrate-diet of <50 g/d.
However, in agreement with our results, it showed a decrease
in body weight, glucose, insulin, and insulin resistance.
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Conclusion

In summary, IF and LCHP Diet improved glycemic control,
insulin resistance, hyperlipidemia, and reduced predisposition
to atherosclerosis. Moreover, regardless of the type of diet, IF
resulted in lowered body weight and FI. Moreover, regardless
of the type of diet, IF resulted in lowered body weight and
FI. Furthermore, the CD diet alone significantly decreases
weight when compared with the LCHP diet and metformin.
Furthermore, no events of hypoglycemia were connected to
LCHP+IF. More work is needed to explore the mechanism(s)
of these positive effects.
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