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ABSTRACT

Background: The link between diabetes mellitus and cognitive impairment
becomes evident, making it important to find means to maintain cognitive
performance in diabetic patients. Keeping normal cognitive functions is
crucial for maintaining an active, independent lifestyle. Intermittent fasting
(IF) is an eating regimen in which a period of eating alternates with fasting
period each day. During fasting, diet may include low amount or non-caloric
food. IF could promote neurogenesis and cognition.

Aim: Evaluation of the role of IF on cognitive functions in adult male type 2
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Methods: The study included 24 adult male albino rats weighing 120-190
gm. Rats assigned into three groups 8 rats each: control group (C) had free
access to chow and water; Diabetic group (DM) type 2 diabetes mellitus
(T2DM) was induced with high fat diet for two weeks then intraperitoneal
injection with 35 mg/kg of streptozotocin; Intermittent fasting group (IF)
after T2DM induction, rats were subjected to 3 months of 18 hours/day
fasting. At the end of the experiment, memory and mood were assessed using
modified T Maze test and modified forced swimming test respectively. Then
rats were sacrificed, and hippocampal samples were collected for superoxide
dismutase (SOD), and malondialdehyde (MDA) assay.

Results: Three months IF caused a significant increase in spontaneous
alternation in modified T Maze test results; IF group (P<0.001) versus DM
group. A significant decrease in immobility time (seconds) in IF group versus
DM rats (P<0.001). IF group had significantly lower MDA levels than DM
group (P<0.001).

Conclusions: IF has improved memory and mood in T2DM rats. This may
be attributed partially to oxidative stress alleviation.

Keywords: Type 2 diabetes mellitus, working memory, depression,
Intermittent fasting, rats.

NTRODUCTION

lobal diabetes diagnoses showed that type 2

diabetes mellitus (T2DM) has a proportion of
98% of all diagnosed diabetes cases [1]. Concerns are
considerably increased that diabetes prevalence will
continue to rise markedly. Global data showed that
the incidence rate of T2DM among adolescents and
young adults increased in the last two decades [2].
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Cognitive impairment in young adult with T2DM is
high up to 19.5% of all diagnosed cases; although in
the USA, it represents less than 4% of the healthy
adults below 65 years [3]

Cognitive profiles in patients with T2DM showed
deteriorations in cognition, affecting information-
processing speed, verbal memory, and executive
functions [4]. Also, the duration of T2DM revealed a
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negative relationship with cognitive function scores
[5].

Cognitive dysfunction in diabetic individuals can be
attributed to interactions between metabolic
abnormalities, micro- and macrovascular
complications, in addition to the coexisting
morbidities [6-10].

Diabetes affects mental capacity and neuronal
function, either due to hypoperfusion of the brain
tissues due to cerebrovascular disease, or changes in
glucose transporters leading to abnormal neuronal
glucose uptake and metabolism, or disturbed brain
metabolism due to insulin resistance, or recurrent
incidence of hypoglycemic attacks [11]. Previous
studies documented decreased expression of GLUT1
and GLUT3, predominantly expressed by the
neurons, in the different brain areas in T2DM
subjects [12] Hyperglycemia induces abnormal
endothelial cell proliferation, narrowing the blood
vessels, and decline in brain perfusion affecting
blood-brain barrier integrity and brain homeostasis
[13].

Recently, intermittent fasting (IF) became a wide
spread regimen, yet it is a controversial therapeutic
adjuvant. IF possesses advantageous effects
regarding lipid profile, weight loss, glycemic control,
and the fat distribution in obese and T2DM subjects.
It is considered a safe and feasible intervention [14].
A large body of evidence indicates the significant
effect of nutrition on brain structure and function.
Hippocampus-dependent  cognition and adult
hippocampal neurogenesis were enhanced on daily
energy restriction and IF [15].

We hypothesized that cognitive dysfunction and
mood changes in T2DM could be ameliorated by IF,
with the possible involvement of oxidative stress.

METHODS

I-Animals:

The current study included 24 mature male albino
rats weighing 120-190 grams. They were retrieved
from the Faculty of Veterinary Medicine, Zagazig
University, Zagazig, Egypt. Animals were kept at the
Animal House of Faculty of Medicine, Zagazig
University, Zagazig, Egypt in steel wire cages.
Animals were housed in standard conditions for two
weeks prior to the commencement of the trials, fed
standard food, and given free access to water. The
Zagazig University's Institutional Animal Care and
Use Committee approved the research protocol (ZU-
IACUC /2/F/19/2022).

I1-Groups:
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After accommodation, animals were assigned to
three groups. Control group (n=8), rats were bred on
a normal diet [16]. Type 2 diabetic group (n=8), rats
received a diet enriched in fat for 2weeks and then
were injected (IP) with Streptozotocin (STZ) (35 mg
/kg / BW). Intermittent fasting group (n=8), after
induction of diabetes rats were exposed to daily
fasting from 14:00 to 08:00 for 3 months (18
hours/day) [17].

I11-Induction of Type 2 diabetes mellitus (T2DM)
Rats received a diet rich in fat (25% fat, 15% protein,
51% starch, and 5% fiber) [18] Two weeks later, rats
were injected (I.P) by STZ (35 mg /kg / BW)
dissolved in citrate buffer (PH 4.5). Diabetes was
confirmed when random blood glucose level > 300
mg/dl [19].

IV- Preparation of Brain Tissue: Soon after
sacrifaction, the brain was excised and rinsed with
saline. The hippocampus was dissected and then
homogenized. Subsequent centrifugation at 4°C for
15 min was performed. The resultant supernatant
storage at was performed at -80°C.

V-Laboratory Measurements:

Estimation of SOD and MDA in the hippocampal
homogenates was performed colorimetrically using
the kits provided by Bio-diagnostic, Egypt by the
means of Sunostik, China.

VI- Modified T-maze test:

The T-shaped platform of the maze (for rats) was
built with a 600 mm x 165 mm start arm and 400 mm
x 100 mm goal arms at the upper apex of the "T". The
thickness of the walls was 5.5 mm x 8 mm (floor
thickness). A central partition was at the junction of
the start arm to the goal arm, where this partition
extended from the back wall of the T-maze and 100
mm into the start arm dividing the goal arms.
Animals at the bottom of the T select one of the arms
at the end of the stem. When two successive trials
were given, the second trial shows rodent tendency
to choose the previously non- visited arm. A
proportion of correct choices (alternations) per rat
was estimated as follows:

Number of correct choices (Alternations) [20]

Total possible alternations

VII- Modified forced swim test: Evaluation of the
depressive behavior is assessed by the modified
forced swim test. Each rat was put in a glass cylinder
(100 cm diameter X 60 cm height) full of water 23 to
25°C. Water level doesn’t permit the rat to touch the
floor nor climb over the edge. The animal was
observed for 5 minutes, and the immobility time was
measured [21].
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Statistical analysis: Collected data were analyzed by
SPSS for Windows version 16. One-way analysis of
variance (ANOVA) followed by LSD test were used
for comparison between the studied groups. P values
<0.05 were considered to be statistically significant.

RESULTS

The results show a significant increase in the
spontaneous alternations in the modified T Maze test
in the IF group versus DM group while still
significantly less than control rats (P<0.001) Figure
(D).

The results indicate a significant increase in the mean
value of immobility time in the DM group versus
control rats (P<0.001) while the IF group had a
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significant decrease in time of immobility in seconds
versus DM group (P<0.001), meanwhile, it showed
no significant difference from control group
(P>0.05) Figure (2).

The results demonstrated a significant decrease in
SOD levels in hippocampal homogenates (Umol /g
tissue) in DM and IF groups versus control group
Figure (3).

Our results demonstrated a significant decline in the
mean value of MDA levels in hippocampal
homogenate (nmol /g tissue) in the IF group when
compared with the DM rats (P<0.001). Meanwhile,
it was significantly more than the control rats
(P<0.001) Figure (4).

Figure (1) shows the results of the modified T Maze test in the percentage of spontaneous alternations in all

studied groups.
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Figure (2) shows the time of immobility in seconds of modified forced swimming test in all studied groups.
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Figure (3) Shows SOD levels in hippocampal homogenate (Umol /g tissue) in all the studied groups.
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Figure (4) Shows MDA levels in hippocampal homogenate (Umol /g tissue) in all the studied groups.
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MDA levels in hippocampal homogenate (Umol /g tissue) in
all the studied groups
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DISCUSSION

Diabetes mellitus (DM) is a chronic condition
marked by altered insulin secretion and utilization,
which results in hyperglycemia. Multiple organ
systems are affected by this multisystemic disease
[22]. DM complications might be macrovascular or
microvascular in nature. Microvascular problems
have an impact on the neurological system. Owing to
the dependance of brain and neural tissues on glucose
as a fuel, Changes in the metabolism of
carbohydrates have a direct impact on the cerebral
processes such as cognition, decision-making ability,
and memory [23]. DM is a risk factor for
Alzheimer's disease, vascular-based dementia, and
progressive cognitive impairment. [24]. Cognitive
impairment comprises memory loss, mood, and
behavioral changes [25]. Cognitive impairment
ranges from mild cognitive deficit that slightly affect
the self-dependance and behavior to severe dementia
which hinders the daily life activities [26].

IF is a form of interrupted dietary restriction which
can increase life expectancy, improve energy
metabolism, and lower the risk of various age-related
illnesses. IF may also help with insulin resistance,
protect the functionality of the central nervous
system, and alleviate complications related to
diabetes. [27].

The present study showed that T2DM resulted in
less spontaneous alternation in the T-maze test
compared to the control rats leading to impaired
cognitive function in learning ability and memory.

Al-Sayed, R., et al

Similarly, previous reports showed that T2DM had
lower percentages of correct response and
spontaneous alternation in the T-maze test, noting
that DM caused spatial learning and memory deficits
[28, 29].

The forced swimming test is a widely used
behavioral tests for studying mood. The duration of
immobility during the test period shows depressive-
like behavior in rats [30. 31]. In our study, the results
of the forced swimming test showed an increase in
the immobility time in diabetic rats compared to
control similar to a previous report [32].

The study of the antioxidant activity in hippocampal
tissue revealed decreased levels of SOD and
increased MDA levels in the diabetic group which
was also reported in previous studies [29, 32]. It
seems plausible that oxidative stress is involved in
diabetic cognitive changes due to the high lipid
content, high oxygen consumption rate, and low
antioxidant enzymes in brain which make it sensitive
to oxidative stress [33]. Oxidative stress contributes
to mitochondrial dysfunction and accelerated
apoptosis and leads to neuronal impairment, and
synapse loss [17, 34]

Insulin resistance in the brain may also decrease
antioxidant enzymes and increase free radical
content, which chemically modifies the lipids
disturbing the structure and function of the nerve
cells [35].

The result of our study revealed that IF could
ameliorate the cognitive impairment caused by
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T2DM where it caused an increase in the
spontaneous alternation in the T-maze test. In line
with our results, IF possessed an improving effect on
spatial working memory impairments in mice [36].
In addition, the forced swimming test showed a
decline in the immobility time, indicating improved
depressive-like behavior due to IF. Reduction in the
time spent immobile in the forced swimming test was
reported in fasted mice [37].

It was explained that certain signaling pathways in
the prefrontal cortex and hippocampus were
activated by fasting, and the hippocampus' synaptic
transmission was changed. [38].

Also, IF was able to reduce the oxidative stress in the
hippocampal tissues in the present study as shown by
increased SOD and decreased MDA levels.
Oxidative stress is one of the factors controlling
neurogenesis. By producing new neurons in response
to oxidative stress, IF boosts hippocampal
neurogenesis and lessens brain damage.[17].

Conclusions: Intermittent fasting was able to
improve cognitive function -memory and mood- in
Type 2 diabetes mellitus (T2DM) in albino rats. This
could be partially attributed to alleviation of
oxidative stress.
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