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Abstract

Background: Increasing fat mass in the body reduces long-term memory (LTM) and spatial learning (SL).
Objectives: The purpose of this study was to compare the effects of high-intensity interval training (HIIT) with and without caloric
restriction (CR) on SL and LTM of obese rats.
Methods: Forty male Sprague Dawley rats were subjected to a high-fat diet (HFD) for 12 weeks. After confirmation of obesity, they
were divided into four groups of 10 subjects, including (1) training (T), (2) training + caloric restriction (T+CR), (3) CR, and (4) obese
control (OC). Also, to assess the effect of obesity on the research variables, 10 rats were considered the standard control (SC) group.
For 8 weeks, the rats in groups 1 and 2 performed HIIT three times per week at an intensity of 80% to 95% of Vo2max, and groups 2 and
3 received CR of 60%.
Results: LTM and SL were significantly decreased by obesity (P = 0.001); T, CR and T + CR had a significant effect on LTM (P = 0.001); T
and T + CR caused a significant increase in SL (P = 0.001). However, the CR did not have a significant effect on SL (P = 0.069).
Conclusions: It seems that HIIT, and somewhat the CR, by itself has contributed to the improvement of the cognitive impairment
of obesity. Also, the interaction of T and CR was effective in improving these disorders, but its effect was not more intense than each
one alone.
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1. Background

Obesity is the greatest public health challenge in the
present century, and the health sector in most countries
of the world concerns with the problems and complica-
tions of the increasing incidence of obesity. By 2020, 1.3
billion people are estimated to be overweight and 573 mil-
lion obese (1). Obesity is a major health problem and has
a direct relationship with psychiatric disorders such as
Alzheimer’s, depression, Parkinson’s, MS, and long-term
memory (LTM) loss (2). Obesity can bring about the re-
duced volume of the brain and related diseases by declin-
ing neurogenic function, as well as increased neuronal
death, oxidative stress and inflammation (3). Studies show
that an increase in each unit of BMI, which is a bench-
mark for obesity, is associated with a decrease of 0.5% to
1.5% in the brain tissue and an increase in the atrophy of
the hippocampus (4). Many studies have confirmed the
relationship between obesity and reduced brain volume

and consequently, mental disorders (3). Attuquayefio et
al. observed a reduction in memory and spatial learning
(SL) in response to high-fat breakfast (5). Cheke et al. also
reported memory loss and hippocampal-dependent SL of
the obese people with a BMI of more than 30 compared to
lean subjects (with a BMI of 17 - 25) (6). Valladolid-Acebes
et al. emphasizing that adolescence is the most impor-
tant course for learning and acquired memory and can be
largely influenced by a high-fat diet (HFD), investigated the
effect of 8 weeks of HFD on the hippocampal-dependent SL
function of the adolescent male rats. The results showed
that the rats that consumed a high-fat diet during ado-
lescence showed lower efficiency in SL performance than
other groups (7).

Obesity controllers seem to play a very important role
in improving memory performance and hippocampal-
dependent SL. Factors such as caloric restriction (CR), as
well as sports activity, are considered the most important
factors in controlling obesity and their effects on control-
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ling the destructive effects of obesity have been regarded
by many researchers (8, 9). Many studies have suggested
CR as a factor in weight loss and the improvement of
metabolic biomarkers, as well as a factor in preventing age-
related diseases (10). Researchers have recently focused on
the impact of CR on SL and memory and declared that one
of the main reasons for increased learning and memory-
induced calorie intake is the proliferation of new neurons
in the hippocampus and synaptic plasticity (8, 11). Many
studies have shown that decreased daily caloric intake
enhances neurotrophins, including nerve growth factor
(NGF), brain-derived neurotrophic factor (BDNF), glial cell-
derived neurotrophic factor (GDNF), ciliary neurotrophic
factor (CNTF), neurotrophin-3 (NT-3) and neurotrophin-4
(NT-4) in the hippocampus, and ultimately improves mem-
ory and SL (8).

Regarding the effect of sports activities on memory
and SL, it has been shown that aerobic training increases
the volume of the hippocampus up to 2%, which effec-
tively compensates for 1% - 2% of annual reduction in the
hippocampus volume due to aging (9). It has also been
shown that increasing the volume of the hippocampus is
associated with an increase in the serum levels of BDNF
as a mediator of the proliferation of new neurons in the
hippocampal dentate gyrus (9, 12). In another study, the
effect of interval aerobic activity and resistance activity
on neurogenesis and SL was compared. The results of
this study showed increased neurogenesis and SL in re-
sponse to interval activity compared to resistance activ-
ity (13). Also, Park et al. stated that an HFD would re-
duce the mitochondrial function of neurons and eventu-
ally, their death. After 12 weeks of incremental interval
training, these researchers witnessed an increase in the
hippocampal-dependent memory in obese rats, which has
been attributed to improved neurogenesis and reduced
neuroapoptosis in the hippocampus (13). Considering the
previous studies, sports activities and CR are two impor-
tant factors in weight loss and memory enhancement.

2. Objectives

In this study, the effect of HFD on LTM and SL of obese
rats was firstly investigated. Then the effects of high-
intensity interval training (HIIT), CR, and their interaction
on cognitive variables were examined in obese rats.

3. Methods

The present study is an experimental study. To do the
study, 50 eight-week-old male Sprague Dawley rats with an
average weight of 190 ± 5 g were purchased. Rats were

kept under controlled light conditions (12 hours of light
and 12 hours of darkness), temperature (23 ± 1°C) and hu-
midity of 45%. Animal experimental procedures were in
accordance with institutional guidelines and approved by
the Ethical Committee of Laboratory Animals Care at Mar-
vdasht Islamic Azad University. After initial BMI measure-
ments, 10 rats were placed in the standard control (SC) diet
group and the rest in the HFD group. HFD was prepared
in the laboratory-based on the guidelines of related papers
and opinions of livestock and poultry experts (14). Of the
nutritional total calorie, 67.8% comprised fat, 22.5% carbo-
hydrate, and 9.5% protein, and in general, each gram of
this food contained 5.25 kilocalories of energy. Rats had
free access to water and food within 3 months. Using a dig-
ital scale, the weight of rats was measured weekly during
HFD. After reaching the given standard of BMI ≥ 310 for
obesity (15), rats were divided into four groups: (1) train-
ing (T), (2) training + caloric restriction (T + CR), (3) CR, and
(4) obese control (OC). The T groups performed HIIT for 8
weeks and 3 sessions per week at 10 am. The intensity of
the training was 20 m/min (equivalent to 80% of Vo2max)
in the first week, which increased incrementally up to 29
m/min (equivalent to 95% of Vo2max) in the final week (16).
The principle of overload was augmented not only by in-
creasing treadmill speed but also by increasing the dura-
tion of each training session, as in the first week, the train-
ing was performed with only three 2-minute alternations
and 1-minute rests, but in the last week, the training ended
with a number of ten 2-minute alternations. It should be
noted that the intensity of the activity during warming,
cooling, and resting between alternations was 8, 8, and 13
m/min, respectively. The groups with a CR only consumed
60% of the food compared to the other groups, and this
process, like T, lasted eight weeks at the same time. The OC
group did not have any T or CR.

After 8 weeks of T + CR, Y-maze and Shuttle-box behav-
ior tests were performed on all rats to measure SL and LTM,
respectively. Y Maze is a test based on the inherent curios-
ity of rodents to explore new environments and there are
no positive or negative stimuli in the maze. Within 8 min-
utes, the arms where the animal entered were recorded in
sequence. In order to evaluate the SL of the animal, the
number of non-repetitive triplets (actual alternation) was
calculated first and the rest were eliminated and then us-
ing the following formula, the SL percentage of the animal
was formulated.

SL = actual alternation/ (total number of entered arms-
2) × 100

The shuttle box, which is used to evaluate the passive
avoidance behavior during the passage, has two clear (se-
cure) and dark (insecure) compartments and a guillotine
door in the middle, between two compartments. The study
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of LTM was carried out during two consecutive days. The
first day was a training session that had two stages: (1) ha-
bituation stage, (2) memory acquisition stage. In the first
stage, each rat was slowly placed in the clear compartment,
and after 5 seconds the guillotine door was opened and the
animal was allowed to enter the dark compartment. After
10 seconds, the animal was returned to its cage. Animals
with a latency of more than 100 seconds were excluded
from the test. To obtain memory, 2 minutes after this stage,
the rat was again placed into the clear compartment and af-
ter 5 seconds, the guillotine door was opened and as soon
as the animal entered the dark compartment, the lid was
closed and an electric shock of 1 mA was given to the an-
imal for 3 seconds through the bars of the compartment
floor, and after 20 seconds, the animal was returned to the
cage.

To examine the LTM, twenty-four hours after the train-
ing session, the animal was placed in the clear compart-
ment and after a few seconds the guillotine door was
opened and the animal was allowed to enter the insecure
compartment; the time it takes for the animal to enter the
dark compartment was recorded and the test was termi-
nated. The latency of the entrance to the dark compart-
ment after 24 hours is a criterion for an animal’s LTM (17).
Data were analyzed using SPSS software (version 19). The
Kolmogorov-Smirnov test was used to evaluate the normal-
ity of the data, and one-way ANOVA and Tukey’s post hoc
tests were used for data analysis (P ≤ 0.05).

4. Results

The results of ANOVA showed that there was a signifi-
cant difference between the study groups in LTM (P = 0.001)
and SL (P = 0.003) (Table 1). The results of Tukey’s post hoc
test showed that the LTM of the OC group was significantly
lower than the SC group (P = 0.001). On the other hand, LTM
of the CR group, T and T + CR were significantly higher than
that of the OC group (P = 0.001). However, there was no sig-
nificant difference between the effect of T, T + CR, and CR
on LTM (P = 0.64) (Table 2 and Figure 1).

Also, SL in the OC group was significantly reduced com-
pared to the SC group (P = 0.001), while there was a signif-
icant increase in the SL of the T + CR group compared to
the OC group, and T group compared to the OC group (P =
0.012) and (P = 0.001), respectively. The SL of the CR group
was also increased compared to the OC group, but this in-
crease was not significant (P = 0.69). There was no signif-
icant difference between the variables of T, T + CR, and CR
on SL (Table 2 and Figure 2).

5. Discussion

Earlier studies have shown that the prevalence of brain
disorders such as learning and memory loss, Alzheimer’s,
depression, etc. is increasing due to obesity. The hip-
pocampus is also, a part of the brain that is directly related
to learning and memory, and its volume reduction can
cause these disorders. Obesity reduces the size and weight
of the hippocampus by reducing the generation and pro-
liferation of neurons (neurogenesis), reducing the expres-
sion of neurotrophins, and increasing the early death of
neurons (neuro apoptotic). One of the main causes of
reduced neurogenesis due to obesity is related to the in-
crease in the plasma of leptin hormone. Because the hip-
pocampal leptin signal is damaged due to the decrease
in the transmission of leptin from the blood-brain barrier
and increased resistance in leptin receptors at the level of
the hippocampal neurons (18). Increasing the resistance of
the hippocampal leptin receptors, which is expressed by
decreasing expression of signal transducer and activator
of transcription 3 (STAT3), reduces the growth of axons and
synapses, and increases neuroapoptosis through glycogen
synthase kinase 3β (GSK3β) and P53 (19).

Environmental stimuli, such as exercise and reduced
calorie intake, are two important factors in weight loss and
obesity, which can also reduce the incidence of obesity-
induced diseases. CR by increasing the expression of n-
methyl-d-aspartate (NMDA) receptors, enhancing synap-
tic plasticity, improving the regulation of AMP-activated
protein kinase (AMPK) and glucose transporter 4 (GLUT4)
signaling pathways, preventing the reduction of sirtuin-1
(SIRT1) expression caused by aging, increasing the expres-
sion of neurotrophins and their receptors, increasing the
expression of LepRb receptor and reducing the expression
of Bax, Caspase 3 and poly (ADP-ribose) polymerase (PARP)
can decline the reduced size of the hippocampus due to
age and obesity, and ultimately enhance learning and LTM
(8). The results of this study are partly consistent with the
aforementioned studies, as the CR increases LTM and SL,
but this increase was significant only for LTM.

Sport exercises, like the CR, reduce overweight, obe-
sity, and related disorders by activating countless signal-
ing pathways. In a study, Shi et al. stated that interval
training by regulating sirtuin-3 (SIRT3) could reduce the
cognitive dysfunction associated with HFD (20). Physical
activity is also recognized as an effective method for im-
proving the cognitive function of all age groups, especially
the elderly who are more susceptible to neurological dis-
orders since the release of mycoses by the operating mus-
cles leads to the upregulation of neurotrophin expression
in the hippocampal dentate gyrus (12). Besides, Erickson et
al. argued that sport exercise increases the size of the hip-
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Table 1. Results of ANOVA Between Groups After 8 Weeks of High-Intensity Interval Training and Caloric Restriction

Variables/Source Sum of Squares df Mean Square F P Value

Long-term memory, sec 8.371 0.001

Between groups 221097.590 4 55274.397

Within groups 297123.941 45 6602.754

Total 518221.531 49 -

Spatial learning, % 4.681 0.003

Between groups 18482.286 4 4620.572

Within groups 44414.568 45 986.990

Total 62896.854 49 -

Table 2. Results of Tukey’s Test on Long-Term Memory and Spatial Learning After 8Weeks of High-Intensity Interval Training and Caloric Restriction

Variables/Groups Mean ± SD Groups Mean ± SD P value

Long-term memory, s

Standard control 300 ± 0.00

Obese control 128.46 ± 47.82 0.001

Caloric restriction 249.88 ± 105.64 0.644

Training + caloric restriction 300 ± 0.00 0.999

Training 300 ± 0.00 0.999

Obese control 128.46 ± 47.82

Caloric restriction 249.88 ± 105.64 0.001

Training + caloric restriction 300 ± 0.00 0.001

Training 300 ± 0.00 0.001

Caloric restriction 249.88 ± 105.64
Training + caloric restriction 300 ± 0.00 0.644

Training 300 ± 0.00 0.644

Training 300 ± 0.00 Training + caloric restriction 300 ± 0.00 0.644

Spatial learning, %

Standard control 97.77 ± 34.02

Obese control 37.94 ± 33.94 0.001

Caloric restriction 64.09 ± 18.36 0.021

Training + caloric restriction 74.54 ± 28.67 0.105

Training 67.05 ± 38.28 0.034

Obese control 37.94 ± 33.94

Caloric restriction 64.09 ± 18.36 0.069

Training + caloric restriction 74.54 ± 28.67 0.012

Training 67.05 ± 38.28 0.001

Caloric restriction 64.09 ± 18.36
Training + caloric restriction 74.54 ± 28.67 0.461

Training 67.05 ± 38.28 0.834

Training 67.05 ± 38.28 Training + caloric restriction 74.54 ± 28.67 0.597

pocampus by 2%, which effectively compensates for 1% to
2% of the annual reduction in the hippocampus due to ag-
ing, which is because of increased serum levels of BDNF as
a mediator of neurogenesis in the dentate gyrus (9). In an-
other study, Nokia et al. compared the effect of two types
of resistance and aerobic training on the neurogenesis pro-
cess. The results indicated increased proliferation, matura-
tion, and survival of the hippocampal neurons in the aer-

obic group compared to the resistance group (21). On the
other hand, physical activity improves memory by promot-
ing mitochondrial functions of the hippocampus and inhi-
bition of apoptosis (13).

There are some limitations to this study, such as the
lack of controlling the effect of other disorders caused
by HFD on LTM and SL, stress in rats during Y-maze and
Shuttle-box tests.
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Figure 1. Average long-term memory of groups. *: Significant difference compared to the obese control group.
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Figure 2. Average spatial learning of groups. *: Significant difference compared to the obese control, caloric restriction, and training groups. n: Significant increase compared
to the obese control group.

Therefore, it is suggested that future studies investi-
gate the effect of complications of obesity such as type 2
diabetes, sleep apnea and digestive problems on LTM and
SL.

5.1. Conclusions

Based on the findings of the current study, HIIT has sig-
nificantly increased LTM and SL of the obese rats. Regard-

ing the review of literature on the positive impact of T and
CR on reducing the process of obesity and neurological dis-
orders, it was expected that the interactive effect of T and
CR would be more intense than each one alone, but it was
observed that the interactive effect of T + CR is similar to
the effects of each of the variables alone, that can be due to
the involvement of unknown signaling pathways, requir-
ing further research in the area to understand it better.
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