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Abstract

Multiple sclerosis is the most common non-traumatic debilitating disease that affects the
memory of affected people in addition to motor disabilities. The aim of this study was to
investigate the effects of improving short- and long-term exercise on spatial memory
impairment induced by ethidium bromide injection in the CA region of the hippocampus of
male rats. This study was conducted on seven groups of 7 male rats with an average age of 10
weeks and a weight range of 200+ 50 grams, including control group, sham group, ethidium
bromide group, two groups under short- and long-term exercise and two ethidium bromide +
exercise experimental groups. Morris water maze was used to measure spatial memory.
Injection of 3 ul of ethidium bromide 0.01 into the CA1 region of the hippocampus on the third
to fifth days of experiments reduced spatial memory-related parameters (P < 0.05). In addition,
applying short- and long-term exercise courses could improve the parameters of elapsed time
(P < 0.05) and traveled distance (P < 0.05) to find the platform in the third to fifth days of the
experiment due to the effect of ethidium bromide in the Morris water maze. Despite the
beneficial effect of exercise on improving the memory of rats, the results of the study showed
that short-term exercise course had a greater effect on improving the memory of poisoned
rats induced by ethidium bromide injection in a 7-day period than long-term exercise.
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Extended Abstract

Background and Purpose

Multiple sclerosis causes impairment in long-term memory and working memory
(1). Ethidium bromide is widely used as a demyelinating model to re-evaluate
endogenous myelination in rats (2). The sensitivity and vulnerability of the
neurons of the CAL region of the hippocampus are higher compared to other brain
regions to threatening and mutagenic stimuli such as ethidium bromide (3).
Studies on rodents have also shown that animal running improves performance in
hippocampus-related learning tasks, such as learning, spatial memory, and
contextual fear conditioning (4).

Considering the fact that the hippocampus is more sensitive and vulnerable to
threatening and mutagenic stimuli such as ethidium bromide compared to other
brain areas. (5), and the performance in the Morris water maze test is dependent
on the activity of the hippocampus (5); and, at the same time, the use of this test
to investigate learning and memory deficits in Alzheimer's disease model mice
has been proven (5). The purpose of this study is to investigate the strengthening
and positive effects of short-term (i.e., two-week) and long-term (i.e., two-month)
exercise sessions on memory impairment due to injection of ethidium bromide in
the CA1 region of the hippocampus of male rats.

Materials and Methods

In this study, male Wistar rats with an average age of 10 weeks and a weight limit
of 2004£50 grams were used. After anesthesia, the rats were placed in the
stereotaxic apparatus. Using the Paxinos and Watson atlas of rat brain coordinates
(6), the characteristics of the CA1 region of the hippocampus of the left side were
obtained unilaterally, and the guide cannulas with a thickness of 23 gauge were
carefully inserted in this region, so that it was located on the upper level of the
CAL1 region (7). The animal's brain was cut by a vibroslice microtome and, the
images of these slices were compared with Paxinos and Watson's atlas.
Experimental Groups

Forty-nine rats were grouped into seven experimental groups and one control
group. The control group received no treatment. The sham group received a
volume of 3 microliters of 0.9% saline every 3 minutes for 7 days. The
experimental group of ethidium bromide received three microliters of 0.01 of
ethidium bromide every 3 minutes for seven days. Two experimental groups were
subjected to short-term and long-term exercise, which were respectively subjected
to short-term (two-week) or long-term (two-month) exercise on a special rat
treadmill. Two experimental groups of ethidium bromide + exercise, after
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receiving three microliters of 0.01 ethidium bromide in the CAL1 region of the left
hippocampus, underwent short-term or long-term exercise, respectively.
Examining Spatial Memory

Three days after the treatment with ethidium bromide, short or long-term exercise
or injection of drug + short and long-term exercise in the respective experimental
groups, the Morris water maze method was used to measure the parameters related
to spatial memory. The parameters that can be measured and related to spatial
memory in the Mauritius water maze are: 1- Time to find the platform 2- Distance
traveled to find the platform. These parameters were recorded with the installed
camera and Maze Router software (8).

Statistical Analysis

The obtained data were statistically analyzed in SPSS software. Because the data
had a normal distribution, the one-way analysis of variance test was used to
compare the quantitative difference of the average data in the experimental
groups. Tukey's post hoc test was also used to compare the qualitative difference
of the average data. P < 0.05 was considered as a significant difference between
experimental groups. Graphs were drawn using Excel 2016 software.

Findings

One-way analysis of variance showed that exercising five days a week and two
short-term periods of two weeks and long-term periods of two months did not
significantly alter the elapsed time (P > 0.05) and the distance traveled to find the
platform (P > 0.05) in the Morris water maze compared to the control group.

The results of the one-way analysis of variance and Tukey's post-hoc test for
another part of the study results showed the unilateral injection of three microliters
of 0.01 ethidium bromide in seven days into the CA1 area of the hippocampus of
the left side of the rat brain. Although on the first and second days of the test did
not have a significant effect on the parameters on time to find the platform (P >
0.05) and the distance traveled to find the platform (P > 0.05), it caused a
significant delay in the time to find the platform on the third, fourth and fifth days
of the test (P >0.05) and the increase in the distance traveled on the third and
fourth (P < 0.01) and the fifth day of the test (P < 0.05) compared to the control
group in the Morris water maze test.

The interaction results of short and long-term exercise periods with ethidium
bromide injection in the CA1 region of the hippocampus on the left side of the rat
brain showed that short-term exercise for two weeks, after seven days of injection
of three microliters of 0.01 ethidium bromide in the CAl region of the
hippocampus on the left side of the rat brain, can improve the effect of ethidium
bromide on time spent to find the platform on the fourth day (P < 0.01) and the
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fifth day of the experiment (P < 0.05) and another parameter indicating the spatial
memory, the distance traveled on the fourth day (P < 0.05) and the fifth day of the
experiment (P < 0.05) compared to the group receiving ethidium bromide.
Moreover, the results of the interaction of long-term exercise with ethidium
bromide injection in rats showed that long-term exercise for two months after
seven days of injection of three microliters of the 0.01 ethidium bromide in CA1
area of the hippocampus of the left side of the brain, enables to improve the effect
of ethidium bromide on time spent on the third and fifth days of the experiment
(P < 0.05) and the distance traveled on the third day of the experiment (P < 0.05)
to find the platform relative to the group receiving ethidium bromide in the Morris
water maze.

Conclusion

The results obtained from the drug injection in this study showed that the injection
of the used dose of ethidium bromide into the CA1 region of the hippocampus of
rats as a demyelination agent, significantly led to a decrease in parameters related
to spatial memory in adult male rats.Thus, from the third day, the time and
distance required to find the platform in the Morris water maze increased
compared to the control group, which indicates a decrease in spatial memory in
rats treated with this drug.

The analysis of the findings showed that applying two-week short-term forced
exercise in a special treadmill apparatus on rats during the test days, did not
change the parameters of the spatial memory. Although, the long-term exercise
caused a slight decrease in the time and distance traveled to find the platform on
the test days compared to the control group, these changes were not significant
and could not be interpreted as strengthening and improving memory. The
contradiction between the results of previous studies andthe present study may be
due to the difference in the type of animals studied and the difference in the
running speed of the animals on the treadmill or whether the exercise is voluntary
or compulsory (9).

The results of the present study on the interaction of the post-treatment effect of
forced exercise with memory-impairing drugs showed that although long-term
exercise is effective in improving the memory of rats damaged by ethidium
bromide injection, short-term exercise has a better and more significant effect on
improving memory in 7-day ethidium bromide-poisoned rats. Although current
evidence is insufficient to conclude, exercise is an effective treatment for
Alzheimer's disease or cognitive decline (10),
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Article Message

One of the benefits of the present study is to investigate the effects of non-
pharmacological treatment for memory disorders, including the beneficial effect
of exercise in this regard. The developments of this study can complement other
results in this field, that instead of taking medicine, memory problems in multiple
sclerosis patients can be improved by increasing physical activity and exercising.
One of the limitations of the present study was the time limit for conducting the
research, as well as the lack of facilities and laboratory devices to measure other
behavioral parameters, and tissue changes in completing and confirming the
results of this study. Therefore, further studies with different methods of acute and
chronic administration of ethidium bromide, as well as investigating the
parameters of oxidative stress and lipid peroxidation in the hippocampus and other
brain centers related to memory, are suggested to confirm the role of exercise in
improving memory and learning problems.
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Figure 1- The approximate location of the inserted cannula to the left side of the

CAL1 area of the hippocampus
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Table 1- The effect of short and long-term exercise sessions on the time spent and the
distance traveled to find the platform in the Morris water maze in male rats (P>0.05)
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Figure 2- The effect of injection of ethidium bromide 0.01 in a period of 7 days in the
CAL1 region of the hippocampus of the left side of the brain and also the interaction
of short and long-term exercise periods with injection of ethidium bromide on the
time spent to find the platform in the Morris water maze in rats male. *P<0.05
indicates the comparison of the ethidium bromide group compared to the control group.
#P <0.05, ## P <0.01 and @ P<0.05, respectively, represent the comparison of short-term
exercise + ethidium bromide injection and long-term exercise + ethidium bromide
injection groups compared to the receiving group ethidium bromide.
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Figure 3- The effect of injection of ethidium bromide 0.01 in a period of 7 days in the
CAL1 region of the hippocampus of the left side of the brain and also the interaction
of short and long-term exercise periods with injection of ethidium bromide on the
distance traveled to find the platform in the Morris blue maze in rats male. * P<0.05
and **P<0.01 indicate the comparison the comparison of the ethidium bromide group
compared to the control group. # P< 0.05 and @ P< 0.05, respectively, represent the

comparison of short-term exercise + ethidium bromide injection and long-term exercise +
ethidium bromide injection groups compared to the group receiving ethidium bromide.
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