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ABSTRACT

A sound mind resides in a sound body. Many individuals with an active lifestyle show sharp mental skills
at an advanced age. Regular exercise has been shown to exert numerous beneficial effects on brawn as
well as brain. The present study was undertaken to evaluate the influence of swimming on memory of
rodents. A specially designed hexagonal water maze was used for the swimming exposures of animals.
The learning and memory parameters were measured using exteroceptive behavioral models such as
Elevated plus-maze, Hebb-Williams maze and Passive avoidance apparatus. The rodents (rats and mice)
were divided into twelve groups. The swimming exposure to the rodents was for 10- minute period
during each session and there were two swimming exposures on each day. Rats and mice were subjected
to swimming for -15 and -30 consecutive days. Control group animals were not subjected to swimming
during above period. The learning index and memory score of all the animals was recorded on 1%, 2™,
15" 16™, 30™ and 31 day employing above exteroceptive models. It was observed that rodents that
underwent swimming regularly for 30- days showed sharp memories, when tested on above behavioral
models whereas, control group animals showed decline in memory scores. Those animals, which
underwent swimming for 15- days only showed good memory on 16" day, which however, declined after
30-days. These results emphasize the role of regular physical exercise particularly swimming in the
maintenance and promotion of brain functions. The underlying physiological mechanism for

improvement of memory appears to be the result of enhanced neurogenesis.
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INTRODUCTION

Regular exercise has been shown to exert numerous
beneficial effects on brawn (Vijay Kumar and
Naidu, 2002) as well as brain (Tong et al., 2001;
Ahmadiasl et al., 2003; Woods et al., 2003). The
most important favorable effects on the body include
enhanced respiration, increased utilization of oxygen
by muscles, increased blood flow to vital organs,
improved short-term memory and decreased
oxidative damage (Teri et al., 1998; Radak et al.,
2001; Sim et al., 2004). Moderate aerobic exercise
improved cognitive performance but heavy bouts of
physical activity interfered with information
processing and memory (Dustman et al., 1984;
Tomporowski, 2003).

A good deal of evidence is available indicating
the usefulness of regular physical activity in the

management of Alzheimer's disease (Berchtold et
al., 2001; Teri et al., 2003). Alzheimer’s disease
(AD) is a progressive, neurodegenerative,
debilitating disorder manifested by loss of memory,
impaired judgment, aphasia and apraxia. The slow
death of brain cells particularly cholinergic neurons
appears to be the main culprit for the development of
Alzheimer’s disease (Parle et al., 2004). The
treatment of Alzheimer’s disease is still a nightmare
in the field of medicine. Therefore, neuroscientists
all over the world are busy exploring the usefulness
of alternative systems of medicine (e.g. Nature cure,
Ayurveda, Homeopathy etc). Exercise probably
regulates not only muscular activities but also brain
functions. Lack of exercise constitutes one of the
main risk factors for age-related diseases like
hypertension, diabetes and Alzheimer’s disease.
Interestingly, some studies have indicated that
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jogging is beneficial in preventing AD (Berchtold et
al., 2001). In the light of above, the present
investigation was undertaken to delineate the effects
of swimming on learning and memory of rodents
employing various behavioral models.

METHODS

Subjects

Male Wistar rats (aged -16 months), weighing
around -250 gm and male Swiss mice (aged -9
months), weighing around 25 gm of were used in the
present study. Animals were procured from the
disease-free animal house of CCS Haryana
Agriculture University, Hisar (Haryana, India). The
animals had free access to food and water. Food
given to the animals consisted of wheat flour
kneaded with water and mixed with small amount of
refined vegetable oil. The animals were acclimatized
to the laboratory conditions for at least 5 days before
behavioral experiments with alternating light and
dark cycles of 12 h each. Experiments were carried
out between 09 AM and 06 PM on all the days. The
experimental protocol was approved by the
Institutional Animals Ethics Committee (IAEC) and
care of laboratory animals was taken as per the
guidelines of CPCSEA, Ministry of Forests and
Environment, Government of India (Reg. No. 436).

Laboratory models

A specially designed hexagonal water maze was
used for the swimming exposures of animals. The
water of the swimming pool was changed every day.
The learning and memory parameters were
measured using exteroceptive behavioral models
like Hebb-Williams maze, Elevated plus-maze, and
Passive avoidance apparatus.

Picture 1. Hebb-Williams"maze.

Hebb-Williams maze

Hebb-Williams maze (Picture 1) is an incentive
based exteroceptive behavioural model useful for
measuring spatial working memory of rats (Parle
and Singh, 2004). It consists of mainly three

components. Animal Chamber (or start box), which
is attached to the middle chamber (or exploratory
area) and a reward chamber at the other end of the
maze in which the reward (food) is kept. All the
three components are provided with guillotine
removable doors. On the first day, the rat was placed
in the animal chamber or start box and the door was
opened to facilitate the entry of the animal into the
next chamber. The door of start box was closed
immediately after the animal moved into the next
chamber so as to prevent back-entry. Time taken by
the animal to reach reward chamber (TRC) from
start box on 1% day reflected the learning index. The
learning index was noted for each animal. Retention
(memory score) of this learning-index was examined
24 h after the first day trial. Each animal was
allowed to explore the maze for 3- minutes with all
the doors opened before returning to its home cage.

Picture 2. Elevated plus maze.

Elevated plus-maze

Elevated plus-maze served as the exteroceptive
behavior model to evaluate learning and memory in
rats and mice. The procedure, technique and end
point for testing learning and memory was followed
as per the parameters described by the investigators
working in the area of psychopharmacology (Itoh et
al, 1990; Reddy and Kulkarni, 1998; Dhingra et al.,
2003; Parle and Dhingra, 2003). Briefly, the
elevated plus maze apparatus (Picture 2) for rats
consisted of a central platform (10 cm®) connected to
two open arms (50 cm X 10 ¢m) and two covered
(enclosed) arms (50 cm % 40 cm % 10 cm) and the
maze was elevated to a height of 50 cm from the
floor (Parle and Singh , 2004). The elevated plus
maze apparatus for mice consisted of two open arms
(16 cm x 5 c¢cm) and two covered arms (16 cm x 5
cm x 12 cm) extended from a central platform (5 cm
x 5 cm), and the maze was elevated to a height of 25
cm from the floor (Dhingra et al., 2004). On the first
day, each mouse/rat was placed at the end of an open
arm, facing away from the central platform. Transfer
latency (TL) was defined as the time taken by the
animal to move into one of the enclosed arms with
all its four legs. TL was recorded on the first day for
each animal. If the animal did not enter into the
enclosed arm within 90 seconds, and it was gently
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pushed into one of the enclosed arms, and the TL
was assigned as 90 seconds. The mouse/rat was
allowed to explore the maze for another 2 minutes
and then returned to its home cage. Retention of this
learned-task was examined 24 h after the first day
trial.

Picture 3. Passive avoidance apparatus.

Passive Avoidance Paradigm

Passive Avoidance Behaviour based on negative
reinforcement was used to examine the long-term
memory (Reddy and Kulkarni, 1998; Dhingra et al.,
2004). The apparatus consisted of a box (27 cm x 27
cm X 27 cm) having three walls of wood and one
wall of Plexiglass, featuring a grid floor (made up of
3 mm stainless steel rods set 8 mm apart), with a
wooden platform (10 cm X 7 cm x 1.7 ¢cm) in the

Table 1. Swimming protocol and group description.

center of the grid floor (Picture 3). The box was
illuminated with a 15 W bulb during the
experimental period. Electric shock (20 V, A.C.)
was delivered to the grid floor. Training was carried
out in two similar sessions. Each mouse was gently
placed on the wooden platform set in the center of
the grid floor. When the mouse stepped-down
placing all its paws on the grid floor, shocks were
delivered for 15 seconds and the step-down latency
(SDL) was recorded. SDL was defined as the time
taken by the mouse to step down from the wooden
platform to grid floor with all its paws on the grid
floor. Animals showing SDL in the range of 2-15
seconds during the first test were used for the second
session and the retention test. The second-session
was carried out 90 minutes after the first test. When
the animals stepped down before 60 seconds,
electric shocks were delivered for 15 seconds.
During the second test animals were removed from
shock free zone, if they did not step down for a
period of 60 seconds. Retention was tested after 24 h
in a similar manner, except that the electric shocks
were not applied to the grid floor observing an upper
cut-off time of 300 seconds (Parle et al., 2004).

Swimming protocol

The rodents (rats and mice) were divided into twelve
groups and each group comprised of a minimum of 6
animals (Table 1). The swimming exposure to the
rodents was for 10- minutes during each session and
there were two swimming exposures on each day.

Group I

Served as control (non-swimming) group of rats. Learning index and memory score was

tested employing Hebb-Williams maze

Group II Rats were subjected to swimming for 15 days (Sub-chronic swimming exposure). TRC
was tested employing Hebb-Williams maze.

Group III Rats were subjected to swimming for 30 days (Chronic swimming exposure). TRC was
tested employing Hebb-Williams maze.

Group IV Served as control (non-swimming) group for mice and transfer latency was tested
employing elevated plus maze.

Group V Mice were subjected to swimming for 15 days (Sub-chronic swimming exposure) and
transfer latency was tested employing elevated plus maze.

Group VI Mice were subjected to swimming for 30 days (Chronic swimming exposure) and transfer
latency was tested employing elevated plus maze.

Group VII Served as control (non-swimming) group of rats and transfer latency was tested
employing elevated plus-maze.

Group VIII  Rats were subjected to swimming for 15 days (sub-chronic swimming exposure) and
transfer latency was tested employing elevated plus maze.

Group IX Rats were subjected to swimming for 30 days (chronic swimming exposure) and transfer
latency was tested employing elevated plus maze.

Group X Served as control (non-swimming) group for mice and step-down latency was tested
employing passive-avoidance apparatus.

Group XI Mice were subjected to swimming for 15 days (Sub-chronic swimming exposure) and
step-down latency was tested employing passive-avoidance apparatus.

Group XII Mice were subjected to swimming for 30 days (Chronic swimming exposure) and step-

down latency was tested employing passive-avoidance apparatus.
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Figure 1. Effect of swimming on TRC (Time taken to reach Reward Chamber) of rats using Hebb Williams

Maze.Values represent mean (= SEM).

* #% and *** denote p < 0.05, 0.01 and 0.001, respectively, compared with 1* day in same group.

#, ## and ### denote p < 0.05, 0.01 and 0.001, respectively, compared with 2™ day in same group.

1, T1 and 1171 denote p < 0.05, 0.01 and 0.001, respectively, compared with control group on same day.
tand 1 denote p < 0.05 and 0.01, respectively, compared with 15" day in same group.

¥ denotes p < 0.05 compared with16™ day in same group.

The learning index and memory score (as
determined by their TRC/TL/SDL) of all the animals
was recorded on 1%, 2™, 15" 16™, 30" and 31*' day.

Statistical analysis

All the results were expressed as Mean + Standard
Error (SEM). Data was analyzed using one-way
ANOVA followed by Dunnett’s ‘t’ test and student’s
paired ‘" test. P < 0.05 was considered as
statistically significant.

RESULTS

Effect of swimming exposure on Time taken to
reach Reward Chamber (TRC) of rats using Hebb -
Williams maze

When the rats were exposed to swimming for 15-
days (sub-chronic swimming exposure), there was a
significant reduction (p < 0.05) in TRC of 15" day
as compared to TRC of 1* day in the same group
(Figure 1). Furthermore, the TRC of 16™ day was
also significantly reduced (p < 0.05) when compared
to 2" day TRC in the same group of rats. This
indicated that learning index and memory score of
animals was remarkably improved after 15- days of
swimming exercise. However, when the TRC was
measured on 30" day (p < 0.05) and 31 day (p <
0.05) of mice exposed sub chronically to swimming

(for 15-days), it was observed that there was
significant increase in TRC as compared to
corresponding TL of 15" day and 16™ day (Figure
1). Rats, which underwent chronic swimming
exposure (for 30- days) showed good learning index
and sharp memory as reflected by significant
reduction of TRC value on 30" day (p < 0.001) and
31" day (p < 0.001), when compared to the
corresponding TRC of 1% day and 2™ day in the
same group. There was also a significant (p < 0.01)
reduction in 30" day TRC of rats exposed
chronically to swimming (for 30-days) when
compared to 30™ day TRC of control group thereby
indicating that chronic swimming exposure
improved learning index. So also, there was a
significant (p < 0.001) reduction in 31* day TRC
(denoting memory) of rats exposed chronically to
swimming (for 30 days), when compared to 31% day
TRC of control group (Figure 1).

Effect of swimming exposure on Transfer Latency
(TL) of mice using elevated plus maze

When the mice were exposed to swimming for 15-
days (sub-chronic swimming exposure), there was a
significant reduction (p < 0.01) in TL of 15™ day as
compared to TL of 1% day in the same group (Figure
2). Furthermore, the TL of 16™ day was also
significantly reduced (p < 0.05) when compared
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Figure 2. Effect of swimming on Transfer-Latency (TL) of mice using Elevated Plus Maze. Values represent

mean (£ SEM).

*% and *** denote p < 0.01 and 0.001, respectively, compared with 1* day in same group.

# and ### denote p < 0.05 and 0.001, respectively, compared with 2™ day in same group.

T, 71 and 111 denote p < 0.05, 0.01 and 0.001, respectively, compared with control group on same day.
1 denotes p < 0.05 compared with 15" day in same group.

¥ and WY denote p < 0.05 and 0.01, respectively, compared with 16" day in same group.

with 2" day TL in the same group of mice. This
indicated that learning ability and memory score of
animals was remarkably improved after 15- days of
swimming exercise. However, the TL on 30™ day
and 31* day of mice exposed sub-chronically to
swimming (for 15-days), was significantly higher as
compared to corresponding TL of 15" day and 16"
day. Mice, which underwent chronic swimming
exposure (for 30- days) showed good learning ability
and sharp memory as reflected by significant
reduction of TL value on 30" day (p < 0.001) and
31" day (p <0.001), when compared to the
corresponding TL of 1* day and 2™ day in the same
group (Figure 2). There was also a significant (p <
0.01) reduction in 30"™ day TL of mice exposed
chronically to swimming (for 30-days) when
compared to 30™ day TL of control group thereby
indicating that chronic swimming exposure
improved learning ability. So also, there was a
significant (p < 0.001) reduction in 31% day TL
(denoting memory) of mice exposed chronically to
swimming (for 30 days), when compared to 31% day
TL of control group.

Effect of swimming exposure on Transfer Latency
(TL) of rats using elevated plus maze

When the rats were exposed to swimming for 15-
days (sub-chronic swimming exposure), there was a
significant reduction (p < 0.05) in TL of 15" day as

compared to the TL of 1% day (Figure 3).
Furthermore, the TL of 16" day was also
significantly reduced (p < 0.01) when compared
with 2" day TL in the same group of rats. This
indicated that learning ability and retention capacity
of animals was remarkably improved after 15- days
of swimming exercise. Rats, which underwent
chronic swimming exposure (for 30- days) showed
good learning ability and sharp memory as reflected
by significant reduction of TL value on 30™ day (p <
0.001) and 31% day (p < 0.001), when compared to
the corresponding TL of 1% day and 2™ day in the
same group (Figure 3). There was also a significant
(p < 0.001) reduction in 30™ day TL of rats exposed
chronically to swimming (for 30-days) when
compared to 30" day TL of control group, thereby
indicating that chronic swimming exposure
improved learning ability. So also, there was a
significant (p < 0.001) reduction in 31% day TL
(denoting memory) of rats exposed chronically to
swimming (for 30 days), when compared to 31* day
TL of control group.

Effect of swimming exposure on Step-Down-
Latency of mice using passive avoidance paradigm
When the mice were exposed to swimming for 15-
days (sub-chronic swimming exposure), there was a
significant increase (p < 0.01) in SDL of 16" day as
compared to SDL of 2™ day in the same group. This
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Figure 3. Effect of swimming on Transfer-Latency (TL) of rats using Elevated Plus Maze. Values represent

mean (£ SEM).

* and *** denote p < 0.05 and 0.001, respectively, compared with 1* day in same group.

## and ### denote p < 0.01 and 0.001, respectively, compared with 2™ day in same group.

T, T1 and 171 denote p < 0.05, 0.01 and 0.001, respectively, compared with control group on same day.
1t denotes p < 0.01 compared with 15" day in same group.

¥ denotes p < 0.01 compared with 16™ day in same group.

compared to SDL of 2" day in the same group. This
indicated that memory score of animals was
remarkably improved after 15- days of swimming
exercise. Mice, which underwent chronic swimming
exposure (for 30- days) showed sharp memory as
reflected by marked enhancement in SDL value of
31" day (p <0.001), when compared to the
corresponding SDL of 2™ day in the same group
(Figure 4). There was a marked (p < 0.001) increase
in 31* day SDL (denoting memory) of mice exposed
chronically to swimming (for 30 days), when
compared to 31* day SDL of control group.

DISCUSSION

Memory forms one of the most complex functions of
the brain. Time taken by the rat to reach reward
chamber (TRC) from the start box on 1% day
reflected the learning index, whereas, TRC of the
next day (second day) indicated retention capacity
(memory score) of animals. In the present study,
rats, which underwent chronic swimming exposure
(for 30- days) showed good learning index and sharp
memory as reflected by significant reduction of TRC
value on 30" day and 31 day as compared to the
corresponding TRC of 1% day and 2™ day in the
same group and TRC of 30" day and 31% day in
control group. This observation suggested that
regular swimming schedule of 30- days prevented
the brain damage  possibly caused by

neurodegenerative processes and improved learning
index and retention capacity (memory) of animals.
Transfer Latency (TL) was defined as the time
taken by the animal (rat/mouse) to enter into one of
the enclosed arms with all its four legs. TL of the
first day reflected learning ability of animals
whereas, TL of the next day indicated retention
capacity (memory) of animals. SDL was defined as
the time taken by the mouse to step down from the
wooden platform to grid floor with all its paws. SDL
of the second day indicated retention capacity
(memory score) of animals. We subjected the
rodents to swimming (a pleasant exercise) for a
period of 15- and 30- days. The rats as well as mice
that underwent swimming regularly for a period of
15- days showed good learning index and memory
score as indicated by reduced Transfer Latency and
enhanced Step Down Latency, when compared to
control animals that did not swim. Interestingly, the
learning index as well as memory score deteriorated
over next 15- days (i.e. by the end of 30- days),
when the swimming exercise was halted suddenly
after 15- days. This was perhaps due to the natural
physiological process of forgetting, which might
have come into play upon halting of swimming
exposure to animals after 15- days. These findings
suggested that an uninterrupted (regular) exercise
schedule such as swimming probably helps in
preventing the neurodegenerative damage of brain
cells taking place gradually in aged- rats and mice.
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Figure 4. Effect of swimming on Step Down Latency (SDL) of mice using Passive Avoidance Paradigm.

Values represent mean (£ SEM).

#, ## and ### denote p < 0.05, 0.01 and 0.001, respectively, compared with 2™ day in same group.
t, 1 and 1171 denote p < 0.05, 0.01 and 0.001, respectively, compared with control group on same day.
PY¥ denotes p < 0.01compared with 16™ day in same group.

Above findings underlined the importance of
exercise in general and swimming in particular in
preventing memory loss. New neurons are
continuously being added to certain areas of the
brain, such as hippocampus and olfactory bulb in
animals (Clayton and Krebs, 1994; Kempermann et
al., 1997; Van Praag et al.,, 1999; Rhodes et al.,
2003) as well as humans (Gage et al., 1998;
Bruunsgaard et al., 1999). There is a possibility that
regular swimming for long periods not only arrested
the neurodegenerative processes (responsible for
dementia) but also stimulated the process of
neurogenesis. This suggestion is in line with the
reports available in literature (Neeper et al., 1995;
Kempermann et al., 1997). Similarly, voluntary
physical activity on a running wheel apparatus
doubled the number of surviving new-born
hippocampal cells in adult mice (Van Praag et al.,
1999; Czurko et al., 1999). Both running and living
in an enriched environment doubled the number of
surviving newborn cells and improved water maze
performance (Russo-Neustadt et al., 1999).

Exercise is known to induce numerous
physiological alterations in vital organ systems of
the body. Our results point out that integration of
exercise schedule into the life style of Alzheimer
patients is advantageous and worthwhile. This
notion is supported by the studies of Teri et al.,
(1998), who have shown that gait, flexibility, body
strength, and endurance was greatly improved in
community-dwelling Alzheimer's disease subjects

and their care givers, when they participated in a
structured exercise program. Ahmadiasl et al. (2003)
showed that increased physical activity in adult rats
enhanced spatial learning performance tested using
Morris water maze. Over the past decade, a number
of studies on humans have shown the benefits of
exercise on brain health, particularly in aging
population (Ivy et al., 2001; Teri et al., 2003).
Maintaining brain health and plasticity throughout
life is an important public health goal. Moreover,
regular exercise resulted in a variety of adaptations
that may be beneficial in attenuating the process of
apoptosis (Sen et al., 1992; Powers et al., 1993;
Leeuwenburgh et al., 1997).

Alterations in the levels of various
neurochemicals (such as acetylcholine, epinephrine,
dopamine, GABA, glutamate etc.) have been found
to play a crucial role in the pathogenesis of impaired
memory of laboratory animals (Ahmadiasl et al.,
2003) and Alzheimer patients (Parle et al., 2004).
The redressal of cholinergic deficiency has been the
main stay in the treatment of Alzheimer's disease.
For reversing cholinergic deficiency, cholinergic
precursors and anti-cholinesterases (such as tacrine,
rivastigmine, donepezil, metrifonate etc.) have been
successfully employed clinically (Parle et al., 2004).
Rats subjected to treadmill exercise scored higher on
memory performance probably due to enhanced
epinephrine levels in hippocampus (Ahmadiasl et
al., 2003). Exercise has also been found to increase
the expression of brain neurotrophic factors in rat
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hippocampus (Russo-Neustadt et al., 2000; Tong et
al., 2001; Gomez-Pinilla et al., 2001; Griesbach et
al., 2004). Furthermore, release of trophic factors,
responsible for progenitor cell survival (Ray et al.,
1997), synaptic strength (Schuman, 1999), long-term
potentiation (Patterson et al., 1992), and memory
(Fischer et al., 1987), were all improved after
exercise (Neeper et al., 1995). Interestingly,
antidepressant treatment in combination with
exercise enhanced exercise-dependent brain derived
neurotrophic factor (BDNF) upregulation in the
hippocampus (Fujimaki et al., 2000). Oxygen free
radicals and other products of oxidative metabolism
are reported to be neurotoxic (Sayre et al., 1997).
Antioxidant- rich diets improved cerebellar
physiology and motor learning in aged rats
(Bickford et al., 2000). Regular exercise has been
shown to improve cognitive functions and decrease
oxidative damage in rat brain (Grealy et al., 1999;
Radak et al., 2001). Reasoning ability and working
memory was found to be better in men and women
who exercised vigorously as compared to sedentary
individuals (Clarkson-Smith and Hartley, 1989).

In the present investigation, the learning index
as well as memory score of rodents was remarkably
enhanced in a group of animals that underwent
swimming regularly for 30- days. These research
findings reinforce the concept that a well planned
exercise programme would greatly help the aged-
citizens with or without Alzheimer’s disease in
improving their cognitive functions. In any case,
this approach would be preferred over undergoing
drug-therapy. Exercising regularly as you get older
may not only keep your body in shape, but your
brains as well.

CONCLUSION

In conclusion, our results emphasize the role of
regular physical exercise particularly swimming in
the maintenance and promotion of brain functions.
The underlying physiological mechanism for
improvement of memory appears to be the result of
enhanced neurogenesis.
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KEY POINTS

e Maintaining brain health throughout life is an
important public health goal.
e Our results point out that integration of

exercise schedule into the life style of
Alzheimer patients is advantageous and
worthwhile.

e Exercising regularly as you get older may not
only keep your body in shape, but your brains
as well.
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