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Abstract: Background: Moderate exercise training has innumerable benefits on physical function, cognition and mental
health. However, the effects of exercise training on anxiety reduction that results in increased physical activity is much
less appreciated. The objective of this study was to examine the effects of moderate exercise training on anxiety-related
behaviors that result in increased physical activity.

Methods: Old (17 months) female mice (n=6), C57B6 were allocated to either a sedentary or a running group that
underwent 12 weeks of treadmill running (20 minutes/day, 6 days/week). Anxiety-related behavior was assessed using an
Open Field Test.

Results: Moderate exercise training resulted in increased locomotion in the exercised group. These mice entered the 'inner
zone' of the open field more frequently; b) exhibited higher movement velocity within the arena; c) traveled a longer
distance; and d) spent less time at the corners of the open field.

Conclusion: Our results indicate the beneficial effects of moderate exercise training on reducing anxiety-related behavior

and triggering spatial behaviors in an Open Field Test among aged mice.
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INTRODUCTION

Getting older seems to naturally involve a gradual
decrease in physical activity. Age-related decline in physical
activity leads to both physical and cognitive decline, which
in turn can result in functional disability and significantly
reduced quality of life [1]. The American College of Sports
Medicine (ACSM) has published exercise recommendations
in July 2009 for older adults [2]. As a result, awareness of
the benefits of physical activity and exercise among the
general population and among those with chronic diseases
and health limitations due to psychosomatic disorders has
gradually increased [3].

Sedentary older adults are at a higher risk for developing
chronic illnesses that include metabolic diseases (i.e.,
diabetes, hypothyroidism, and metabolic syndrome),
degenerative joint disease, primary sarcopenia, neurological
diseases (i.e., Parkinson's disease, stroke, and Alzheimer's
disease), cardiovascular-pulmonary diseases (heart failure,
chronic obstructive pulmonary disease, and atherosclerosis)
[4-5], cognitive decline and stress and anxiety. Anxiety is a
complex psychiatric disorder characterized by affective,
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cognitive, and physiological impairments that lead to
maladaptive behavior. The high prevalence of this disabling
condition in older adults as well as the limitations in the
existing medications and interventions highlight the need for
developing effective treatment plans for this condition.
Animal models allow investigation of key biological factors
of this disorder. Symptoms of anxiety and stress in mice can
be found in the expressions of emotional distress such as
irritability and apprehension [6]. Mice display similar aging
process to humans (i.e. reduced skeletal muscle mass,
strength and diminished regenerative capacity, and
sarcopenia) [7]. Studies on sedentary lifestyle in mice have
significantly contributed to understanding the major risk
factors for human’s age-related diseases such as obesity,
diabetes, hypertension as well as age-related decline in
cognitive abilities [8].

Previous studies suggest that the most effective
intervention that ameliorates the deleterious effects of aging
and sarcopenia is exercise. Moreover, both in human [9] and
rodents [10] regular physical activity contributes to
longevity, improves self-confidence and positive emotions,
and reduces depression and anxiety. Physical activity
reduces the risk of depression and anxiety, improves
emotional feeling and enhances self-control [11]. The
benefits of physical activity on anxiety, stress, and self-
control were estimated commonly by means of self-report
questionnaires [12]. Although self-report questionnaires are
one of the most efficient methods of collecting these data,
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more objective and reliable methods are required to assess
the effect of exercise on anxiety. But given that self-report
questionnaire cannot be used in mice, an open-field test was
used for anxiety-like behavior assessment. Therefore we
measured the effect of moderate exercise training on spatial
motor behavior and organization of behavior in time and
space as an indication of anxiety or self-confidence level in
old mice [13]. Rodents that lack a sense of security as a
result of anxiety prefer markedly prolonged stays at the
edges or corners of the open field arena [14] while staying in
or moving to the center of the arena indicates confidence and
less anxiety [15].

MATERIALS AND METHODS
Subjects

The study was conducted in Zoological Garden at Tel
Aviv University. Six17-month old female mice (equivalent
to ~ 80 years old of human being), strain C57BL/6N black,
were taken from the animal house at Ichilov Medical Center.
Body weight ranged from 18 to 22 g (standard deviation +
1.5). In this strain of mice, females did not show
cannibalistic behavior and were not aggressive. They were
friendly and therefore 3 animals put in one cage. The mice
were randomly allocated using a random number generator
into two groups: an exercise group (n = 3) and a sedentary
group (n=3).

Evaluation

The open-field test (OFT) is commonly used in basic
research with rats and mice [16]. This test evaluates the level
of emotional stress and anxiety [17]. The test was performed
in a square pad (arena) 1.5 x1.5 meters with a radius of ~
0.75 meter. This surface has smooth walls and is tall enough
(wall height is 20 cm) so that rodents will not be able to
climb out or escape. It is an arena without food or water. The
arena located in a quiet room, behind a transparent wall and
is monitored by a video camera (20 photos per second)
connected to a computer program (AccuScan™, Digiscan
photo beam system) that graphically and numerically
documents the spontaneous movements of the animal in the
peripheral and internal parts (boundaries of outer zone has 15
cm margin, and inner zones) of the field. The camera system
has 16 beams that cover a large surface. Once the animal
crossed the scan lines, information is instantaneously
transmitted to the computer software, which recorded the
animal's location and calculated the speed of moving to
another line. All tests were conducted between 9:00 to 10:00
am in partial darkness (dim lighting) and lasted 20 minutes.
The test recorded the time (in seconds) that the animal spend
in the arena (inner /outer zones) along the walls of the
surface and the edges (field walls and corners), as well as the
direction, distance (cm) and speed of the movement
(distance/time).

Data was collected by a blinded evaluator. All the mice
underwent the OFT twice: one day before the exercise
program began and one day after the exercise program.

The study hypothesis was that the mice in the exercise
group will be less anxious compared to the control mice and
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as a result will move more and spend less time at the corners
of the field.

Intervention

After three days of familiarization and habituation with
the treadmill, resting in a building frame with three separate
compartments/cells, one mouse was placed in each
compartment/cell. The three separated compartments/cells
frame was placed on the treadmill thus allowing three mice
to run at the same time. During the three days of acclimation,
all mice (including the control mice) were exposed to
jogging on the treadmill, adapting to the treadmill noise,
human touch and manipulation of slow running (about 7-8
cm per second for a total of 3, 4 and 5 minutes). The running
intervention lasted three months, the activity time took place
six days a week at between 9:00 to 10:00 am, 20 minutes
each day at the speeds of up to 10 meters per minute, which
is equivalent to up 60% -70% VOjuu, as formulated by
Chappell ef al. [18-19].

However, the controls for this type of behavioral
experiment were also treated somewhat exactly as the
experimental ones with the exception of running. It means
that they were taken from the cage every day, kept on a non-
moving treadmill for the same period of time and then put
back in the cage. Therefore, all animals were familiarized
with touching, people, etc. the same period of time.

Statistical Analysis

SPSS version 17 was used for statistical analysis. All the
mice were evaluated before and after the intervention. Mann
Whitney test was used to measure the differences of post and
pre intervention (calculated post - pre value for each
outcome measure) between groups. The level of statistical
significance was set at p <0.05.

ETHICS

The experiment reported in this manuscript was
performed in accordance with the ethical standards of the
Helsinki Declaration. The Governmental Ethics Committee
No. for this study is 18-615, 2012.

RESULTS

Figs. (1, 2) indicate that the mice in the running group
were significantly more motor active than in the mice in the
sedentary group. Fig. (1) shows the differences in distance
traveled by the mice in two groups before and after the
exercise intervention. The running mice traveled a
significantly longer distance (cm) than the sedentary group at
the end of intervention (median 16.336 vs 11.103 cm,
p<0.05). Fig. (2) shows that the running group had a
significantly higher crawling speed (cm/sec) than the control
group at the end of the exercise training (median 10.28
cm/sec vs 9.25 cm/sec, p<0.05). Fig. (3) shows the
differences in pre and post time the mice spent at the corners
of the arena. After 3 months, both groups spend more time at
the corners compared to the start point however. The
difference between pre and post intervention in the time at
the corners spent by sedentary mice was longer (Sed: pre
70£15 sec, post 92+15 sec; Exe: pre 48+12 sec, post 60+17
sec).
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Mann-Whitney test, as a non parametric test, used for paired
data.

Fig. (1). Distance (cm) traveled in the arena. Distance difference
[Median (range/min-max)] before and after intervention in both
groups control (Sed) and exercise (Ex). * Statistically significant
between the control and exercise groups (p<0.05).
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Mann-Whitney test, as a non parametric test, used for paired
data.

Fig. (2). Velocity (cm/sec) Median (range/min-max) in the arena.
Velocity difference [Median (range/min-max)] before and after
intervention in both groups control (Sed) and exercise (Ex).
*Statistically significant between the control and exercise groups,
(p<0.05).

DISCUSSION

Our results support the study hypothesis that mice
exposed to the exercise program would have lower anxiety
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and therefore exhibit more spatial behavior and movements.
We interpret that the increase in movement is a result of the
link between a decrease in anxiety level and an increase in
spatial behavior following the exercise training [20].
Moreover, the sedentary group spends more time at the arena
corners after 3 months of intervention. The preliminary
results indicate that those who were exposed to the exercise
program perhaps attenuated the effect of aging (3 months
period) as expressed by the smaller differences in pre and
post time spent at the arena corners.
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Mann-Whitney test, as a non parametric test, used for paired
data.

Fig. (3). Time (sec) Median (min-max) mice spent at the corners of
the arena. Differences of time (sec) [Median (min-max)] before and
after intervention, mice spent at the corners of the arena
intervention in both groups control (Sed) and exercise (Ex).
*Statistically significant between the control and exercise groups,
(p<0.05).

Using mice as models has several advantages: it involves
a normal, competent, out bred strain, does not involve any
treatment, surgery or injection, and allows investigation of
the naturalistic development of anxiety while aging.

Anxiety as a function of insecurity or lack of self-control
has been evaluated using various laboratory measures.
However, the current study shows that spatial behavior after
a running program may be a reflection of a decrease in stress
or an increase in self-control and confidence. The effect of
physical activity on emotional state has been mainly
measured using laboratory parameters such as chemical
changes in saliva, cortisol [21], blood levels of serotonin and
norepinephrine, using physiological parameters of blood
pressure, heart rate, cholesterol, oxidative stress and free
radicals [22], or using behavioral factors such as sleeping
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and eating [23-24]. However, increase in movement in aged
rodents following an exercise program as an indication of
decreased anxiety, stress and self-confidence has not
documented. Earlier publications indicated that young
rodents developed "motor hyperactivity" following a short
run, which caused a decrease in the level of stress hormones
such as corticosteroids in blood plasma [25], activating
"antidepressant" mechanisms, increased levels of serotonin
and norepinephrine and creating brain-derived neurotrophic
factors [26]. Increase in the amount and speed of locomotion
in the OFT and the number of times the running mice
entered the center of the arena indicate a sense of security
and "sensory-motor inner pressure" [27] to scan and check
the open space for different needs (such as food). The
increased control and confidence in the running mice
resulting from prolonged running can be explained by
neurological as well as chemical and neuro-physiological
mechanisms. One possible mechanism to explain our results
might have to do with an adaptive response in the brain
tissue that has led to the expression of brain plasticity. These
reactions can trigger growth factors and create new synapses
and neuronal connections through  neurogenesis,
synpathogenesis, angiogenesis and overexpression of certain
neuronal chemicals related to anxiety-like behavior [28]. The
current findings have empirical and practical implications.
First, the results strengthen the argument that exercise
training raises the level of locomotion as a result of a
decrease in anxiety and stress. The study was conducted on
laboratory mice that were fairly old (equivalent to 80-years
of age in human beings). Due to the demanding structure of
the running program (six days a week, 20 minutes each time
for 3 months), two questions should be asked: a) what will
be the effect of a shorter intervention or the effect of such
running program in younger mice on reducing anxiety level
as indicated by locomotion, and b) according to the theory of
'Conservation of Resources' [29], will the increase in
locomotion be retained after a physical training program is
ended.

The study had a number of limitations. First, because this
study just presented preliminary results, it is obvious that the
sample size was small which only included female gender,
and therefore limits the conclusions. In addition, mice have
genetic, biological and behavior characteristics that closely
resemble those of humans, and therefore stress symptoms of
human conditions can be replicated in rodents [30]. But at
the same time, generalizability and validity of our study
results to human populations should be taken in great caution
especially with regards to emotional aspects; nonetheless
many scholars have applied the results of anxiety tests in
rodents to human behavior. Further empirical and
methodological research is needed to explore the validity
and generalizability of the adjusted indirect comparison for
evaluating same and different interventions. Future studies,
with greater sample of animals, should consider using
running wheel to promote exercise, instead of treadmill
because it might be a less stressful protocol, and for anxiety-
like behavior assessment to use 'elevated plus maze' which
unfortunately were not available in our lab.
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CONCLUSION

Our results indicate the beneficial effects of moderate
exercise training on reducing anxiety-related behavior and
triggering spatial behaviors in an OFT among aged mice.
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