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Investigation of the long term effects of chronic white noise stress on
learning in radial arm maze and behaviors in forced swim test
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Summary: The long-term effects of 100 dB chronic white noise stress (WNS), exposed during prenatal and adolescent
periods, on some cognitive functions and behaviors in rats were investigated. For this purpose, 40 female Sprague Dawley rats and
their 60 male offspring were used. Pregnant rats were divided into Prenatal Stress (PS) and Prenatal Control (PC) groups. Noise
stress was applied to PS group between the 14th and 21st days of their pregnancy, while PC rats were left undisturbed. After
weaning, 60 male pups of PS dams were assigned to prenatal + chronic postnatal stress (PSCS), prenatal stress + non stress (PSN)
and Control (CON) groups. During the postnatal 30th and 51st days, WNS was applied to PSCS rats, while PSN and CON groups
were left undisturbed. The effects of stress on adult male offspring were investigated using 8-arm radial maze and forced swimming
tests. There were no significant differences among groups for cognition and behavior tests. These results indicate that chronic 100 dB
WNS does not have log-term effects on cognitive functions and depression related behaviors of adult male offspring.
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Kronik beyaz giiriiltii stresinin radyal labirentte 6grenme ve zorunlu yiizme testinde davramslar
iizerine olan uzun dénem etkilerinin arastirilmasi

Ozet: Calismada siganlarda prenatal ve adolesan donemlerde uygulanan kronik, 100 dB siddetindeki beyaz giiriiltii stresinin
baz1 davraniglar ve kognitif fonksiyonlar {izerine olan uzun donem etkileri aragtirilmigtir. Bu amagla 40 adet disi Sprague Dawley
si¢can ve bunlardan elde edilen 60 erkek sican kullanildi. Gebe disiler Prenatal Stres (PS) ve Prenatal Kontrol (PK) grubu olmak iizere
iki gruba ayrildilar. Gebeligin 14. ve 21. giinleri arasinda PS grubuna ses stresi uygulanirken, kontrol grubuna herhangi bir uygulama
yapilmadi. Yavrular siitten kesildikten sonra PS grubu disilerden elde edilen 60 adet erkek yavru prenatal stres + kronik postnatal
stres (PSKS), prenatal stres + stres uygulanmayan (PSSU) ve Kontrol (KON) gruplarina ayrildilar. PSKS grubu ratlara postnatal
donemin 30. ve 51. giinleri arasinda stres uygulamasi yapilirken, PS ve KON grubundaki ratlara herhangi bir uygulama yapilmadi.
Stresin etkileri eriskin erkek siganlarda sekiz kollu radyal labirent testi ve zorlamali yiizme testi kullanilarak olciildii. Kognitif ve
davranigsal testler agisindan gruplar arasinda 6nemli bir farklilik bulunmadi. Elde edilen sonuglar kronik, 100 dB beyaz ses stresinin
erigkin erkek sicanlarda kognitif fonksiyonlar ve depresyonla iliskili davramiglar {izerinde uzun donem etkisinin olmadigini
gostermektedir.

Anabhtar sdzciikler: beyaz giiriiltl, kognisyon, rat, stres,zorunlu yiizme.

Introduction research on the effects of noise stress. It was reported

All human beings and animals are exposed to short
or long term stressfull events during their life span.
Effects of these stressful experiences on brain, cognition
and behaviors and also persistency of these effects in
later life depends on the stress regime and nature of the
stressor (2, 8, 15).

Noise is one of the most widespread sources of
enviromental stress. With rapid industrialization in
modern society, noise has become an important stressor
that threatens health of humans and welfare of animals
(6, 7, 16). Although many studies investigated the effects
of exposure to different stressors during the prenatal and
postnatal periods of life (3, 10, 21), there are only limited

that acute, subacute and chronic white noise stress
(WNS) at the intensity of 100 dB induced plasma
corticosterone increasement in rats (14, 23). Moreover
effects of chronic noise stress on cognition was
investigated in a few studies and negative effects of
WNS exposure, 100 dB/ 4 h per day for 30 days, on
learning and memory in rats were reported (7, 14).
However, to our knowledge, effects of noise stress during
prenatal and adolescent periods on cognition in adult rats
have not been investigated.

A large body of research indicates that stressfull
events may contribute to the development of depression
related behaviors (12, 17, 24). Although, noise is one of
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the most commenly encountered stressors in nowadays,
there is only limited research on the effects of noise
stress on emotional state and behavioral response of
animals. It was reported that acute exposure to
inescapable loud tones induced depressogenic effect in
rats (4). However, there is a lack of knowledge on the
long term effects of noise stressor on behaviors during
the different periods of life.

In the present study, long term effects of chronic
audiogenic stress exposed during prenatal and adolescent
periods were examined in adult male rats at the
behavioral levels. Radial arm maze was used to measure
cognitive performance and Porsolt swim test was used to
assess depression-like behaviors in rats.

Materials and Methods

Animals and housing: Forty naive adult female
(20543 g body weight) and 8 naive adult male Sprague
Dawley rats (305+9 g body weight) obtained from the
Institute for Experimental Medicine of Istanbul
University were bred in our laboratory. They were
housed with free access to food and water in a
temperature controlled room (21£1°C) under a 12:12 h
light-dark cycle (lights on at 7:00 a.m.). Female rats were
grouped (4-5 rats per cage) in clear plastic cages
(46x32x14 cm) with wood chip bedding in the presence
of a male for 5-6 days until pregnancy. Vaginal smears
were examined every morning daily and the day in which
the smear was sperm positive was determined as
gestational day 0. Thereafter, pregnant animals were
housed individually.

All efforts were made to minimize the number of
animals used and their suffering. The Ethic Committee of
Istanbul University Veterinary Faculty approved the
experimental protocol of the study.

Stress procedures: Pregnant rats were randomly
divided into Prenatal Stress (PS, n=20) and Prenatal
Control (PC, n=20) groups. PS rats were exposed to 45
min long WNS at the intensity of 100 dB (decibel-A
scale) SPL (sound pressure level) from day 14 to 21 of
pregnancy. During this period, stress was applied once a
day at random times of the day. The rat cages were
arranged to ensure a similar distribution of noise to all
the animals. Noise intensity was measured by placing a
sound level meter (CEM DT—8820) in the cages at varied
locations and calculating the mean value of different
readings. Rats in the PC group remained undisturbed.

The offspring were weaned 21 days after birth and
only litters consisting of five to ten pups with
approximately half females and half males were kept for
the study. To minimize litter effects, no more than 2 male
offspring from each litter were assigned to each
experimental group. Forty male offspring of the PS group
were randomly divided into Prenatal Stress + Chronic

Stress (PSCS, n=20) and Prenatal Stress + Non Stress
(PSN, n=20) groups. Twenty male offspring of the PC
group were assigned to Control (CON, n=20) group.
While the same stress procedure was applied to PSCS
rats from day 30 to 51 of postnatal period, PSN and CON
rats were left undisturbed.

Behavioral testing: The testing period was started
when the animals were young adults, at 70 days of age.
Ten animals from each PSCS, PSN and CON groups
were tested in the 8-arm Radial Arm Maze (RAM) and in
the Porsolt Forced Swim Test (FST). All tests were
conducted at the same time of the day beginning at 10:00
a.m. The behavior of the rats was videotaped and then
analyzed by experienced observers.

Radial Arm Maze (RAM): The apparatus was a
custom-made black plexiglas radial arm maze. It
consisted of eight identical arms (60 1 x 12 w x 20 h cm)
radiating from a circular platform (30 cm in diameter).
Small plastic food cups were located near the end of each
arm. The maze was located in a testing room containing
many fixed extra-maze visual cues and it was elevated 60
cm above the floor level.

Rats were food restricted to achieve approximately
85% of their ad libitum weights, before radial maze
training began. Chocolate flavored crisp rice cereal was
used as the food reinforcement. Animals were subjected
to 3 days of acclimation trials in which they were
allowed to explore the maze for a 10 minutes period each
day. Food pellets were scattered throughout the maze on
the first day and they were confined closer to the food
cups on successive days. Following the acclimation
sessions, the animals were given one session per day
with all arms accessible over a 15 days period. Before
each session, all the arms of the maze were baited a 1/3
to 1/2 peace of cereal. The reinforcements were not
replaced during the session. An animal was placed in a
circular plastic restraining ring (30 cm in diameter and 20
cm high) in the center of the RAM; the ring was lifted
after 30 sec allowing the rat to move freely about the
maze. A trial ended when one of the following conditions
was reached: (1) the animal has visited all eight arms, (2)
the animal has made 16 visits, or (3) 10 min. has passed.
The rats’ performances were evaluated by the total
number of errors, the rank of the first error, and the total
number of choices to complete the task. Re-entry into an
arm previously visited was scored as an error. A choice
was defined as the rat traversed two-thirds of the arm
length. For the statistical analyses of data, Day 1 was
defined as the first day on which at least eight choices
were made.

Porsolt Forced Swim Test (FST): A 2 days Porsolt
swim test was conducted for assessment of behavioral
despair (22). A test was conducted in a plexiglas
transparent cylinder (40 cm deep, 30 cm diameter)
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containing water (25 =1 °C and 15 cm in depth). Animals
were placed individually into the cylinder and allowed to
swim for 15 minutes on the first day and for 5 minutes on
the second day of the test. Behavior of the rat was scored
as immobile, swimming, jumping and diving. Total time
spent in these behaviors was calculated for the 5 min test
period on each day. Water was cleaned or changed, when
necessary, before the next animal was tested. The
behavior of the rats was recorded on videotape and
further scored by an investigator.

Immobility was defined as floating in the water
without struggling and using only small movements to
keep the head above water. Swimming was defined as
moving limbs in an active manner, more than necessary
to keep the head above water. Jumping was defined as
lifting up and revealing at least two-thirds of the body
length. Diving was defined as totally immersing in water.

Statistical analyses: Performance on the RAM and
FST were analyzed with repeated-measures ANOVA,
with the groups as the between-subjects factor and the
testing days as the within-subjects factor. Data are
expressed as mean = sem. Differences were considered to
be significant if P { 0.05.

Results

Radial Arm Maze Performance: There were no
statistically significant differences between the groups on
any measure of their performance. However, there was a
significant effect of test day for investigated parameters,
indicating that learning took place across the 15 days of
testing. The main effect of day was significant for total
number of errors, (F = 5.64, P <0.01) (Fig 1), for rank of
the first error (F = 6.87, P < 0.01) (Fig 2) and for total
number of choices (F = 4.58, P < 0.01) (Fig 3). But there
were no significant effect of treatment group (P > 0.05)
(Table 1), nor were there any group by day interactions
(P>0.05).

Porsolt Forced Swim Test: The repeated measures
ANOVA indicated that the main effect of day was
significant for immobility (F= 14.89, P < 0.01), jumping
(F= 5.88, P < 0.05) and diving (F= 13.49, P < 0.01).
However the effect of treatment was not significant and
the interaction between group and testing days was not
significant either (Table 2).

Table 1. Parameters measured during RAM test

Tablo 1. RAM testinde 6lgiilen parametreler

—t—PSCS (n=10)
5 - k= CON (n=9)
== PSN (n=8)

1 2 3 4 5 [} 7 8 9 0 11 12 13 14 15

Fig. 1. Total number of errors decreases across testing days (F=
5.64, p(0.001) in RAM test. Data are the means for the days of
testing for PSCS, PSN and CON groups.

Sekil 1. RAM testinde toplam hata sayis1 zamanla azalmaktadir.
Veriler PSCS, PSN ve CON gruplarinin test giinleri
ortalamalarini gostermektedir.
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Fig. 2. Rank of the first error increases across testing days (F=
6.87, p(0.001) in RAM test. Data are the means for the days of
testing for PSCS, PSN and CON groups.

Sekil 2. RAM testinde ilk hatanin kademesi zamanla
artmaktadir. Veriler PSCS, PSN ve CON gruplarinim test
giinleri ortalamalarini gostermektedir.

——PSCS (n=10)

—W—-PSN (n=8)
== CON (n=3)
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Fig. 3. Total number of choices decreases across testing days
(F=4.58, p(0.001) in RAM test. Data are the means for the days
of testing for PSCS, PSN and CON groups.

Sekil 3. RAM testinde toplam se¢im sayisi zamanla
azalmaktadir. Veriler PSCS, PSN ve CON gruplarinin test
giinleri ortalamalarini gostermektedir.

Treatment Groups

PSCS PSN CON

Parameters (n=10) (n=8) (n=9)
Total number of errors 2.06 +0.46 2.37+0.51 1.93+£0.48
Rank of the first error 7.66 +£0.21 7.22+0.23 7.30+0.22
Total number of choices 9.17 £ 0.56 10.19 £ 0.63 8.93+0.59

Data are the means = SEM. No significant differences were found between groups by repeated

measures two-way ANOVA.



236 Evren Eraslan-Uygur - Elif Ergiil-Ekiz - Ibrahim Akyaz - Giildal inal-Giiltekin - Murat Arslan

Table 2. Parameters measured during FST
Tablo 2. FST testinde 6lgiilen parametreler

Treatment Groups

Behaviors Testing Days
PSCS (n=10) PSN (n=10) CON (n=9)
. 1* day 30.26 £ 7.86 26.79 +£7.86 4587 +8.29
Immobility (sec) o . . .
2" day 40.96 + 12.83 48.87+12.83 79.05 £ 13.52
. 1** day 42.13+5.96 39.08 £5.96 29.09 +6.28
Swimming (sec) d
2" day 41.88+12.48 33.44+12.48 31.89 £ 13.15
Divin 1* day 6.50 £ 1.42 6.20 +1.42 5.44 +1.49
g 2" day 3.70 = 0.90* 1.70 £ 0.90* 2.56 £ 0.95*
. 1** day 18.10 = 4.64 23.00 = 4.64 26.78 = 4.89
Jumping o g . . .
ay 10.60 +£3.73 18.40 £3.73 16.00 £3.93

Data are the means + SEM for the days of testing for PSCS, PSN and CON groups. *Immobility (F= 14.89, P < 0.01), jumping
(F=5.88, P < 0.05) and diving (F= 13.49, P < 0.01) behaviors were significantly different on the 2™ day compared to the 1% day of
testing. The effect of treatment and group x trial interactions were not significant.

Discussion

In the present work, long-term effects of chronic
WNS on learning, memory and depressive- like behaviors
were investigated.

The white noise has been reported to be an
audiogenic stressor that produces stress response in the
organism by increasing corticosterone levels and
activating different brain areas that are related to
formation of stress response (5, 10, 23). However, to our
knowledge, there are only few studies investigating the
effects of WNS on learning and memory. Our results
show that learning took place across the 15 days of RAM
testing (Fig 1, 2 and 3), and that learning and memory of
animals in the maze were not affected by prenatal and
postnatal chronic WNS treatment (Table 1). It was
reported that chronic (4 hours/day x 30 days) white noise
(100 dB) exposure in adult rats impaired spatial learning
and memory in Morris water maze when measured from
stress application day 26 to 30, 2 hours after noise
exposure (7). It was also suggested that chronic WNS
(100 dB/4 hours per day/30 days) impaired reference and
working memories in RAM in adult rats when measured
an hour after noise stress exposure during the stress
application period (14). Our results are contradictory to
these two studies. They measured spatial abilities of
animals during the stress application period immediately
after the stress exposure. Thus they have focused on the
immediate effects of stress exposure on cognition.
However our aim was to investigate the lasting
consequences of the noise stress exposure. Therefore the
lack of effects of WNS on cognition in our study can be
accounted for by evaluating the learning performance of
animals at adulthood, not immediately after the cessation
of stress period. In addition, stress regimes are different
i.e. the duration of stress application per day was shorter
in our study. There are various studies that have
investigated the effects of different types of stressors on
learning and memory of rats and they have documented a

variety of different results. It was reported that chronic
restraint stress, 6 h/ day for 21 days, caused small but
significant decrement in performance in RAM, but this
cognitive impairment was not permanent. Stressed rats’
performance in radial maze returned to normal 18 days
after the stress (13). Our results are somewhat
comparable to this study. Long-term, persistent effects of
chronic stress on cognition were not found in this study
either.

In accordance with our results Mello et al (19) did
not found any effects of, daily exposure to 5 min mild
foot shock stress for both 2 and 8 weeks on memory
acquisition and retention. Moreover, it was also reported
that only rats exposed to 6h/ 21d restraint paradigm
showed consistent spatial memory deficits, but the same
stress application for 2h/10d, 2h/21d and 6h/10 d did not
have any effect on cognition (18). On the other hand,
cognitive impairments after chronic stress exposure (1,
20) and also negative consequences of stress on learning
and memory later in life have been determined (11, 25).
Discrepancies in results of the studies support the idea
that effects of stress on cognition vary depending on the
type and intensity of stressors, application period and
stress procedure, as well as on the duration from the end
of the stress to the start of behavioral assessment.
Therefore, we suggest that 100 dB WNS, which was
applied chronically during prenatal and adolescent
periods, does not have long term effects on spatial
learning and memory performance in adult rats.

There were no statistically significant differences
between the groups in the Porsolt forced swim test (Table
2). That is to say, our stress treatment did not affect the
depressive like behaviors of rats. To our knowledge,
research on the effects of noise stress on behaviors
associated with depression is very limited. On the
contrary to our results, it has been suggested that
increased and decreased durations of loud tones have
depressogenic effects in rats in the behavioral despair



Ankara Univ Vet Fak Derg, 58, 2011

model, based on forced swim test (4). However, the type
of noise stressor was different than the white noise used
in the present study. Moreover, they measured only acute
effects of stress exposure, not long-term effects.
Therefore, discrepancies in results may not only be due
to type and duration of noise stressor, but may also be a
consequence of investigating stress effects in different
durations after the end of the stress. Results of other
studies, using different stressors rather than noise, vary in
terms of effects of stress on behaviors. In accordance
with our results, it was reported that physical and
emotional stress did not have long-term effects on
behaviors of rats measured in FST (21). Furthermore, no
effects of prenatal restraint stress on depressive-like
behaviors in rats’ offspring were found when measured at
the age of 6 months. On the other hand, it was reported
that chronic foot shock stress and restraint stress had
opposite effects, while former increased, later decreased
the duration of immobility (an indicator of depression-
related behavior) in FST (26). Furthermore, depressive
like effects of chronic stress and long term consequences
were reported (9, 27). As it was demonstrated in these
studies, the type and the intensity of the stressors used
and the stress modality and many other factors may
affect the results of stress exposure. The lack of effects of
noise stress exposure on depressive-like behaviors may
be accounted for the type of stressor used in our study or
for by investigating the long term effects of stress rather
than immediate effects.

As a conclusion it is suggested that chronic WNS
(100 dB) exposed during prenatal and adolescent periods
does not have long term effects on cognition and
depressive like behaviors of adult rats. Further research is
needed to understand the consequences of noise stress
exposure and response mechanisms of organism.
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