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ABSTRACT

After air pollution, the most important environmental factor threatening human health is noise.
Physiologic damage or psychological damage can occur because of noise. Increased oxidative
stress, vascular changes and mechanical trauma may be responsible for the physiologic damage
mechanism of noise. This study aimed to reveal the effect of noise on follicles in ovaries. In the
study, a total of 30 female Wistar albino rats (12weeks old) were randomly divided into three
groups (n=10): the control group, no treatment; the sham group, exposed to stress conditions
(but not to any high waves) in a special room at the same time as the high sound wave group;
and the high sound wave (HSW) group, exposed to HSW in a special room for 28days. At the
end of the 28th day, the rats were sacrificed and ovarian tissues were harvested. Stereologic
and biochemical analyses were performed. All stereologic volumetric parameters and Gonadal
Somatic Index (GSI) values, lipid peroxidation (LPO) and glutathione (GSH) levels in all groups
were evaluated statistically, and significant differences were found between the control and
HSW, sham and HSW groups, respectively. However, no statistical difference was found between
the control and sham groups. A decrease in catalase (CAT) and superoxide dismutase (SOD)
activities were found in the HSW group compared with the control and sham groups, suggesting
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that noise can cause oxidative stress and damage to the ovaries.

Introduction

Noise is considered as the second most important
environmental factor threatening human health after
air pollution. Many studies have reported that noise
negatively affects the function of many tissues and
organs by causing stress in living things [1-5]. It can
occur in the form of noise, physiologic damage or
psychological damage. The physiologic damage mech-
anism of noise is not yet fully understood, but research
has shown that factors such as increased oxidative
stress, vascular changes and mechanical trauma may
be responsible [6-8].

The most important of the negative effects of noise
on living things is the effect on hearing. Noise can
cause hearing loss at various levels depending on the
duration and level of the sound. It is reported that
people with hearing loss are mostly those who live in
noisy places or work in noisy workplaces [4]. The hear-
ing system is constantly active, even during sleep.
Rapid and excessive stimuli caused by noise signals
are subcortically linked to the hypothalamic-pituitary-ad-
renal axis (HPA-axis) via the amygdala. Therefore, noise

causes the release of different stress hormones [e.g.
corticotropin-releasing hormone (CRH), adrenocortico-
tropic hormone (ACTH)], especially in people who are
asleep [91. In this context, cytoplasmic steroid (cortisol)
receptors acting with heat-shock proteins (HSP) in the
most functional parts of the organism such as the
heart, kidney and gonads change the behavior of func-
tional tissues. These HSPs, which provide information
about the biologic effect of environmental stress on
organisms, are also increased by different stress factors.
In the myocardial tissue of birds exposed to high noise,
HPS70 was recently found to be increased [10].

It has been shown that noise pollution has effects
on cardiovascular diseases and hypertension in people
living in noisy areas [1]. Noise pollution increases the
risk of cancer [2]. It is known that noise decreases
performance; causes sleep irregularities, an increase in
noradrenaline and adrenaline and cortisol levels, anx-
iety, headache, and nausea; decreases children’s learn-
ing level, physical and cognitive abilities, and
motivation; and causes psychological disorders [5]. In
experimental studies on rats, it has been found that
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noise has a reducing effect on neurotransmitters in
the brain [3].

The present study was conducted to determine
whether noise can cause oxidative stress and investi-
gate the effect of oxidative stress caused by noise on
follicles in ovaries.

Materials and methods
Ethics statement

This study was approved with the consent of Ondokuz
Mayis University Experimental Animal Ethics Committee
and all experimental procedures were performed in
accordance with ethical rules.

Animals

A total of 30 twelve-week-old female Wistar albino
rats (210-250g) were obtained from Ondokuz Mayis
University Experimental Animal Application and
Research Center. The rats were cared for and fed in
standard sterile plastic cages at 55-60°C humidity,
19-22°C room temperature and 12h light and dark
cycles. All rats had unlimited access to feed and tap
water ad libitum.

Experimental design

A total of 30 female Wistar albino rats were randomly
divided into three groups as Control, Sham and HSW
(n=10). Each rat was placed in a separate cage. No
procedure was applied to the rats in the control
group. In the SHAM group, a loudspeaker was placed
above the center of each cage, but the rats were
not exposed to noise. The noise level inside the
rooms of these two groups of rats did not exceed
60db SPL.

The rats in the HSW group were housed in a sep-
arate room at the animal laboratory facility, with one
rat in each cage. The rats were exposed to octave
band noise of 102dB SPL (+1.5dB) centered at 50 kHz
for 4h/day for 28 consecutive days. The noise exposure
was delivered from a loudspeaker mounted above the
center of each cage. Sound levels were measured at
various locations within each cage at the height of
the animals’ head using a sound level meter (Landtek
SL5868P, China).

On the 28th day of the experiment, a vaginal smear
was performed to check the estrus cycle of the animals
in all groups and the data were recorded. At the end
of the 28th day, all animals were weighed and the
data compared with the initial results. After exposure
to ketamine hydrochloride (40-50mg/kg; Alfazyne®,
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Egevet, Turkey), all rats were sacrificed with 4% form-
aldehyde perfusion through the heart at room tem-
perature. Ovarian tissues were removed and placed in
4% neutral buffered formalin fixation solution. Tissues
were subjected to routine histologic procedures after
fixation and then embedded in paraffin wax. Stereologic
analyses were performed on the obtained tissue
sections.

Calculation of gonadal somatic index (GSI)

The GSI was used as an indicator of the cyclic status
of the animals. With this index, the maturation of
Grafian follicles and a decrease in acyclic animals com-
pared with their cyclic counterparts were shown. GSI
was calculated using the formula below [11]:

GSI= (gonadal weight/body weight) x 100

Stereologic analysis

The section thickness of the stereologic approach was
estimated according to the pilot study. Therefore,
10-um section thickness was used, then the sections
were stained with hematoxylin-eosin for histologic
examination and stereological analysis. Stereologic and
histopathologic evaluations were performed using an
Olympus BH 40 camera attachment on a light micro-
scope. Ovarian volume, cortex/medulla ratio, and fol-
licle volumes were estimated using the Cavalieri
method, which is one of the unbiased stereologic
approaches.

Cavalieri method

Regarding the volumetric estimations, the Cavalieri
method, which is a branch of stereology, was used
[12]. Sections were collected according to systematic
random sampling. After that, the surface areas of
the relevant structures were estimated using pointed
counting grids. Finally, volumetric data were obtained
by multiplying the total surface area and average
cross-sectional thickness. The pointed counting grid
consists of systematic (+) signs representing points
separated at equal intervals from each other were
used. The area occupied by a point is known in the
point counting grid and is called the area associated
with the point and shown as [a (p)]. In this context,
the points falling on the area of interest are counted
and the total number (Xp) is obtained. The obtained
numbers are then multiplied by a (p) to obtain sur-
face area (A) measurements for ovarian volume, cor-
tex/medulla ratio, and follicle volumes [13].
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The following formula was used during the
calculations:
A=3p - [a(p)]

Biochemical analysis

Tissue samples were harvested (200 mg) from each
animal and homogenized in an appropriate buffer
solution (4800 mL). Catalase (CAT), superoxide dis-
mutase (SOD), lipid peroxidation (LPO) and glutathione
(GSH) levels were assessed using tissue homogenates.
The CAT test was performed using hydrogen peroxide
(H,0,) at 240 nm. SOD measurements were performed
using the method of Sun etal. [14]. LPO levels were
measured using thiobarbituric acid and GSH activity
was measured according to the Sedlak and Lindsay
method [15].

Statistics

The data were analyzed using the SPSS 21.0 for Mac
(IBM Corporation) software. Comparisons between the
groups were performed using one-way analysis of vari-
ance (ANOVA) (Tukey-Post-Hoc). Differences were con-
sidered statistically significant at P-values <0.05.

Results
Gonadal somatic index

When the GSI values were evaluated statistically in all
groups, it was found that the GSI values of the rats
in the HSW group were significantly lower than the
control and sham groups (p<0.05). However, no sta-
tistical difference was found between the control and
sham groups (p>0.05) (Table 1)

Histopathologic results

The germinal epithelium on the surface of the ovaries
of the rats in the control group was observed to be
properly located. No abnormal changes in the cortex
and medulla were observed. Normal-appearing primor-
dial, primary, secondary and mature follicles were

Table 1. Body weight, ovary weight and GSI.
Control Sham HSW

Rat weight (g) 298.80+4.158  295.50+5.27* 296.20+3.534
Ovary weight (g) 0.178 £0.0028 0.179+0.0028 0.126 +£0.003¢
GSI 0.06+0.0006° 0.06+0.001° 0.04+0.001¢

Note: All data are expressed as Mean+SEM. Same superscript capital
letters indicate no statistical difference between the groups, whereas
different ones indicate statistical difference within the same row
(p <0.05).

observed in the cortex. The integrity of the corpus
luteum was normal. Normally sized blood and lymph
vessels were observed in the medullary stroma
(Figure 1A-C).

In the germinal epithelium limiting the ovaries of
rats in the HSW group, spillages and detachments were
observed. Degeneration was seen in the primordial
and primary follicles. Congestion in areas with edema
and blood vessels in the area associated with the
medulla was detected (Figure 1D-F).

Stereologic results

There were statistical differences between the control
and HSW (p<0.05), and sham and HSW (p<0.05)
groups, respectively. No statistical difference was found
between the control and sham groups (p>0.05) in
terms of all the stereologic volumetric parameters
listed below (Table 2).

Biochemical results

Antioxidant enzyme activities

A decrease in CAT activity was found in the HSW group
compared with the control (p<0.05) and sham groups
(p <0.05) (Figure 2). Although there was no significant
difference between the control and sham groups
(p>0.05), SOD activity was found decreased in the
HSW group compared with the control (p<0.05) and
sham groups (p <0.05), respectively (Figure 3). Similarly,
statistical differences were found between the control
and HSW (p<0.05), and sham and HSW (p<0.05)
groups in terms of LPO levels, respectively. However,
no statistical difference was found between the control
and sham groups (p>0.05) regarding the LPO levels
(Figure 4). There was also no statistical difference
between the control and sham groups (p>0.05) in
terms of GSH levels. By contrast, there were significant
differences between the control and HSW (p<0.05),
and sham and HSW (p<0.05) groups, respectively
(Figure 5).

Discussion

In this study, we aimed to determine the impact of
HSW on gonadal function by comparing gonadal
somatic index and oxidative stress markers including
multiple parameters such as CAT, SOD, LPO, and GSH
levels. Our data analysis revealed significantly lower
GSI, CAT, SOD activity and GSH levels, but signifi-
cantly higher LPO levels in the HSW group. These
results led us to conclude that high noise waves
resulted in higher oxidative stress, and this increased
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Figure 1. Histological images of ovaries in the Control (A, B, C) and HSW (D, E, F) groups. M: medulla; GF: Graafian Follicle; CL:
corpus luteum; P: Primary Follicle; S: Secondary Follicle; arrowhead: vascular congestion. Hematoxilin&eosin.

Table 2. Stereological measurements of the relevant
parameters.

Volumetric measurements (Mean = SD)

Control Sham HSW
Ovaries 0.258+0.029 0.224+0.026 0.164+0.017
Medulla 0.0518+0.004  0.0516+0.003  0.0419+0.002
Primary follicle 0.0011+0.0009 0.0011+0.001 0.0009 +£0.0003
Secondary follicle ~ 0.0050+0.002  0.0049+0.003  0.0020+0.0005
Secondary follicle  0.0015+£0.0009 0.0014+0.0001  0.0007 +0.0001
antrum
Graffian follicle 0.0080+0.0003 0.0080+0.0003 0.0087+0.0004
Graffian follicle 0.0020+£0.0003  0.0019+0.0001  0.0066+0.0001

antrum

Note: Values are expressed in mm3,

oxidative stress caused a lower ovarian turnover,
which was proved by the lower gonadal index. This
result has importance for reproductive function show-
ing a significant impact of noise on reproductive
function.

Noise is considered one of the environmental
stress factors. Noise exposure leads to the generation
of free oxygen radicals [16, 17]. Reactive oxygen spe-
cies (ROS) cause lipid peroxidation by interacting
with unsaturated fatty acids, especially in the cell
membrane. Lipid peroxidation changes the mem-
brane lipid structure by removing a hydrogen atom
from the chain of fatty acids in the membrane struc-
ture and indirectly produces reactive aldehydes, and
a very harmful chemical chain reaction occurs that
damages the structure and functions of other cell
components [18, 19]. Once this reaction is initiated

CAT activity
300
250
.g *
° 200
Q.
g’ 150
=
100
50
0
Control SHAM HSW

Figure 2. CAT activity values of rats in all groups. *indicates
significant difference compared to the control group (p <0.05).
Note: Control, no procedure was applied to rats; Sham, a loud-
speaker was placed in the center of each cage, but the rats
were not exposed to noise; HSW, rats were exposed to 102dB
SPL (+1.5dB) octave band noise centered at 50 kHz.

autocatalytically, it continues in a chain and, if not
inhibited, destroys the cell membrane and then
breaks down organelles, causing lysosomal enzymes
to be released and cellular autolysis.

There are many studies in the literature investigat-
ing the effects of noise on various organs such as the
brain, liver and spleen [20-23]. However, to our knowl-
edge, there are no studies on the effects of noise on
the ovaries of rats. In this study, using biochemical
and stereologic methods, we investigated whether
noise caused oxidative stress in female rats and thus
toxic effects on ovaries.



708 S.KANBUR AND D. SAGIR

SOD activity
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Figure 3. Superoxide dismutase activity (SOD) values of rats
in all groups. *indicates significant difference compared to the
Control group (p<0.05). Note: Control, no procedure was
applied to rats; Sham, a loudspeaker was placed in the center
of each cage, but the rats were not exposed to noise; HSW,
rats were exposed to 102dB SPL (+1.5dB) octave band noise
centered at 50kHz.

LPO levels

nmol MDA/mg

Control SHAM HSW

Figure 4. LPO levels in ovarian tissues of rats in all groups.
*indicates significant difference compared to the Control group
(p<0.05). Note: Control, no procedure was applied to rats;
Sham, a loudspeaker was placed in the center of each cage,
but the rats were not exposed to noise; HSW, rats were
exposed to 102dB SPL (+1.5dB) octave band noise centered
at 50kHz.

As noise levels increase and exposure to noise
increases, it becomes possible to observe adverse
effects on the cardiovascular, gastrointestinal, endo-
crine and nervous systems [24, 25]. The loss of balance
between ROS and the antioxidant defense system as
a result of the increase in ROS or the decrease in
antioxidants leads to oxidative stress and oxidative
damage, which have been proven to play a role in
the pathogenesis and progression of many dis-
eases [26].

In this study, it was observed that the activities of
CAT and SOD antioxidant enzymes were decreased in
rats exposed to noise. CAT is an important antioxidant
enzyme in the decomposition of hydrogen peroxide
into water and oxygen [27]. Many studies on noise

GSH activity
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Figure 5. GSH levels in ovarian tissues of rats in all groups.
*indicates significant difference compared to the Control group
(p<0.05). Note: Control, no procedure was applied to rats;
Sham, a loudspeaker was placed in the center of each cage,
but the rats were not exposed to noise; HSW, rats were exposed
to 102dB SPL (+1.5dB) octave band noise centered at 50 kHz.

have shown that chronic exposure to noise reduces
the activities of these enzymes below normal [28-31].
In addition, in the present study, LPO and GSH levels
in the ovarian tissues were examined and it was found
that the LPO level increased significantly in the HSW
group compared with the control group, and the GSH
level decreased significantly.

GSH is a powerful reductant and antioxidant mole-
cule, protecting cells against the harmful effects of
endogenous and exogenous oxidants [32]. GSH directly
reacts with free radicals, preventing oxidative damage
by reducing disulfides [33]. In a study investigating the
effects of noise on brain tissue, it was determined that
the GSH activity in brain tissue decreased [34]. Studies
reported that in animals treated with noise, malondi-
aldehyde (MDA) levels, which are accepted as an indi-
cator of free radical damage and result from lipid
peroxidation, significantly increased [35, 36]. Studies
show that noise plays an important role in tissue dam-
age due to the generation of free radical molecules
and ultimately oxidative stress [29, 37, 38]. In line with
our study results and the available literature, we can
say that noise causes oxidative stress in the ovaries.

In addition, in this study, we estimated the volumes
of the ovaries of rats and the volumes of various fol-
licles in the ovaries using a stereologic method.
According to the results, the ovary and medulla vol-
umes of rats in the HSW group increased compared
with the control group. When the volumes of primary
follicles in the HSW and control groups were compared,
there was no statistically significant change. The vol-
ume of secondary follicles in the ovaries in the HSW
group increased compared with the control group,
whereas the antrums of the secondary follicles were



smaller. In addition, although there was no significant
difference in the volumes of Graffian follicles in the
ovaries in the HSW group compared with the control
group, the volumes of the Graffian follicles’ antrums
were significantly decreased. Our stereologic findings
suggest that oxidative stress caused by noise in ovarian
tissues may be associated with damage to the ovaries.

Several studies have shown that exposure to noise
causes changes in hormone levels. For example,
increases in norepinephrine, cholesterol, and corticos-
terone levels have been reported. The increase in stress
hormone levels suggests an activation of the HPA axis
caused by noise, and this can cause various problems
with abnormally high circulating levels of stress hor-
mones [39, 40].

Conclusions

The vast majority of HSW studies in the literature indi-
cated that it had harmful effects on human health.
However, despite molecular and epidemiologic studies
on both experimental animals and humans, the effects
of HSW on ovarian tissues related to the female repro-
ductive system is still a topic of discussion. Based on
our study results, it may be concluded that noise can
cause oxidative stress and damage the ovaries.
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