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Summary

Many studies have focused on the effect of noise stress on the health. So far,

few studies have been conducted on the effect of noise on reproductive system.

The aim of study was to investigate the effect of noise pollution on morpho-

metric parameters of testicular tissue and hormonal assessment (ACTH, corti-

sol and testosterone). In this study, 40 male rats were exposed to control, 95,

105 and 115 dB noise intensity for sixty days. At the end of study, blood sam-

pling was performed and ACTH, cortisol and testosterone concentrations were

assessed. The results showed that noise stress decreased testosterone levels in

the 115 dB-treated group, while it increased the ACTH and cortisol levels. His-

tological sections of testis showed that the mean diameter of the seminiferous

tubules and thickness of the germinal epithelium reduced compared to the

control group. Also the ratio of the interstitial tissue area to the total testicular

tissue area was increased significantly. Our study shows that noise stress may

have negative influences on male fertility.

Introduction

Environmental pollution is one of the human social prob-

lems leading to stress that impact on various aspect of the

life in plants and animals (Sunjog et al., 2012). These fac-

tors include electromagnetic radiation, radio wave

(K€obbert et al., 2008; S�anchez et al., 2009; Kuo & Lu,

2012), ionising and nonionising radiation (Wang et al.,

2012), heat stress, noise and vibration that come from

many resources at work or home (Murata et al., 1990;

Yavuz et al., 2006). In the atmosphere, some of these pollu-

tants are related to noise pollution. In recent years, many

investigations have focused on the effects of physical factors

in the industrial environments on the human reproduction.

Many studies have been conducted on the effects of noise

disturbance on the auditory, circulatory and digestive sys-

tem. Many studies have shown that stress increases the glu-

cocorticoids (GCs) led to decreasing in testosterone levels.

The negative impact of this factor on the hypothalamic–
pituitary–gonadal axis (HPG axis) may arise from the most

significant negative effect of noise stress on the reproduc-

tive system (Monder et al., 1994). Noise stress is one of the

most dangerous natural contaminant during our life, which

produces harmful physiological, psychological and mor-

phological outcomes to the reproductive system. It seems

that the long-term exposure of noise stress has negative

influences on the fertility of male based on enhancing the

apoptotic process induced by pathogenesis stress and sup-

pressing the kinetics of spermatogenesis (Jalali et al., 2013).

Then, it is clear that noise as main environmental stress

increases the release of hypothalamic hormones such as

corticotropin-releasing hormone (CRH) and adrenocorti-

cotropic hormone (ACTH). These hormones increase the

activity of the hypothalamic–pituitary–adrenal axis (HTPA

axis) and the release of corticosteroids such as cortisol from

the adrenal cortex (Maschke et al., 1995; Ogale, 1999). The

noise stress has negative effects on the biological processes

and embryonic development. Also this factor causes disor-

ders in social behaviour and regulation of the HTPA axis.

Stress is associated not only with impaired maternal neu-

roendocrine system during pregnancy, but also with

reduced birthweight and decreased implantation in the

uterus (Maschke, 1982). One of the noisiest environments

is industrial working places such as metal turnery and

blacksmithing (Henderson et al., 2006). Some men work

for a long time in these places, and then, they exposed to
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high intensity of noise disturbance. Therefore, the aim of

study was to investigate the effects of noise pollution on

morphometric parameters of testicular tissue and hor-

monal assessment (ACTH, cortisol and testosterone).

Materials and methods

According to this study, 40 adult male Wistar rats weigh-

ing 200 � 20 g at 70 to 80 days of age were divided into

four equal groups like the following: the first group (I)

was kept in a silent environment as the control group.

Group II, III and IV were exposed to 95, 105 and 115 dB

noise intensity, respectively, for 60 days (two hours per

day). In the workshop metal turnery, the sound was

recorded using a digital recorder (RX-DT 707, Panasonic,

Taiwan). The output of the recorder was amplified (Pyra-

mid Studio Pro Pa-6009, Pioneer Corporation, Tokyo,

Japan) and delivered to speakers. Sound intensity was con-

trolled and regulated by sonometer (TES-1358, TES Elec-

trical Electronic Corp., Taiwan). Noise frequencies were

between 8 and 10 kHz. All animal experiments were car-

ried out in accordance with instructions of the ethic com-

mittee of animal research of the Bushehr University of

Medical Sciences, Bushehr, Iran.

Animals were housed in 22–24 °C, 40–60% humidity

and 12-h dark/light cycle conditions. Animals were freely

accessed to water and rat food. Two rats were placed in

each cage to diminish the loneliness stress. At the end of

the study, the rats were anaesthetised using ketamine

(50 mg/kg, IM), and then, the blood sampling was per-

formed. Then, testis biopsies were performed after scarify-

ing. Levels of ACTH, cortisol and testosterone hormones

were assessed by the chemiluminescence method (Electro

Chemiluminescence, Alexis device model Elecsys E411,

Roche, Geislingen, Germany). For histological evaluation,

the testis was removed from the scrotal sac and was cut into

small pieces and specimen was placed in 10% formalin fixa-

tive solution immediately. After fixation for light micro-

scopy, the specimens were dehydrated with ethanol,

infiltrated and embedded in paraffin. Three-micron sec-

tions were prepared using a rotary microtome (RM2125,

Leica, Leica Biosystems Nussloch GmbH, Heidelberger,

Germany) and stained (H&E). The micrographs were taken

by light microscope equipped with a digital camera (Moti-

cam pro 280; Motic Instruments Inc., Xiamen, China) and

evaluated using of the Image Tool (version 6 UTHSCSA,

San Antonio, Texas, USA) software. The morphological

changes in tissues such as inflammation, regeneration of

the seminiferous tubules were studied. Morphometric anal-

ysis of tubules and diameters or thicknesses of seminiferous

was evaluated.

Statistical analysis

The experimental results were averaged, and statistical

analysis was performed using the SigmaStat Software

package (SPSS Science, Chicago, IL, USA). Data were

analysed for normality followed by analysis of variance.

Data obtained from hormone assessments and histological

parameters were evaluated statistically by one-way

ANOVA method followed by the Dunnett test. The

results were shown as Mean � SD and P < 0.05.

(a) (b)

(d)(c)

Fig. 1 Photomicrographs of rat testicular tis-

sue. (a) Control group; (b) Group that

exposed to 95 dB; (c) Group that exposed to

105 dB and (d) Group that exposed to

115 dB of noise. Germinal epithelium of sem-

iniferous tubules (white arrow), interstitial

connective tissue (black arrows). (H&E,

9100).
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Results

Morphologic

The morphological findings of testicular tissues in the

different groups were shown in Fig. 1. In the control

group, thickness of germinal epithelium of seminiferous

tubules was normal. Also, connective tissue among

tubules was completely regular and uniform and no

histopathological changes such as inflammation and con-

gestion were observed in the control group. While

slightly seminiferous tubules become atrophy and

increasing in interstitial tissue revealed in the groups

that exposed to the noise with intensity of 95 and

105 dB respectively. Also the seminiferous tubule diame-

ter and germinal epithelium thickness have been

decreased, and connective tissues between tubules have

increased severely as fibrotic changes and vacuolisation

have observed in histological section of 115 dB group

comparing to the control group.

Morphometric

The diameter of seminiferous tubule and germinal epithe-

lium thickness is reduced significantly in the animals

exposed to 115 dB noise intensity, while there was no sig-

nificant difference between treated groups with 95 and

105 dB intensity comparing to the control group. The

ratio of interstitial tissue area to the total testicular tissue

area (ITA/TTA) in the 115 dB-treated group increased

significantly comparing to the control group, while this

ratio in the 95 dB- and 105 dB-treated groups was not

significant (Table 1).

Hormonal assessments

Blood concentrations of ACTH and cortisol have

increased significantly, although testosterone decreased

in the group exposed to 115 dB noise intensity. But,

the concentration of these hormones showed there are

no significant difference between the treated groups

with 95 and 105 dB comparing to the control group

(Table 2).

Discussion

Noise stress has an effect on the activity of neuropeptides

in hypothalamic and extrahypothalamic sites and signifi-

cantly it causes an increase in the secretion of hypothala-

mic hormones such as CRH and ACTH (Michaud et al.,

2003). In addition to extra hypothalamic effects, these

hormones increase the activity of the HTPA axis and

stimulate release of corticosterone such as cortisol from

the adrenal cortex (Spreng, 2000). Chronic stress caused

by noise may change constant hormone levels and their

metabolisms that can weaken function of some systems

such as the reproductive system (Negro-Vilar, 1993).

Recent studies have shown strong audio signals cause

neuroendocrine changes in the humans and animals. Their

effects are similar to the stressful factors such as elevated

levels of ACTH, glucocorticoids and catecholamines

(Windle et al., 1997). In the present study, the blood

ACTH and cortisol concentrations were increased signifi-

cantly in treated group with 115 dB noises compared with

the control, while testosterone level decreased (Table 2).

Environmental factors, including chemical, physical or

emotional, have detrimental effects on testicular function

(Singh & Sharma, 2011). Stress is a potential stimulus that

causes disorder in the HPG axis (Norman & Smith, 1992)

and decreases plasma LH and testosterone levels (Knol,

1991). In consistent with these findings, as shown in the

Table 2, the level of testosterone decreased due to the

effects of noise stress on the hypothalamic–pituitary–testic-
ular axis. Traffic noise increases the level of testicular

cholesterol significantly (Pramanik & Biswas, 2012). Their

study has shown that exposure to noise reduces testos-

terone biosynthesis and cholesterol accumulation (due to

impaired cholesterol to testosterone conversion) in testis.

Noise exposure leads to inhibition of the enzyme activity,

which could be due to inhibition of the pituitary gonado-

tropin-releasing hormone. Recent studies showed that

exposure to traffic noise (acute and chronic) with intensity

of 80 to 90 dB has detrimental effects on testicular weight,

sperm counts and morphology in rats (Babisch, 2006).

These effects could be due to impaired regulation of sper-

matogenesis. However, in our study, qualitative and quan-

titative changes of testicular parameters were only observed

Table 1 Effect of noise intensity on morphometric parameters of rat testicular tissue

Parameter

Group (intensity)

Control I (95 dB) II (105 dB) III (115 dB)

Seminiferous tubule diameter (lm) 244.12 � 2.18 241.12 � 1.17 239.73 � 1.31 212.45 � 1.45*

Germinal epithelium thickness (lm) 101.11 � 2.11 98.17 � 1.8 97.12 � 2.09 61.45 � 2.15*

% ITA/TTA 16.44 � 1.55 15.13 � 1.13 22.67 � 1.29 58.67 � 1.11*

*Significant difference from control group (P ≤ 0.05); ITA/TTA, ratio of interstitial tissue area to the total testicular tissue area.
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in 115 dB-treated group. The seminiferous tubules have

dilated abnormally, the germinal epithelium has atrophied,

and connective tissues between tubules have severely

increased (Fig. 1 and Table 1). Then, connective tissues

become severely increased as fibrotic changes and vacuoli-

sation.

Degeneration of germinal epithelium cells occurs con-

stantly, especially during the first spermatogenesis cycle. It

seems that degeneration of germ cells in testis mediated

through the apoptotic process and has essential role in lim-

iting the number of germ cells which mediated by a Sertoli

cell. The changes in high-regulated environment of testis,

such as decline of androgen levels (Tapanainen et al.,

1993), enhancement of temperature in testis (Yin et al.,

1997) and overactivation of a sertoli cells (Cai et al., 1997),

can activate apoptosis in male gametes. On the basis of

above the study, reducing the amount of testosterone in

the treated group with 115 dB noise intensity can reduce

sperm production and increase apoptosis in our study.

Therefore, these changes lead to reduction in the thickness

of germinal epithelium and diameter of the seminiferous

tubules (Fig. 1). There are five cellular layers of spermato-

genesis in wall of seminiferous tubule, such as spermatogo-

nia, primary spermatocyte, secondary spermatocyte,

spermatid and spermatozoa, so the rate of spermatogenesis

activity reduces, the number of spermatozoa decreases and

so the total diameter of seminiferous tubules decreases

(Fig. 1 and Table 1). Some maturation of germ cells can be

stopped in chronic noise exposure due to the decrease in

the testosterone level and probably proliferation of Leydig

cells. This is a compensatory mechanism for the increase of

testicular steroidogenesis to compensate low levels of

testosterone (Mylchreest et al., 2002). In the present study,

the ratio of interstitial tissue area to the total testicular tis-

sue area (ITA/TTA) in the treated group with 115 dB was

increased compared with the control group (Table 1).

These changes may be the cause for the decrease in the con-

centration of testosterone hormone.

Conclusions

Noise exposure of 115 dB to the testicular tissue decreases

the testosterone level while increases ACTH and cortisol

and also induces atrophy in germinal epithelium cells and

abnormal dilation of seminiferous tubules, decreasing the

thickness of the germinal epithelium and mean diameter

of the seminiferous tubules. Noise exposure increases the

ratio of total interstitial tissue area (ITA) to the total tes-

ticular tissue area (TTA) as well.
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