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Abstract

Objective: Environmental stressors such as physical and chemical factors can have a destructive testicular
function. The present study aimed to determine the effect of concomitant exposure to lead and noise on
testicular tissue in male rats.

Materials and methods: Twenty male Wistar rats (250-300 g, 12-13wk) were divided into four groups
(n=5/each): 1) Control group, 2) Lead group treated with 4 mg/kg lead acetate by gavage for 30 days,
3) Noise group exposed to 4 kHz octave band at 105 dBA for eight hrs./ day for 30 days, and 4) the
exposed group to lead plus noise concurrently. The testes' weight was measured, and testes
abnormalities were assessed after staining with Hematoxylin and Eosin.

Results: The results showed that the weight of testes in experimental groups was significantly decreased
compared with the control group (p<0.0001). Also indicated edema, degeneration and necrotic cell
debris in the lumen, congestion and atrophy of seminiferous tubule in rat testes tissue due to sub-acute
exposure to lead and noise.

Conclusion: Exposure to 105 dB and lead can cause damage to the seminiferous tubules, intubation
edema, and testicular weight loss compared to control. We also found that simultaneous exposure to
noise and lead could have more detrimental effects on testicular histology and weight than others.
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Introduction have both health and psychological effects. Exposure
Stress is a growing public health issue and seems to  to stressors such as physical and chemical factors by
affect the axis of the hypothalamus-pituitary-gonad
causes infertility disorders and destructive effects on
Correspondence: testicular function (1-3).
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physical factors in the workplace, and according to the
Ministry of Health's Center for Health and Workplace,
more than 2 million workers in Iran are exposed to
harmful occupational noise. Noise stress has adverse
effects on the human body, such as cardiovascular
disorders, hearing loss, reduced mental efficiency, and
can affect the hormonal system (4, 5).

Some studies by evaluating testosterone and
spermatogenesis level, Luteinizing hormone (LH)
and follicle stimulating hormone (FSH), sperm count,
morphology, viability have shown that noise-induced
stress could affect the structure of testicular tissue
(2, 6, 7). Long-term exposure to noise-induced stress
seems to have adverse effects on male fertility based
on increased apoptosis due to pathogenesis stress
(noise and lead) and suppression of spermatogenesis
kinetics (7, 8).

Among toxic chemicals, metals are considered
important environmental toxins due to their
biodegradability and non-degradability properties and
are harmful to environmental systems (9). Lead is one
of the most persistent environmental pollutants, and
due to its everyday use in various industrial products,
it is one of the essential heavy metals and a serious
occupational hazard worldwide (10, 11). Humans can
be exposed to metal by eating contaminated food,
water, or soil (12). Exposure to lead causes a wide
range of physiological, biochemical, and behavioral
disorders and testicular dysfunction (for example,
affects the testes' weight, sperm concentration,
morphology, and motility) (13-16). Production of
reactive oxygen species (ROS) is a probable
mechanism that was considered for the detrimental
effect of lead. Lead can accumulate in organs and
change their biological activity via oxidative stress.
The testis is very sensitive to oxidative stress due to
its unsaturated fatty acids (17). Noise and lead appear
to cause oxidative stress in various tissues, including
the testes, by disturbing the balance of the
prooxidant/antioxidant system (18, 19).

Given that so far, few studies conducted to
investigate the cumulative effects of noise and lead on
testicular tissue, and most studies have examined
chronic and sub-chronic effects, this study aimed to
investigate the Concurrent effect of sub-acute exposure
to noise and lead on testicular tissue in male rats.

Materials and methods

Study design and animals: Twenty healthy male
Wistar rats (weight 250-300 gr, 12-13 wk) were used
for the experiment and obtained from the
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Experimental and Comparative studies center, Iran
University of Medical Science, Tehran, Iran. The
animals were housed in the temperature and light-
controlled room (23+1 °C, and 12-hr dark/ light cycle)
and 40-50 % relative humidity with free access to
standard food and water and accustomed for one week
before the study. Lead acetate powder was purchased
from MERCK Co. Germany (CAS: 107375).

Rats were randomly divided into four groups
(n=5 in each group) as below:

Group 1: control; the animals received anything.

Group 2: rats were treated with lead acetate
(4 mg/kg; lead acetate solution made by distilled
water) by gavage for 30 days (20).

Group 3: rats were exposed to a 4 kHz octave
band at 105 dBA for eight hrs/ day (occupational
exposure) for 30 days.

Group 4: the animals were exposed to lead by
gavage (4 mg/kg) plus noise (4 kHz octave band at
105 dBA for eight hrs/ day) for 30 days.

Noise exposure: Noise exposure room was
applied in dimensions of 80*80*95, and ten rats
could concurrently live inside it comfortably. The
chamber temperature was adjusted to 22°C using a
temperature control device. Noise 105 + 1 dB with
4 kHz frequency generated by the signal software and
played by cool edit pro V.21 and animals in groups
3 and 4 were exposed to this noise for eight hrs/day,
six days/wk, for four next wks (groups 1 and 2 were
kept in similar conditions with a difference that the
noise did not exceed 60 dB). The noise was amplified
and played by two speakers (Venous-SU132) located
in the room's ceiling at equal distances four holes,
placed on the center of sidewalls to monitor the
chamber condition (21). The noise level was
measured using a sound level meter model CEL-400
through holes made on every side of the chamber.

Sample preparation: Rats were sacrificed after
30 days. The weight of testes was measured by digital
balance (Shimadzu, Japan, LIBROR AEL-200),
dissected the left testes tissue, and fixed with 10%
formalin. Samples were then provided using a graded
ethanol series and embedded in paraffin. Sections
(10um) have been stained with Hematoxylin and
Eosin (H & E) (Sigma, USA) stains for histological
examination (2). The morphological alterations in
tissue such as intertubular edema, atrophy of the
seminiferous tubule, degeneration, and necrotic cell
were evaluated. Photomicrographs were taken by
light microscope (Labomed, Cx L, USA) at a
magnification of 40X & 100X.
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Ethical consideration: All investigations of
animals were carried out with the guidelines of the
Ethical Committee of Iran University of Medical
Sciences (IR.IUMS.REC.1397.121).

Statistical analysis: All the statistical analyzes
were carried out using SPSS (Version 22.0, SPSS
Inc., Chicago, IL, USA). Kolmogorov-Smirnov test
was used to assay the normal distribution of data.
One-way ANOVA and the Tukey test were applied
for comparisons among the groups. P-value <0.05
was considered significant. The results were
presented as meanz SD.

Results

There were considerable differences in the weight of
testes between all experimental groups. The findings
of the present study indicated the weight of testes in
the noise plus lead group (p-value< 0.0001) was
significantly less than in the lead and noise groups
(Figure 1).
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Figure 1: Comparison of the effect of sub-acute
lead plus noise exposure on testis weight (N= 5
each group). Data presented as meantSD. One-

way ANOVA and the Tukey test were applied.
*p-value < 0.0001

Microscopic Description: Figure 2 reveals the
histopathological changes of the testes in
experimental groups. The control group is shown to
have a well-preserved lobules structure in which each
lobule contains four seminiferous tubules embedded
in a connective tissue stroma (A). There are mild to
moderate congestion, intertubular edema, and a few
degenerations and necrotic cell, debris in the lumen
(B & C) in the lead, and noise groups. Also, there are
extensive damages to testicular tissue, such as
moderate or severe congestion, atrophy of
seminiferous tubule necrotic cells debris in the
lumen, and intertubular edema (D) in the Noise plus
Lead group (Table 1).
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Figure 2: Histopathological changes of Lead and Noise
in rats’ testis tissue. (A) The Control group reveals
normal testicular histology (40X); (B) Lead group shows
intertubular edema (Arrows), degeneration (circle), and
necrotic cell debris in the lumen (star) (40X); (C) Noise
group shows intertubular edema (Arrows), degeneration
(circle) and necrotic cell debris in the lumen (star) (40X);
(D) In the Noise plus Lead group shows severe
congestion (circle), atrophy of seminiferous tubule
(white star), necrotic cell debris in the lumen (black star)
and intertubular edema (Arrows) (100X).
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Table 1: Histological alteration in testis after lead and noise exposure

Control Normal
Lead Edema, degeneration and necrotic cell debris in the lumen
Noise Edema, degeneration and necrotic cell debris in the lumen

Lead plus noise

Severe congestion, atrophy of seminiferous tubule, necrotic cell debris in lumen and edema

These pathologic changes were diagnosed by
hyperemia in blood vessels (congestion), increased
distance between tubules (intertubular edema), structural
abnormality  (degenerations), cells without nuclei
(necrotic cell), fragments of a necrotic cell (debris), and
thinning of seminiferous tubule walls (atrophy).

Discussion

The testis is a dual organ and the main reproductive
organ in men with endocrine function (22, 23).
Environmental factors such as physical and chemical
agents can have a destructive testicular function
(2, 3). Among environmental pollutants, noise is one
of the most common natural pollutants and an
inevitable factor at home and the workplace (24).
Several studies have reported that vocal stress can
have structural and functional adverse effects on
testicular tissue (25, 26). Due to the industrialization
and development of urbanization, there is a growing
concern about the adverse effects of metals on the
male reproductive system (27).

Lead is an abundant toxic metal in the
environment (28), and exposure to it has increased
due to its widespread use in industry, cosmetics, and
medicine (29). Lead has no recognizable biologically
beneficial role, but on the contrary, its destructive
effects on humans and animals have been proven by
several researchers (30, 31). Even at low levels,
exposure to lead can affect male fertility (8). Reports
suggest that lead may damage testicular tissue by
producing free radicals and thus increasing lipid
peroxidation (32). This study investigated the
simultaneous effects of noise and lead exposure on
the testis tissues.

The present study results showed that testis weight
in the noise exposure group was significantly reduced
compared to the control group (Figure 1), which is in
line with the previous studies (33, 34). It is
determined that androgen hormones regulate the
weight of genital organs, and it seems noise-induced
stress by impaired hormones regulation could cause
loss of weight (2, 7).

There are conflicting results about the effects of
lead on testicular weight. One study reported a
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significant increase in testicular weight (35); on the
other hand, the other studies reported a significant
decrease (36, 37) or no change in weight (38). This
difference may be due to differences in the exposure
pathway, lead dose, age, etc. According to the results
of this study, exposure to lead acetate caused a
significant reduction in testicular weight in the lead
exposure group compared to the control group
(Figure 1), the results of which are in line with the
study by Dorostghoal et al. (39).

Also, in this study, we found that testicular weight
in the group exposed to noise plus lead has a
significant decrease compared to the other groups
(Figure 1). One of the probable reasons for more
decreasing testis weight in this group is the additive
effect of lead and noise.

Usually, antioxidant defense systems in
reproductive tissues prevent oxidative damage in
spermatogenesis (38). Studies have shown that noise
and lead increase the production of free radicals by
reducing or inhibiting the activity of antioxidant
enzymes, thereby destroying the layers of sperm-
producing cells (4, 40).

Histological examinations of testicular specimens
are shown in Figure 2 and Table 1. The control group
(A) shows the typical organization of the
seminiferous tubules associated with arranged
germinal lineage and the spermatids inside the tubes.
Spermatogenic cells are characterized by dark nuclei,
while serotonin cells are characterized by pale cells.

Connective tissue and interstitial cells are also
commonly seen between tubes. Some pathological
changes are observed in the experimental groups.
Histological assessments show that exposed groups
lack natural structure in seminiferous tubules. The
thickness of the allogeneic tonic and the diameter of
the seminiferous tubules decreased significantly in
the study groups. Interstitial connective tissue and the
number of Leydig cells are significantly reduced,
indicating severe tissue damage (arrows).

In agreement with the present study results, two
studies have shown that exposure to lead causes
damages to the seminiferous tubules and interstitial
connective tissue (36, 41). In addition, a study on
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lead-exposed mice showed degeneration of the
seminiferous tubules (42). In line with this study, a
study also showed that the number of Leydig cells
decreased in lead-exposed mice (36). In the other study
Damage to the seminiferous tubules was observed in
mice exposed to sound, which is in line with the
present study (43). Another study also showed damage
to the seminiferous tubules and interstitial space in
fetuses of mice exposed to vocal stress (7).

Other degenerative effects on sperm tubes include
the destruction of the germination layer in the
experimental groups (shown with a star). In addition,
moderate to severe damage, deficiency, or reduction
in spermatid count were observed in some tubes in
group D (shown with a circle). Atrophy of the
seminiferous tubules is also seen in exposure to noise
and lead (D) (white star).

One study showed that exposure to lead for 5 and
10 wk causes irregularity, degeneration, and atrophy
in most seminiferous tubules, increases interstitial
space and reduces Leydig cells, which agrees with the
findings of the present study (37). Also, in line with
the results of this study, the other study showed that
exposure to 115 dB noise causes damage to the
seminiferous tubules, atrophy of the germinal
epithelium, and increased connective tissue between
the tubes (2). There are some limitations in our study
such as failure of the noise generation system, animal
death, shortage of examination equipment and
financial support, to examine the male hormones,
sperm count, and motility.

Conclusion

That said, exposure to 105 dB and lead could cause
damage to the seminiferous tubules, intubation edema,
and testicular weight loss compared to controls. We
also found that simultaneous exposure to noise and
lead could have more detrimental effects on testicular
histology and weight than other groups. These findings
could be helpful for people who are exposed to noise
and lead at work. It is recommended to use different
sound levels and doses of lead in future studies. Also,
examination of tissue changes in the fetus and female
reproductive organs, examining the male hormones,
sperm count, and motility is suggested.
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