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ABSTRACT

Avrticle history Introduction: There is increasing evidence that stress exposure leads to a series of male
Received: 1 Dec 2024 reproductive system disorders. Wheat germ oil is one of the richest vitamin E and o-
Accepted: 5 Jan 2025 tocopherol sources, which have antioxidant properties. Music therapy is appropriate for
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stress reduction in a variety of mental and medical healthcare centers. This study
Keywords proposed to evaluate the effect of wheat germ oil and music intervention on testis tissue
Immobility stress changes induced by acute and chronic immobility stress in male rats.
Music therapy Materials and Methods: Thirty-five male rats, each weighing 230 + 20 g, were
Reproductive system O ) )
Sperm parameters randomly divided into seven groups: 1) control, 2) acute stress, 3) chronic stress, 4) acute
Wheat germ oil stress + wheat germ oil, 5) chronic stress + wheat germ oil, 6) acute stress + music, and

7) chronic stress + music. Following the intervention period, the rats were euthanized,
and blood and testicular tissues were collected. Body weight, sperm parameters,
spermatogenesis indices, morphological and morphometric changes, oxidative stress
markers, and serum testosterone levels were assessed.

Results: Chronic stress led to significant reductions in body weight, sperm parameters
(including count, motility, and viability), spermatogenesis indices, and morphometric
indices. Additionally, oxidative stress levels increased, while catalase activity and
testosterone levels decreased. However, these adverse effects were mitigated in groups
treated with wheat germ oil and exposed to music, resulting in the normalization of these
parameters.

Conclusion: This study reveals that immobility stress enhances testicular damage
indices, but the use of wheat germ oil and hearing the music improves these parameter.
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Introduction

Male infertility is one of the serious problems of
modern human societies, especially those living
in industrial societies [1]. Studies reported that
the number of sperms in today's men is less than
the number of them in men who lived 50 years
ago [1, 2]. Problems in production, maturity,
motility, and fertility of sperms are major causes
of male infertility [3]. Stress exposure is one of
the major causes of infertility [4]. Classically,
stress is defined as a body's non-specific reaction
to any nature's destructive forces, infections, and
various abnormalities [5-9]. Acute stress can
enhance a person's performance and be beneficial
in certain situations. However, when it is
prolonged or repeated, it can become harmful.
Acute stress typically lasts between 5 and 30
minutes. Most people experience this type of
stress at least once a month, though some
individuals may experience it more frequently,
depending on their job and personal
circumstances [10-12]. Acute stress has a dual
role; on the one hand, it causes the secretion of
stress hormones such as adrenaline in the body,
and on the other hand, it increases a person's
tolerance in similar situations [13]. Chronic stress
is not severe and can last for days, weeks,
months, or even years. A variety of physiological
and  psychological  stresses  affect the
hypothalamic-pituitary-adrenal (HPA) axis, the
hypothalamic-pituitary-gonadal (HPG) axis, and
the sympathetic system, leading to changes in
some organs of the body [14, 15]. Previous
studies have also shown that following acute and

chronic stresses, sperm count, viability, and

progressive motility as well as testosterone levels
decrease in the rat testis [16, 17].

Stressful conditions with large amounts of free
radicals cause an imbalance in the oxidant and
antioxidant systems in the cells and tissues [18].
As the duration of stress increases, testosterone
levels continue to decline, which can lead to
testicular damage in some cases [19, 20]. The
history of treating diseases with medicinal plants
goes back to the distant past, and their use for
treatment has coincided with the history of
human life [21-23]. Unrefined wheat germ oil is
one of the richest sources of vitamin E and a-
tocopherol (a type of tocopherol with the highest
vitamin E activity). Vitamin E and a-tocopherol
have anti-oxidant properties [24, 25]. In the male
reproductive system, this vitamin's anti-oxidant
role in inhibiting free radicals' destructive effects
on the testis and sperm has been reported.
Besides, vitamin E can strengthen the anti-
oxidant defense system of testicular cells and
sperm [26-28].

Today, there is a growing emphasis on non-
pharmacological methods for pain relief, known
as behavioral methods. Music therapy is one
such approach. Studies have demonstrated the
therapeutic effects of music therapy on diabetic
retinopathy, depression, mood disorders, and
chronic pain in rats [29, 30].

However, the effectiveness of these therapies
(herbs and music) in addressing testicular injuries
caused by immobility stress has not yet been
investigated. This study aimed to evaluate the

impact of these two interventions on testicular
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damage resulting from acute and chronic

immobility stress in male rats.
Materials and Methods

Thirty-five rats adult male Wistar rats weighing
230 £ 20 g were purchased from the Faculty of
Veterinary Medicine, Azad University, Tabriz
Branch. To adapt animals to their new
environmental conditions, they were kept in
conventional cages under standard conditions
(12 hours of light and 12 hours of darkness) and
a temperature of 22 + 2 °C with free access to
rodent diet and water. To eliminate
environmental stress, the animals' needs such as
light, sounds, temperature, relative humidity,
and the presence of conspecifics were noticed.
Animal grouping

After 14 days' adaptation period, rats were
randomly divided into seven groups as follows:

Group 1: Animals in this group were considered
a control group and were not affected by any
exposure.

Group 2: Animals in this group were considered
acute stress groups and subjected to immobility
stress once for two hours.

Group 3: Animals in this group were subjected
to immobility stress for 40 days (2 hours per
day).

Group 4: Animals in this group were subjected
to immobility stress for two hours and then
received 1400 mg/kg/day of wheat germ oil
orally.

Group 5: Animals in this group were subjected
to immobility stress for 40 days (2 hours per
day). Every time after daily stress, the rats
received 1400 mg/kg/day of wheat germ oil

orally.

Group 6: Animals in this group were subjected
to immobility stress once for two hours. After
performing stress for this group, Mozart's
sonata K448 was played for 12 hours at a
frequency of 70 decibels.

Group 7: Animals in this group were subjected
to immobility stress for 40 days (2 hours per
day). Every time after daily stress, Mozart's
sonata k448 was played for this group for 12
hours at a frequency of 70 decibels.

Sample collection

At the end of the treatment period, all animals
were sacrificed, 1 ml fasting blood samples
were directly taken from the animal's heart
(n = 5/group) using an insulin syringe,
centrifuged (3000 rpm, 15 minutes), and serum
samples were utilized to biochemical analyses.
Subsequently, all animals were immediately
weighed and the testes were removed from the
body. For each rat, one of the testes was placed
in a fixative container (10% formalin solution)
for further histological study. Another testicle
was homogenized (Heidolph, Germany) in
phosphate-buffered saline (PBS, 100 mM, pH:
7.4), centrifuged at 15 min % 3 times and 4 °C,
and finally kept at — 70 °C until further analysis.
Determining the amount of testosterone in
the serum

Briefly, 10 pL serum samples of each rat
(n=5/each group) were utilized to quantify the
concentrations of testosterone using a
commercial enzyme-linked immunosorbent
assay (ELISA) kit (Mono-bind, CAT no: 3725-
300A, USA, sensitivity: 0.038 ng/mL)

following the manufacturer's protocol.
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Catalase activity assessment

To figure out the activity of catalase, the
ZellBio GmbH assay kit (CAT No. ZB-CAT-
96A) was employed based on the colorimetric
method. Briefly, ~100 mg testicular tissue of
each rat (n=b/each group) was first
homogenized with 100 mM PBS buffer (1 mL)
and then centrifuged at 20000 rpm for 10 min.
The supernatant was then used for evaluating
Catalase activity using a spectrophotometer 240
nm. In this protocol, the catalase present in the
sample induces the convention of hydrogen
peroxide (H2O2) substrate to water and oxygen.
The rate of H,O, decomposition into water and
oxygen is proportional to the catalase activity.
Lipid peroxidation assessment

Briefly, malondialdehyde (MDA), the end
product of lipid peroxidation, is measured in the
homogenate of testes of each rat (n = 5/each
group) by its exposure to thiobarbituric acid
(TBA). MDA reacts with TBA and produces
thiobarbituric ~ acid  reactive  substances
(TBARS), a colored product. Then, the
maximum absorption was measured by
spectrophotometry at 523 nm as the procedure
described by Ohkawa et al., 1979. The TBARS
concentration was determined using a standard
curve created with known MDA amounts (nM
per mg protein).

Ferric reducing antioxidant power (FRAP)
determination

The anti-oxidant capacity of testicular tissue
was measured using the FRAP test by reducing
Fe3* (colorless) to Fe2*- Tripyridyltriazine
compound (blue color) following the protocols
described by Benzie [31, 32]. The increase in

reaction absorbance was read in a microplate

reader at 593 nm. FeSO. was employed as a
standard, and values were presented as mM/gr
of wet testes tissue in this method.

Sperm morphology

Slides were stained with eosin-nigrosin to
evaluate the morphology of sperm. For each
sample, 100 sperms with x 1000 magnification
under a light microscope were examined; sperm
abnormalities were expressed as a percentage.
Sperm motility was assessed according to
World Health Organization guidelines. Briefly,
ten pl of the culture medium and sperm mixture
was placed on a special slide to evaluate sperm
motility. Five microscopic fields were examined
to evaluate the motility of at least 200 sperm
from each sample. The membrane of live sperm
is impermeable to different colors, while dead
sperm absorb the color. To evaluate the
percentage of live sperm, the eosin-nigrosin
staining method was used. If the sperm is alive,
the head and body will be white, while the dead
sperm will be pink. By calculating the unstained
sperms to the total available sperms, the
percentage of live sperms is obtained.
Evaluation of spermatogenesis in testicular
tissue

About 100 seminiferous tubules in each testis
tissue were used to evaluate the following
indicators. Tubular Differentiation Index (TDI),
Spermiogenesis Index (SPI), and Meiosis Index
(MI) were investigated to evaluate the
spermatogenesis indexes in the seminiferous
tubules. For TDI determination, the percentage
of seminiferous tubules containing three or more
differentiated spermatogenesis cells, including
interstitial spermatogonia, spermatogonia type B,

spermatocytes, and spermatids, were calculated.
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These indicate the vitality and differentiation of
spermatogonia type A. For calculating the SPI,
the ratio of seminiferous tubules containing
sperm to seminiferous tubules without sperm was
measured. The ratio of the number of round
spermatids to primary spermatocytes was
determined to calculate the MI.
Histomofometric evaluation

The epithelium's thickness of the seminiferous
tubules and interstitial tissue space were
calculated based on a micrometer with a
calibrated lens.

Tissue histology

After removing testes from the rat's body, the
tissues were fixed in paraformaldehyde,
dehydrated in ethanol (70-100%), and then
embedded in paraftin blocks. Then, five um thick
sections were stained with hematoxylin and eosin
(H&E) and examined under light microscopy.
Statistical analysis

Statistical calculation was performed using SPSS
software version 17. The values were presented
as mean + SEM and a one-way analysis of
variance followed by Tukey post hoc test was
used to compare the means between groups. p <

0.05 was accepted as a significant difference.
Results

Changes in body weight

Considering that body weight is an important
indicator of animal health, we investigated the
potential effects of immobility stress on body
weight. All groups were weighed at the
beginning and end of the study, and the results
are presented in Table 1. The findings showed no
significant change in body weight under acute

immobility stress compared to the control group.

Since the acute immobility stress was applied for
only one day, no weight change was expected
during this period. In the chronic immobility
stress group, the final body weight showed a
significant decrease compared to the control
group. However, following intervention with
music and wheat germ oil, body weight
significantly increased.

Spermatogenesis indexes

The results did not show a change in TDI, SPI,
and M1 levels between study groups under acute
stress (p > 0.05). The rats with chronic stress
showed a significant reduction in TDI, SPI, and
MI than the control group (p < 0.01). When the
rats were exposed to music or wheat germ oil for
40 days, all indexes were increased compared to
the group of chronic immobility stress (p < 0.05
and p < 0.01; Table 2).

Testicular histomorphometric evaluation

The findings related to the possible effects of
music therapy or wheat germ oil on
histomorphometric indexes in the rats of
immobility stress groups were presented in Table
3. In the chronic immobility stress group, the
diameter of seminiferous tubules and thickness
of the intermediate tissue was significantly
declined than the control group, but the
epithelium's thickness was increased compared
to the control group. After intervention with
music or wheat germ oil, all histomorphometric
indexes were significantly normalized (p < 0.05
and p < 0.01; Table 3). However, no changes in
these indices were observed between different
acute stress groups (p > 0.05, Table 3).

Sperm parameters evaluation

The results related to the effect of wheat germ oil

and music on sperm parameters in rats exposed
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to acute and chronic immobility stress are
presented in Table 4. These findings show that
exposure to chronic immobility stress decreased
sperm parameters compared to the control rats (p
< 0.05). When the rats were exposed to music or

wheat germ oil, these parameters were

normalized compared to the chronic immobility
stress group (p < 0.05; Table 4). However,
treatment with wheat germ oil and music in rats
in the acute stress group did not cause any
change in sperm parameters between the study
groups (p > 0.05; Table 4).

Table 1. Comparison of initial and final body weight of rats in study groups

Groups Early weight (gr)  Final weight (gr)
Control 256+15.80 296+0.18

Acute stress 242+13.31 242+18.33

Acute stress + wheat germ oil 254+12.94 254+9.42

Acute stress + music 248 £11.83 248 £9.26
Chronic stress 253 +12.25 228 +20.61™
Chronic stress + wheat germ oil 251 +0.54 271 + 16.40™
Chronic stress + music 254 £ 6.18 268 +32.15™

Values were expressed as mean £SD. a: Significance compared to the control group,
b: Significance compared to the chronic immobility stress group. * p < 0.05 and ** p < 0.01

Table 2. Effects of music and wheat germ oil on spermatogenesis indexes in the study groups

Groups TDI (%)
Control 94.64 + 3.29
Acute stress 90.66 = 3.48
Acute stress + wheat germ oil 03.26 £ 2.48
Acute stress + music 89.95 + 14.56
Chronic stress 56.40 + 2.44"
Chronic stress + wheat germ oil ~ 90.47 + 3.55*
Chronic stress + music 78.26 + 4.63"

SPI (%) MI

84.69 + 5.14 2.06 +0.05
83.42 + 13.94 1.98 +0.03
85.01 + 2.18 2.03+0.1
79.94 + 26.74 2.00 +0.09
47.13+7.35" 0.79 +0.01"
79.28 + 7.17% 1.90 £0.1%
68.92 + 5.71* 1.65 + 0.03

All values are presented as meanSD. *p < 0.05 compared to control group. #p < 0.05 and #p < 0.01 compared to
the chronic stress group. TDI = Tubular differentiation index; SPI = spermiogenesis index, MI= Meiotic index

Table 3. Effects of music and wheat germ oil on histomorphometric indexes in the study groups

Groups DST (um)
Control 233.20+13.74
Acute stress 228.61 £ 25.05
Acute stress + wheat germ oil 228.26 + 24.8

Acute stress + music

Chronic stress

Chronic stress + wheat germ oil
Chronic stress + music

225.95 + 14.56
201.15 + 13.10"
228.51+16.9%
227.91 + 11.81%

TE (um) TIT (um)
43.78 £ 13.8 9.77+2.95
41.42 +13.94 7.34 £ 3.36
42.01+9.8 9.96 + 2.69
39.94 +12.74 8.40 £ 3.45
32.41+£11.51" 20.73 £ 2.35™
38.52 + 12.6* 13.94 + 4.56%
36.92 + 10.56* 17.31 £ 5.45*

All data are expressed as mean +SD. *p < 0.05 and **p < 0.05 compared to the control group. #p < 0.05 and #p
< 0.01 compared to chronic stress group. DST = Diameter of seminiferous tubules, TE = Thickness of the
epithelium, TIT = Thickness of the intermediate tissue
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Table 4. Effects of wheat germ oil and music on sperm parameters in the study groups

Groups Sperm count (x10%)  Motility (%) Vitality (%0)
Control 203 +13.14 79 £ 457 93.62 + 4.02
Acute stress 201 +15.9 80 £0.82 90 + 2.68
Acute stress + wheat germ oil 205+ 18.11 79 +2.04 89 + 5.69
Acute stress + music 204 +£11.8 81+1.1 92 +4.36
Chronic stress 169 + 16.88" 42 +20.9 58 +1.15
Chronic stress + wheat germ oil 195 + 10.4% 73 +£5.27 88 +1.25
Chronic stress + music 186 + 6.06" 59 + 25.17 70+8.1

All values are demonstrated as mean +SD. *p < 0.05 compared to the control group and #p < 0.05 compared to

the chronic stress group.

Biochemical parameters evaluation

The serum level of testosterone, MDA level,
catalase activity, and total antioxidant capacity in
the study groups are presented in Figures 1 and 2.
Our results show that the chronic stress group
dramatically decreased testosterone serum levels
than the normal control group (p < 0.01).
Testosterone level was increased in wheat germ
oil and music groups than in the chronic stress
group (p < 0.05; p < 0.01; Figure 1). After 40
days of treatment, rats in the chronic stress group
had significantly reduced catalase activity
compared to the control group (p < 0.01). Also,
the FRAP test showed a reduction in total
antioxidant status in testis tissues in this group (p
< 0.01). However, these changes were restored
after treatment with wheat germ oil and music (p
< 0.05; p < 0.01; Figure 2). On the other hand,
the MDA level was elevated in the chronic stress
group compared to the control group (p < 0.01),
which decreased after exposure to germ oil and
music (p < 0.05; p < 0.01; Figure 2). There was
no significant change in catalase activity, MDA
level, and FRAP test between the acute stress and

control groups.

Histological examination

In the control group, a normal morphologic
characteristic was observed in the testes.
Compared to chronic stress groups, no specific
lesions were seen in the seminiferous tubules,
and all spermatogenesis cell lines were organized
in concentric layers (Figure 3A). In chronic stress
groups, a decreased diameter of seminiferous
tubules and epithelium was seen compared to the
control group. All spermatogenesis cell lines had
largely lost their communication, and there was
no organization between these cells (Figure 3B).
After treatment with wheat germ oil or music, the
findings exhibited a normal histopathological
feature. A cross-section of testicular tissue using
H&D staining showed that wheat germ oil and
music had protected testicular tissue from tissue
damage. As shown in Figure 3C and Figure 3D,
the spermatogenesis lineage cells completely and
regularly are next to each other. Besides, in a
cross-section of the seminiferous tubules of the
acute immobility stress group, no specific lesions
were seen in the seminiferous tubules, and all
spermatogenesis cell lines were cohesively

observed inside the tubes (Figure 3E).
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Testosterone (ng/mL)

Testosterone (ng/mL)

Control
Acute stress
Acute stress + wheat germ oil

Acute stress + music

Chronic stress
Chronic stress + wheat germ oil

Chronic stress + music

Fig. 1. Effects of wheat germ oil and music on testosterone level in the study groups. All results are showed as
mean =SD. p<0.01 compared to control group. *p<0.05 and #p<0.01 compared to chronic stress group.
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Acute stress

Acute stress + wheat germ oil
Acute stress + music

Chronic stress

Chronic stress + wheat germ oil

Chronic stress + music

Fig. 2. Effects of wheat germ oil and music on oxidative stress indices in the study groups. All results are
showed as mean =SD. **p<0.01 compared to control group. #p<0.05 and #p<0.01 compared to chronic stress
group. CAT= Catalase; MDA= Malondialdehyde; TAC= Total anti-oxidant capacity.

Discussion

In the current study, our data demonstrated
that chronic stress, but not acute stress, caused
a significant decline in body weight,
sperm parameters, spermatogenesis indices,
morphometric indices, antioxidant activity, and
serum testosterone levels. Additionally, chronic

stress significantly increases the oxidative

stress index. Conversely, rats treated with
wheat germ oil or exposed to music showed
restoration of these parameters. Because acute
immobility stress was induced for only one
day, none of the studied parameters were
significantly affected during this period and

remained constant.
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A
C

B
D
E

Fig. 3. Histological sections of seminiferous tubules in the study groups (H&E, X400 magnification). A: Cross-
section of seminiferous tubules of the control group; B: Cross-section of seminiferous tubules of chronic stress
group; C: Cross-section of seminiferous tubules of chronic stress + wheat germ oil; D: Cross-section of
seminiferous tubules of chronic stress + music; E: Cross-section of seminiferous tubules of acute stress.

Studying the impact of psychological stress on
male reproductive health is highly valuable.
Previous research reported that work- and
depression-related stress were associated with
reduced sperm concentration and quality in
Chinese men [33, 34]. Their results were
following other studies [35]. In our study, we
observed impaired spermatogenesis in rats

exposed to chronic stress. Chronic stress over 40
days significantly disrupted spermatogenesis,
reduced  histomorphometric  indices, and
decreased sperm count and motility. Various
strategies have been proposed to manage chronic
stress, with music therapy being one of the most
successful. It has been effectively employed to

reduce stress responses caused by adverse
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physiological and psychological factors in
diverse clinical populations [36]. To evaluate
whether music therapy can serve as an effective
adjuvant in alleviating testicular injury
caused by chronic immobilization stress, we
examined its effects on spermatogenesis and
histomorphometric indices. Music therapy during
the chronic stress period significantly normalized
these parameters. Additionally, the use of
nutritional therapies to manage stress has a long
history. Several nutritional approaches have also
been investigated in the context of male
infertility [37, 38]. Wheat germ oil is a natural
supplement and contains various bioactive
constituents like tocopherols and tocotrienols
[39]. Some experimental studies suggested that
this natural supplement may act as a fertility
agent [38, 40]. Similar to music therapy, wheat
germ oil supplementation also significantly
normalized testicular damage during the chronic
stress period.

The seminiferous tubules are covered by a
special and complex epithelium called the
germinal epithelium or seminiferous epithelium
[41, 42]. This special epithelium consists
of two groups of cells: 1) A population of non-
dividing supporting cells named Sertoli cells. 2)
A dividing population of germ cells that
constantly migrate to the surface of the
seminiferous tubules. These cells include
spermatogonia,  primary  spermatocytes,
secondary spermatocytes, and immature and
mature spermatids [34, 43]. The seminiferous
tubules are interconnected by interstitial tissue,
which comprises loose connective tissue,
lymphatic vessels, capillaries, arteries, veins, and
Leydig cells [44].

The process of spermatogenesis, including the
proliferation, differentiation, and maturation of
germ cells, is dependent on testosterone. The
health of germ cells and their ability to undergo
mitotic division rely on testosterone secretion by
Leydig cells. Numerous studies on various
stressors have shown that stress negatively
impacts sex hormone levels. For example, a 2019
study by Zou et al. demonstrated that rats
exposed to chronic stress exhibited a decline in
serum testosterone levels and sperm count [45].
In contrast, some studies showed the beneficial
effects of music therapy on improving
testosterone levels. For example, Fukui et al.
found that the blood testosterone levels were
significantly increased by music therapy [46].
The findings of the present study were consistent
with the findings of these studies. In the present
study, testosterone levels were decreased in rats
exposed to chronic immobility stress, while an
increase was observed in the treated group with
music or wheat germ oil. Following stress, a
significant decrease in testosterone levels could
be one of the causes of testicular tissue changes
[44, 47, 48]. In our study, rats exposed to chronic
stress exhibited a decrease in the thickness of
seminiferous tubules and interstitial tissue.
However, these effects were significantly
normalized when rats in the chronic immobility
stress group were treated with wheat germ oil or
exposed to music.

Reactive oxygen species (ROS) production in
healthy, active sperm cells is recognized as a
physiological process essential for triggering the
acrosome reaction in sperm. This beneficial
effect of ROS is dependent on the presence of

antioxidants. Normally, antioxidant systems are
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present in reproductive tissues, where they
prevent oxidative damage in adult gonadal cells
and spermatozoa [49-51]. Excess free radicals
cause cellular damage by inducing lipid
peroxidation in the cell membrane and promoting
oxidative damage to proteins and DNA.
Mammalian sperm cells are rich in unsaturated
fatty acids, plasmalogen, and sphingomyelin,
which are important substrates for oxidation [52].
Many evidence revealed that an increase in free
radicals has adverse effects on sperm activity and
motility [4, 53]. The lipid peroxidation in the
sperm membrane components decreases Na*/K*/
ATPase pump activity and ultimately a sharp
decrease in sperm cell motility [54]. Recent
studies have shown that infertile men's sperm
plasma has lower anti-oxidant components than
fertile men [55, 56]. It has been demonstrated
that vitamin E, or a-tocopherol, can protect
sperm parameters from the destructive effects of
ROS's. Similarly, a water-soluble analog of
vitamin E, Trolox, has been reported to enhance
sperm motility and maintain the integrity of the
mitochondrial membrane [57]. Most plants rich
in anti-oxidant compounds increase sperm count,
motility, and morphological sperms [58, 59]. In
the present study, the mean tissue concentration
of MDA indicated that chronic immobility stress
significantly increased MDA levels. However, a
significant decrease in MDA concentration was
observed in the group treated with wheat germ
oil. This reduction is likely due to the antioxidant
properties of wheat germ oil [60]. Our results
also showed a significant reduction in the
catalase activity and total antioxidant capacity of
testis tissue in the chronic stress group. These

reductions were restored in the groups treated

with wheat germ oil or exposed to music therapy.
However, this study has some limitations. While
it demonstrated the effects of music therapy and
wheat germ oil on spermatogenesis indices,
sperm parameters, and the oxidant/antioxidant
balance in rats exposed to acute and chronic
stress, it did not evaluate the impacts of these
interventions on the signaling pathways involved

in spermatogenesis impairment.
Conclusion

The present study results have shown that
consumption of wheat germ oil or exposure to
music could improve antioxidant status and
enhance spermatogenesis. It seems that the
increase in the number of sperm in the rats
receiving wheat germ oil is most likely related to
its anti-oxidant effect because anti-oxidants
directly or indirectly increase the number of
sperm and fertility by affecting the HPG axis. It
is suggested that this study be reviewed in
humans in future studies considering the
beneficial effects of wheat germ oil and music on

the reproductive system in male rats.
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