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Introduction
The term “prepuberty” in mice refers to the time from birth 
to approximately three weeks after birth. The transition of 
gonocytes into spermatogonial stem cells occurs during 
this period, and male gonad activity is low.1 Additionally, 
in prepuberty, the nurse cells of testicular tissue, 
known as Sertoli cells, mature to form an appropriate 
niche for the proliferation and differentiation of germ 
cells.2 Additionally, two other unique features include 
hypothalamic-pituitary-gonadal axis quiescence and 
very low serum testosterone levels.3 During prepuberty, 
the testis is susceptible to damage due to environmental 
stressors such as heat shock. Heat stress (HS) can impact 
the growth and development of the testis and lead to 
failure of spermatogenesis and infertility in adulthood.4,5

The testis that has been exposed to high temperatures 
prior to puberty, in sauna, hot water, and prolonged 
cycling, exhibits significant molecular and morphological 
changes. Oxidative stress plays a vital role in the induction 
of cell death signaling following HS, which causes 
oligospermia and azoospermia in the future by impairing 
the testicular cells.6,7 In addition, the overproduction of 
reactive oxygen species (ROS) can cause destruction of 
the epithelium of the seminiferous tubules, programmed 
cell death of Leydig cells in the interstitial tissue, and 
disruption of steroidogenesis.8

Photobiomodulation (PBM) is a modern physiotherapy 
in which the beneficial effects on cell proliferation and 
tissue repair have been investigated.9 Several studies 
have reported the positive impacts of PBM on sperm 
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Abstract
Introduction: Heat stress is one of the environmental causes of damage to the testis, whose 
effects are less known before puberty. The aim of the present study was to investigate the impact 
of photobiomodulation (PBM) on the testis of prepubertal mice subjected to hyperthermia.
Methods: Twenty-four three-week-old prepubertal male mice were allocated to the following 
groups: I) control, II) scrotal hyperthermia (Hyp), and III) Hyp + PBM (n = 8/each group). In order 
to induce hyperthermia, the scrotum was placed in water at 43 °C for 20 minutes every other day 
for a total duration of 10 days. In the Hyp + PBM group, after hyperthermia induction, the testis of 
the mice was subjected to laser irradiation at a wavelength of 890 nm (0.03 J/cm2 for 30 seconds) 
for 35 days. After the mice were sacrificed, the testis and epididymis were removed for testing.
Results: Compared with those of the Hyp group, the sperm parameters of the laser irradiation 
group improved notably. In addition, histological examinations revealed that the final number 
of testis cells and the volume of tissue in the Hyp + PBM group were dramatically greater than 
those in the Hyp group. The analysis of molecular data revealed an increase in the expression of 
mitotic genes and testosterone levels and a decrease in the formation of reactive oxygen species 
(ROS) and the expression of the apoptotic gene in the testis subjected to PBM.
Conclusion: Based on the present findings, laser therapy can reduce complications caused by 
scrotal hyperthermia during prepuberty and ameliorate spermatogenesis during puberty.
Keywords: Male; Testis; Low-level laser therapy; Spermatogenesis; Hyperthermia.
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production and the structure of testicular tissue. Some 
evidence confirms that the use of laser irradiation at 
different wavelengths improves testicular tissue and 
sperm parameters, including motility and viability.10,11 
It has been proven that lasers reduce cell vulnerability 
by stabilizing cell DNA against oxidative stress.12 
Considering the modulation of mitochondrial respiratory 
chain function after laser irradiation, the use of PBM is 
an appropriate method for regulating the activity and 
metabolism of cells.13 Also, PBM can play a pivotal role in 
maintaining the integrity of the spermatogenic epithelium 
by regulating the function of Sertoli cells and maintaining 
the mitotic and miotic cycles of germ cells.14 

Despite the effects of PBM on the testis and the evidence 
that exposure to HS is related to damage to testis function 
and fertility, the impacts of this stress during prepuberty 
have been less investigated. The purpose of designing 
this experimental project was to determine whether laser 
therapy can improve the histological parameters of testis 
and spermatogenesis in prepubertal male mice induced 
by scrotal hyperthermia.

Materials and Methods
Animals
In the present experiment, 24 prepubertal male mice 
(3 wks., 15-20 g) were purchased from the animal lab 
of Institute Pasture, Tehran, Iran. In accordance with 
NIH guidelines, all the mice were kept under controlled 
laboratory conditions. Here, three groups were considered 
(n = 8/each group): I) control (Cont), II) scrotal 
hyperthermia (Hyp), and III) scrotal hyperthermia + PBM 
0.03 j/cm² (Hyp + PBM 0.03 J/cm²). In order to identify 
animals, their tails were marked by color.

Induction Of Scrotal Hyperthermia
On the 22nd day after birth, the animals were injected 
with ketamine (50 mg/kg) to induce anesthesia. In the 
Hyp and Hyp + PBM groups, the scrotum was submerged 
in water heated to 43°C for a duration of 20 min. every 
other day over a period of 10 days. In the Cont group, the 
aforementioned process took place at 35 °C.15,16

Photobiomodulation 
In the current study, a low-level pulsed laser with the 
presented characteristics was used. The wavelength was 
890 nm and the spot size was 1cm2. The pulse frequency 
was 80 Hz and each point of exposure was 30 seconds (for 
each testis). Twenty-four hours after the last induction of 
hyperthermia, the testis of the mice was subjected to laser 
therapy at an energy density of 0.03 J/cm2 every other 
day for 5 weeks. Finally, all the animals were euthanized 
by cervical dislocation, their epididymis were removed 
for sperm analysis, and the testis were removed for 
histological and molecular tests.10

Sperm Parameters
To conduct sperm analysis, the epididymal tail 
was meticulously isolated from nearby tissues and 
subsequently placed in a dish with Ham’s F10 solution. 
Afterwards, it was placed in the incubator and kept at 
35 °C for 15-20 minutes. Then, 10 μL from each sample 
were applied onto the slide, and both progressive and 
non-progressive sperms were observed. The sperms 
were counted with a Neubauer slide. Additionally, eosin-
nigrosin dye was used to assess sperm viability.

Tissue Preparation
For histological assessments, the mice were anesthetized 
via ketamine injection (50 mg/kg) and were scarified by 
cervical dislocation, and their right testis were transferred 
to Bouin’s solution for 48 hours. Finally, the testis samples 
were embedded in paraffin blocks. To determine the 
number of testicular cells and tissue volume, 5 µm slices 
were prepared from the samples and were stained with 
hematoxylin and eosin (H&E). 

The Volume of the Testis
The Cavalieri technique and the following formula were 
used to measure the volume of testicular tissue (17):

aV P t
p

= ∑ × ×  

The given equation represents the sum of counted 
points, ΣP, and the ratio of the area of the probe points 
to the magnification, a/p. The t shows the measure of the 
distance between tissue slices.

The Number of Testicular Cells
The optical dissector method was utilized to determine 
the quantity of cells in the testis. The following formula 
was also used for calculation17:
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In the given equation, ΣQ represents the total count 
of germ and somatic cells. The value of h is the height of 
the dissector and the value of t is the real thickness of the 
tissue section. Σp refers to the overall count of fields that 
were included. a/f denotes the probe area divided by the 
magnification factor, whereas BA indicates the thickness 
of the microtome section.

Serum Testosterone Levels
To check the serum level of testosterone, first, blood 
was collected from the hearts of the animals under 
deep anesthesia. After clotting, the blood samples were 
centrifuged at 5500 rpm (5 minutes). Finally, the extracted 
serum was kept at -80 °C temperature until testing with a 
special ELISA kit.
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Measurement of Total ROS Formation
The assessment of ROS in the testis was conducted via 
spectrofluorimetry with dichlorofluorescein diacetate 
(DCFDA: CAS Number 2044-85-1). In this study, 50 
mg of tissue was mixed with 100 μL of a 20 μM solution 
of DCFDA. The samples were then incubated in a dark 
environment at 37 °C for 45 minutes. Afterward, the 
testis were broken down into smaller fragments using a 
sonicator. The lysed samples were centrifuged at 1500 
revolutions per minute for 5 minutes at 4 °C. Finally, 
the samples were evaluated via a spectrofluorometer at a 
wavelength of 488 nm.18

Evaluation of C-kit, Pcna, and Caspase-3 Expression at 
the mRNA Level
To determine the expression of the C-kit, Pcna, and 
Caspase-3 genes, the left testis of each animal was 
immediately transferred to -80 °C for RNA stabilization 
and stored until use. Next, DNase I was added to remove 
genomic contamination from the extracted RNA samples. 
cDNA was subsequently synthesized via a Fermentas’ 
commercial kit. The relative gene expression was evaluated 
via the QuantiTect SYBR Green Real-Time Polymerase 
Chain Reaction kit (Takara Bio Inc., Japan) and quantified 
via the TaqMan method. Primer 3 Plus software was 
used to design all pairs of primers (forward and reverse), 
which were checked with the primer-blast tool before use. 
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) 
was used as the housekeeping gene in this study (Table 1).

Statistical Analysis
The normality of the data was assessed via the Shapiro-
Wilk test, and SPSS software version 21 (SPSS, Chicago, 
IL, USA) was used for data analysis. One-way ANOVA 
and Tukey’s post hoc test were used, with all the data 
reported as the mean ± standard deviation. A significance 
level of P < 0.05 was considered.

Results
Sperm Parameters
Our analysis revealed dramatic decreases in sperm count, 
motility, and viability in the Hyp group compared with 
the Cont group (P = 0.001, P = 0.0001, and P = 0.0006, 

respectively). Compared with those in the Hyp group, 
these parameters were significantly greater in the 
Hyp + PBM group (P = 0.04, P = 0.01, and P = 0.007, 
respectively) (Figure 1, Table 2).

Testis Volume
Stereological analysis revealed that the volume of the testis 
was lower in the induced scrotal hyperthermia than in the 
Cont group (P = 0.0005). Compared with that in the Hyp 
group, the volume of testis tissue in the Hyp + PBM group 
was significantly greater (P = 0.03) (Figure 2, Table 2).

Number of Testicular Cells
The number of spermatogonia, spermatocyte, spermatid, 
and Leydig cells was significantly lower in the Hyp group 
than in the Cont group (P = 0.0002, P < 0.0001, P < 0.0001, 
and P = 0.0001, respectively). The number of these cells in 
the Hyp + PBM group was significantly greater than that 
in the Hyp group (P = 0.04, P = 0.004, P = 0.01, P = 0.01, 
respectively) (Figure 3, Table 2).

Testosterone Level 
ELISA analysis revealed that the Hyp group presented 
significantly lower serum testosterone levels than the 
Cont group (P = 0.005). Compared with those in the group 
that did not receive laser irradiation, the levels of serum 
testosterone significantly increased in the Hyp + PBM 
group (P = 0.03) (Figure 4, Table 2).

ROS Formation
Our analysis showed that ROS formation in the Hyp group 
was dramatically greater than that in the Cont group 
(P = 0.005). Compared with those in mice with induced 
scrotal hyperthermia, the ROS levels in mice exposed to 
PBM were significantly lower (P = 0.03) (Figure 5, Table 2).

Pcna, C-kit, and Caspase-3 Genes Expression
Real-time PCR data analysis revealed that the expression 

Table 1. Primer Design

Genes Primers Sequences Product Size (bp)

Caspase-3
F: AGTGGGATTGATGAGGAGATGG 240 

R: AGTGGAGTGTAGGGAGAAGGA

C-kit
F: GCATCACCATCAAAAACGTG 332 

R: GATAGTCAGCGTCTCCTGGC

Pcna
F: GATGTGGAGCAACTTGGAAT 160 

R: AGCTCTCCACTTGCAGAAA

GAPDH
F: CAGAACATCATCCCAGCCTCC 293 

R: TTGGCAGGTTTCTCAAGACGG

Table 2. Data Presented as Mean ± SD in Different Groups

Variable
Groups (Mean ± SD)

Cont Hyp Hyp + PBM

Sperm count 41.86 ± 2.05 35.76 ± 1.27 38.99 ± 1.28

Sperm motility 76 ± 5.16 53 ± 3.36 65 ± 4.76

Sperm viability 78 ± 4.35 46.67 ± 5.68 65.67 ± 4.5

Testis volume 13.75 ± 1.53 9.25 ± 0.75 11.43 ± 0.57

Number of spermatogonia 27.92 ± 2.49 14.7 ± 3.04 20.19 ± 2.66

Number of spermatocyte 34.94 ± 3.33 16 ± 2.37 24.82 ± 2.85

Number of spermatid 44.84 ± 3.09 26 ± 2.95 33.85 ± 2.9

Number of Leydig 13.85 ± 1.5 6.91 ± 1.19 10.41 ± 1.36

Number of Sertoli 21.08 ± 1.33 18.34 ± 2.01 20.58 ± 1.13

Serum level of testosterone 1.36 ± 0.15 0.8 ± 0.1 1.1 ± 0.15

ROS 14.14 ± 2.8 92.17 ± 6.12 56.01 ± 7.04
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Figure 1. Photobiomodulation Therapy Improved Sperm Parameters. *P < 0.05, **P < 0.01, ***P < 0.001. The data were displayed as Mean ± SD (n = 4). a) sperm 
count, b) sperm motility, c) sperm viability, and d) photomicrograph of sperm stained with eosin-nigrosin *100. The white arrowheads indicate viable sperm 
and the black arrowhead indicates non-viable sperm

Figure 2. Laser irradiation increased the volume of testis. a) The volume of testicular tissue increased in mice subjected to laser irradiation. *P < 0.05 and 
***P < 0.001. The values were presented as Mean ± SD (n = 5). Photomicrograph of hematoxylin and eosin staining of testis tissue *10. b) Cont group, c) Hyp 
group, and d) Hyp + PBM group. ST stands for seminiferous tubules and IT stands for interstitial tissue
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levels of Pcna and C-kit were significantly lower in the 
Hyp group than those in the Cont group (P = 0.001 and 
P = 0.0008, respectively). However, the expression of 
caspase-3 was greater in the Hyp group than in the Cont 
group (P = 0.0005). Compared with those in the Hyp 
group, the expression levels of mitotic genes and apoptotic 
genes in the Hyp + PMB group increased and decreased, 
respectively (P = 0.03, P = 0.01, and P = 0.007, respectively) 
(Figure 6, Table 3).

Discussion 
Hyperthermia is considered an environmental stress 
whose effects on the male reproductive system before 
puberty have been less studied. On the basis of the results 
obtained from this experimental research, hyperthermia 
before puberty can cause histological and molecular 
changes in the testis. HS increases testicular cell activity 
and the need for oxygen.19 Following the increase in 

oxygen demand and lack of supply, the mitochondrial 
function of Sertoli, Leydig and spermatogonial stem 
cells is disrupted, leading to an increase in ROS levels in 
the testis.20 Our findings showed that the induction of 
oxidative stress before puberty by HS could be the key to 
initiating apoptotic pathways by increasing the expression 
of Caspase-3. Therefore, the number of germ and somatic 
cells in mice subjected to scrotal hyperthermia decreases 
dramatically, which is associated with testicular atrophy 
and affects the final number of sperm during puberty. 
Our observations also revealed that oxidative stress before 
puberty is associated with the cessation of mitosis and a 
decrease in the mRNA levels of the C-kit and Pcna genes 
in germ cells. A reduction in mitosis is associated with a 
decrease in the number of spermatocytes and spermatids, 
which ultimately leads to a decrease in sperm parameters 
and testicular cells.21

In this research, the number of Sertoli cells did not 

Figure 3. The Total Quantity of Testicular Cells Increased After Photobiomodulation. *P < 0.05, **P < 0.01, ***P < 0.001, and ****P < 0.0001. The data were 
provided as Mean ± SD (n = 5). a) spermatogonia, b) spermatocyte, c) spermatid, d) Leydig, and e) Sertoli. f) Photomicrograph of a testis tissue section stained 
with H&E *40. SG: Spermatogonia, PS: Primary spermatocyte, RS: Round spermatid, SC: Sertoli cell, LC: Leydig cell

Figure 4. The serum testosterone level experienced an increase following 
the use of photobiomodulation. *P < 0.05 and **P < 0.01. The values were 
reported as Mean ± SD (n = 4). There was no notable difference observed 
between the Cont and Hyp + PBM groups

Figure 5. ROS formation increased in the testis of mice exposed to 
hyperthermia. Photobiomodulation decreased total ROS in the testis of 
the mice. ***P < 0.001 and ****P < 0.0001. The data were presented as 
Mean ± SD (n = 4)
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decrease because of their resistance to heat; however, heat 
stress disrupted the balance of oxidants and antioxidants 
and the function of the Sertoli cell.16 Dysfunction of this 
cell leads to disintegrity the spermatogenic epithelium 
and reduces the quantity and quality of sperm during 
puberty.22 The results demonstrated a reduction in 
Leydig cells in mice induced by scrotal hyperthermia. HS 
plays a crucial role in inducing cell death by damaging 
intracellular organelles such as the endoplasmic reticulum 
23. The death of Leydig cells is linked to a disturbance in 
the generation and secretion of testosterone. Low levels of 
testosterone at the onset of puberty lead to the cessation of 
spermatogenesis and reduced sperm production.24

Previous evidence has demonstrated the potential of 
PBM in tissue repair.25 In line with past research, in the 
present study, the histological and molecular parameters 
were significantly improved in mice exposed to laser 
irradiation. Laser therapy has beneficial effects on various 
cells and tissues. In cells, the mitochondria is the first 
site where laser photons have an effect.13,26 PBM balances 
the levels of oxidants and antioxidants by increasing 
the mitochondrial membrane potential and improving 
the electron transfer cycle. Previous studies have 
shown that near-infrared wavelengths can regulate cell 
metabolism by increasing the mitochondrial membrane 
potential, producing ATP, and decreasing ROS levels.27 
Additionally, PBM stimulates mitochondrial biogenesis 
by increasing the levels of PGC1α, transcription factor A, 
and uncoupling protein 2.28,29 In line with these findings, 
our observations in this study revealed that a wavelength 
of 890 nm reduced oxidative stress and improved the 
activity of testicular tissue and sperm production. In 
testicular tissue, Sertoli cells support other cells. Many 
mitochondria are present in the cytoplasm of these cells.30 

Therefore, damage to the mitochondria of Sertoli cells 
following HS before maturation acts as a source of ROS 
production.31 Laser light reduces the level of oxidants and 
increases the level of antioxidants, such as glutathione, 
with effects on the mitochondrial membrane in these 
cells. Moreover, laser therapy improves the Sertoli cell 
metabolism.32 The proper functioning of these cells 
ensures the division and differentiation of other cells in 
the spermatogenic epithelium and the process of sperm 
production during puberty. 

In addition, the results of the present study revealed that 
the number of Leydig cells and testosterone levels in PBM-
treated mice increased notably. Like in Sertoli cells, many 
mitochondria are present in the cytoplasm of these cells. 
Therefore, by affecting the mitochondria of Leydig cells 
and improving their activity, the laser increases androgen 
and testosterone production at the beginning of puberty, 
which stimulates spermatogenesis.33 This finding aligns 
with previous research. Hasani et al10 investigated the 
effects of laser therapy in a mice model of transient scrotal 
hyperthermia. Their results demonstrated an increase in 
both Leydig cell number and testosterone production. In 
male gonads, spermatogonial cells are considered stem 
cells. Maintaining the anatomical and functional niches 
of these cells is necessary for their survival and mitotic 
division.34 Before puberty, HS causes changes in the 
spermatogonial cell niche by inducing oxidative stress, 
which ultimately affects their behavior.35 Laser irradiation 
preserves the niche by reducing the level of oxidants 
and preventing cell death. Additionally, PBM stimulates 
mitosis and self-renewal in these cells by inducing the 
expression of C-kit and Pcna, which ultimately maintains 
the population of spermatogonia and increases the 
number of spermatocytes and spermatids.36,37 Germ cell 
proliferation is the reason for the increase in the final 
number of sperms during puberty. These observations are 
consistent with a study conducted by Tabatabaee et al,38 
who demonstrated that a laser with a wavelength of 890 
nm (0.03 J/cm2) increased the number of spermatogonial 
cells and improved spermatogenesis in mice undergoing 
scrotal hyperthermia. The results obtained from this 
study emphasize that laser therapy can be used to reduce 

Figure 6. Mitotic Genes Expression Upregulated and Apoptotic Gene Expression Downregulated in the Testis Tissue of the Mice Exposed to Laser Irradiation. 
*P < 0.05, **P < 0.01 and ***P < 0.001. The values were reported as Mean ± SD (n = 4). a) Caspase-3, b) C-kit, and c) Pcna

Table 3. Gene expression data presented as Mean ± SD in different groups

Variable
Groups (Mean ± SD)

Cont Hyp Hyp + PBM

Pcna 1 ± 0.18 0.26 ± 0.04 0.6 ± 0.12

C-kit 0.94 ± 0.14 0.2 ± 0.05 0.65 ± 0.14

Caspase-3 045 ± 015 1.97 ± 0.26 1.06 ± 0.26
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testicular damage caused by HS during prepuberty.

Conclusion
The data collected from this study show that HS disrupts 
spermatogenesis during puberty through the induction 
of oxidative stress in the prepubertal testis. PBM which 
has a positive effect on the mitochondria of testicular 
cells decreases the level of ROS and the expression of 
caspase-3. In addition, PBM stimulates the division of 
spermatogonial cells by increasing the expression of 
mitotic genes, leading to an increase in the germ cell 
population and an improvement in sperm parameters 
during puberty.
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