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Abstract

Chronic stress (CS) from physical stressors and glucocorticoid administrations has been shown to induce germ
cell apoptosis and low sperm quality. Among CS animal models, the effects of dexamethasone induced CS (DexCS)
on testicular apoptosis and epididymal sperm parameters have not been fully demonstrated. This study aimed to
investigate the changes of male reproductive system after CS induction by Dex. Adult male mice were divided into
control and DexCS groups. Control mice were injected with sodium phosphate while DexCS mice were injected
with DEX (4 mg/kg BW) for 21 consecutive days. The stress tests (sucrose preference, tail suspension, and forced
swimming) were used to confirm CS behaviors. Sperm concentration, motility, morphology, viability, and acrosome
status were assessed using computer-assisted semen analysis (CASA) and special staining. Histopathology of testis,
epididymis, and penis was observed. Apoptotic protein expressions (Hsp70, caspases 3 and 9) in the testicular
lysate were also determined. The results revealed that DexCS mice had significant increase of the immobility
periods with decrease of total sucrose intake. DexCS significantly decreased sperm quality parameters particularly
progressive motility. Testicular damages and decreased sperm mass in epididymis were obviously found in DexCS
group. The expressions of testicular caspases 3 and 9, but not Hsp 70 were significantly increased in DexCS group
compared to the control. It was concluded that DEX is a potential drug to induce chronic stress in mouse model,
affecting male reproductive system via testicular histopathology and apoptotic pathway. Such effect may cause
sperm physiology impairments like low progressive motile patterns.
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Resumo

O estresse cronico (EC) causado por estressores fisicos e administragdo de glicocorticoides demonstrou induzir
apoptose de células germinativas e baixa qualidade espermatica. Entre os modelos animais de EC, os efeitos do EC
induzido por dexametasona (DexEC) na apoptose testicular e nos parametros espermaticos epididimais ndo foram
totalmente demonstrados. Este estudo teve como objetivo investigar as alteragdes no sistema reprodutor masculino
ap6s a indugdo do EC por Dex. Camundongos machos adultos foram divididos em grupos controle e DexEC. Os
camundongos controle foram injetados com fosfato de sédio, enquanto os camundongos DexEC receberam DEX (4
mg/kg de peso corporal) por 21 dias consecutivos. Os testes de estresse (preferéncia por sacarose, suspensio pela
cauda e nado for¢ado) foram utilizados para confirmar os comportamentos de EC. A concentragao, a motilidade,
a morfologia, a viabilidade e o estado acrossomico dos espermatozoides foram avaliados por meio de Analise
de Sémen Assistida por Computador (CASA) e coloragdo especial. Foi observada histopatologia dos testiculos,
epididimos e pénis. As expressdes de proteinas apoptdticas (Hsp70, caspases 3 e 9) no lisado testicular também
foram determinadas. Os resultados revelaram que camundongos DexCS apresentaram aumento significativo dos
periodos de imobilidade com diminuicdo da ingestao total de sacarose. O DexCS reduziu significativamente os
parametros de qualidade do esperma, particularmente a motilidade progressiva. Danos testiculares e diminui¢do
da massa espermatica no epididimo foram obviamente encontrados no grupo DexCS. As expressdes das caspases
testiculares 3 e 9, mas ndo da Hsp 70, foram significativamente aumentadas no grupo DexCS em comparagao ao
controle. Concluiu-se que o DEX é um farmaco com potencial para induzir estresse cronico em modelos murinos,
afetando o sistema reprodutor masculino por meio da histopatologia testicular e da via apoptética. Tal efeito pode
causar comprometimentos na fisiologia do esperma, como baixos padrdes de motilidade progressiva.
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1. Introduction

Chronic stress (CS) has been documented to increase the
risks of strokes, heart attacks, peptic ulcer, and reproductive
disorders particularly male infertility (Lopez-Galindo et al.,
2019; Everson-Rose et al., 2014 ). Physiologically, CS activates
the hypothalamic-pituitary-adrenal axis (HPA) leading
to increased secretion of the corticotropin-releasing
hormone, adrenocorticotropin hormone, and cortisol
levels, respectively.In humans, CS caused the erectile
dysfunction and loss of libido (Carvalho and Nobre,
2011). Moreover, it could decrease sex hormone levels,
resulting in decrease of the semen qualities (Diaz-Del
Cerro etal., 2022; Hezavehei et al., 2022; Diao et al., 2019;
Sengupta et al., 2018; Liang et al., 2016; Bhongade et al.,
2015; Janevic et al., 2014; Malan et al., 2014). In stress
animals, CS reduced sex hormone levels (FSH, LH, and
testosterone), male sexual behaviors, and sperm parameter
qualities (Choowong-In et al., 2021; Dadomo et al., 2020;
Arun et al., 2016, 2018; Mohamadpour et al., 2017).
Particularly, the expressions of major testicular proteins
involved in androgen synthesis such as steroidogenic
acute regulatory (StAR) and cytochrome P450 family 11
subfamily a member 1 (CYP11A1) have been demonstrated
in the rat testis induced with CS (Arun et al., 2016, 2021;
Choowong-In et al., 2021; Dallak, 2019). A previous study
showed that the expressions of testicular caspase 3 and 9 (in
both pro and cleaved forms) were increased under chronic
unpredictable mild stress (Choowong-In et al., 2021).
Moreover, the animals induced with CS have apoptosis
in spermatogenic and Leydig cells (Fozooni et al., 2021;
Shen et al., 2020; Demirci and Sahin, 2019; Kheirabad et al.,
2016). Although many physical and mechanical stimuli
have been used for CS induction in animal models, the
mechanism of synthetic glucocorticoids, recently also
applied in stress induction, on male reproductive biology
still needs to be revealed. Such commercial glucocorticoids
include hydrocortisone, prednisolone, and dexamethasone
(Sanchez Gonzalez et al., 2023; Kadir et al., 2020).

Dexamethasone (DEX) is a synthetic glucocorticoid
commonly used in treating of anti-cancer, anti-
inflammation, autoimmune diseases, allergies, and ocular
disorders (Madamsetty et al., 2022; Krishnan, 2018).
Currently, it has been used in animal stress induction with
depressive-like behaviors (Wu et al., 2021; Souza et al.,
2019). In CS animal models, the induction by DEX injection
for 21 consecutive days has been proven in mice and rats
(Delanogare et al., 2020; Skupio et al., 2015). Moreover, it
could increase the body fats but decrease the body weight
in mouse model (Wang et al., 2018; Skupio et al., 2015;
Poggioli et al., 2013). Previous studies demonstrated that
CS induced with DEX could decrease the testosterone
levels, testicular StAR protein expression, seminiferous
epithelium, and sperm quality (Khalil-Khalili et al., 2021;
Kheradmand et al., 2019; Sadeghzadeh et al., 2019; Ing et al.,
2015; Wanderley et al., 2013). However, the effects of CS
induced with DEX on testicular apoptosis the apoptosis
markers (Hsp70, caspase3, and caspase9 expressions) and
systemic motility patterns of epididymal sperm analyzed by
computer assisted sperm analysis (CASA) have never been
documented. Therefore, this recent study was conducted
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to reveal the effects of dexamethasone induced-chronic
stress (DexCS) on sperm quality and apoptotic protein
expressions in mouse testis.

2. Materials and Methods

2.1. Animals and experimental design

Eight male ICR mice (35-40 g, 8 weeks) were purchased
from the experimental animal unit, Faculty of Medicine,
Khon Kaen University, Thailand. All animals were housed in
plastic cages under the experimental room condition (12 hr.
light/dark cycle, temperature 23 + 2 °C, humidity 30-60%
RH, sound < 85 decibels, and light intensity 350-400 lux)
with providing commercial food pellet and water ad libitum.
The recorded code number of animal ethic is IACUC-
KKU-14/66. After acclimatization for 7 days, mice were
divided into control and dexamethasone induced-chronic
stress (DexCS) groups. To induce chronic stress, mice were
injected with 4 mg/kg BW of dexamethasone (DEX) diluted
in sodium phosphate (Na,PO,) via intraperitoneal injection
(i.p.) and control animals were injected with Na,PO, for
21 consecutive days as described in Delanogare et al.
(2020). This study has been approved by the Animal Ethics
Committee Research of Northeast Laboratory Animal
Center, Khon Kaen University, based on the Ethics of Animal
Experimentation of Nation Research Council of Thailand
(recorded code number: IACUC-KKU 14/66).

2.2. Assessments of chronic stress

Three tests (sucrose preference, tail suspension, and
forced swimming tests were used to estimate chronic
stress behaviors in mice involved with DexCS. Each test
is briefly described as following sections.

2.2.1. Sucrose preference test

The sucrose preference test (SPT) was used to evaluate
the anhedonia caused from chronic stress in mice induced
with DEX. It is defined as a reduction in sucrose preference
ratio (Liu et al., 2018). Mice were presented to two identical
bottles containing distilled water and 1% sucrose solution
for every day. The total sucrose intake was determined
as the total amount of solution that was consumed as
described by Wu et al. (2021).

2.2.2. Tail suspension test

The tail suspension test (TST) was used to estimate the
behavioral despair or hopelessness (Wu et al., 2021). Each
mouse of both groups was put upside-down by fixing the
tail. Within 6 min of a testing period, frequency of mobility
and immobility was recorded using video camera.

2.2.3. Forced swimming test

Behavioral despair from stress mice was also assessed by
using forced swimming test (FST) as previously described
(Wuetal., 2021; Yankelevitch-Yahav et al., 2015). Animal
was placed in the vertical transparent cylinder (30 cm
in height and 12 cm in diameter) containing tap water
(25°C+1°Cand 20 cmin depth). Within 6 min of testing,
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the immobility and mobility were recorded with a video
camera. The results of the FST were expressed as the
number of immobility times (second) within the last
4 min (Wu et al., 2021).

2.3. Organ collections

At the end of experiment, all mice were anesthetized
by thiopental sodium at a dose of 80 mg/kg BW via
intraperitoneal injection before euthanized by cervical
dislocation. The testis, epididymis plus vas deferens, penis,
seminal vesicle plus prostate gland, and other vital organs
(liver and kidney) were collected and weighed. The weights
of body, reproductive, and vital organs were calculated and
expressed as the relative weights (100 x absolute organ
weight divided by final body weight). The penis, seminal
vesicle plus prostate gland, and right reproductive organs
(testis, epididymis plus vas deferens) were fixed with 10%
formalin fixative solution for further histological study. The
left testis of each mouse was kept at -80 °C to the further
investigation of apoptotic protein expressions.

2.4. Sperm analyses

The left caudal epididymis plus deferens were removed
to collect sperm for quality evaluations including motility,
concentration, morphology, viability, and acrosome status.
Briefly, the luminal sperm masses from vas deferens and
epididymis were squeezed and dipped into normal saline
(37 °C). Then, the sperm suspension was aliquoted to
analyze each sperm parameter as followings.

2.4.1. Sperm motility, concentrations of sperm and sperm
abnormality

The sperm qualities consisting of motility and the
concentrations of sperm and abnormality were performed
and analyzed by using computer-assisted sperm analysis
(CASA) (IVOS® 11, Hamilton Thorne Inc., USA). To allow the
temperature to stabilize, the loaded chamber (20 pm in
depth) was placed on the thermal plate of the microscope
(37 °C) for 2 min and warmed other slides on heating plate
(37 °C) to wait to continue using before analysis. The sperm
suspension (6 pl) was loaded into two-chamber slides
(Leja Products B.V., Nieuw-Vennep, Netherlands). Sperm
movements and non-movements were observed under
negative phase contrast and recorded as videos for six
fields per chamber. Finally, the sperm motility (progressive,
slow, and static motility), total sperm concentration, and
sperm abnormality concentration (sperm bent tail, coiled
tail, distal droplet, distal midpiece reflex, and proximal
droplet) were analyzed and reported as the million/ml.

2.4.2. Sperm viability

The sperm viability was evaluated by using sperm
viability assay kit (1:1 ratio, eosin-nigrosin method,
Baso diagnostics, Inc, Zhuhai) as previously described
(Tangsrisakda et al., 2022). Sperm suspension (40 ul) was
mixed with eosin-nigrosin dyes (40 ul) and incubated at
37 °Cfor 30 sec. Then, the stained sperm drop was smeared
on glass slide to observe viability status of sperm under a
light microscope: alive sperm (non-stained) and dead sperm
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(pink). Total 200 sperms from each mouse were counted
and calculated to express as percentage of sperm viability.

2.4.3. Precocious acrosome reaction status

The 20 pl of sperm suspension of was fixed with 4%
paraformaldehyde. and smeared on glass slides before
drying overnight. Then smeared sperm were stained with
0.22% Coomassie Brilliant Blue G 250 (Bio-Rad Laboratories,
Inc.) for 5 min and washed with distilled water (DW) before
observation of acrosome status under light microscope (40x
magnification). Two hundred sperms in total were counted
to identify the sperm acrosome cap: positive stained with
Coomassie blue acrosome-intact (Al) sperm while sperm
head with no staining determined as acrosome-reacted
(AR) sperm. The AR sperm percentage was calculated
aspreviously described Chaimontri et al. (2021).

2.5. Histological analysis

The right the testis, cauda epididymis, and penis
were fixed with 10% formalin in PBS (pH, 7.4) for 48 h
before paraffin tissue processing. The paraffinised tissue
blocks were sectioned (thickness, 7 pm) using the
automatic microtome (ERM 3100, Hestion, Australia). The
sections were deparaffinised, rehydrated, hydrated, and
rountinely stained with haematoxylin and eosin dyes. All
histophatologies were observed under light microscope
(ZEISS Axio Imager.A2, Germany) and captured by using
AxioCam ICc 5 digital camera (ZEISS, Germany) for
represent pictures.

2.6. Protein extraction and western blot analysis

The testicular total proteins were extracted by
homogenization using the radioimmuno-precipitation
assay (RIPA) buffer (Cell Signaling Technology, Inc., USA)
containing protease inhibitor cocktails (EDTA-Free,100X
in DMSO, MedChemExpress (MCE), USA). The testicular
lysate was then sonicated (20 Hz, 60 pulses) with the
ultrasonic processor (Cole, Parmer, Vernon Hills, Illinois,
USA). The homogenate was centrifuged to separate
soluble total proteins from its pellet at 13,000 rpm, 4 C
for 10 min. Total protein concentration was measured at
an absorbance of 280 nm by using a spectrophotometer
(NanoDrop ND 1000 Technologies, Inc., USA). Then, total
testicular proteins (150 ng) were separated on 10% SDS
PAGE (sodium dodecyl-sulphate on a 10% polyacrylamide
gel electrophoresis) before blotting onto nitrocellulose
membranes (Cat. No. 10600004, GE Healthcare Life science,
USA). Briefly, the non-specific proteins on membrane were
blocked with 5% bovine serum albumin (BSA)in 0.1% TBST
(for GAPDH, caspase 3, and caspase 9 antibodies) and 5%
skim milkin 0.1% TBST (for Hsp70 antibody) for overnight.
Subsequently, the membrane was washed and incubated
with mouse anti-Hsp70 (1: 5000, Cat. No. MAB3516,
Merck Millipore Co., USA), mouse anti-caspase-3 (1:
1000, Cat. No. sc-7272, Santa Cruz, USA), or mouse anti-
caspase-9(1:1000, Cat. No. sc-56076, Santa Cruz, USA) at
4 °C for overnight. Then, each membrane was incubated
with a specific secondary antibody conjugated with
horseradish peroxidase (HRP). The equal amount of total
proteins was confirmed by glyceraldehyde-3-phosphate
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dehydrogenase (GAPDH) expression intensity. Finally,
the enhanced chemiluminescence (ECL) substrate kit (GE
Healthcare Life science, USA) was used to detect specific
Ab-Ag complexes on membrane visualized under Gel
Documentation 4 (ImageQuant 600 GE Healthcare, USA).

2.7. Statistical analysis

All data were expressed as mean * standard deviation
(SD). The significant difference between DexCS and control
groups was analysed by using independent t test. The p
value was < 0.05 considered as a statistically significant
difference. Statistical analysis was performed by using
GraphPad Prism (Statistical Package for the Social Sciences,
version 9.5.1, GraphPad Software Inc., San Diego, CA, USA).

3. Results

3.1. Effect of DexCS on vital and reproductive organ weights

The results in Figure 1 have confirmed that the mice
induced with dexamethasone (DEX) have chronic stress
condition revealed by significant increases of immobility
and decrease of total sucrose intake (Table 1). Significantly,
DEX induction decreased the final body but increased relative

A
Tail suspension test (TST)

Immobility

C

Forced swimming test (FST)

Immobility Mobility

weight of epididymis plus vas deferens as compared to control
mice. However, the weights of testis, penis, seminal vesicle plus
prostate gland, liver, and kidney have no significant difference
between control and DexCS groups (Table 1 and Figure 1).

3.2. Effect of DexCS on morphology of male reproductive
organs

The morphology of testis, epididymis plus vas deferens,
and penis of control and DexCS groups shown in Figure 2 was
not obviously changed. However, the structure of seminal
vesicle plus prostate gland of DexCS mice seemed to be
distorted and smaller than control group (Figure 2).

3.3. Effect of DexCS on sperm quality and sperm motility
patterns

Mice induced with DEX had significant decrease of
the total sperm concentration, sperm viability, acrosome
reaction, and sperm morphology of distal midpiece reflex
concentration (Table 2 and Figure 3). In contrast, all sperm
morphology parameters such as bent tail, coiled tail, distal
droplet, and proximal droplet concentrations in DexCS
mice did not affect (Table 2).

For sperm motility patterns revealed by CASA
(Figure 4A-E), DexCS decreased the motility and progressive

200

150

100

50—

Immobility time (s)

Control DEX

200
150
100

o 1

0 T
Control DexCS

Immobility time (s)

Figure 1. Showing (A) the tail suspension test (TST) with its immobility times (B) and (C) the forced swimming test (FST) with its
immobility times (D) compared between control and DexCS groups. Significant difference (*P < 0.05) compared between groups.
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Table 1. Comparisons of weights of body, vital organs, and reproductive organs weights between control and DexCS mice after 21
consecutive days of induction.

Groups
Parameters
Control DexCS
Final body weight (g) 47.07 +1.69 41.34+0.97*
Total sucrose intake/animal (ml) 170.00 140.00
Testis
Absolute weight (g) 0.1820 + 0.0380 0.1708 + 0.0178
Relative weight (g/100 g) 0.3702 + 0.0783 0.4103 + 0.0427
Epididymis plus Vas deferens
Absolute weight (g) 0.0821 £ 0.0036 0.0774 £ 0.0020
Relative weight (g/100 g) 0.1672 + 0.0073 0.1859 + 0.0048*
Penis
Absolute weight (g) 0.0457 £ 0.0018 0.0435 £ 0.0021
Relative weight (g/100 g) 0.0931 + 0.0037 0.1044 +0.0049
Seminal vesicle plus prostate gland
Absolute weight (g) 0.5756 + 0.0641 0.4717 £ 0.0650
Relative weight (g/100 g) 11723 £ 0.1305 11329 + 0.1562
Kidney
Absolute weight (g) 0.3451 + 0.0266 0.3844 + 0.1296
Relative weight (g/100 g) 0.7028 + 0.0541 0.9233 £0.3113
Liver
Absolute weight (g) 1.7940 + 0.4277 2.0340 + 0.2562
Relative weight (g/100 g) 3.6538 + 0.8710 4.8856 +0.6155

Data represented as mean + standard deviation (S.D.). DexCS = Dexamethasone induced-chronic stress. *Significant difference (P < 0.05)
compared between groups.

Table 2. Comparisons of sperm parameters between control and DexCS treated mice after 21 days of chronic stress study.

Groups
Sperm parameters
Control DexCS
Total sperm concentration (million/ml) 20.69 +3.15 10.23 £2.98*
Sperm viability (%) 9525 +3.54 69.83 + 14.57*
Acrosome reaction (%) 8.00+1.41 45.00 + 1.73*
Concentration of sperm abnormality
Bent tail concentration (million/ml) 0.58+0.23 0.70 + 0.44
Coiled tail concentration (million/ml) 0.27 £0.16 0.29+0.17
Distal droplet concentration (million/ml) 0.64 £ 0.45 0.38+0.26
Distal midpiece reflex concentration (million/ml) 0.40 £ 0.26 0.23 £0.12*
Proximal droplet concentration (million/ml) 4.62 £2.56 3.57 £1.91

Data represented as mean * standard deviation (S.D.). DexCS = Dexamethasone induced-chronic stress. *Significant difference (P < 0.05),
compared between groups.
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concentrations compared to control group. In addition, no
significant difference in slow and static concentrations was
found in DexCS animals as compared to those of control.

3.4. Effect of DexCS on histology of mice testis, cauda
epididymis, and penis

The histology of mouse testis, cauda epididymis, and
penis of control and DexCS groups was shown in Figure 5.
As compared to control, the testicular damages including
germ cell disorganization and interstitial space width were
found in DexCS group. In addition, the sperm mass within
the lumens of some cauda epididymis was decreased in
DexCS group as compared to control group (Figure 5). In
contrary, no histopathology of penis was found in DexCS
mice when compared to control mice.

3.5 Effect of DexCS on expressions of Hsp70, caspase 3, and
caspase 9 proteins in mouse testis

The results showed that the apoptotic protein
expressions of caspase 3 and caspase 9 in the testicular
lysate of DexCS group seemed to be increased as compared
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Penis

eminal vesicle plus
prostrate gland

S

to control group (Figure 6A). In the same way, the relative
intensities of both caspases 3 and 9 were significantly
increased in DexCS group as compared to control group
(P < 0.05, Figure 6B). In contrast, Hsp70 expression and
its relative intensity in DexCS group have no difference as
compared to those of the control group (Figure 6).

4. Discussion

This study demonstrated that the mice induced with
DEX showed chronic stress conditions as confirmed by
depressive-like behavior tests similar to previous reports
(Wu et al., 2021; Delanogare et al., 2020; Skupio et al.,
2015). The weight loss in DexCS mice may result from
excess exogenous glucocorticoids (DEX), which play a
role in suppression of appetite leading to anhedonia
(Kuckuck et al., 2023). Recent study reported the increase
inrelative weight of epididymis plus vas deferens in DexCS
mice for the first time. It could be explained that the ratio
of low body versus organ weights was extremely lower as
compared to that of control group. Previous studies have

Figure 2. Representative photographs showing the morphology of mouse reproductive organs compared between control and DexCS groups.
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A: Sperm viability

Dead sperm ——
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Figure 3. Photographs showing sperm viability revealed by eosin and nigrosin staining (A), acrosome status stained by Coomassie Blue (B).
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Figure 4. Photographs showing sperm motilities analyzed by computer assisted sperm analysis (CASA) (A), Motile (B), progressive (C),
slow (D), and static (E) compared between control and DexCS groups. ns: no significant difference. Significant difference (*P < 0.05)
compared between groups.
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Testis Cauda epididymis

Contrpl

DexCS.

Figure 5. Representative photomicrographs showing the histology of testis, cauda epididymis, and penis of control and DexCS groups.
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Figure 6. Inmuno-Western blot analysis of heat shock protein 70 (Hsp70), caspase 3, and caspase 9 present in testicular lysate (A) and
its relative intensities (B) compared between control and DexCS groups. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) used
as an internal control. ns: no significant difference. Significant difference (*P < 0.05) compared between groups.
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revealed that physical stressors also used to induce CS in
male rats could decrease spermatogenesis and epididymal
sperm qualities (Lapyuneyong et al., 2022; Meng et al.,
2022; Arun et al., 2018). In male animal models, treatments
with DEX for 7, 14, 28, and 42 days could significantly
decrease sperm qualities including count, viability, motility,
and normal morphology (Azimi Zangabad et al., 2023;
Liu et al., 2023; Soleimani Mehranjani et al., 2022; Khalil-
Khalili et al., 2021; Nassan et al., 2021; Ozer Kaya et al.,
2020; Sadeghzadeh et al., 2019; Ing et al., 2015). Recent
study has demonstrated the effects of CS induced by DEX
on the reproductive system in male mice for the first time.
Similar to a work from Ing et al. (2015) observing in adult
stallion semen using CASA, significant decreases of total
sperm number, motility, progressive motility, and normal
morphology were also investigated in our study that sperm
were retrieved from mouse epididymis. Moreover, we
showed the increase of precocious acrosome reaction in
DexCS sperm, indicating disability of sperm to penetrate
zona pellucida before fertilizing the egg (Leung et al.,
2023). All sperm impairments from DEX effect may be
associated with the increased malondialdehyde (MDA)
level as previously described (Khalil-Khalili et al., 2021;
Nassan et al., 2021; Sadeghzadeh et al., 2019). In our
study, DEX induced the testicular histopathologies which
were consistent with previous studies showing effects of
DEX on seminiferous epithelium (germ cells and Sertoli
cells) and Leydig cells, leading to testicular apoptosis
and decreased testosterone levels (Aziz et al., 2024;
Soleimani Mehranjani et al., 2022; Sadeghzadeh et al.,
2019; Khorsandi et al., 2013; Orazizadeh et al., 2010;
Weber et al., 2000). For such reason, reduced production of
testicular sperm caused the decrease of epididymal sperm
numbers, consistent with a previous finding observed in
unpredictable chronic stress (Choowong-In et al., 2021).
Although GR and its functions via 11-hydroxysteroid
dehydrogenase enzymes (11-HSD1 and 11-HSD2) have
been found in penile erection of rats (Waddell et al., 2003;
Penson et al., 1997), histopathology of DexCS penis was
not obviously observed in our study. It is possible that the
sensitivity of penile GR response is lesser than that of testis
and cauda epididymis. Previous studies have reported
that the apoptotic protein expressions such as caspase
3, caspase 9, and Hsp70 were corroborated with positive
TUNEL staining in the stress testis and seminal vesicle
induced by physical stressors (Lapyuneyong et al., 2022;
Meng et al., 2022; Choowong-In et al., 2021; Fozooni et al.,
2021; lamsaard et al., 2021; Shen et al., 2020; Demirci and
Sahin, 2019; Kheirabad et al., 2016). Additionally, several
DEX doses have been shown to increase such apoptotic
markers in both liver and testicular tissues (Nassan et al.,
2021; Sadeghzadeh et al., 2019; Khosravanian et al., 2015;
Khorsandi et al., 2013; Tiao et al., 2011; Orazizadeh et al.,
2010). Indeed, our study showed the increase of caspase
3 and 9 expressions in the stress mouse testis induced
with DEX for the first time, indicating that DexCS model
can be also used as a potential chronic stress model which
its pathophysiology is similar to those of physical stressor
induction as previously reported (Lapyuneyong et al.,
2022; Choowong-In et al., 2021; Nassan et al., 2021;
lamsaard et al., 2021; Khosravanian et al., 2015).

Brazilian Journal of Biology, 2025, vol. 85, €289850

Dexamethasone induced testicular apoptosis and sperm quality

5. Conclusion

This study has demonstrated that dexamethasone
(DEX) is a potential drug to be used for chronic stress
induction, which its male reproductive damages on testis,
epididymis, and sperm qualities were similar to those in
physical stressor induction. These include changes of sperm
motility patterns and testicular apoptosis particularly
increasing of caspase 3 and 9 expressions.

5.1. Future prospects

Dexamethasone can be used to induce chronic stress
status in mouse model to impair male reproductive
system. Especially, it induced testicular histopathology
and apoptosis involved in low sperm concentration and
progressive motility.
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