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Abstract
Background: Cryptorchidism is a common gonadal disease in neonates that promotes oxidative stress and reactive oxygen spices
production following the presence of testicles in ectopic places. Nuclear factor erythroid 2-related factor 2 (Nrf2) signaling could
prevent oxidative stress damage through the Nrf2-driven antioxidants.
Objectives: The current study aimed at evaluating the pattern of gene expressions related to this pathway in testis and epididymis
of mice experimentally subjected to cryptorchidism.
Methods: The current experimental study was conducted on 48 male mice randomly divided into six groups at Arak University of
Medical Sciences, Arak, Iran, 2018. Cryptorchidism was induced in the left testis of mice in five experimental groups by removing
the testis from the scrotum and suturing it to the muscles of the abdominal wall. One group remained intact as the control group.
Sperm parameters were analyzed one day, as well as one, two, four, and eight weeks after the operation. The expression of Nrf2, NQO1,
HO1, and Keap1 genes in testis and epididymis was assessed using quantitative reverse transcriptase- polymerase chain reaction.
Results: Sperm analysis showed a significant decrease in sperm number, viability, normal morphology (except in the one day
group), and motility in all experimental groups compared to the control group (P ≤ 0.05). The expression level of Nrf2 (in testis
tissue), Keap1 (in both testis and epididymis), and HO1 (in testis tissue) showed no changes over the time (P > 0.05), while the expression of other genes decreased remarkably (P ≤ 0.05) in both testis tissue and epididymis in a time-dependent manner.
Conclusions: The current study findings showed that the expression of genes involved in NRF2 systems decreased in the epididymis
of cryptorchid mice more than testis and it suggested that treatment with Nrf2 inducer could decrease destructive effects of cryptorchidism on the reproductive system.
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1. Background
All animals encounter reactive oxidants generated
from cellular metabolism or environmental exposure in
life (1, 2). In normal conditions, the production of reactive
oxidants is under the control of some defense mechanisms
such as antioxidant enzymes to minimize cell damage (3).
Recent studies demonstrated that nuclear factor erythroid
2-related factor 2 (Nrf2) has an important role in upregulating antioxidant enzymes including γ -glutamylcysteine
synthetase (GCS), hemeoxygenase 1 (HO-1), and NAD (P)
H: quinone oxido-reductase-1 (NQO1) (2). Normally, Nrf2

binds to Kelch-like ECH-associated protein 1 (Keap1), which
forms an inactive complex in the cytoplasm (4, 5). Oxidative stress conditions activate Nrf2 by releasing it from
Keap1 (4). Activated Nrf2 is transferred into the nucleus and
after binding to antioxidant response element (ARE), regulates the expression of genes involved in cell protection
against oxidative injury (1).
Cryptorchidism, the absence of one or both testes from
the scrotum, has a multifactorial etiology including endocrinal, environmental, anatomical, and mechanical factors (6). Following cryptorchidism, testicular hyperthermia induces germ cell apoptosis and reactivates oxygen
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species (ROS) production, which causes deleterious effects
on testis tissue leading to male fertility (3). The testis has
several heat-tolerance mechanisms to protect germ cells
against oxidative stress, including GPX, HO-1, and NQO1 (2).
The expression of HO1 and NQO1 controlled by Nrf2, increases within the first days after scrotal heating (7).
The components involved in the expression of Nrf2
signaling pathway vary between tissue and species. This
detoxification mechanism plays a protective role in the reproductive system (8). It was observed that Nrf2 knockdown in male mice causes spermatogenesis disruption (9)
and decreases the expression of Nrf2 reported in males
with low sperm motility (10). However, a change in Nrf2
signaling in gonadal diseases is not well understood.
2. Objectives
To the authors’ best knowledge, the current study was
the first evidence of alteration in Nrf2/Keap1 following
cryptorchidism. By understanding the changes in this
pathway, suitable treatment strategies can be used to decline testis tissue damage caused by cryptorchidism.
3. Methods
3.1. Animals
Research and animal care protocols were approved by
the Ethics Committee of Arak University of Medical Sciences (1395.317). In vivo experiments were performed at
Arak University of Medical Sciences, Arak, Iran in 2018 on
adult male NMRI mice (20 - 25 g, Pasteur, Iran). Animals
were housed at 24ºC under controlled conditions with free
access to water and food.
3.2. Experimental Design
In the current experimental study, animals were randomly assigned to six groups (n = 8): one intact group
as the control and five groups undergoing surgical procedures. Mice in groups undergoing surgery were anesthetized with intraperitoneal injection of 100 mg/kg ketamine and 10 mg/kg xylazine (both from Alfasan, Iran);
then cryptorchidism was induced by pushing left testis
via inguinal canal into the abdominal cavity followed by
suturing testis to the abdominal wall, cutting gubernaculum, and closing the inguinal canal (11). Control and experimental animals were scarified one day, as well as one, two,
four, and eight weeks after cryptorchidism induction.
Left testis and head of epididymis were removed and
stored at -70ºC for further experiments, and the left cauda
epididymis was carefully removed and placed in 500 µL
of Dulbecco’s modified eagle medium (DMEM; Gibco, Germany) to analyze sperm parameters.
2

3.3. Analysis of Sperm Parameter: Motility, Count, Morphology,
and Viability
The left cauda epididymis in DMEM was minced and incubated at 37ºC in 5% CO2 for 30 minutes. Next, one drop
of sperm suspension was placed on a Neubauer chamber
and covered by cover slide (12). Then, the percentage of
motile sperm and sperm count (12) were evaluated under
a light microscope (for the sperm motility evaluation, a
X 400 magnification was used). The sperm count was expressed as ×106 /mL.
The sperm smears were stained by Papanicolaou staining technique and sperm morphology was evaluated under a light microscope (X 400 magnification). One hundred sperm from different fields were counted to determine the morphological abnormalities (13).
For sperm viability analysis, Eosin-Nigrosin (Merck,
Germany) staining was used according to the standard
protocol. In this technique, the dead sperms turn red,
while live sperms remained unstained (14).
3.4. RNA Isolation and cDNA Synthesis
After sampling, the expression of Nrf2, Keap1, HO-1, and
NQO1 genes as well as GAPDH (as internal control) in all
groups was studied by quantitative reverse transcriptasepolymerase chain reaction (qRT-PCR). Total RNA was extracted using peqGold RNA TriFast (PeqLab, Germany) according to the manufacturer’s instructions. The RNA pellet was dissolved in diethylpyrocarbonate-treated water
(DEPC treated water; SinaClon, Iran), and quantified using
spectrophotometer at 260 nm wavelength. The integrity
of the extracted total RNA was assessed by agarose gel electrophoresis and verified by the presence of the 28S and 18S
rRNA bands. Immediately after RNA preparation, 2 µg of total RNA was used for cDNA synthesis in a total volume of 20
µL using RevertAid™ First Strand cDNA Synthesis Kit (Aryatous, Iran). The cDNA was stored at -70ºC before use.
3.5. Quantitative Real-Time Polymerase Chain Reaction
The qRT-PCR was carried out using the LightCycler® RTPCR (Roche, USA). The qRT-PCR was performed in a total volume of 20 µL containing 2 µL of cDNA (5-fold dilution), 0.5
µL of 5 mM/L solutions of each of the forward and reverse
primers, and 10 µL of 2X SYBR green DNA PCR Master Mix
(Yekta Tajhiz Azma, Iran). Primer sequences are listed in Table 1. Each sample was loaded in duplicate. Melt curve analysis was performed after each run to check for the presence
of non-specific PCR products and primer dimers. The expression ratio was calculated using relative formula based
on the comparative CT method (∆∆ CT).
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Table 1. The Sequences and Length of Primers Used to Amplify Nrf2 Signaling Pathway
Gene

Primer Sequences (5’ to 3’)

NQO1

Forward: CCA ATC AGC GTT CGG TAT T

Product Length, bp
184

Reverse: AGT TCA TAG CAT AGA GGT CAG A
Nrf2

Forward: CAC ATC CAG ACA GAC ACC AG

148

Reverse: TAT CCA GGG CAA GCG ACT C
Keap-1

Forward: GTG GGC GAG AAG TGT GTC C

224

Reverse: AAG AAC TCC TCC TGC TTG G
HO1

Forward: TCA CAG ATG GCG TCA CTT C

223

Reverse: CAC ATT GGA CAG AGT TCA CA
GAPDH

Forward: AGC AAG GAC ACT GAG CAA GAG

152

Reverse: GCA GCG AAC TTT ATT GAT GGT

3.6. Statistical Analysis

4.3. Expression of Keap1 in the Testis and Epididymis of Cryptorchid Mice
The expression pattern of Keap1 in the testis tissue and
epididymis of cryptorchid mice was analyzed by repeatedmeasures ANOVA and showed no changes over time (P >
0.05) (Figure 2).
4.4. Expression of HO1 in the Testis and Epididymis of Cryptorchid Mice
The expression pattern of HO1 did not significantly
(P > 0.05) change with time while in the epididymis of
cryptorchid mice; variable response changed one and two
weeks after induction in comparison with the control
group (Figure 3).
4.5. Expression of NQO1 in the Testis and Epididymis of Cryptorchid Mice

The results were expressed as mean ± standard error (SE). The statistical significance difference between the
mean values of control and experimental groups in different intervals was analyzed by repeated measures analysis
of variance (ANOVA) followed by a Bonferroni post hoc test;
P ≤ 0.05 was considered the level of significance.

The NQO1 mRNA pattern in testis tissue showed that
after cryptorchidism induction, there was a significant reduction in gene expression eight weeks after operation
compared to the control group (Figure 4A). In addition,
the expression pattern of NQO1 changed two, four, and
eight weeks after cryptorchidism induction compared to
the control group (Figure 4B).

4. Results

5. Discussion

4.1. Analysis of Sperm Parameters After Cryptorchidism Induction
According to the current study results, the sperm
count, viability, and progressive and non-progressive
motility decreased significantly in all of the experimental groups compared to the control group. A considerable decrease was also observed in the normal morphology
of all the experimental groups, except the one-day group.
The number of immotile sperms increased notably in all
experimental groups. None of the progressive and nonprogressive sperms were detected eight weeks after cryptorchidism induction. Sperm parameters in all experimental groups are summarized in Table 2.
4.2. Expression of Nrf2 in the Testis and Epididymis of Cryptorchid Mice
The expression pattern of Nrf2 in the testis tissue of
cryptorchid mice showed no obvious changes over the
time (P > 0.05) (Figure 1A). The Nrf2 mRNA level dropped
significantly (P ≤ 0.001) in the epididymis of all experimental groups compared to the control group, except one
day and eight weeks after operation (Figure 1B).
Iran Red Crescent Med J. 2019; 21(7):e86806.

In the present study, several gene expressions involved
in the Nrf2 signaling pathway were investigated in the
testis and epididymis of experimental model of cryptorchidism. For this purpose, cryptorchidism was induced
in the left testis of mice by suturing the testis to the muscles of abdominal wall (15). Sperm quality parameters were
analyzed at different intervals from surgery. The current
study results showed that all sperm quality parameters,
including sperm count, morphology (except in the oneday group), viability, and motility reduced in all experimental groups. Several studies demonstrated that cryptorchidism has deleterious effects on testis tissue and semen quality (16, 17). It is clear that low temperature is
essential for normal spermatogenesis, and scrotum provides the necessary environment for testis function (3).
During cryptorchidism, high temperature leads to oxidative stress and ROS production in testicular tissue located
in the abdominal cavity or inguinal canal (3, 18). As a result of cryptorchidism, excessive ROS production, disturbance in the sexual hormone, and germ cells apoptosis
are responsible for a reduction in sperm quality and fertility (3, 19, 20). In addition, the activity of antioxidant
enzymes such as classical cellular glutathione peroxidase
(GSHPX), Cu, Zn, superoxide dismutase (SOD), and catalase
3
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Table 2. Analysis of Sperm Quality Parameters in the Experimental and Control Groupsa
Count, ×106

Viability, %

Morphology, %

Immotile Sperm, %

Non-Progressive Sperm, %

Progressive Sperm, %

Control

27800 ± 5946.84

76.80 ± 0.96

88.40 ± 1.60

39.60 ± 4.22

36.00 ± 3.56

24.40 ± 6.53

1d

7300 ± 1570.03c

58.40 ± 1.53c

82.20 ± 2.41

74.00 ± 4.26c

17.80 ± 3.24c

8.20 ± 2.53b

1w

4666.66 ± 1102.39c

33.11 ± 2.11d

40.77 ± 5.07d

94.55 ± 1.78d

5.00 ± 1.51d

0.44 ± 0.33d

2w

2166.66 ± 1142.60d

14.22 ± 6.31d

12.22 ± 7.6d

98.12 ± 1.31d

1.55 ± 1.14d

0.11 ± 0.11d

4w

1666.66 ± 986.01

d

d

8w

83.33 ± 56.18d

11.66 ± 5.63

3.08 ± 3.08d

d

98.87 ± 1.12

0.25 ± 0.25d

100 ± 1.23d

18.00 ± 8.93

d

d

0.88 ± 0.88

0.11 ± 0.11d

0.00 ± 0.00d

0.00 ± 0.00d

a

Sperm quality decreased in all the experimental groups in comparison with the control group.
P ≤ 0.05
P ≤ 0.01
d
P ≤ 0.001
b
c
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Figure 1. RT-PCR analyzed patterns of Nrf2 expression in the testis tissue (A) and epididymis (B) of cryptorchid mice at different intervals. ** P ≤ 0.01, *** P ≤ 0.001

drops in cryptorchidism (21). One of the cellular detoxification pathways involved in removing excessive ROS products through increasing the antioxidant levels is the Nrf2
signaling pathway (1, 2). The current study led towards
enhancing the available understanding of the expression
of genes related to Nrf2 signaling in the testis and especially in the epididymis of the cryptorchid mice. According to the current study results cryptorchidism could not
induce Nrf2/Keap1 pathway in testis tissue, while in epididymis cryptorchidism it could down regulate this signaling pathway over time. These differences in Nrf2/Keap1
expression suggested that in epididymis, there was the
most alteration in gene expressions involved in the Nrf2
signaling pathway and testicular heating occurred during cryptorchidism that had various effects on different
parts of reproductive system. Wajda et al., previously explained that Nrf2 expression is higher in rat’s corpus of epididymis than its liver, testis, and other parts of epididymis

4

(8). Epididymis plays important roles in sperm maturation, motility, and storage (21). The activity of some detoxifying enzymes such as gamma-glutamyltranspeptidase
(GGT) and glutathione S-transferase (GST) was detected in
epithelial cell culture of human epididymis (22). In epididymis of male Nrf2-knockout mice, lipid peroxidation increased, and expression of GST, sod2, and enzymatic activities of glutathione reductase and glutathione peroxidase
decreased (9). These results highlighted the protective role
of epididymis against oxidative stress in the reproductive
system. The current study data showed that the expression
of Nrf2 decreased one, two, and four weeks after operation,
and Keap1 expression also decreased, but not significantly.
Also, the mRNA level of HO1 decreased one and two weeks
after the induction of cryptorchidism, and NQO1 expression decreased two, four, and eight weeks after surgery.
Nrf2 has a short half-life (around 20 minutes) (23) and is immediately degenerated by Keap1 (4). The whole body heat

Iran Red Crescent Med J. 2019; 21(7):e86806.
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Figure 2. The expression level of Keap1 gene in the testis tissue (A) and epididymis (B) of cryptorchid mice determined by RT-PCR is presented in different groups.
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Figure 3. RT-PCR analyzed patterns of HO1 expression in the testis tissue (A) and epididymis (B) of cryptorchid mice at different intervals. *** P ≤ 0.001

(42ºC daily for two hours) could accumulate Nrf2 in the
Leydig cells and spermatids only two days after heat exposure (24), and just one day after scrotal heating (42ºC daily
for 25 minutes), Nrf2 mRNA level up-regulated in the testis
tissue (7). On the other hand, cryptorchidism can reduce
the number of spermatocytes and spermatids (25). Cryptorchidism can also decrease epithelium height and muscular wall of epididymis (26). This alteration in the number
of spermatids and Leydig cells elucidates that the expression of Nrf2 has no changes in testis tissue.
The current study investigated the expression of HO1
and NQO1, two target genes for Nrf2 binding with ARE at
Iran Red Crescent Med J. 2019; 21(7):e86806.

their promoter (27, 28). The activity of Nrf2 and the expression of antioxidant genes such as NQO1 and HO1 play
protective roles against testicular damage and improve
semen quality parameters such as number, motility, and
morphology (29, 30). The current study indicated that the
expression level of Nrf2, HO1, and NQO1 decreased in epididymis of cryptorchid mice over time. There are limited
studies on alteration in Nrf2/Keap1 signaling pathway in
gonadal disease; therefore, the current study results need
more supporting data to clarify the role of this pathway in
male fertility.
In conclusion, the current study data suggested that
5
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Figure 4. The expression level of NQO1 gene in the testis tissue (A) and epididymis (B) of cryptorchid mice determined by RT-PCR is presented in different groups. * P ≤ 0.05,
*** P ≤ 0.001

the expression of Nrf2 signaling decreased during cryptorchidism, especially in the epididymis. However, Western blot analysis or immunohistochemistry experiments
were not performed. Based on the current study results,
it can be hypothesized that using the Nrf2 inducer in cryptorchidism could improve the expression of Nrf2 system in
testis and epididymis, and decrease the complications of
cryptorchidism.
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