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Background: Cryptorchidism is the most common developmental abnormality of the male reproductive system. If left un-
treated, it results with infertility and testicular cancer. According to current evidence, surgery is the mainstay
of treatment, and hormonal therapy approaches are still under investigation. For the protection of testicular
functions, antioxidants have emerged as novel options. This study aimed to evaluate the protective properties
of ozone, a strong antioxidant, on testicular tissue.

Material/Methods: Thirty-five male Wistar-albino rats, 1-month-old, were used for the study. Groups were formed as follows:
1) control, 2) sham surgery (cryptorchidism), 3) cryptorchidism plus ozone, 4) cryptorchidism plus human cho-
rionic gonadotropin (hCG), and 5) ozone plus hCG. Surgical procedures were performed on all rats except the
control group. All rats except the control group were used to create an experimental cryptorchidism model,
and left testes of animals were surgically placed into the abdomen. After 1 month of surgery, groups 3, 4, and
5 were given corresponding treatments intraperitoneally for 4 weeks. At the end of the study period, testicu-
lar atrophy index (TAI) and testicular sperm motility (TSM) were assessed and biochemical, histopathological,
and immunohistochemical tests were performed.

Results: TAl and TSM were higher in the ozone, hCG, and ozone plus hCG groups than in the sham surgery group
(p=0.001). TSM in the ozone group was significantly higher than in the hCG and ozone plus hCG groups. In
biochemical analyses, the parameters of oxidative stress (GPx1, MDA, CAT, GSH, SOD) indicated increased oxi-
dative activity in cryptorchidism, which was resolved by applying ozone and hCG (p=0.001). In addition, apop-
totic markers, Caspase 3 and bcl-2 were significantly decreased by applying ozone and hCG (p=0.001).

Conclusions: Results of this study suggest that ozone therapy, either as a single agent or in combination with hCG, is a prom-
ising approach for protection of testicular functions.
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Background

Cryptorchidism is the unilateral or bilateral absence of testi-
cles in the scrotum, and it is reported as the most common
developmental abnormality of the male genitalia [1]. It is pres-
ent in more than 1% of boys over 3 months of age [2]. If not
treated properly, progressive histological and functional de-
terioration of testicles eventually result in infertility [3] and
testicular cancer [4]. Several factors have been suggested to
play a role in the development of this disorder, but the exact
mechanism is unknown [5]. According to currently available
evidence, cryptorchidism has a multifaceted etiology that in-
cludes genetic, endocrine, anatomical, mechanical, and envi-
ronmental factors [6]. The interaction of these factors results
with undescended testicles, which can be unilateral or bilateral.

Many previous studies evaluated the outcomes of unilateral
and bilateral cryptorchidism, and the majority of them report-
ed similar results, showing that bilateral undescended testes
are associated with lower fertility rates when compared to uni-
lateral cryptorchidism [7,8]. Some studies even revealed that
patients with unilateral cryptorchidism have similar paternity
rates as the general population [9]. Although some degree of
decreased sperm density is present in patients with cryptorchi-
dism, it is regardless of being unilateral or bilateral. According
to some previous studies, 17% of unilateral cryptorchidism cas-
es show decreased sperm density, while this rate increases to
50% in bilateral cryptorchidism cases [10,11].

The histological and functional deterioration of testicles should
be corrected with appropriate interventions to preserve the
fertility of patients, and current evidence suggests that cor-
rective surgery is the mainstay treatment in these cases [2].
However, some other approaches, such as the addition of hor-
monal therapy to surgery, are still under investigation [12].
Some authors suggest that administering medication is con-
troversial, but some others report favorable outcomes with the
use of hormonal therapy in addition to surgery [13].

Current evidence suggests that maintenance of testicular func-
tions is crucial to achieve successful long-term fertility out-
comes in patients with cryptorchidism. With regard to these
efforts, this study aimed to evaluate the protective properties
of ozone, a strong antioxidant, on testicular tissue of an ex-
perimental cryptorchid rat model.

Material and Methods

This study was designed to evaluate the effects of ozone, an
antioxidant, on testicles of rats in an experimental cryptor-
chidism model. Histopathological evaluations included hema-
toxylin-eosin staining and Johnsen scoring. Oxidative damage
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was evaluated by biochemical assays, including MDA, SOD,
CAT, GSH, and GPx1. Apoptotic changes were evaluated by
Bcl-2 and Caspase-3, and immunohistochemical evaluations
included Caspase-3 staining. The Ethics Committee for Animal
Experiments of the University of Atatiirk, Erzurum, Turkey ap-
proved this study (05.06.2015-129). This research was sup-
ported by Erzincan University Unit of Scientific Projects (2015),
Erzincan, Turkey.

Study groups

Thirty-five male Wistar-albino rats, one-month-old, weighing
40-55 grams were randomly allocated into 5 study groups.
Each group included 7 animals. The rats used in the experi-
ments were obtained from Atatiirk University Medical Practice
and Research Center and were housed in plastic well-aerated
breeding cages at a constant temperature of 21+1°C, with a
12-h dark 12-h light cycle. Rats were fed using standard pel-
let chow and tap water ad libitum.

The study groups were formed as follows:

e Group 1: Control group

e Group 2: Sham surgery to develop cryptorchidism only

¢ Group 3: Cryptorchidism and ozone treatment

e Group 4: Cryptorchidism and human chorionic gonadotro-
pin (hCG) treatment

e Group 5: Cryptorchidism and ozone and hCG treatment

Cryptorchidism model

Unilateral cryptorchidism models have been used in previ-
ous studies and no problems have been reported after sur-
gery. Each rat was anesthetized using intraperitoneal ket-
amine hydrochloride (80 mg/kg) and xylazine hydrochloride
(10 mg/kg). An incision was made in the inguinoscrotal region
following scrotal shaving. Left gubernaculum was separated
and the external inguinal ring was exposed. Then, gubernac-
ulum was displaced into the abdomen, and the external ring
was reclosed [14]. The surgical model is presented in Figure
1A, and a macroscopic view of the testicles at the end of the
study is shown in Figure 1B.

Application of ozone and human chorionic gonadotropin

A generator (OZONOSAN Photonik 1014, Hansler GmbH;
Nordring & Iffezheim, Germany) was used to produce ozone
(0,). The flow rate of ozone was kept constant at a concentra-
tion of 60 mg/mL; 97% oxygen plus 3% ozone gas mixture at
3 L/min. The mixture of ozone and oxygen was applied intra-
peritoneally to rats for 4 weeks at a single dose of 2 mL dai-
ly, and hCG (Pregnyl 1500 IU amp, Organon) was applied in-
traperitoneally twice a week at a dose of 100 1U/kg in 2 mL
of saline for 4 weeks.
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Figure 1. Surgical cryptorchidism model - (A) initial surgery; (B) macroscopic view of the testes at the end of the study.

Sample collection

Both testes of the animals were removed under ketamine an-
esthesia, and the epididymis was removed. Weight and di-
mensions of the testicles were measured, and testicular atro-
phy index was calculated [15]. A portion of the samples was
stored in 10% buffered formaldehyde solution for histopath-
ological evaluation, and another portion was kept at -80°C for
biochemical analysis.

Evaluation of sperm motility

Sperm analysis was conducted on a hot plate at 35.5+0.5°C and
in a water bath to ensure vitality of the samples. Blood remnants
were removed from the caudal epididymis and each cauda ep-
ididymis was cut from 5-7 sites. The samples were kept in sa-
line for 15 min, and then the cauda epididymis was squeezed
with a clamp to release all sperm into the saline solution. Each
1 part of sperm was diluted in 4 parts of saline in an Eppendorf
tube, and sperm motility was assessed under a light microscope
with an x20 objective in 2 separate fields at a minimum of 10
counting areas according to the method of Akman et al. [16].

Biochemical analyses

For biochemical analysis, serum was separated from the blood
after allowing it to stay in a test tube for about 30 min, then it
was centrifuged at 3000 rpm for 20 min and the sample was
stored at —20°C until used for the ELISA assays. For the anal-
ysis of tissue samples, tissues were rinsed in ice-cold phos-
phate-buffered saline (PBS) (pH=7.2-7.4) and weighed before

homogenization. The tissues were minced into small pieces
and were homogenized by grinding in PBS (pH=7.2-7.4). Then,
the homogenates were centrifuged for 20 min at 2000-3000
rpm. The supernatant was removed, aliquoted, and stored at
—20°C until used for the ELISA assays.

Tissue GPx1, MDA, CAT, GSH, SOD, CASPASE 3 levels, and se-
rum BCL 2 level were quantified using an ELISA kit (Shanghai
Sunred Biological Technology Co., Ltd, Shanghai, China). All
assay procedures were carried out according to the manufac-
turer’s instructions. The sensitivity levels of these assays for
CAT, SOD, MDA, GSH, Caspase-3, Bcl-2, and GPx1 were 0.52
ng/mL, 0.016 ng/mL, 0.024 nmol/mL, 10.25 mg/L, 0.01 ng/mlL,
0.026 ng/mL, and 0.23 ng/mL, respectively. The absorbance of
standards and samples were obtained at 450 nm wavelength
using an Epoch spectrophotometer (BioTek Instruments, Inc.,
Winooski, VT, USA). A standard curve was plotted with con-
centration on x-axis and absorbance on y-axis to determine
the levels of CAT (ng/mL), SOD (ng/mL), MDA (nmol/mL), GSH
(mg/L), Caspase-3 (ng/mL), Bcl-2 (ng/mL), and GPx1 (ng/mL).

Histopathological evaluation: Johnsen scoring

For histological analysis, the formalin-fixed skin samples were
prepared for paraffin sections. Then, 4-um sections were made
and placed on slides. These slides were stained with hema-
toxylin and eosin (H&E). Johnsen scoring system was used for
the quantitative assessment of germ cell types [17]. The lev-
el of sperm maturation is graded between 1 and 10, with 10
representing complete spermatogenesis with many spermato-
zoa. Figure 2 represents sample sections from Johnsen scoring.
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Figure 2. Sections of samples with different Johnsen scores — (A) Johnsen score 3; (B) Johnsen score 5; (C) Johnsen score 8; (D) Johnsen

score 10.

Immunohistochemical evaluation

Four-micron sections were taken for positively-charged slides
by selecting appropriate formalin-fixed, paraffin-embedded
tissue sections. Then, Caspase-3 biomarker was studied us-
ing a fully automated IHC staining device (Leica Bond-Max,
Melbourne, Australia). Slides of these cases were evaluated
under light microscopy (Olympus BX53, Tokyo, Japan). These
evaluations were carried out semiquantitatively. Caspase-3 ex-
pression was classified according to the number of positively
stained cells per 1000 counted cells. When evaluating immu-
nostaining, nuclear staining of tumor cells was assessed. The
percentage of positive cells was scored according to the meth-
od of Nakagawa et al., as follows: O=negative (less than 5%
stained); 1+=weak staining (between 5% and 25% stained);
2+=moderate staining (between 25% and 50% stained); and
3+=strong staining (more than 50% stained) [18].
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Statistical analysis

Data analysis was performed with SPSS 20 Software (IBM Corp.
Released 2011. IBM SPSS Statistics for Windows, Version 20.0.
Armonk, NY: IBM Corp.). Data are presented as mean and stan-
dard deviation. Normal distribution and variance homogene-
ity of variables were evaluated with Shapiro-Wilk and Levene
tests, respectively. Multiple group comparisons between 3 and
more independent groups were analyzed with one-way ANOVA
or Kruskal-Wallis tests, according to the results of normality
tests. Corresponding tests used for post hoc pairwise compar-
isons in case of statistical significance in multiple group com-
parisons were Tukey HSD and Bonferroni-Dunn, respective-
ly. A two-tailed statistical significance level was set at p <5%.

Results

A total of 35 rats without missing data, with 7 rats in each
study group, were included in the analyses. The testicular atro-
phy index and testicular sperm motility findings are presented
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Table 1. Testicular atrophy index and testicular sperm motility in
study groups.
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Table 2. Evaluation of oxidative damage in study groups.

Mean *SD

Mean *SD

_ Testicular atrophy index Control 24734697  106.73+63.02
7777777 Control 07014 0691012 Cryptorchidism 11.51+19.52 26.29+24.17
Cryptorchidism 0.46+0.04 0.23+0.14 Ozone 30.28+12.89 39.82+23.34
Ozone 0.57+0.09 0.45+0.11 hCG 36.79+10.08 40.07+£30.38
hCG 0.52+0.07 0.41+0.1 Ozone plus hCG 22.03+20.76 34.16+21.67
Ozone plus hCG 0.54+0.1 0.44+0.12 p 0.001 0.001
p 0.001 0.001 MDA
Testicular sperm motitity | Control 7777777777777777777777777777777 3981'298 77777777777 6361536 77777
Control 64.29+7.87 64.29+7.87 Cryptorchidism 4.49+2.53 6.87+4.91
Cryptorchidism 50+18.26 10+19.15 Ozone  2581x1.94 28194432
"""" Ozone  5143t69 2041826 hCG 3.266+1.97 3.504+4.35
"""" hCG4571+11342286+2059 Ozone plus hCG 1.945+0.96 2.183+3.34
Ozone plus hCG 44.29+16.18  17.14+18.9 L 0002 0175
p 0.043 0.001 CAT ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
Control 53.99+2.98 56.37+5.36
in Table 1. Accordingly, TAI, both in the displaced left testicles Cryptorchidism ~ 35.16438.31  37.54+40.69
(p=0.001) and in the right testes (p=0.001), was found to be Ozone 66.07+12.54 68.45+14.92
significantly dlffe(en’F .between. study groups. Similarly, TSM hCG 72.92438.32 75.3440.7
was found to be significantly different between study groups
in left (p=0.001) and right (p=0.043) testicles. Post hoc pair- Qoieplshd  SENSER2D  GAREERES
wise comparisons revealed that the highest and lowest val- p 0.003 0.175
ues of TAl in both testes were in the control and sham surgery GSH """""""""""""""""""""""""""""""""""""""""""
groups, respectively. The highest and lowest values of TSM in
the left (operated) testes were in the control and sham surgery ool PSRNl SRS VB
groups, respectively. TSM in the ozone, hCG, and ozone plus Cryptorchidism 237.67473.16  260.05+75.54
hCG groups were significantly higher than that in the sham sur- ozone 5 7801131462380081317 ”””
gery group. In right testes, TSM in the ozone group was signifi- <
cantly higher than that in the hCG and ozone plus hCG groups. e ASREERY | ElaREEslcte)
Ozone plus hCG 271.65+174.48 373.72+176.86
Biochemical evaluations for oxidative damage are summarized p 777777777777777777777777777777777777 0004 0293
in Table 2. Accordingly, GPx1 (p=0.001), MDA (p=0.002), CAT =
(p=0.003), GSH (p=0.004), and SOD (p=0.011) values in the ~>°°
right testes significantly differed between study groups. The Control 4.91+0.86 3.29+3.24
lowest GPx1, CAT, GSH, and SOD values and the highest MDA Cryptorchidism 1.53+3.31 1.9145.69
levels were in the sham surgery group, and the lowest MDA~ 027444212 """ 7 """"
levels were in the ozone plus hCG group. However, in theop- ~ ~ one . c A G e
erated left testicles, only GPx1 values were significantly dif- hCG 3.35943.36 3.59745.74
ferent between the groups (p=0.001), while the remaining in- Ozone plus hCG 2.038+2.98 2.276+5.36
dicators of oxidative damage were similar.
p 0.011 0.432

Caspase-3 and Bcl-2 values indicating the apoptotic chang-
es in the testicles are presented in Table 3. Both indicators

GPx1 — glutathione peroxidase-1; MDA — malondialdehyde; CAT
— catalase; GSH — glutathione; SOD — superoxide dismutase.
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Table 3. Evaluation of apoptosis in study groups.

Caspase-3
"""" Control 2271055 181074
"""" Cryptorchidism 45315041 3174176
"""" Ozone  189:048 221106
"""" heG 2861074 2644165
"""" OoneplushCG 1524089 2474126
e 0001 0001
B2
"""" Control 1861038  3.19+162
"""" Cryptorchidism 2124041 6114262
"""" Ozone 1643057 4674364
"""" heG 1931094 488s13
"""" OzoneplushCG ~ 131%106  384+111
e 0001 0001

were found to be significantly different between the study
groups. The highest levels of both parameters were found in
the sham surgery group for both testicles, while the values
were significantly lower in the ozone, hCG, and ozone plus
hCG-treated groups.

The lowest scores for caspase staining were found in the ozone-
treated group in both testes. The highest Johnsen scores were
found in the control group in left testes, while the score was
the same as for the non-operated control group in right testes.
The results of the histopathological and immunohistochemi-
cal evaluations in the study groups are summarized in Table 4.

Discussion

This study aimed to evaluate the effects of ozone, which is a
highly effective antioxidant, on preserving testicular functions
in cryptorchidism. The role of ozone on testicular functions was
evaluated both as a single agent and in combination with hCG,
which is the most prevalently used medication in the treat-
ment of undescended testes. One of the most striking findings
of this study was the decrease in testicular atrophy index and
sperm motility in the contralateral testes, a finding that was
also reported by previous studies. With regard to the bilater-
al risk in testicular functions, adding different modalities to
surgery is important to preserve functions of the contralater-
al descended testis in unilateral cryptorchidism.

ANIMAL STUDY

Table 4. Immunohistochemical and histopathological evaluations
in study groups.

Mean *SD Mean *SD

Oxidative stress in cryptorchidism can be evaluated by ana-
lyzing biochemical parameters like SOD or GPx, which act as
enzymatic cellular defense mechanisms, or by MDA levels, a
lipoperoxidative degradation product [19]. A previous study
by Surer et al. reported that free radicals were increased and
SOD levels were significantly decreased when compared with
the control group in their experimental study of a testicular
fixation model [20]. Similarly, oxidative parameters were in-
creased and antioxidative parameters were decreased in both
testes in our cases, but these changes were more prominent
in the contralateral testes. One possible explanation for this
lateralization difference might be tissue hypoxia in the unde-
scended testes, which might have deteriorated blood flow in
testicles, consequently affecting the contralateral descended
testes [20]. A possible outcome of increased oxidative stress
and elevated production of end-products is increased apopto-
sis, which can be determined by immunohistochemical evalu-
ations; caspase-3 and bcl-2 levels were analyzed in our study.
Caspase activation is known as a hallmark of almost all apop-
totic systems [21], and detecting caspase-3 activity in cells is
a unique indicator of apoptosis. Bcl-2, on the other hand, is a
member of the Bcl-2 family that regulates apoptotic signals,
and bcl-2 is a pro-survival subfamily member [22]. In our study,
we found that caspase-3 and bcl-2 levels were increased in
our samples. This suggests an increased apoptotic activity and
a counterbalancing anti-apoptotic activity. Since apoptosis is
a natural mechanism involved in spermatogenesis, increased
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levels of these indicators in comparison to the control group
suggests contribution of additional factors in increasing levels
of apoptosis. This mechanism is highly likely to be increased
oxidative stress caused by tissue damage. One of the most
prominent markers of testicular damage is the decreased per-
centage of motile spermatozoa, which we also observed in
our cryptorchidism model. Testicular sperm motility was sig-
nificantly increased by the application of ozone and hCG in
our samples. Combined use of ozone and hCG also increased
sperm motility, but when compared with solitary application
of these agents, the effect was smaller.

The hypothesis underlying this study was that ozone treatment
would improve oxidative stress and contribute to preservation
of testicular functions in cryptorchidism. It was shown that
cryptorchidism significantly reduced testicular atrophy index
and sperm motility, but ozone treatment significantly recov-
ered these parameters in the intervention groups. Also, immu-
nohistochemical analyses including Caspase staining and his-
topathological evaluations performed using Johnsen scoring
revealed that ozone application significantly improved outcomes
when compared to the sham surgery group. The contribution
of ozone in these outcomes was probably the inhibition of ox-
idative damage, consequently leading to increased apoptosis.
Biochemical analyses in our study also supported this hypoth-
esis and showed significant improvements in oxidative stress
indicators in ozone-treated groups. These beneficial antioxidant
effects of ozone were also reported by other studies [23,24].

To the best of our knowledge, the role of ozone therapy in tes-
ticular functions were only evaluated by 2 previous studies.
Alpcan et al. evaluated the effects of ozone therapy on apop-
tosis, eNOS, and iNOS immunoreactivity in rat testis tissue fol-
lowing vasectomy [25]. According to their results, the authors
suggested that ozone administration had beneficial effects
on oxidative damage, but could also be harmful if applied to
healthy subjects The second study, performed by Mete et al.,
evaluated the route of administration of ozone therapy on
the outcomes in rat testes in an experimental torsion mod-
el [26]. According to their results, intratesticular application
provided higher efficacy when compared to the intraperitone-
al route. Nevertheless, they also stated that both applications
were beneficial to improve oxidative stress in torsion cases.
In our study, we used the intraperitoneal route of adminis-
tration, and similarly favorable outcomes were observed. The
most notable element of our study is the choice of the dis-
ease model, cryptorchidism, which is the most frequent de-
velopmental abnormality of the male genitals. The high prev-
alence of the disease necessitates efficient interventions and
treatments to preserve future fertility in those patients, and
according to our results, besides the currently available treat-
ment options, ozone therapy is a promising approach in the
treatment of cryptorchidism.
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Another implication of our study is the contribution of hCG to
the outcomes, either used as a single agent or in combination
with ozone. It was shown that hCG had a positive contribu-
tion on outcomes, as reflected by increased sperm motility in
displaces testes. The ozone, hCG, and ozone plus hCG groups
were statistically similar in increasing sperm motility, and all
of them were superior to the sham surgery group. The highest
percentage of motility was observed in hCG-treated samples,
followed by ozone and hCG plus ozone groups.

The data in the literature on use of hCG in the treatment of
cryptorchidism is controversial regarding outcomes [27]. Some
studies reported that hCG treatment immediately increases
the levels of apoptosis when compared with the cases that
underwent surgical correction without any prior hCG treat-
ment [28,29]. One possible explanation of the conflicting re-
sults in the literature might be the difference in applied dos-
es in different studies. The effect of hormonal therapy on the
treatment of cryptorchidism is still under debate. Hormonal
therapy is applied in selected cases of cryptorchidism and re-
tractile testis [30, 31]. Currently, the World Health Organization
recommends using 250 IU in boys <1 year of age twice a week
for 5 weeks, 500 IU in those of ages 1-5 years twice a week
for 5 weeks, and 1000 IU in those of ages >5 years twice a
week for 5 weeks, and there are also some other recommen-
dations from different groups [32]. The doses of hCG that we
used in our study were compatible with the recommendations
of the WHO, and we conclude that the positive effects of hCG
on testicular sperm motility were related with this dose regi-
men. Nevertheless, there may be another mechanism for the
treatment failure with hCG regarding descent of the testes to
a normal scrotal position. A study by Giannopoulos et al. re-
ported that descent of testes is limited by factors like anatom-
ical alterations of the inguinal canal, epididymal abnormalities,
and ectopic distal attachment of the ligamentum testis [33].
Regarding experimental approaches in cryptorchidism mod-
els, our results are in favor of hCG treatment, either as a sin-
gle agent or in combination with ozone.

Conclusions

Cryptorchidism is a serious problem that should be treated
properly to preserve fertility in later life. Currently available ap-
proaches are still under debate regarding efficacy. Since tissue
damage and oxidative stress are prominent on displaced tes-
tes in cryptorchidism, antioxidant therapy can be efficacious in
preserving testicular functions. Ozone treatment has emerged
as a novel approach in this regard. On the basis of the results
of the present study, we conclude that use of ozone therapy,
either as a single agent or in combination with hCG, is effec-
tive in protection of testicular functions, which was support-
ed by the increased sperm motility in our cases.
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