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ABSTRACT      
Objective:  To assess the effectiveness of utilising N-acetyl cysteine (NAC) to treat tissue damage brought on by undescended testis
(UT) in rats after orchiopexy.
Study Design: Experimental study.
Place and Duration of the Study: Bolu Abant İzzet Baysal University, Bolu, Turkey, from January 2018 to June 2020.
Methodology:  The UT model  was created by administering flutamide to  pregnant  rats.  Four  groups of  animals  were created as  the
control group (offsprings of pregnant rats without flutamide), group II (UT), group III (UT + orchiopexy), and group IV (UT + orchiopexy
+ NAC); each containing eight animals.
Results: Group IV had a higher level of glutathione peroxidase than groups III and II (p=0.001 and p=0.002, respectively). Malondialde-
hyde was reduced in group IV compared with groups III  and II  (both p<0.001).  There were differences in mean apoptotic  cell  counts
(ACC) among the groups (p<0.001). ACC in group IV was lower than in group III (p<0.001). Sperm counts were higher in group IV than
ın groups III and II, and in group III they were higher than group II (p<0.001 all) and similar between groups IV and control group
(p=0.102).
Conclusion: Orchiopexy reduced UT-related testicular damage, additionally using NAC following orchiopexy may further reduce testic-
ular damage through its antioxidant effects.
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INTRODUCTION

Cryptorchidism, which includes ectopic testicles, undescended
testis (UT), and inadequate testicular descent, is one of the
prevalent congenital anomalies of the urogenital system in chil-
dren.1 An UT is defined as a testis in a suprascrotal position that
cannot be pulled down into the scrotum.2 Early detection and
treatment  of  these  kids  are  crucial  for  the  best  results  in
reducing disease-related problems.3 However, even in devel-
oped countries, the average treatment age is 4.9 years; only
36.4% of patients receive treatment before age of two years.4

Although the surgical treatment is highly effective at reducing
testicular damage, UT has negative effects on fertility, more
frequently in those who receive treatment at older ages.5,6
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The UT experiences a higher temperature than is experienced
by a scrotal testis and this increases the UT oxidative stress and
production of reactive oxygen species (ROS) while reducing
superoxide dismutase and catalase activities.  The elevated
ROS increases DNA fragmentation, which has a negative effect
on the UT tissues. Apoptosis also increases in a temperature-de-
pendent manner, resulting in UT germ cell dysmaturation and
reduced  fertility.7  Therefore,  suppressing  ROS  reactions  by
antioxidants could aid in maintaining fertility in the UT.

One of the body’s main antioxidants known for its ROS-scav-
enging effect is glutathione. Its precursor, N-acetyl cysteine
(NAC),  is  widely  used  in  medicine  for  the  treatment  of
acetaminophen  poisoning,  contrast  nephropathy,  chronic
obstructive  pulmonary  disease,  chronic  bronchitis,  cardio-
toxicity,  and some neurological  disorders.8  An experimental
study has shown that NAC can reduce the damage in UT testic-
ular tissue without orchiopexy and protect against infertility.9

The possibility of NAC to be used even in newborns with rele-
vant  indications  also  provides  an  opportunity  for  using  the
molecule in a broad age group.10

The literature search did not reveal any previous investigation
of NAC on testis that had undergone orchiopexy due to UT. The
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purpose of this study was to determine if adding NAC to the
medication  affected  reproductive  parameters  in  rats  with
orchiopexy due to UT.

METHODOLOGY

This study was conducted at the Laboratory Animals Research
and Implementation Center at University, after the local Ethics
Committee approval. Wistar albino rats were housed at 20 ±
2°C, 12-h light/12-h dark, and 55–60% humidity and fed with the
standard palette (210 kcal100 gday) and tap water.

The UT model was created by providing pregnant rats with 7.5
mg flutamide (FM) from day 14 to 20 of pregnancy.11 Their unilat-
eral UT rat offspring were included in the study and underwent
orchiopexy at 5 weeks of age, with the testis fixed to the scrotum
as Mizuno et al. performed.12 The tunica vaginalis was briefly
opened with the incision made from the inguinal area. The testis
was transplanted into the scrotum after the distal gubernac-
ulum  was  cut  open.  Testicles  were  fixed  under  the  tunica
albuginea. The inguinal skin was closed. Starting the day of
surgery, NAC (1 mL) was administered intragastrically (i.g.) at
150 mg/kg/day for 8 weeks. The  animals  were  separated  into 
four  groups  of  eight  animals  each.

Group  I  (Control)  was  without  UT  rats  that  were  born  from
mothers for whom FM was not administered. They received i.g.
saline. Group II (UT) was unilateral UT rats that did not undergo
orchiopexy  and  were  administered  i.g.  saline.  Group  III  (UT
+orchiopexy) was unilateral UT rats that underwent orchiopexy
and were administered i.g. saline.

Group IV (UT + orchiopexy + NAC) was rats with unilateral UT
that underwent orchiopexy and were administered NAC.

All of the animals were sacrificed after being given 90 mg/kg of
ketamine and 10 mg/kg of xylazine intraperitoneally to induce
anaesthesia. Testis tissues were collected for histopathologic
analyses.

After specimens were fixed in Bouin solution and embedded in
paraffin, testicular tissues underwent histopathological evalua-
tion in all the groups. Light microscopy was used to analyse the
results of the hematoxylin and eosin staining (Nikon Eclipse 80i
light  microscope  and  NIS-Elements  D3.2  software).  The
germinal epithelium was analysed quantitatively by Johnsen,
scoring in 50 seminiferous tubules at 10× magnification.13 Each
seminiferous tubule was scored from 1 to 10 based on the pres-
ence of spermatogenic cells.

TdT-mediated dUTP nick  end labelling (TUNEL)  assays were
used to measure the apoptosis of spermatogenic cells in the
seminiferous tubules, and the number of apoptotic cells were
counted in 50 positively stained seminiferous tubules under 40x
magnification.

For 15 minutes, cauda epididymis tissues were immersed in 2
mL of pre-warmed phosphate-buffered saline (PBS, pH 7.2). The
sperms were released into the PBS by clamping the epididymis
and cutting it into small pieces, and the sperm numbers (×106

cells/ml)  and  motility  (progressive  and  non-progressive;  %)
were determined by pipetting a drop of sperm into a Makler
counting chamber (Sefi Medical Instruments LTD, Haifa, Israel).
The sperm concentration per mL was expressed as the sperm
number in 10 chamber frames, and the motility percentage was
expressed as the ratio of the progressively and non-progres-
sively moving sperms to the total sperm number.

Smears were dried for sperm morphology analysis, fixed in 3%
for 30 minutes, and stained by the Papanicolaou method. For
each smear, 200 sperms were counted at 100× magnification,
and the percentages of sperms with abnormal morphologies
were calculated. All testicular tissue cross-sections were anal-
ysed by a histologist who was unaware of the experimental
groups.

100 mg of testicular tissues were washed once with PBS and
stored in glass tubes at -80C. The samples were thawed, homog-
enized  in  PBS  (1  mL),  centrifuged  at  2-8oC,  5,000  g  for  5
minutes, and the supernatant was recovered for biochemical
analysis.

Malondialdehyde  (MDA)  and  glutathione  peroxidase  (GPx)
were  quantitatively  analysed  using  “Sandwich-ELISA”  kits
(GPx:  ElabScience  E-EL-H5410  96T;  MDA:  ElabScience  E-
EL-0060 96T).

SPSS software v22 (Windows; SPSS Inc. Chicago, Ill. USA) was
used to analyse the data. In order to determine variance homo-
geneity, the Levene test was used. The Shapiro-Wilk test was
performed to determine whether the continuous variable distri-
butions were normal.

The appropriate means, medians, or standard deviations are
used to present the data. One-way ANOVA or Welch ANOVA was
used to compare the mean differences between groups. The
post hoc Tukey HSD or Tamhane T2 test for parametric data
were used to evaluate the significance of differences between
groups. Statistical significance was defined as a p-value <0.05.
Multiple  comparisons  were  conducted  with  the  Bonferroni
adjustment (p = 0.008) to reduce type I errors.

RESULTS
Mean MDA (nmol/minute/mL) levels in the control group, group II,
group III, and group IV were 0.75±0.05, 1.52±0.42, 1.24±0.21,
and  1.04±0.10,  respectively  (Table  I).  In  comparison  to  the
control group, MDA levels were significantly higher in groups II,
III, and IV (p = 0.001). The MDA level was significantly lower in
group IV compared to group III (p = 0.001) and slightly lower in
group III compared to group II (p = 0.953, Table II).

Mean GPx (nmol/minute/mL) levels in the control group, group
II,  group  III,  and  group  IV  were  2.14±0.47,  0.39±0.22,
0.39±0.23, and 1.06±0.35, respectively (Table I). Groups II, III,
and IV had significantly reduced GPx levels when compared to
the control group (p = 0.001). Group III had a lower GPx level
than group IV (p=0.032), while group II had a slightly lower level
than group III (p=0.131, Table II).
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Table I: Descriptive analysis of the malondialdehyde, glutathione peroxidase levels, and apopitotic cell count, Johnsen score, sperm count,
sperm motility percentage, and abnormal sperm morphology percentage in groups.

  Group  I Group II Group III Group IV
GPx Mean ±SD 2.14 ±0.47 0.39 ±0.22 0.39 ±0.23 1.06 ±0.35

Median (IQR) 2.14 (1.84-2.27) 0.39 (0.19-0.55) 0.39 (0.24-0.39) 1.06 (0.80-1.10)
MDA Mean ±SD 0.75 ±0.05 1.52 ±0.42 1.24 ±0.21 1.04 ±0.10

Median (IQR) 0.75 (0.74-0.78) 1.40 (1.10-1.97) 1.24 (1.09-1.24) 1.04 (0.95-1.04)
ACC Mean ±SD 26.75 ±4.46 193.0 ±26.28 74.50 ±10.33 47.25 ±11.48

Median (IQR) 27.0 (23.0-30.0) 193.0 (175.75-205.75) 74.50 (66.50-82.0) 47.0 (38.0-51.0)
JS Mean ±SD 9.76 ±0.13 4.96 ±0.38 7.83 ±0.31 9.01 ±0.22

Median (IQR) 9.80 (9.70-9.87) 4.95 (4.67-5.35) 7.80 (7.70-7.90) 9.05 (9.0-9.17)
SC Mean ±SD 46.50 ±9.25 0.24 ±0.28 25.25 ±8.31 38.62 ±8.73

Median (IQR) 46.50 (39.25-52.50) 0.15 (0.0-0.54) 25.0 (20.25-32.0) 38.0 (31.0-45.75)
SM% Mean ±SD 71.75 ±7.16 2.0 ±1.69 32.0 ±7.07 48.50 ±9.39

Median (IQR) 71.0 (66.50-72.75) 2.0 (0.25-3.0) 32.0 (26.50-34.25) 48.0 (42.0-58.0)
ASM% Mean ±SD 9.56 ±2.30 80.0 ±6.41 55.37 ±5.45 44.56 ±8.23

Median (IQR) 9.51 (8.12-11.53) 79.68 (72.25-89.58) 53.90 (46.75-59.65) 45.12 (35.22-50.05)
MDA: Malondialdehyde, GPx: Glutathione peroxidase, ACC: Apopitotic cell count, SC: Sperm count, SM %: Sperm motility percentage, ASM %: Abnormal
sperm morphology percentage.

Table II: Multiple comparison of the malondialdehyde, glutathione peroxidase levels and  apopitotic cell count, Johnsen score, sperm count,
sperm motility percentage, and abnormal sperm morphology percentage among the groups and associated p-values (The post hoc analyses of
one-way Anova).

 Group I vs.
Group II

Group I vs.
Group III

Group I vs.
Group IV

Grup II vs. Group
III

Group II vs.
Group IV

Group III vs.
Group IV

MDA p<0.001 p<0.001 p<0.001 p=0.953* p<0.001 p<0.001
GPx p<0.001 p<0.001 p<0.001 p=0.131* p=0.008 p=0.032*
ACC p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
Johnsen score p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
SC p<0.001 p<0.001 p=0.102* p<0.001 p<0.001 p<0.007
SM % p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p<0.001
ASM % p<0.001 p<0.001 p<0.001 p<0.001 p<0.001 p=0.008
MDA: Malondialdehyde, GPx: Glutathione peroxidase, ACC: Apopitotic cell count, SC: Sperm count, SM %: Sperm motility percentage, ASM %: Abnormal
sperm morphology percentage.

Mean ACC were 26.75±4.46, 193±26.2, 74.5±10.337, and
47.25±11.48 in the control group, group II,  group III,  and
group IV,  respectively  (Table  I).  The mean apoptotic  cell
count  (ACC)  varied  significantly  between  groups  (p  0.001).
ACC in group IV was lower than in group III (p = 0.001, Table
II).

Mean  Johnsen  scores  were  9.76±0.13,  4.96±0.38,
7.83±0.31, and 9.01±0.22 in the control  group, group II,
group III,  and group IV respectively (Table I).  There were
significant  differences  in  mean  Johnsen  score  among  the
groups, (p<0.001). The Johnsen score in group IV was higher
in comparison with group III (p<0.001, Table II).

Mean  sperm  count  (SC)  were  46.5±9.25,  0.22±0.28,
25.25±8.31, and 38.6±8.73 in the control group, group II,
group III, and group IV, respectively (Table I). There was no
statistical  difference  when  group  I  and  group  IV  were
compared (p=0.102). SC was higher in group IV than in
group III (p<0.007, Figure 1, Table II).

Mean sperm motility  (SM)  percentages were 71.75±7.16,
2±1.69, 32±7.07, and 48.5±9.39 in the control group, group
II, group III, and group IV respectively (Table 1). There were
significant  differences  in  mean  sperm  motility  among  the
groups (p<0.001). SM was higher in group IV in comparison
with group III (p<0.001, Table II).

Mean abnormal sperm morphology (ASM) percentages were
9.56±2.30,  80±6.41,  55.37±5.45,  and 44.56±8.23 in  the
control group, group II, group III, and group IV respectively
(Table I). ASM percentage was statistically lower in group IV
than in group III (p<0.08, Table II).

Figure 1: Epidimal sperm counts of rat groups.
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The  histological  analyses  revealed  normal  seminiferous
tubules and complete spermatogenesis in the control group,
whereas  group  II  showed  atrophy  of  the  seminiferous
tubules,  a  significant  reduction  in  germinal  epithelium,  and
fibrosis  in  the  interstitial  area.  Group  III  displayed  an
increase in germinal cell counts and an increase in tubule
length.  The  seminiferous  tubular  epithelium  was  more
organised in group IV than in group III and had a more notice-
able  increase  in  the  spermatogenic  cells  (Figure  2).  The
TUNEL  assays  confirmed  a  higher  degree  of  apoptosis  in
group II than in group III, whereas the degree of apoptosis
was lower in group IV (Figure 3).

Figure 2: (A) Normal seminiferous tubule structure and spermatogenesis
in the control group. (B) Reduction in the seminiferous tubule diameter
and spermatogenic cell counts, as well as edema and fibrosis in the inter
tubular areas, in UT without treatment group (H&E, scale bar 500 μm).
(C) Increase in post-orchiopexy in tubule diameters and epithelial germ
cell counts and improvement in spermatogenesis in UT plus NAC group.
(D) More organised seminiferous tubule epithelium and spermatozoa in
the lumen in UT plus NAC plus orchiopexy group (H&E, scale bar 100 μm).

Figure 3: (A) Control group (TUNEL, scale bar 100 μm). (B) Several apop-
totic germ cells in UT group (→). (C) Reduced apoptotic germ cell counts
in the orchiopexy group (→). (D) Noticeable reduction in the apoptotic cell
counts in the group that received both orchiopexy and NAC (→) (TUNEL
stain, scale bars indicate 50 μm).

DISCUSSION

In some UT patients, the testis spontaneously drops into the
scrotum at an earlier age, but UT prevalence is as high as
2% in children older  than 3 months.14  UT can affect  fertility
negatively even in patients who have been treated for UT,
especially if the onset of treatment is delayed.15

Various  experimental  studies  have  been  conducted  to
prevent and treat problems caused by this disorder, and UT
modelling is the usual basis for these studies. One of the
options is to surgically transfer the testis that has already
entered the scrotum back into the abdomen.16 However, this
procedure  may  cause  undesired  side  effects,  including
inflammatory  tissue  changes.  Another  model  involves  the
administration  of  FM,  a  selective  protein  that  binds  to
androgen receptors,  in  pregnant  rats.  The offspring born to
those mothers are used, and this reduces the testis damage
that may occur due to the surgery used to establish the
model.12 In the current study, the researchers used a cryp-
torchidism model  induced by FM, as this  further  reduces
both the potential for testicular damage while forming the
UT model and the stress on the rats undergoing surgical
testis  descent.  NAC  was  also  administered  by  an  oral
method, as it was felt that this administration would be the
simplest  for  long-term  clinical  treatments  aimed  at
minimising  oxidative  stress.

Oxidative stress causes noticeable changes in the lipids of
damaged tissues. The authors examined MDA, as it is one
among  the  most  significant  byproducts  of  polyunsaturated
fatty acid peroxidation. It is also a good indicator of tissue
damage, as its levels increase with elevated oxidative stress,
while exogenous administration of antioxidants reduces its
levels. A reduction in tissue MDA levels by antioxidant admin-
istration is also viewed as an indicator of a reduction in oxida-
tive.17,18  The  authors  also  used  GPx  activity  as  another
measure  of  oxidative  damage.  The  GPx  enzyme  uses
glutathione as a cofactor to reduce H2O2 and organic hydroper-
oxides.  Several  enzymatic  and  non-enzymatic  defensive
mechanisms, including as ascorbic acid, α-tocopherol, super-
oxide dismutase, and GPx, can prevent oxidative damage in
tissues. The GPx levels are generally higher in tissues where
oxidative  damage  is  low  than  in  tissues  where  oxidative
damage is high.17,19 The highest GPx value was observed in
the control group. The group receiving NAC had the highest
GPx level among the UT-induced groups, whereas the GPx
levels in the groups receiving just orchiopexy did not alter
appreciably. In comparison to the groups that did not receive
NAC, the MDA level was lower in the NAC-administered group.
The MDA level was also lower in the group that underwent
orchiopexy than in the group that did not, but the difference
was  not  statistically  significant.  The  significant  increase  in
GPx activity and the reduction in MDA levels in response to
NAC was interpreted as a potential indicator of the antioxi-
dant activity of NAC. NAC administration could be effective in
reducing the oxidative stress that develops in relation to UT.
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Apoptosis is a form of cell death that is characterised by a
number  of  morphological  and  structural  changes  that  are
seen in old and damaged cells. Testicular damage increases
the ACC in the testicular tissue, and an increase in ACC and a
parallel loss of germinal cells are frequently encountered in
UT cases.20,21 This situation is accepted as an important cause
of the reduced fertility potential observed in UT.22 The authors
observed an increased ACC in the UT when compared to the
normal  testis,  while  orchiopexy  significantly  decreased  the
ACC.  The  administration  of  NAC further  reduced  the  ACC
following  surgery,  indicating  a  positive  effect  of  NAC  on  the
testicular tissue.

The  Johnsen  score  is  a  technique  that  quantifies  testis
histology on a scale of 1 to 10, with higher scores indicating
better spermatogenesis.23 Here, the Johnsen score was used
as one of the analysis criteria for the testis. The UT scored
very low, but the score improved in testes that underwent
orchiopexy, indicating that surgery is an effective method for
UT  treatment.  However,  the  finding  that  adding  NAC notice-
ably increases the score in group IV, compared to group III,
led the authors to consider that adding NAC treatment to
surgery may have a positive effect on spermatogenesis.

The  SC  and  motility  values  are  frequently  examined  in
spermiograms conducted to assess fertility potential.24 Sperm
morphology is  another  parameter  that  has  been used for
years to assess fertility potential, as an increase in ASM is
believed to reduce the fertility potential of the individual and
negatively affect the fertility process up to the time of concep-
tion.25

The assessment  of  SC,  motility,  and morphology revealed
lower SC,  motility,  and higher ASM rates in the UT group
without  treatment  than  in  the  other  groups.  Orchiopexy
provided  a  significant  improvement  in  these  values.  By
comparison,  the  sperm  morphology,  counts,  and  motility
were  further  improved  when  NAC  was  added  to  the
orchiopexy treatment. The SC in the group that received NAC
in addition to orchiopexy noticeably increased, even to the
level  that  they  were  not  statistically  different  from  those  of
the control group.

The previous experimental studies on NAC, which has antioxi-
dant characteristics, have revealed a protective effect on UT
tissue that has not been subjected to orchiopexy.8 However,
descending the testis to its normal place by medical or surg-
ical methods continues to be the only treatment option in clin-
ical practice today. In the current study, a noticeable improve-
ment was observed in all histological parameters by surgi-
cally descending the testis to its correct place. Administering
NAC  in  addition  to  surgical  treatment  led  to  significant
improvements  in  the  GPx  and  MDA  values.  A  noticeable
improvement was also observed by administering NAC in addi-
tion to orchiopexy in terms of the ACC, Johnsen score, sperm
morphology,  SC,  and  SM  values.  The  SC,  in  particular,
reached similar values to those of the control group.

Since this research was carried out under certain conditions
in a small group of animals, it may not always show the facts
in their entirety. It may need to be repeated with more vari-
ables and parameters and so the long-term and comparative
animal studies, as well as clinical research are still needed.

CONCLUSION

In the experimental rat model, orchiopexy reduced UT-related
testicular  damage,  but  it  did  not  eliminate  this  damage
completely. Adding NAC to surgical treatment may further and
significantly  reduce  testicular  damage,  probably  facilitating
this  improvement  by  reducing  the  oxidative  stress  in  the
tissue.
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