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Abstract We investigated the effect of inguinal canal
closure as a new mechanically induced cryptorchid rat
model. The effectiveness of this new model was evalu-
ated by histopathological examination. Thirty-one 21-
day-old Wistar rats were divided into four groups. In
groups 1 (n=6), 2 (n=06) and 3 (n=7), unilateral
undescended testis was created by performing inguinal
canal closure with inguinoscrotal approach. Sham-op-
erated rats were used as controls in group 4 (n = 12).
The rats were killed on day 30 after surgery in group 1,
day 45 in group 2 and day 60 in group 3. The seminif-
erous tubular diameter, number of tubules with mature
germ cell and Leydig cell clusters were evaluated. None
of the rats were lost during the study period. Signs of
infection were not detected in operation site although
antibiotics were not used. Overall only three (16%)
testes descended into scrotum in study groups. The op-
eration time was 3—4 min for each rat. Histopathological
examination revealed detrimental effects of cryptorchi-
dism on testicular growth in study groups. In all groups,
except the sham group, the mean tubular diameter and
the number of tubules with mature germ cells in the left
testicle were significantly decreased compared to the
right ones. Our findings were in correlation with other
experimental studies using different rat models of cryp-
torchidism. This new model of cryptorchidism is con-
sidered to provide a simple and effective technique for
investigating the impaired development of the testes in
cryptorchidism.
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Introduction

Many experimental models have been used to constitute
a cryptorchidism model. Undescended testis was usually
induced by endocrinological, natural or mechanical
methods [2, 3, 6, 7, 9, 10, 13, 14, 17-20]. Antiandrogen
[2, 18], oestrodiol [7] or 5-a-reductase enzyme inhibitors
[3, 15] for endocrinological model, congenital cryptor-
chid mutant rat for natural model [9] and intra-ab-
dominal [6, 10, 19, 20] or extra-abdominal approach [13,
14] for mechanical model have been used to induce
cryptorchidism. Of these models, the endocrinological
model has partial success rate and probable side-effects
on testis. The mechanical model has a risk for infection
and mortality especially if abdominal approach is used.
In addition, operation time may be longer and expensive
material is used.

We investigated inguinal canal closure as a new ex-
perimental cryptorchid rat model. The effectiveness of
this new model was evaluated by histopathological ex-
amination.

Materials and methods

Thirty-one 21-day-old Wistar rats were divided into four groups.
At day2l, the rats in all groups were weaned from their mothers
and raised in a light-controlled (12 h light/12 h dark) environment,
with free access to food and water. Anesthesia was achieved with
intraperitoneal injection of ketamine hydrocholoride (Ketalar,
10 mg/kg) and xylazine hydrocholoride (Rompun, 2 mg/kg). In
groups 1 (n=6), 2 (n=06) and 3 (n = 7), unilateral undescended
testis was created by performing inguinal canal closure with in-
guinoscrotal approach. When they reached days 30, 45 and 60 after
operation, the animals were sacrificed and the location of the testes
was confirmed by manual examination. Sham-operated rats were
used as controls in group 4 (n = 12). The experimental procedures
were approved by the local animal ethics committee.

Surgical technique

After anesthesia, the scrotal region was shaved and cleaned by
povidon iodine. Inguinoscrotal region was incised and the guber-



naculum was separated where it protruded from the abdominal
wall, and then the external inguinal ring was revealed. After
pushing the gubernaculum into the abdominal cavity, the external
inguinal ring was closed by 6/0 nonabsorbable suture material
(Prolen; Ethicon, UK). Inguinoscrotal wall was sutured by 5/0
absorbable suture (Vicryl; Ethicon, UK; Figs. 1-4).
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Fig. 3 Appearance of inguinal canal

Fig. 1 Incision line on inguinoscrotal region
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Fig. 2 Gubernaculum was separated where it protruded from the
abdominal wall Fig. 4 Closure of inguinal canal
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Histopathological evaluation

Rats were killed on day 30 after surgery in group 1, day 45 in group
2 and day 60 in group 3, respectively. Their testes were removed for
histopathological examination. A total of 62 orchiectomy speci-
mens were obtained; 10% formalin-fixed, paraffin-embedded tissue
was sectioned at 5 pm and stained with haematoxylin-eosin (H&E)
for histological examination. Testes were all examined on light
microscopy for seminiferous tubular diameter, number of tubules
with mature germ cell, and number of Leydig cell clusters were
evaluated. Tubular diameter was measured in microns. Fifty tu-
bules were randomly chosen and evaluated. Kruskal-Wallis one-
way analysis of variance test, Mann-Whitney U-tests and Wilcoxon
test were used for statistical analyses.

Results

None of the rats were lost during the study period. There
was no infection in operation site although antibiotics
were not used. Overall only three (16%) testes descended
into scrotum in study groups. In these groups rudimen-
tary scrotum was developed. The operation time was
3-4 min for each rat. Histopathological examination
revealed detrimental effects of cryptorchidism on testic-
ular growth in study groups. In all groups, except the
sham group, the mean tubular diameter and the number
of tubules with mature germ cells in the left testicle were
significantly decreased compared to the right ones
(P<0.05; Tables 1, 2). The difference in the number of
the Leydig cell clusters was not significant (P> 0.05;
Table 3). No significant differences in tubular diameter
of either the left or right testis were noted between the
three groups at days 30, 45 and 60 after surgery.

Discussion

The actiology of cryptorchidism and its effect on tes-
ticular function is still controversial despite a large body

of clinical and experimental research. In prior studies
with rats cryptorchidism was usually induced by en-
docrinological, natural or mechanical methods [9].

Antiandrogen (flutamide), oestrodiol or 5-a-reductase
enzyme inhibitors (finasteride) have been used for en-
docrinogically induced undescended testis models [3-5,
15, 18]. This method may not be successful in all male
rats to induce cryptorchidism and the effects of the
hormone may enhance the consequences of undescended
testis.

Besides, there are cryptorchid rat models to obtain
undescended testis naturally, without any intervention.
In this model, testicular maldescent occurs in roughly
68% of animals due to aberrant implantation of the
gubernaculum into the inguinal canal [2, 9]. This model
seems to be very convenient for studies on cryptorchi-
dism since it is natural. However, it is not possible for
every study group to achieve rat lineages with naturally
formed undescended testis.

The most frequently used mechanical method is the
modified abdominal approach [6, 10, 14, 17, 19, 20]. This
method is easy to practice but mortality is higher since
the abdominal cavity is opened. Risk of infection is high
and abdominal organs are exposed to manipulation,
which may lead to intra-abdominal adhesions and un-
wanted effects on testis. Also, more time and suture
material is required for this method.

The method most similar to ours is the broad scrotal
skin excision of Shono [13]. Since the inguinal canal is
not closed in this model and the scrotal wall develops
partially in some rats, testis may descend to different
localizations.

Rats were operated in the prepubertal period on day
21 in our study [11, 20]. In the post-operative period,
they were sacrificed on days 30, 45 and 60 and testes
were extracted. Our histopathological results were
compared with data of other experimental studies to
evaluate their validity. The time period used for eval-

Table 1 Average seminiferous

tubule diameter (um) of both Localization  Groupl Group2 Group 3 Group 4

testes (means + SEM) (means + SEM) (means = SEM) (means + SEM)
Left 306.62 + 40.25 266.58 + 15.79 281.00 £ 21.55 345.66 + 19.98
Right 359.83 + 12.77 339.83 + 27.49 334.35 + 21.55 347.66 + 16.03

Table 2 Average number of .

tubules with mature germ cell of Localization Group 1 Group 2 Group 3 Group 4

both testes (means + SEM) (means + SEM) (means = SEM) (means + SEM)
Left 1.00 + 0.51 2.33 £ 0.76 2.20 + 1.02 4.50 £ 0.54
Right 4.83 + 0.87 5.00 = 0.89 4.85 £ 0.59 4.75 £ 0.55

Table 3 Average number of .

Leydig cell clusters of both Localization Group 1 Group 2 Group 3 Group 4

testes (means + SEM) (means + SEM) (means = SEM) (means = SEM)
Left 0.83 £+ 0.40 1.66 £ 0.71 2.42 + 0.61 0.75 £ 0.36
Right 1.16 £ 0.30 2.00 £+ 0.68 1.57 £ 0.36 1.00 £ 0.50




uation was the same [12] or prolongs up to 150 days [,
16, 19] in previous studies. The testes were evaluated
for the diameter of seminiferous tubules, number of
tubules containing mature germ cells and Leydig cell
clusters. The histopathological changes obtained in our
study were found to be compatible with results of
previous studies. The histopathological changes began
on post-operative day 30 and effected the opposite
testis, too [7-9, 11, 17]. These data support the validity
of our model.

The operation time is quite short in our experi-
mental study model. The abdomen was not opened and
no sign of infection was detected although we did not
use prophylactic antibiotic therapy. Any rat death re-
lated to the study was not observed. The development
of the scrotum wall was less than the opposite side in
rats with undescended testis. The only disadvantage of
this model was about 16% of testis descended to
scrotum, which is an acceptable rate for experimental
studies.

As a result, we propose that the inguinoscrotal ap-
proach is a convenient and safe method to obtain un-
descended testis model.
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