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Pattern of Compensatory Hypertrophy in 
Contralateral Testis After Unilateral Orchiectomy in 
Immature Rabbits
Kamyar Tavakkoli Tabassi,1 Sakineh Amoueian,2 Elena Saremi3

Introduction: Our aim was to evaluate effects of hemicastration in immature 
rabbits on the histology of the contralateral testis after puberty.
Materials and Methods: Eighteen immature male rabbits were randomly 
divided into two groups. The first group underwent right or left hemicastration 
and the second, sham operation. After their puberty, the rabbits underwent 
the second operation. In the former group the contralateral testis and in the 
latter, the right or left testis was removed and sent for pathologic examination. 
The two groups were compared in terms of Leydig cell count, testis volume, 
and seminiferous tubule count and diameter.
Results: The mature rabbits’ mean weight at the orchiectomy time, 
seminiferous tubule count, and seminiferous tubules diameter did not 
show significant differences between two groups. However, testis volumes 
and Leydig cell count were significantly higher in the first group with 
hemicastration prior to puberty. The mean testis volume was 3.24 ± 2.06 mL 
in the first group and 1.4689 ± 0.85701 mL in the second group (P = .03), 
and the mean Leydig cell count in every 5 microscopic high-power fields was 
86.22 ± 54.96 and 42.00 ± 18.09, respectively (P = .04).
Conclusion: Our research demonstrated that prepubertal hemicastration in 
rabbits led to the compensatory hypertrophy in the contralateral testis after 
puberty and an increase in the number of the Leydig cells.
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INTRODUCTION
The testicular volume consists 
mainly of seminiferous tubules, 
where spermatogenesis completes, 
and the Leydig cells (5% to 
12%), which have the role of 
originating the testosterone.(1,2) 
Different circumstances such as 
trauma, testicular torsion, tumors, 
undescended testis, and congenital 
anorchia may result in testicular 
vanishing at different years of 
age. The effects of a vanished 
testis on the morphologic and 
functional factors of the other one, 

in proportionate to its vanishing 
age, has been the point of concern. 
However, respecting the ethics 
of human rights, studies on this 
issue has been done on animals. 
Functional compensation of the 
remnant testis after hemicastration 
has been investigated in rats, 
rabbits, sheep, pigs, and cattle.(3-10) 
In rats, sheep, pigs, and cattle, it has 
been reported that hemicastration 
in prepubertal period causes 
hypertrophy of the contralateral 
testis.(3,8-10) Hemicastration in 
mature rats does not cause 
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hypertrophy of the remnant testis,(3) but it does in 
sheep.(7)

According to Mombeini and colleagues, 
hemicastration in mature rabbits does not cause 
hypertrophy of the contralateral testis.(11) In two  
other studies on prepubertal rabbits, there are 
different results about hemicastration effects 
on the contralateral testis, one eventuates 
in hypertrophy of the contralateral testis,(12) 
whereas the other one does not.(5) Based on the 
aforementioned facts, we decided to evaluate the 
hemicastration effects on the histology of the 
contralateral testis in immature rabbits.

MATERIAL AND METHODS

Animals and Castration
This study was supplied with 18 immature 
male Albino rabbits (20 to 25 days old) by Razi 
Institution. The study protocol was approved 
by the ethical committee of Mashhad University 
of Medical Sciences. The immaturity of the 
rabbits was confirmed by one veteran based on 
the examination of the undescended testes. The 
rabbits were randomly divided into 2 groups of 
case and control. In the case group, right or left 
hemicastration was performed randomly and the 
specimens were sent for pathologic examination. 
Immature testicular pattern was confirmed on 
the examinations. General anesthesia was done 
with xylazine, 5 mg/kg, and ketamine, 44 mg/
kg, and complemented with local anesthesia using 
lidocaine. Unilateral castration was performed 
through a scrotal incision with an abdominal 
extension on the covert testis. In the control 
group, sham operation was performed, consisting 
of a scrotal incision and its simple repair. 

All of the rabbits were hospitalized after the 
operations in the same environmental situation. 
The rabbits’ room temperature was kept between 
13°C and 19°C. They were fed by their routine 
nourishments in the animal house center. Then, 
the rabbits underwent the second operation after 
their onset of puberty, 4 months after the first 
operation. The remnant testis in the case group 
and the right or the left testis in the control group 
was hemicastrated. The specimens were embedded 
in paraffin, fixed immediately by immersion in 

10% Boan, and sent for pathology examination. 
At the end of the study, all of the animals were 
scarified by administration of high doses of 
anesthetic drugs.

Pathology Examination
First, testis length and width were measured 
using a laboratory clippers and testis volume was 
calculated using the formula for a prolate sphere 
(4.19 × a × b2, where a is the longest radius and 
b, the shortest radius). For enumeration of the 
seminiferous tubules on the tissue sections, 2 
serial sections were cut with microtome from 
each of the paraffin blocks per testis (thickness, 
3 μm to 4 μm). They were stained with periodic 
acid-Schiff reagent and counterstained with 
Harris hematoxylin. The fields for microscopic 
examination were selected randomly. The 
Leydig cells and the seminiferous tubules were 
counted in 20 and 10 random high-power field of 
microscope, respectively, and then, the average 
values were determined. For measuring the 
diameters of the tubules, a micrometer was used 
located on the objective lens of microscope. 

Statistical Analyses
Statistical analyses were performed using the 
SPSS software (Statistical Package for the Social 
Sciences, version 16.0, SPSS Inc, Chicago, 
Illinois, USA). The data were expressed as 
mean ± standard deviation. According to the 
Kolmogorov-Smirnov test our variables had 
normal distribution. The two groups were 
compared in terms of Leydig cell count, mean 
diameter, seminiferous tubules count, testis 
volume, and rabbit’s weight, using independent 
sample t test for continuous variables and the chi-
square test for categorical variables. A  P value of 
less than .05 was considered significant.

RESULTS
The pathological assessments of the immature 
rabbits’ testes showed no spermatogenesis in all the 
9 specimens and thereby immature patterns of the 
testes obtained from the case group (Figure 1).  
Four months after the first operation, the body 
weight of the mature rabbits at the orchiectomy 
time was 1731.22 ± 77.79 mg and 1705.56 ± 124.81 
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mg in the case and the control groups, respectively 
(P = .61). 

Changes in the testes parameters after 
hemicastration in comparison with those in the 
control group were as follows: the mean testis 
volume was 3.24 ± 2.06 mL in the case group 
and 1.4689 ± 0.85701 mL in the control group 
(P = .03). The mean Leydig cell count in every 5 
microscopic high-power fields was 86.22 ± 54.96 
and 42.00 ± 18.09, respectively in the case and the 
control group (P = .04; Figures 2 and 3). The  
mean seminiferous tubules count in the case 
group was 22.56 ± 6.37 and 28.11 ± 8.02 in the 
control group (P = .12; Figures 2 and 3). The 
mean seminiferous tubules diameter in the case 
group was 160.00 ± 46.90 μm and 150.00± 7.817 
μm in the control group (P = .58).

DISCUSSION
The effects of unilateral castration on the 
histological factors of the contralateral testis 
and also the hormonal changes in men have 
drawn researchers’ attention. They have tried 
to find the answer by considering various ages 
of hemicastration in different animal species. 
After puberty in the majority of the studied 
species, hemicastration resulted in compensatory 
hypertrophy of the contralateral testis. This 
fact was fully demonstrated in those studies 
performed on dogs and rabbits.(11,12) In the study 
by Mombeini and colleagues, 10 mature rabbits 
were unilaterally castrated, and after puberty, the 
contralateral testis was castrated. Testes weight 
and histological parameters were compared to 
the formerly castrated ones. Owing to the fact 
that there were not any significant differences 
in Leydig cell count and size of the seminiferous 
tubules, it was concluded that a testis did not have 
evidently the potential ability of compensatory 
hypertrophy after puberty.(11)

Hemicastration effects before maturity 
presented different consequents. Various 
investigations on rats, lambs, pigs, cattle, and 
dogs have demonstrated that unilateral castration 
before puberty leads up to the compensatory 
hypertrophy in the contralateral testis after 
puberty.(3,10,13-22) However, it has not been 
always the same in those studies performed 
on rabbits. Sanefuji reported a double increase 
in seminiferous tubules count and testis 

Figure 1. Testis of an immature rabbit (Harris hematoxylin, × 100).

Figure 2. Testis of a rabbit 4 months after hemicastration of the 
contralateral testis (Harris hematoxylin, × 40).

Figure 3. Testis of a mature rabbit in the control group (Harris 
hematoxylin, × 100).
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weight of the contralateral testis 4 weeks after 
hemicastration in immature rabbits.(12) In 
contrast, Berger and coworkers’ study showed 
no hypertrophy in the contralateral testis of 1- to 
50-day-old rabbits after hemicastration; however, 
the authors did not give the contralateral testes 
enough time, ie, 10 days, for any probable 
hypertrophy.(6) Similarly in another investigation, 
30 male rabbits were divided into 5 separate 
groups, whereby no operation was performed on 
one of the groups, and the rest were hemicastrated 
at the ages of 35, 49, 77, and 105 days. In all 
the rabbits the contralateral testis was castrated 
at the age of 8 months to be evaluated.(5) This 
investigation, as well, did not show any significant 
differences between the testis parameters; eg, 
mean testis weight of 3.53 in hemicastrated 
rabbits at the age of 35 days compared to 2.52 
in those in the control group. Hence, the 
compensated hypertrophy was doubtful. Sham 
operation, however, was not done on the first 
group and each of groups consisted of only 6 
rabbits. Therefore, we decided to give the testes 
more time for any possible changes. Thus, the 
results were significant in our study, similar 
to other animal-based studies, demonstrating 
compensatory hypertrophy of the contralateral 
testis in hemicastrated immature rabbits.

During prepubertal development in most animal 
species, normal testicular growth is associated 
with dramatic proliferation of the Leydig cells in 
the interstitium and an increased number of the 
Sertoli and germ cells within the seminiferous 
epithelium.(1,23-25) In most species, compensatory 
hypertrophy has been associated with increased 
diameter and length of the seminiferous tubes and 
increased number of the germ cells and Sertoli 
cells.(9, 26-30) Thus, the proliferation response to 
prepubertal unilateral castration is often used as 
a model for studying those factors influencing 
testicular development. Although neither the 
number nor the diameter of the seminiferous 
tubes had a significant change in our study, the 
enlargement of the seminiferous length is possible 
due to an increase of the remaining testis volume. 

Changes in the Leydig cells are less discussed 
in compensatory hypertrophied testis of 
hemicastrated rabbits. In a study performed on 

boars, increased number of Leydig cell and total 
Leydig cell mass in compensatory hypertrophied 
testes was demonstrated; the younger the age at 
hemicastration, the more obvious increase in the 
number of Leydig cells.(31) In our study, increase 
in Leydig cell count in every 5 light microscopic 
high-power field of testis samples, and therefore, 
in the total testis mass was an integral part of 
hypertrophied rabbit’s testis. However, we could 
not measure the hormonal levels and also the 
Insulin-like growth factor, which would help us 
better interpret our findings. 

CONCLUSION 
Our research demonstrated that prepubertal 
hemicastration in rabbits led to the compensatory 
hypertrophy in the contralateral testis after 
puberty. This process includes at least the increase 
in Leydig cell count and testis volume.
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