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Abstract Unilateral testicular ischemia-reperfusion (IR)
in the rat is followed by histologic damage in the con-
tralateral testis, which has been previously explained on
immunologic grounds. There is evidence to suggest that
apoptosis in the contralateral testis is involved in germ
cell loss following IR injury to the testis. We examined
the time-dependent effect of testicular ischemia on germ
cell apoptosis in the contralateral testis in a rat. Adult
Sprague-Dawley rats weighing 250-280 g, were sub-
jected to testicular ischemia for 1, 2, 3 or 24 h. Twenty-
four hours following onset of the ischemic insult, testes
were harvested for immunohistochemical studies.
Apoptosis was detected using TUNEL immunohisto-
chemical assay. Testicular ischemia in rats led to histo-
logical damage, which was related to the duration of the
ischemia. In the contralateral testis, the minimal damage
included a decrease in number of germ cell layers, mild
disorganization, and single cell apoptosis. Apoptosis in
the contralateral testes increased significantly after 2, 3,
and 24 h of ischemia and showed direct, time-related
correlation with the duration of ischemia. We conclude
that testicular ischemia causes an increase in germ cell
apoptosis in the contralateral testis. The extent of
apoptosis increases with the duration of the ischemia.
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Introduction

The degree of fertility loss in an individual with tes-
ticular torsion depends on the extent of the ischemia
and the subsequent damage to the contralateral testis.
The injury to the contralateral testis following unilat-
eral testicular torsion is controversial. While some
investigators have demonstrated a contralateral effect
of testicular ischemia or torsion [7, 11], other investi-
gators did not support this concept [2, 19]. The
mechanism of the injury to one testis following the
contralateral testicular ischemia is also a subject of
controversy. The following mechanisms have been
proposed to explain the contralateral damage: auto-
immunization against spermatogonia, decrease in tes-
ticular blood flow caused by a reflex sympathetic
response, free oxygen radical formation after detorsion,
and overproduction of nitric oxide by activated
inducible nitric oxide synthase [4, §, 15, 16].

Apoptosis has recently been shown to regulate germ
cell turnover following IR. Apoptosis or programmed
cell death is a continuous process of destruction of
nonfunctional cells. It is a physiologic or pathologic
process whereby the body disposes of unwanted cells by
self-destruction and is the most important defense
against these damaged cells. A recent evidence suggests
that apoptosis in an ischemic testis increases significantly
following IR [20]. However, the role of apoptosis in the
reduction of germ cell mass in the contralateral testis is
unknown. Enhanced apoptosis may be responsible for
torsion-induced germ cell loss; thus, prevention of cell
apoptosis may have important implications for thera-
peutic attempts to reduce or prevent infertility following
testicular IR.

The purpose of the present study is to evaluate the
time relationship between testicular ischemia and germ
cell apoptosis in the contralateral testis in rat.



Materials and methods

Male Sprague-Dawley rats, weighing 250-280 g, were
divided randomly into five groups of eight to ten rats
each: group A—Sham operated animals; group B,C,D
and E included rats, which underwent 1, 2, 3 or 24 h of
unilateral testicular ischemia, respectively.

The animals were housed under standardized condi-
tions (12 h light-dark cycle, controlled room tempera-
ture) for 5-7 days. Following an overnight fast, the
animals were anaesthetized with an intraperitoneal
injection of pentobarbital (45 mg/kg). Group A control
rats underwent incision and closure of the left hemi-
scrotum. In group B, the left scrotum was incised, the
vascular bundle of the testis was isolated, and its
clamping for 1 h caused ischemia. The testis was covered
with warm moist dressing to prevent hypothermia. At
the end of the ischemic period, the clamp was removed;
the ischemic testis was immersed in warm saline and
returned to the scrotum. Skin wound was closed using
three to zero silk sutures. Group C and group D rats
underwent the same procedure, but ischemia was con-
tinued for 2 and 3 h, respectively. In group E, the vas-
cular bundle of the testis was isolated and divided
between two silk 5/0 sutures and the testis was returned
to the scrotum. Animals were killed 24 h following
operation. Both testes were removed, washed with cold
saline and dried. Tissue samples from both testes were
fixed in 10% formalin, and embedded in paraffin.
Deparaffinized, 5 pm-sized sections were stained with
hematoxylin and eosin. Histological alterations were
studied using a graded eye piece at ten times magnifi-
cation. Johnsen criteria [5] were used to categorize the
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spermatogenesis using a score of 1-10. In addition, the
number of germinal epithelial layers was counted in
the five seminiferous tubules as a measure of sper-
matogenesis [13]. Separation of germ cells from the
basement membrane was graded as mild when presents
in less than 25% of seminiferous tubules, as moderate
when seen in 25-50% of tubules, and severe when
observed in over 50% of tubules. The number of
apoptotic cells and giant cells in the ischemic testes was
graded according to the percentage of involved cells as
described by Nambirajan [12].

Measurement of apoptosis

Serials—5 pum thick paraffin-embedded sections were
prepared to establish the degree of apoptosis. The
TUNNEL assay for apoptotic cell detection was per-
formed using I.S. Cell Death Detection kit (Boehringer
Mannheim GmbH, Mannheim, Germany). For each
group, the number of stained germ cells was counted.
The apoptotic index Al-1 was defined as the number of
apoptotic TUNEL-positive cells per 100 tubules and Al-
2 as the number of tubules containing apoptotic cells per
100 tubules. Pathologists blinded to the source of tes-
ticular tissue performed all measurements.

Statistical analysis

The data are expressed as the mean + SEM. Statistical
analysis was performed using the nonparametric Krus-
kal-Wallis ANOVA test, with P less than 0.05 consid-
ered statistically significant.

Table 1 Correlation of the histologic changes of the ipsilateral testis in relation to the duration of ischemia

Histological criteria Treatment groups

Sham operation

1 h of ischemia

2 h of ischemia 3 h of ischemia 24 h of ischemia

(n=10) (n=28) (n=238) (n=28) (n=238)
Johnsen criteria 9.5+0.2 8.9+0.1* 8.8+0.2% 7.0£0.9* 2.6+0.2*%
Number of epithelial cells layers 6.0£0.2 49+0.3* 5.6£0.1* 4.0+0.6* 1.6+0.3*
Structural disorganization
Mild 0 5(63%) 4(50%) 4(50%) 0
Moderate 0 0 3(38%) 2(25%) 0
Severe 0 0 1(13%) 2(25%) 8(100%)
Separation from the basement membrane
Mild 0 3(38%) 4(50%) 2(25%) 0
Moderate 0 0 2(25%) 3(38%) 0
Severe 0 1(13%) 0 2(25%) 6(75%)
Percentage of apoptotic cells
Grade 1 0 2(25%) 1(13%) 4(50%) 0
Grade 2 0 2(25%) 1(13%) 0 0
Grade 3 0 1(13%) 3(38%) 2(20%) 1(13%)
Percentage of giant cells
Grade 1 0 5(63%) 3(38%) 3(38%) 0
Grade 2 0 0 1(13%) 1(13%) 0
Grade 3 0 0 2(25%) 2(25%) 3(38%)

Values are mean + SEM or number of rats (plus% of total number)

*P<0.05 versus sham operated animals
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Results
Ipsilateral ischemic testes

Table 1 compares the histological changes in the ische-
mic testes and in the normal testes (in Sham group)
according the duration of ischemia. The sham operated
animals had intact germinal epithelium with an average
thickness of about six cell layers. The architecture of the
seminiferous tubules and interstitium were normal. The
damage in the ischemic testes correlated with the dura-
tion of the ischemia. Impaired spermatogenesis was
present after 1 h of ischemia (Group B), but occurred
mainly in tubules at the periphery of the testis. The mean
score and germ cell layer count in this group were sig-
nificantly lower compared to control rats. Single cell
apoptosis and clumps of apoptotic cells were seen in four
and one animals, respectively. Spermatogenic destruc-
tion occurred in most tubules following 2-h of ischemia.
The testes of this group showed different degrees of
disorganization, single cell apoptosis and clumps of
apoptotic cells. The testes of six rats disclosed giant cells
and those of six animals demonstrated separation of
germ cells from the basement membrane. Three hours of
ischemia resulted in a more significant damage. Two
testes had spermatogonia only (score 3), the mean score
being lower than in the control animals. Many tubules
contained clumps of apoptotic or giant cells. Ninety
percent of germinal cells were present, but separated
from the basement membrane, leading to exfoliation
into the lumen. The testes demonstrated severe germ cell
damage after 24 h of ischemia, the seminiferous tubules
containing only Sertoli cells, showing a lower mean
score and lower germ cell layer numbers with increased
number of necrobiotic, apoptotic, giant cells, and
prominent separation from the basement membrane.

Contralateral testes

Ischemia of the testis did not change significantly the
testicular score in the contralateral testis in all experi-
mental groups compared to control animals. However,
the number of germ cell layers decreased significantly in
all groups compared to sham animals. Mild disorgani-
zation, single cell apoptosis and mild separation of germ
cells from the basement membrane were also observed in
evaluation of the hematoxylin and cosin-stained sections
in about 10% of the animals (Table 2).

Apoptosis in the contralateral testis

Impaired blood supply resulted in increased germ cell
apoptosis in the contralateral testes, which first occurred
after 1 h of ischemia (Group B), but achieved statistical
significance only following 2 and 3 h of ischemia (Groups
C and D, respectively; Fig. 1). The number of apoptotic
cells per 100 tubules increased significantly following two
(2.6+£0.6 vs 1.1 £0.3 TUNEL positive cells/100 tubules,
P<0.05and 3 h (29+1.1 vs 1.1£0.3 TUNEL positive
cells/100 tubules, P <0.05) of ischemia, compared to the
control animals. Similarly, the number of positive tu-
bules was significantly greater in group C (1.7+0.2 vs
0.6+0.2 labeled tubules /100 tubules, P<0.05) and
Group D (1.8+0.5 vs 0.6+0.2 labeled tubules /100 tu-
bules, P<0.05) than in the testes of control animals.
There was no difference in apoptotic index between
groups C and D rats. Clusters of labeled cells were found
in some tubules, whereas, other tubules were totally de-
void of apoptotic cells (Fig. 2). Ischemia of 24 h resulted
in a marked increase in the number of labeled cells per
100 tubules (8.2+3.8 vs 1.1 £0.3, P<0.05) as well as
labeled tubules per 100 tubules (2.8+0.9 vs 0.6+0.2,
P <0.05), compared to the control rats.

Table 2 Correlation of the histologic changes of the contralateral testis in relation to the duration of ischemia

Histological criteria Treatment groups

Sham operation

1 h of ischemia

2 h of ischemia 3 h of ischemia 24 h of ischemia

(n=10) (n=238) n=3) (n=238) n=3)
Johnsen criteria 9.6+0.2 9.4+0.2 NS 9.6+0.2 NS 9.5+0.2 NS 9.4+0.3 NS
Number of epithelial cells layers 6.1+£0.2 5.34+0.2% 5.44+0.3* 5.44+0.1* 5.44+0.1*
Structural disorganization
Mild 0 4(50%) 2(25%) 2(25%) 0
Moderate 0 0 0 0 0
Severe 0 0 0 0 8(100%)
Separation from the basement membrane
Mild 0 1(13%) 1(13%) 1(13%) 1(13%)
Moderate 0 0 0 0 0
Severe 0 0 0 0 0
Percentage of apoptotic cells
Grade 1 0 1(13%) 0 0 1(13%)
Grade 2 0 0 0 0 0
Grade 3 0 0 0 0 0

Values are mean + SEM or number of rats (plus% of total number)

*P<0.05 versus sham operated animals



12- O Sham

O Ischemia 1h
@ Ischemia 2h
B Ischemia 3h
B Ischemia 24h

Apoptotic index
(labeled cells or tubules/per 100 tubules)

Apoptotic Cells Labeled Tubules

Fig. 1 The time relationship between ipsilateral testicular ischemia-
reperfusion and germ cell apoptosis in the contralateral testis.
Values are mean £ SEM. *P <0.05 versus sham operated animals

Testicular ischemia did not result in Leydig cells
apoptosis and Sertoli cells apoptosis in the contralateral
testis.

Fig. 2 Histologic sections of
contralateral testes in sham
operated (a) rats, as well as
following 2 h (b), 3 h (¢) and
24 h (d) of testicular ischemia.
Apoptotic cells (arrows) were
detected using the terminal :
deoxyuridine nick-end labeling K
(TUNEL)

immunohistochemical assay. .

The number of apoptotic cells 4

increases with duration of

ischemia
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Discussion

The understanding of testicular physiology and
pathology requires knowledge of the regulation of cell
death. Modi et al. [14] have shown that germ cell
apoptosis is a common event during development of
the human gonads. Apoptosis control in the adult
testes is crucial for the evolution of normal sper-
matogenesis. It has been reported that accelerated
apoptosis of the primary spermatocytes might partially
account for the mechanism of germ cell loss in aging
men [6]. Besides its role in normal testicular physiol-
ogy, apoptosis has been identified as important in the
development of a variety of testicular disorders,
including undescended testes [18], varicocele [1], and
torsion of the testes [20].

Apoptosis has recently been shown to regulate
germ cell turnover following IR. The mechanisms
responsible for increased apoptosis in the ischemic
testes include a production of reactive oxygen species
arising from re-perfusing leukocytes [9], stimulation of
pro-inflammatory cytokines, secretion of TNF-alpha
and IL-1beta [10], activation of nitric oxide synthase
[17], and alterations in the mitochondrial respira-
tion [3].
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Although the role of ipsilateral apoptosis in germ
cell turnover after testicular IR has been reported by
several investigators, little is known about the effect of
ischemia on apoptosis of the contralateral testes. In
these author’s experiments, the time-related effect of
testicular ischemia on germ cell apoptosis in the con-
tralateral rats’ testis was examined. They demonstrated
that testicular ischemia in the rat resulted in the
damage of ipsilateral testes. Our data demonstrate that
testicular ischemia produces minimal contralateral
damage, which includes a decrease in the number of
germ cell layers, mild disorganization, single cell
apoptosis, and mild separation of germ cells from the
basement membrane. These data fit with reports of
other investigators [2, 19], who also found that ipsi-
lateral torsion did not cause significant contralateral
damage. However, the measurement of apoptosis in
the contralateral testis demonstrated an increase in
germ cell programmed death. There was a direct
relationship between the duration of ischemia and the
degree of germ cell apoptosis in the contralateral testis.
Both the number of apoptotic cells and the number of
the tubules containing apoptotic cells firsts increased
following 1 h of ischemia, achieved statistical signifi-
cance after 2 and 3 h of ischemia, and reached a peak
after 24 h of ischemia. The mechanism of this effect is
unclear. It should be emphasized that the most sig-
nificant stimulating effect on germ cell apoptosis was
observed in group E, in which rats underwent testic-
ular ischemia without reperfusion. As a result, it may
be reasonably presumed that stimulation of the syn-
thesis of numerous cytokines, enzymes, and mediators
of inflammation in ischemic testis rather than over-
production of oxygen free radicals or other products
of reperfusion may induce programmed cell death in
the contralateral testis. The present data are consistent
with the interpretation that the testicular ischemia re-
sults in fertility disturbances, including spermatogene-
sis arrest and increase in germ cell death via apoptotic
pathway in the contralateral testis. We did not study
germ-cell apoptosis at different times after testicular
IR. Further studies should be done to examine the
longer term late changes in the contralateral testis to
clarify the mechanisms of fertility loss after testicular
torsion

In conclusion, testicular ischemia induces apoptosis
in the contralateral testis. Increased duration of ischemia
leads to augmented programmed cell death of germ cells.
In addition to ischemia-induced cell death in the ische-
mic testis, increased germ cell apoptosis in the contra-
lateral testis may lead to significant decrease in the germ
cell mass and may cause loss of fertility.
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