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Involvement of macrophages in germ cell death in the rat
testis with acute experimental testicular torsion
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Abstract
��

Ischemia/reperfusion(I/R) injury of the rat testis causes germ cell death and infiltration of
inflammatory cells. To investigate the mechanism of germ cell death in torsion of the rat testis, apoptosis
and macrophage activation were studied using the terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labeling(TUNEL) method and immunohistochemistry in the testes of Sprague-Dawley rats
subjected to 1.5 h of ischemia, followed by 0, 1, 3, 6, 12, 24, 48 and 96 h of reperfusion. Apoptotic,
TUNEL-positive cells were found at the base of the seminiferous epithelia after I/R. TUNEL-positive
cells were significantly increased 6 h after repair of the torsion, and there was a significant peak
in apoptosis 24 h after reperfusion, as compared with normal or sham-operated controls. In contrast,
histological evidence of germ cell necrosis in the seminiferous tubules was first visible 24 h after
reperfusion. In the testis of sham-operated rats, ED2-positive resident macrophages were found diffusely
in the interstitial space, while ED1-positive monocyte-like macrophages were rarely found. After
I/R, ED1-positive cells were significantly increased beginning 12 h after reperfusion, while ED2-
positive immunoreactivity did not change during the experimental period. Together, the results of
this study confirmed that increased numbers of ED1-positive macrophages, but not resident ED2-
positive macrophages, infiltrated the interstitial space surrounding damaged tubules and induced germ
cell death.
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Introduction

Testicular ischemia and reperfusion(I/R), modeled by
acute experimental testicular torsion, induces germ cell-
specific apoptosis that leads to loss of spermatogenesis,
altered hormone production, and infertility [2, 3, 16].
The main pathology of testicular torsion is I/R injury
of the testis, which is caused by twisting of the spermatic
cord and its subsequent release [1, 18]. 

Cell death is associated with I/R of several organs,
including the heart [15], kidney [7], and brain [6]. In
many respects, I/R injury resembles an inflammatory
response characterized by an infiltration of neutrophils
to the affected organ and an increase in oxidative stress
[8]. Turner et al. [16] suggested that I/R-induced germ
cell apoptosis is caused by reactive oxygen species

(ROS) arising from reperfusing neutrophils. In addition
to neutrophils, macrophages also have the capacity to
release ROS and nitric oxide(NO) during testicular
inflammation [4, 11]. However, little is known about
the role of macrophages in the inflammatory response
caused by acute testicular torsion.

In this study, we examined germ cell death and
inflammation in experimental testicular torsion of the rat
testis, using the terminal deoxynucleotidyl transferase-
mediated dUTP nick end-labeling(TUNEL) method and
histological studies. In addition, the localization of ED1-
positive monocyte-like and ED2-positive resident
macrophages was studied during acute experimental
testicular torsion to investigate the possibility that
macrophages are involved in testicular germ cell death
following I/R.

*Corresponding author: Taekyun Shin
Department of Veterinary Medicine, College of Agriculture and Life Sciences, Cheju National University, Jeju 690-756, Korea
[Tel: +82-64-754-3363, Fax: +82-64-756-3354, E-mail: shint@cheju.ac.kr]



330 Changjong Moon and Taekyun Shin

Materials and Methods

Surgical procedure for experimental testicular
torsion

The protocol for all animal experiments was approved
by the Committee for Animal Experimentation at the
University of the Ryukyus. Adult male Sprague Dawley
rats(250-300 g) were maintained on a 12:12-h light:dark
cycle. Rats were anesthetized for surgery with sodium
pentobarbital(50 mg/kg body weight, i.p.) and all
procedures were conducted using aseptic techniques.
The left scrotum was incised and the left spermatic
cords were rotated clockwise by 720o to induce ischemia
and minimize individual variations in blood flow. The
tunica albuginea was sutured to the scrotal skin after
confirming congestion of the testis. All surgical procedures
were performed at constant temperature (25±1oC), and
the body temperature was maintained at 36-38oC by
placing the rats on a heating pad. After 1.5 h, the
torsion(i.e., ischemia) was relieved(i.e., reperfusion),
and the testis was returned to the scrotum. Testes were
collected at 0, 1, 3, 6, 12, 24, 48, and 96 h after
reperfusion. Sham-operated animals received the same
operation, but the testicular rotation was relieved
immediately. Rats were killed with an overdose of
sodium pentobarbital(25 mg/100 g, i.p.) before the testes
were harvested. Tissue samples were processed for
paraffin embedding or stored at -70oC for later biochemical
analysis.

Terminal deoxynucleotidyl transferase(TdT)-mediated
dUTP nick end-labeling(TUNEL)

The testes were harvested at 0, 1, 3, 6, 12, 24, 48,
and 96 h after relief of the 1.5-h torsion. Tissues were
fixed in 4% paraformaldehyde in phosphate-buffered
saline(PBS, pH 7.4) and processed for paraffin embedding.
Sections(5 µm) were mounted on silan-coated glass slides
(Dako Japan, Kyoto, Japan). DNA fragmentation was
detected by in situ nick end-labeling, following the
manufacturer’s instructions(Intergen Co., NY). Briefly,
the paraffin sections were deparaffinized, rehydrated,
and washed in PBS. The sections were treated with
proteinase K(20 µg/ml) for 15 min at room temperature,
subsequently incubated with TdT reaction buffer solution
(140 mM sodium cacodylate, 1 mM CoCl2, 30 mM Tris-
HCl, pH 7.2) containing 0.15 U/µl TdT and 0.004 nmol/
µl digoxigenin-dUTP for 60 min at 37oC, and then
placed in TB buffer(300 mM NaCl, 30 mM sodium

citrate) for 10 min. The sections were then incubated
with peroxidase-labeled anti-digoxigenin antibody for
30 min at room temperature, and the color reaction was
developed with diaminobenzidine before examination
under a light microscope. For the evaluation of apoptosis,
microscopic fields were selected at random. One hundred
seminiferous tubules from each testis were evaluated
on circular cross-sections of three testes from each group.
The number of TUNEL-positive cells per tubule was
counted and expressed as the mean±SD for each group.

Immunohistochemistry
Immunohistochemical staining was performed using the

labeled-streptavidin-biotin(LAB-SA) method(Histostain®

-Plus Kits, Zymed Laboratories Inc., San Francisco, CA)
according to the manufacturer’s instructions, with slight
modifications as described previously [10]. In brief, 5-µm
sections of paraffin-embedded testis were deparaffinized
and treated with 0.3% H2O2 in distilled water for 20 min
to block endogenous peroxidase. After three washes with
PBS, the sections were exposed to normal goat serum,
and then incubated for 1 h at room temperature with
optimally diluted primary antibodies, specifically mouse
monoclonal anti-rat monocyte-like macrophage(ED1;
Serotec, London, UK; 1:800 dilution) and mouse
monoclonal anti-rat resident macrophage(ED2; Serotec;
1:50 dilution). After three washes with PBS, the sections
were incubated with biotinylated anti-mouse secondary
antibody and then with HRP-conjugated streptavidin
(HRP-SA) reagent(Histostain®-Plus Kits, Zymed). The
peroxidase reaction was developed with a diaminobenzidine
substrate kit(Zymed). The sections were counterstained
with hematoxylin before examination. 

Statistical analysis
We evaluated statistical significance with a one-way

ANOVA using the post-hoc Student-Newman-Keuls
Procedure for multiple comparisons. Data are expressed
as the mean ±SD. Differences with a p value less than
0.05 were considered significant.

Results

Histopathological changes in the seminiferous
tubules of rat testis with I/R injury

The normal structure of all testicular cells was
preserved in sham-operated rats, including germ cells,
Sertoli cells, and interstitial cells (Fig. 1A). Experimental
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testicular torsion caused the formation of multinucleated
germ cells (Fig. 1B, arrowheads) in the seminiferous
tubules and the appearance of necrotic tubules 24 h
after reperfusion, with frequent remnants of severely
damaged germ cells (Fig. 1B).

Germ cell-specific apoptosis in testicular torsion
In normal and sham-operated controls, TUNEL-

positive reactions were observed in a few stained nuclei
(Fig. 2A). TUNEL-positive cells were significantly
increased 24 h after reperfusion following repair of torsion

Fig. 1. Histopathological findings in sham-operated testis (A) and I/R rat testis at 24 h (B) after the repair of torsion. The
formation of multinucleated germ cells was shown in damaged tubules(arrowheads). Hematoxylin and eosin staining.
Scale bar = 100 µm.

Fig. 2. TUNEL staining and the numbers of TUNEL-positive cells per seminiferous tubule after 0-96 h of reperfusion
following 1.5 h of ischemia. A and B, TUNEL staining of sham-operated rat testis (A) and the rat testis 24 h after reperfusion
following ischemia (B). Counterstained with hematoxylin. Scale bar = 100 µm (A and B). C, Histogram of TUNEL-positive
apoptotic cells in rat testes from normal controls(n = 3) and those sacrificed at 0(n = 3), 1(n = 3), 3(n = 3), 6(n = 3),
12(n = 3), 24(n = 4), 48(n = 3), and 96 h(n = 3) after the repair of torsion. Data are expressed as mean ±SD. Statistical
significance was calculated using the paired Student’s t-test ( p<0.05). *, p<0.01 vs. normal control.
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(Fig. 2B). A positive TUNEL reaction was localized
mainly to spermatogonia and was rarely noted in primary
spermatocytes at the base of the seminiferous epithelium
(Fig. 2B). A histogram of the number of TUNEL-positive
germ cells (Fig. 2C) showed that apoptosis began to
increase after 6 h of reperfusion, reaching a significant
peak 24 h after reperfusion, and subsequently declining
after 48 h. Some TUNEL-reactive cells showed non-
specific cytosolic staining; we excluded these cells from
the apoptotic cell count.

Percentage of apoptotic tubules and necrotic tubules
in I/R

There was no significant difference in the percentage
of apoptotic and necrotic tubules from 0 h to 6 h of
reperfusion, respectively (data not shown). As shown
in Fig. 3, the percentage of tubules with apoptotic cells
(relative to total tubules) was significantly increased in
the rat testis 24 h after reperfusion(25.1±11.1%), as
compared to that of normal controls(6.7±11.1%; p <

0.05), reaching a peak value of 30.7 ± 3.1% ( p < 0.01)
at 48 h, but declining to 17.2 ± 6.1% by 96 h after

Fig. 4. Immunostaining for ED1 (A and B) and ED2 (C and D) in the testes of sham-operated rats (A and C) and rat
testis 24 h after the repair of torsion (B and D). Arrowheads indicate positive cells for ED1 (B) or ED2 (C and D), respectively.
Counterstained with hematoxylin. Scale bar = 100 µm.

Fig. 3. Apoptotic tubules and necrotic tubules as a percentage
of total tubules in the testes of normal controls(n = 3) and
in the rat testis 6(n = 3), 12(n = 3), 24(n = 3), 48(n = 3)
and 96 h(n =3) after the repair of testicular torsion. One
hundred seminiferous tubules in each testis were evaluated
on circular cross-sections of three testes from each group.
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reperfusion. A small number of tubules with necrotic
cells appeared 24 h after the repair of the torsion (6.8
± 0.6%), and the percentage gradually increased
thereafter, reaching 33.8±7.8% at 96 h after reperfusion.

Immunohistochemical localization of ED1- and
ED2-positive macrophages in testicular torsion

In sham-operated control rats, ED1 immunoreactivity
was rarely detected in the interstitial space of the rat
testis(Fig. 4A), while three to five ED2-positive cells
were seen mainly around vessels(Fig. 4C, arrowheads).
The number of ED1-positive cells in the rat testis after
testicular torsion and reperfusion was significantly
increased(Fig. 4B, arrowheads), but there was no
significant difference in the number of ED2-positive
cells in I/R injury(Fig. 4D, arrowheads) as compared
to sham-operated controls. The results of the im-
munohistochemical analysis of the distribution of ED1
and ED2 are summarized in Table 1.

Discussion

In the present study, apoptotic germ cells increased
in the rat testis after I/R injury caused by testicular
torsion; however, the number of these cells was lower
than has been described in previous studies [14, 16].
Nevertheless, the numbers and patterns of distribution
of TUNEL-positive cells paralleled those reported in
studies using Apostain or DNA fragmentation methods
[9, 14]. The quantitative discrepancy may be attributed
to multiple factors, including the severity of I/R injury,
status, and differences in counting methods among
laboratories. However, the formation of multinucleated
germ cells in the seminiferous tubules of rat testis
showed that reperfusion after ischemia was perfectly
achieved in this experiment [5]. 

Germ cell apoptosis increased after testicular torsion

and reperfusion, but declined 48 h after reperfusion.
This later decline may be due to the gradual recovery
of some tubules and the onset of severe degeneration
(necrosis) in others. As shown in Fig. 3, necrosis appeared
24 h after reperfusion, and increased continuously
thereafter (Fig. 3). This sequential appearance of
programmed cell death and necrosis may be attributable
to the induction of apoptosis by low concentrations or
ROS, followed by the induction of necrosis by high
concentrations of ROS [12, 17]. Previously, Turner et al.
[16] suggested that increases in ROS arising from
reperfusing leukocytes could lead to germ cell apoptosis
in the testis during the early phase(2-4 h) of reperfusion
after ischemia. Furthermore, Lysiak et al. [8] reported
that administration of ROS scavengers brought about
a significant reduction in the I/R-induced response,
including reduced myeloperoxidase activity and thio-
barbituric acid-reactive substances in the early phase
after I/R, as well as sharply decreased neutrophil
recruitment to the testis. Macrophages also have the
capacity to release ROS and NO during testicular
inflammation [4, 11, 13]. In a previous study of the adult
rat testis, ED2-positive resident macrophages stimulated
with lipopolysaccharide(LPS) did not produce NO or
express inducible NO synthase(iNOS), whereas ED1-
positive monocyte-like macrophages that expressed iNOS
increased in number after LPS-treatment [4]. In this
study, we found no significant changes in the number
or distribution of resident ED2-positive macrophages
after I/R; however, abundant ED1-positive macrophages
infiltrated into the interstitial spaces surrounding damaged
tubules where germ cell death by apoptosis and/or
necrosis was localized. Shiraishi et al. [14] reported
that NO and iNOS markedly increased during the delayed
phase (24-96 h) of reperfusion after testicular torsion,
and that the iNOS-positive immunoreaction was localized
near damaged tubules in the rat testis after I/R.

Table 1. Immunoreactivity for ED1 and ED2 rat macrophage markers in testes of normal control rats and in rats with
acute experimental testicular torsion

Controla 6 hb 12 h 24 h 48 h 96 h

ED1
ED2

−c

+
−
+

++
+

+++
+

+++
+

+++
+

aThree animals were examined in each group.
bReperfusion time(6, 12, 24, 48, and 96 h) after 1.5 h of ischemia for all groups.
cStained sections were scored according to the number of positive cells per field. The numbers of positive cells in an average

of five randomly chosen 50 × fields were scored as: −, no positive cells; +, <10 cells per field; ++, <30 cells; +++, >30 cells.
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Furthermore, an iNOS inhibitor, aminoguanidine, sig-
nificantly reduced both NO levels and necrosis, whereas
it did not inhibit germ cell-specific apoptosis following
I/R. Collectively, these results suggest that low
concentrations of ROS and NO induce germ cell
apoptosis during the early phase of reperfusion after
ischemia, and that excessive NO generated by abundant
infiltrating ED1-positive macrophages induce germ cell
necrosis during the delayed phase of reperfusion. 
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