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Apoptosis of Germ Cells after Vasectomy in Rats
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Abstract: The pathological mechanism of impaired spermatogenesis after vasectomy has not been
completely investigated. In this study, we examined pathological changes of the testis and the Fas-Fas
ligand (FasL) mediated signaling pathway in apoptotic germ cell death after vasectomy in rats. Ten-weeks
old Sprague-Dawley rats were underwent bilateral vasectomy and sacrificed after 1 day, 2 days, 3 days,
5 days, 1 week, 2 weeks, and 4 weeks of surgery and the testes were removed. Histopathological
evaluation of spermatogenesis was performed by hematoxylin-ecsin and periodic acid-Schiff-hematoxylin
staining. To elucidate the pathophysiology of seminiferous tubule damage, terminal dUTP nick end
labeling staining, electrophoresis assay of DNA fragmentation, and Western blotting analysis for Fas-FasL
were performed. Relative weights of testes were decreased from 5 days after vasectomy. Germ cell
degeneration were first found in the spermatogonia and spermatocytes at stages I-VI, and XII-XIV
seminiferous tubules. Mean incidence of apoptotic germ cells after vasectomy progressively increased to
peak in 5 days, and then gradually decreased to the control levels in 2 weeks after vasectomy. The
expression of Fas-Fasl. reached maximum level at 5 days after vasectomy and then declined. In
conclusion, impaired spermatogenesis after vasectomy associated with an increase in germ cell apoptosis,
which is partly mediated by the activation of Fas-FasL.
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Introduction

During normal spermatogenesis, a number of spermato-
genic germ cells die by apoptosis before reaching maturity
[S, 6] in a variety of mammalian species [2, 17]. In addition,
massive testicular germ cell loss is known to result from
cryptorchidism [44], ischemia-repurfusion {38], radiation [10},
hypophysectomy [36], treatment with gonadotropin-releasing
hormone antagonist {14], heating [1] and drug treatment [4,

* Corresponding author; Hwa-young Son

27, 29]. In many of these situations, germ cell death occurs
via apoptosis [2]. Vasectomy is widely performed for male
contraception and result in damage to spermatogenesis [20].
Recently, animal experiments indicate that apoptosis has a
key role in the deterioration of spermatogenesis after
vasectomy [38].

Fas is a transmembranous glycoprotein involved in the
transduction of death signals through its binding to Fas
lignad (FasL) in the immune system and other organs [9,
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26]. Recently, many reports has examined the possible
involvement of the Fas-FasL system in the induction of
apoptosis in various experimenial systems, including rat
ovary [11], liver [13], and thyroid [43], ischemia-reperfusion
mouse kidney [28], and lipopolysaccharide-treated placenta
of pregnant mice [8], as well as in human materials, such
as osteoblast [16], ulcerative colitis [15], and colorectal
cancer [30]. In the testis, several reports have shown
up-regulation of testicular Fas gene expression in correlation
to germ cell apoptosis caused by testosterone withdrawal
[27], radiation [22] and Sertoli cell toxicants [23]. In
addition, in vitro studies have shown that testicular germ
cells are susceptible to Fas antibody-induced apoptosis, and
that survival of germ cells is improved by inhibiting FasL
activities with antagonistic FasL. antibody [31] and antisense
oligonucleotides [23]. However Fas-FasL system associated
with apoptosis after vasectomy is unclear, although iNOS,
NF kappa B [21], p53-Bax pathway [38] and mitogen
activated protein kinases (MAPKs) [39] are associated with
the apoptosis of germ cells after vasectomy in the rat.

Therefore, this study was performed to investigate the
stage specific germ cell degeneration and the involvement
of apoptosis in testicular atrophy induced by vasectomy. In
addition, the possible involvement of the Fas-FasL system
in the induction of apoptosis was examined.

Materials and Methods

Animals and Vasectomy

Nine-week old male Sprague-Dawley rats were used
after 1-week of acclimation. Rats were randomized by body
weight and housed 5 per cage with filter tops at 23+1°C,
55+5% of humidity and a 12 hr light/ 12 hr dark cycle,
and given rodent chow and water ad libitum. All the testes
looked normal in size and were located in the scrotal sac
at the time of surgery.

Vasectomy was performed on a lower abdominal midline
incision under the ether anesthesia. The bilateral testes and
spermatic cord were exposed and the vas deferens were
dissected, and cauterized at the middle of the vas deferens.
Groups of five bilaterally vasectomized animals were
sacrificed at intervals of 1 day, 2 days, 3 days, 5 days, 1
week, 2 weeks, and 4 weeks after surgery and the testes
and epididymis were removed immediately and weighed.

Sample preparation

Right testes were decapsulated, and stored frozen at -70C
until used for DNA agarose gel electrophoresis and Western
blot assay. Left testes were fixed in Bouin’s solution, after
dehydration with ethanol, they were embedded in paraffin.

Histopathological examination

For light microscopy, serial paraffin sections of testis
were processed for hematoxylin-ecsin (H-E) and periodic
acid-Schiff-hematoxylin (PAS) stain. Seminiferous tubules
were devided into four groups can be identified by H-E
stain, stages I-VI, VII-VIII, IX-XI, and XII-XIV, and germ
cell types were identified by H-E and PAS stain according
to the description by Russell er al [35].

TUNEL assesment

A serial section of testes was processed in situ terminal
deoxynucleotidyl transferase mediated deoxyuridine trip-
hosphate biotin nick end labeling (TUNEL) stain using an
ApopTag-peroxidase Kit (Intergen Co., NY, USA). Sections
were counterstained with hematoxylin.  TUNEL-labeled
cells were identified by their brownish stain.

A total 40 seminiferous tubules (10 seminiferous tubules
per stage) on circular cross sections in each testis were
randomly chosen and evaluated in 1, 2, 3 days after vasectomy.
But seminiferous tubules staging is difficult to identify
from 5 days after vasectomy due to severe depletion of
germ cells, since a total 40 seminiferous tubules on circular
cross sections in each testis were randomly chosen and
evaluated. The number of TUNEL positive nuclei per
tubule was counted and expressed as the meanztstandard
division (SD) per group.

DNA laddering

Pooled testis tissue (250 mg) from each groups was
homogenized in 2 ml lysis buffer (10 mM Tris-HCl, 100
nM EDTA, and 0.5% SDS). 200 ul Proteinase K (200 u
g/ml) was added and digested at 56°C for 2 hours. After
addition of an equal volume of phenol, the preparations
were mixed well by gently inverting the tube for 5 min,
and centrifuged at 14,000 rpm at room temperature for 20
min. Slowly transfer the top, viscous, aqueous phase to a
fresh tube with a wide-bore pipette. Repeat phenol extraction

two to three times in order to maximally remove proteins
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and cellular debris. The resultant solution was added 0.5
volume of 3 M sodium acetate and 2 to 2.5 volumes of
100% chilled ethanol and mixed gently. Carefully fish out the
DNA pellet into fresh tube with a glass hook and briefly and
gently rinse the DNA with 70% ethanol and dry the sample
for 15 to 30 min. The pellet was resuspended the DNA in an
appropriate amount of TE buffer (10 mM Tris-HCl, 1 mM
EDTA). DNA (3 pg/10 pl) was loaded onto a 1.5% agarose
gel and separated by electrophoresis. DNA was stained with
ethidium bromide and visualized with an ultraviolet
transilluminator. A 100 bp DNA ladder (Promega, Madison
WL, USA) was used in electrophoresis as a size marker.

Imnumoblotting analysis

The frozen testes were homogenized, as previowsly described
method [18]. Immmmoblotting was performed using antibody
to Fas and Fasl. (Santa Cruz Biotechnology, CA, USA).
Equal amounts of protein (10 nugfwell) were applied to the
gels, electrophoresed and blotted polyvinylidine difluoride
(PVDB-plus membranes (Osmonic, Westborough, MA). PVDF-
plus membranes were incubated with 5% non-fat milk in
TTBS (20 mM Tris, 0.5 M NaCl, 02 % Tween 20, pH
7.4) for 1 hr at room temperature. The membranes were
then incubated at 4°C, overnight with a 1:1,000 dilution of
rat antisera raised against Fas and Fasl, and then washed
in TTBS, incubated for 1.5 hr with a 1:1,000 dilution of
rabbit anti-rat IgG conjugated with alkaline phosphatase
(Bochringer Mannheim, GmbH, Germany). After washing with
TTBS, immunoreactive bands on the membranes were
developed with NBT/BCIP substrate (Boehringer Mannheim,
Mannheim, Germany). The relative density of specific
immunoreactive band was determined by scarming with
laser computing densitometer wsing ImageQuant program
(version 3.3, Molecular Dynamics, Sunnyvale, CA).

Statistical analysis

The results of testiculr weight and quantitative analysis
of TUNEL-labeled germ cells in seminiferous tubules are
expressed as mean+SD. Differences between groups were
examined for statistical significance using Student’s r-test
at the level of p<0.05 ard p<0.01.

Results

Relative weight of testes was significantly decreased in

5 days, 1 week, 2 weeks and 4 weeks after vasectomy
compared with those of control group (Fig. 1).
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Fig. 1. Relative testicular weight (testicular weights (g)/

body weights (g) X 100) after vasectomy. Data are expressed
as mean+SD. (*p<0.05, **p<0.01).
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Histopathologically, testes after vasectomy showed various
degrees of seminiferous tubular degeneration, including
intraepithelial vesicle formation and loss or degeneration of
germ cells. Germ cell degeneration was first found in
spermatogonia and spermatocytes (Fig. 2A) at the stages
I-VI, and XII-XIV seminiferous tubules in 1 day after
vasectomy. Depletion of the spermatocytes was notable
with the intraepithelial vacuolation of I-VI stage tubules in
3 days after vasectomy (Fig. 2B). The denaturation of
germ cells was particularly evident at the stages I-VI rather
than the other stages. In addition, marginal condensation of
chromatin in round spermatids and multinucleated giant
cells was noted (Fig. 2C). The testicular damage had
markedly progressed by day 5 with severe depletion and
exfoliation of germ cells and atrophy of overall seminiferous
tubules (Fig. 2D). At 1 weeks after vasectomy, seminiferous
epithelial cycle was completely disrupted.

Quantitative data for TUNEL-labeled germ cells are shown
in Figs. 3 and 4. Preferentially TUNEL-labeled germ cells
were spermatogonia and spermatocytes in  control and
vasectomized rats. In the testes from the control rats, a few
TUNEL-labeled germ cells were found in the stages I-VI and
XII-XIV seminiferous tubules (Fig. 5A). Mean incidence of
apoptotic germ cells after vasectomy increased in a
stage-specific and time-dependent manner. As shown in
Fig. 4, the total number of TUNEL-labeled germ cells
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Fig. 2. Histopathological lesions of testis Stained with H-E. A, seminiferous tubule at stage I-VI in 1 day after vasectomy,
showing degenerating germ cells (arrow heads), <400. B, seminiferous tubules in 3 days after vasectomy, showing
depletion of the spermatocytes with the intraepithelial vacuolation (*), X 100. C, seminiferous tubule in 3 days after
vasectomy, showing multinucleated giant cells (arrows), > 200. D, seminiferous tubules in 5 days after vasectomy, showing
severe depletion and exfoliation of germ cells and atrophy of overall seminiferous tubules, x 100.
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Fig. 3. Stage-specific quantification of TUNEL-labelled germ cells per 40 seminiferous tubules in each time point. Values
are mean+SD. Asterisks on the bars mean significant difference from control group value (*p<0.05, **p<0.01).
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Fig. 4. Total quartification of TUNEL-abeled germ cells per
40 seminiferous tubules in each time point. Values are mean +
SD. **Significant difference from control group value at p<0.01.

increased progressively to peak by 5 days, and then
gradually decreased to the same level of control by 2
weeks after vasectomy. Significantly increased incidence of
apoptosis at the stages I-VI and XII-XIV seminiferous
tubules over control values was noted by day 1. In 3 days
after vasectomy, apoptotic cells were also noted at the
stages VII-VIII and IX-XI seminiferous tubules. During the
study, the highest number of apoptotic cells occurred by 5

Fig. §. Representative photomicrograph of seminiferous
tubules stained with TUNEL. A, control seminiferous
tubule at stages XII-XIV, a few TUNEL-labeled germ cells
are noted, +400. B, seminiferous tubule at stages I-VI in
5 days after vasectomy, arrow heads showing significantly
increased apoptotic germ cells. < 400.

days after vasectomy (Fig. 5B). In 1 week after vasectomy,
seminiferous tubules still exhibited the higher number of
cells undergoing apoptosis, and then gradually decreased
within normal level at the end of study.

In analysis of testicular apoptotic DNA fragmentation,
DNA ladders were apparent after 3 days of vasectomy
(Fig. 6). Apoptotic DNA fragmentation of germ cells fully
corroborated the observed increase in the degree of time-
elated apoptosis of germ cells.

HWihg

Fig. 6. Agarose gel electrophoresis of testicular 180-200
bp nucleosomal fragments DNA isolated from control and
vasectomized rats. Lane 1, 2, 3, 4, 5, 6, 7 and 8 represents
the control, 1 day, 2 days, 3 days, 5 days, 1 week, 2
weeks, 4 weeks respectively after vasectomy.

Analysis of Fas-Fasl. expression revealed a detectable
increase at day 3 and a maximal increase at 5 days after
vasectomy (Fig. 7) and then gradually decreased, but the
level was higher than that of control even at the end of the
study. Fas-Fasl. expression are correlated with the observed
increase in the degree of germ cell apoptosis with time.

Discussion

This study provides the evidence that impairment of
spermatogenesis after vasectomy occur via apoptosis, in
which the Fas-FasL system is involved. The TUNEL study
demonstrated the presence of a few apoptotic cells in the
control testes. This is in agreement with previous reports
[32, 33]. And a significant increase of apoptotic germ cells
was observed in the testes after vasectomy, which is
consistent with the results of Kubota et al [21], and
Shiraishi er al {38, 39]. These TUNEL findings were
confirmed by electrophoresis assay of DNA fragmentation
and observation of giant cells, a marker of enhanced germ
cell degeneration [44].



490 Jong-yun Choi, Sung-whan Cho, Si-yoon Ryu, Young-heun Jee, Geun-jwa Lee and Hwa-young Son

Fas s e «— 48 kDa
FasL «—38 kDa
wr —=—Fas
- o -0 FaslL
200 b
150 +
- M .
<

100

50

0 . ]
control  1day

2days 3days b5days 1wk 2wks  dwks
Time after vasectomy

Fig. 7. Effect of vasectomy on Fas and FasL expression.
The amounts of Fas and FasL expression were determined
by immumoblot analysis and densitometry (lower graph).
AU is arbitrary densitometric units (*p<0.05, **p<0.01).

In stage specificity analysis of apoptosis, the most sensitive
spermatogenic cells were spermatogonia and spermatocytes
of seminiferous epithelium stages I-VI and XII-XIV. This
result is in line with previous study that vasectomy induced
germ cell apoptosis at stages XIII-I seminiferous tubules in
the hamster [24]. The underlying mechanism remains as to
why germ cell at these stages are specifically targeted for
apoptosis. Germ cells are most vulnerable to apopiotic
stimuli at the phases of meiosis and spermatogenesis based
on the observation that germ cells undergo apoptosis most
frequently at stages VII to VI [40]. Indeed, the earliest
morphological signs of germ cell degeneration involving
preleptotene and pachytene spermatocytes, step 7 spermatids
(at stage VII), and step 19 spermatids (at both stages VII
and VIII) were detected 5 days after the commencement of
GnRH-A treatment [14]. However, treatment with cyclopho-
sphamide increased apoptsis, predominantly in spermatogonia
and spermatocytes at stages I-VI and XI-XIV [4]. After
short-term (24 hr and 48 hr) experimental cryptorchidism
in rats, a significant increase in number of apoptotic germ
cells was evident in all stages, except for VI and VII [12].
In the testes reperfused after 1 hr of ischemia, a high
number of TUNEL-positive cells were identified in all stage,
except at stages XI and XII [19]. After hypophysectomy
the incidence of degenerating spermatocytes, and spermatids
which are present in stages VII or VII seminiferous

tubules [36]. Thus, the cell- and stage-specific induction of
apoptosis is stimulus-specific.

In the testes, p53 [41], bel-2/bcl-xI/bax [34] and
Fas-FasL system [42] have been shown to be present. Such
an expression pattern would provide and efficient way for
regulating germ cell apoptosis [7]. Previously vasectomy
increased p53 [18] and phospho-p38 [19] immunoreactivity
in primary spermatocytes. In the present study, vasectomy
increased in the amount of Fas-FasL protein. Fas is
expressed in germ cells and FasL is detected in Sertoli
cells [25]. Fas-FasL system has been identified as a key
regulator of Sertoli cell-directed germ cell apoptosis in
response to specific stimuli [23]. On exposure to specific
Sertoli cell toxicants, injured Sertoli cells overexpress FasL
which translocates and diffuses towards the apical side of
seminiferous tubules, secondarily inducing apopotic deletion
of Fas-expressing germ cells [3]. Vasectomy induces
hitopathological and physiological changes in the Sertoli
cells [37]. Therefore, vasectomy may not only primarily
up-regulate Fas in damaged germ cells, but also enhance
FasL expression in concomitantly injured Sertoli cells
resulting in secondary germ cell apoptosis.

In conclusion, vasectomy induces testicular germ cell
apoptosis in a time-dependent and stage-specific pattern,
and spermatogonia and early spermatocytes at stages I-VI,
XII-XIV were the main target cells. And enhanced apoptosis
of germ cells in the testes after vasectomy is associated
with up-regulation of the Fas-FasL signal pathway.
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