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ABSTRACT. Apoptotic cell death in the testes of 4 dogs with azoospermia was examined. Blood plasma luteinizing hormone (LH),
testosterone (T), and estradiol-178 (E;) concentrations, and testicular transferrin (Tf) concentration as a marker of Sertoli cell function
were measured in the 4 azoospermic dogs and in 5 normal dogs. The spermatidsin 2 of the 4 azoospermic dogs and the Leydig cellsin 3
of them exhibited apoptotic cell death. Mean LH, E;, and Tf concentrationsin the 4 azoospermic dogs were significantly higher than in the
normal dogs (P<0.01). These findings suggested that the azoospermiain all 4 dogs might has been caused by abnormal functions of Sertoli
cellsaswell as Leydig cells—KEY WORDS: apoptosis, azoospermia, canine.
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Apoptotic germ cells have been observed in the human
testes with spermatogenic dysfunction [23]. In mice and
rats, apoptosis of germ cells was described with artificial
cryptorchidism [9, 20], and after long-term treatment with
Gn-RH agonist [4], or with chemicals suppressing
testosterone (T) secretion [22], as well as after injection of
estradiol-178 (Ey) [5]. In canine species, the cause of
infertility mostly remains unknown [8, 17], although
spermatogenic dysfunction due to orchitis [3], or poor
secretion of the anterior pituitary gland or testis [13] has
been observed in some cases. This study focused on
apoptotic cellsin the testis of azoospermic dogsin relation
to blood levels of luteinizing hormone (LH), T, and E;. The
concentrations of testicular transferrin (Tf) were also
mesasured as a marker of Sertoli cell function [12, 16].

Four azoospermic dogs, 3 Beagles and a Shetland
Sheepdog, aged 3-6 years, were used in this study. They
were receiving care at our university and were selected on
the basis of 3 semen collections and evaluations. The
parents of the 3 male Beagles were different and they have
had no experience of any chemical treatments. Under
hal othane anesthesia, testicular tissue was biopsied from the
4 azoospermic dogs and 3 normal Beagle dogs, and fixed in
Bouin’s solution. Paraffin sections 3 um in thickness were
made and stained with PAS-hematoxylin. The other
sections were washed in butanol and examined for
apoptosis of germ, Sertoli and Leydig cells using a kit

(Trevigen, Inc., USA) for the detection of free 3'-hydroxyl
residues resulting from DNA fragmentation initiated by
streptavidin-horseradish peroxidase (TUNEL method).
Apoptotic cellsin 500 specific cells were counted.

The concentrations of LH, T, and E, were measured by
radioimmunoassay of peripheral blood plasma from the 4
azoospermic and 5 normal dogs, as described previously
[14, 15, 26]. The biopsied testicular tissues were examined
for Tf concentrations by enzyme immunoassay [12]. All
the data were statistically analyzed by Student’st-test.

Spermatogonia and spermatocytes were observed in the
seminiferous tubules in al the azoospermic dogs (Table 1).
Although round spermatids were seen in the tubules of 2
(Dogs No.2 and 4) of the 4 azoospermic dogs, no
spermatozoa were found in any of the dogs. About 3% of
round spermatids were apoptotic (Table 1 and Fig. 1-a). In
3 (DogsNo. 1, 2 and 4) of the 4 azoospermic dogs, about 3
to 8 % of the Leydig cells exhibited apoptotic death (Table
1 and Fig. 1-b). No apoptosis was seen in Sertoli cellsin
any of the dogs with azoospermia. Apoptotic cells were not
detected in the testes of the 3 normal dogs.

In the dogs with azoospermia, the mean plasma levels of
LH and E; as well as testicular Tf showed significantly
higher concentrations than in the normal dogs (P<0.01),
whereas the plasma T concentrations were significantly
lower (P<0.01) (Table 2). The mean hormone levelsof Dog
No. 3 which showed no apoptosis in the testes (Table 1)

Table 1. Testicular histology of 4 dogs with azoospermia and 3 normal dogs

Dog No. Germ cells? observed Apoptotic Apoptotic
(Breed) inseminiferoustubules  germcells®®  Leydig cells”
1 (Beagle) Sand P 0.0% 8.2%

2 (Beagle) S PandR R: 3.4% 2.8%

3 (Beagle) Sand P 0.0% 0.0%

4 (Shetland sheepdog) S, P, and R R: 2.6% 3.6%
Normal beagles S, P andR 0.0% 0.0%

a) S: spermatogonia, P: primary spermatocytes, R: round spermatids.
b) The percentages of apoptotic cellsin 500 cells.
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Fig. 1. Round spermatids (a) and Leydig cells (b) exhibiting apoptosis in Dog No.4 with azoospermia. Condensation of nuclear
chromatin of round spermatids and Leydig cells exhibiting apoptosis (arrows). TUNEL method. x 400.

Table 2. Mean (+ S.E.) concentrations of peripheral plasma luteinizing
hormone (LH), testosterone (T), and estradiol-178 (E,) and testicular
transferrin (Tf) in 4 dogs with azoospermiaand 5 normal Beagle dogs

Dogs LH (ng/ml) T (ng/ml) E,(pg/ml)  Tf (ng/mg)
Azoospermia 132+11* 1.0+05* 255+27* 499.0+41.1*
Normal 54+0.6 27+03 118+12 3074257

* P<0.01, in comparison with normal dogs.

were similar to the values in the other azoospermic dogs.
High testicular Tf concentrations were found in the 4
azoospermic dogs, suggesting on abnormally enhanced
function of Sertoli cells, which are known to produce high
levels of E;, [6, 19], and to control Leydig cell functions by
aparacrine effect [7, 24]. High concentration of plasmaE,
might also inhibit T secretion from the testis [11], possibly
inducing apoptotic death of germ cells [5]. After E,
injection, spermatids and spermatozoa were reported to
disappear in the seminiferous tubules of bulls [18] and
atrophy was induced in the testes of dogs [10]. Apoptosis
of spermatids and Leydig cells observed in the present
study, was considered to result from the high level of E,
secreted by the Sertoli cells.

In hypophysectomized adult rats, no apoptosis was
described as appearing in Sertoli or Leydig cells[4]. As
apoptosis of Leydig cells has not been reported in any
animal species, the apoptosis of Leydig cells observed in
this study might be related with spermatogenic dysfunction
under lowered T secretion due to enhanced E, secretion by
Sertoli cells. Since T secretion by Leydig cellsis known to
stimulate the latter half stage of spermatogenesis [21], the
apoptosis of spermatids might result from not only high E,

levelsbut also low T levels. The apoptosis of spermatogonia
was observed in the seminiferous tubules of normal rats[2],
but no apoptosis of germ cells was detectable in any of the 3
normal dogsin this study.

There have been a few reports of abnormally high
plasma LH and E; levels in azoospermic human patients[1,
25]. The high plasma LH concentrations in the 4
azoospermic dogs were thought to be induced by a positive
feed-back mechanism of the hypophyse-gonadal axis after
lowered T secretion of the Leydig cells.

These findings suggested that the azoospermia of the 4
dogs might have been the result of abnormally functioning
Sertoli cellsaswell as Leydig cells.
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