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Pericdic Changes of the Testis and Ductus Epididymis

in Kerean Hibernating Bats
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INTRODUCTION

It has been demonstrated that reproductive activities of hibernating bats are
‘usually carried out in a certain peculiar way which is closely related to one of
their special faects, hibernation. Hartman (1933) and Baker and Bird (1936) have
set up a hypothesis that copulation usually occur in the fall but ovulation and
fertilization takes place in the spring. This means that the mode of reproduction
is quite different from those of other mammals; insemination is not always follo
wed by concurrent fertilization.

On the other hand, Wimsatt (1945) and Stebbings (1965) have reported that
-copulation can occur not only in the fall but also in the winter and even in the
spring. In other words, cjaculated sperms are able to survive in the female
reproductive tracts, otherwise stored sperms in the male reproductive tracts are
able to persist during the long winter waiting for their given task of fertilization
in the spring. Thus a certain possibility of the survival of active sperms in the
male reproductive tracts has also been emphasized and such an interesting
phenomenon has heen supported by many workers (Strelkov, 1962; Raccy, 1973;
Uchida and Mori, 1972, 1974; Mori and Uchida, 1974). With special regard to the
mechanism of fertilization in bats, Uchida and Mori (1972, 1974) have reported
-extensive electron microscopic findings on the mechanism including the process of
spermiogenesis and the acrosomal reaction in the Japanese bats.

Whatever the mechanism by which the sperm of bats can persist in the female
-or male reproductive tracts for such a tedious hibernation period in a condition of
low body temperature, it is of interest to study the possible periodic changes of
the spermatogenic epithelium and the excretory ducts in Korean hibernating bats,
and to elucidate correlations between the morphological facets and the physiolo-
gical modalities in the reproduction of bats.

The results obtained in the present study suggest that certain periedic changes
-of the spermatogenic epithelium and the excretory ducts in Korean hibernating
bats seem to be closely related to one of their special physiological facets,
hibernation.

MATERIALS AND METHODS

Two species of bats, oriental discoloured bats (Vespertilio sperans Thomas)
and Korean greater horseshoe bats (Rhinolophus ferrumequinum korai Kuroda)
were used in the present investigation. The oriental discoloured bats (adult male,
body weight- 14gm on the average) were obtained from their natural habitat, the
tiledroof of a building in the Eujonghoo Middle School, Gyonggi-Do, Eujongboo on
July 19 and August 1, 1976 and the Korean greater horseshoe (adult male, body
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weight-19gm on the average) were obtained from the Chunho Cave at Hosan-Rj,
Yosan-Myon, Ikssan-Guan, Chullabuk-Do on September 29 and December 5, 1976.

For the sake of convenience and understanding, the experimental animals ob-
tained at various periods were divided into three phases: (1) active (Vespertilio
superans Thomas captured in July and August, (2) pre-hibernation (Rhinolophus
ferrumequinum korai Kuroda captured in September, and (3) hibernating (Rhi-
nolophus ferrumequinum korai Kuroda) captured in December.

After bringing the hats to the laboratory, the whole testis and epididymis
were fixed in 10% formalin, embedded in paraffin, sectioned at 5¢, and stained
in hematoxylin and eosin for histological analysis. Seminiferous tubules and
interstitial tissue of the testis and ductus epididymidis of the excretory duct
were observed with a hinocular microscepe.

RESULTS

1. The testis and the excretory ducts of Vespertilio superans Thomas in the
active phase (Fig. 1-5).

There were slight differences betwezn the histologic findings of thz testis of
the bats obtained in July(Fig. 1) and those in August. The cell layers of the
spermatogenic epithelium of the testis obtained in Augnst seemed more statified
than those obtained in July. Large type A spermatogonium had a spherical nu-
cleus with fine chromatin granules and usually one irregularly shapzd nucleolus
(Fig. 2). These type A cells were more predominent in the August bat. In the
spermatocytes, active meiotic cell divisions were distinguishable both in the July
(Fig. 3) and August bats but more active figures were observed in the latter.
None of the mature sperm and spermatids were found in the lumina of the semi-
niferous tubules in July bats but a few sperm anchored to the extended cytop-
lasm of the Sertoli cells were observed in those of the August bat(Fig. 4). In
contrast to a certain degree of hypertrophy of the spermatogenic epithelium, the
interstitial tissues were slightly decreased in amount in the August bats. The
interstitial cells of Leidig were irregular in shape and occurred in isolated clus-
ters. The cytoplasm was strongly acidophilic in the July bats but became less
eosinophilic in the August bats. The blood vessels also increased in number. In
the excretory ducts of both bats, nc remarkable histolegical differences were
ohserved, although slight incraases of the lumenal sizes were generally distingui-
shable (Fig. 5). However, a small number of the spermatid were occasionally
feund in the tail of the ductus epididymidis of the August bats.

2. The testis and the excretory ducts of Rhinolophus ferrumequinum korai Ku-

roda in the pre-hibernation phase (Fig. 6-8).
The spermatogenic function of September bats was not remarkable, althoagh
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the spermatogenic epithelium showed 3 to 4 cell layers which were composed of
two major categories of cells (Fig. 6). A unmber of the supporting Sertoli cells
were mainly observed in the vicinity of the lumen and they were characterized
by a star-shaped conformation in contour (Fig. 7). However, few of the sperma-
togenic cells were distinguishable in the lumen but almost no mature sparm were
found in the hollow space. The interstitial tissue of the testis was small in
amount and the interstitial cells had large dense spherical nuclei with centrally
located nucleoli. In the excretory ducts, the histological findings were quite di-
fferent from those of the seminifercus tubules so far as functional facets were
cencerned. The ductus epididymidis epsecially contained a vast number of sperm
that were formed in concentrated clusters here and there. But some times part of
the ductus epididymidis did not contain any spzrm at all (Fig. 8).

In the basement membrane portion adjacent to the pseudosiratified ciliated
columnar epithelium of the ductus epididymidis, there were peculiar hollowed
spaces which were mostly spherical in shaps. These small para-tubular spaces
were found only in the Septemer bats, and especially in its head and body of
the epididymis (Fig. 8). Sometimes they seemed to be located within or between
the epithelial cells. The spaces were usually vacant but some of them contaired
various materials icluding red blood corpuscles, pyknotic cell nuclei, unclarified
cell debris, and unidentified materials.

3. The testis and the excretory Qucts of Rhinolophus ferirumeguinum korai Ku-

roda in the hibernating phase (Fig. 9-12).

The histoliogical changes of the testis and the ductus epididymidis were more
remarkable in December bats than in September bats. A thick f{ibrous capsule,
the tunica albuginsa, seemed to become increased in width and the spermatogenic
cell layer of the seminiferous tubule became conversely decreased in size (Fig. 9).
Even the early cell lines of spermatccytogenesis were scarce in the periphery of
the tubule. However, the sustentacular cells were frequently observed between
the spermatogenic epithelial cells but never formed a star-shaped arrangement
(Fig. 10). in the interstitial tissues, while findings similar to those of September
bats, the differentiation of aboundant blood vessels was distinguishable (Fig. 10).
The excretory ducts of the December bat were barely developad with the excep-
tion of the cductus epididymidis. The diameter of the ductus was extremely exp-
anded reaching about thres and half times that of September bats (Fig. 11). In
these highly enlarged luminae, a vast number of mature sperm  were chserved
forming clusters along with a certain amount of secretory substance.

The orientation of the sperm was also characteristic as if they were a shoal of
fish following a certain sea current (IFig. 12). The smooth muscle cells in the
connective tissue between the ducti were greatly elongated due to the extreme
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expansion of the luminae (Fig. 12). The epithelial cells of the ductus epididymidis
were rectangular in shape and which nuclei shewed withered centeurs alcng the

basal portien of the epithelial cells.
DISCUSSION

It has heen reperted that the fertilization akility of sperm in the male reprodu-
ctive tracts is closely related to the estrus period. (Chang, 1965; Miyamcto and
Chang 1972). In the hibernating bats that inhabit the ncrth temperate zcne
where Korea is located, their estrus period, may Le expected to Le extended in
accordance with their hibernation until the next spring. Since Pagenstecher(1829)
found live sperm stored in the uterus, a number cf researchers have demcnstrated
that not only the female reproductive tracts but also the male centained a consi-
derable number of sperm during the coital pericd. (Gilbert and Steblings, 1938:
Strelkov, 1962).

In the present study, the histolegical findings of the testis and the epididymis
of the oriental discoloured bats obtained in July and August showed a distinct
inactive feature and such a degenerative change could Le explained to Le repre-
sentative of a sort of resting phase of spermatogenesis. However, the authcr
was not able to rationalize that in spite of general retardation of the testicular
function, only spermatocytes were {found actively proliferating within the cpithe-
lium of the seminiferous tubule. As Racey (1973) pointed out, there is still a
possibility that the spermatids can persist in the tail of the ductus epididymidis
for seven months or more.

In the September bats, the Korean horseshee bats, the findings differed conside-
rably from those of the oriental discoloured bats. According to Weon (1977) the
Korean greater horseshoe bats usually delivered their young cnce n vear hetween
June and July (gestation period-70 to 84 days). Based on this data, the sperm
stored in the ductus epididymidis of the September Lats eheuld survive at  least
by the middle of March later year.

That the peculiar appearance cf the para-tubular spaces in the ductus epididy-
midis cceurred only in the ductus epididymidis of the September tbats and  the
rectangular shape of the epithelial cells in spite of extreme expansicn cf the
lumen makes the auther presume that the ductus epididymidis plays a rele not
only in the storing of the sperm but also in providing their support during the
long winter. In fact, Courrier (1921) has reported a spenianecus existencs of
secreticns in the lumen cf the ductus epididymidis which might ke supplied as
nutrients for survival of the sperm. Nakano (1928) has also deracnstrated that a
censiderable amount of glycogen was included in the epithelial cells of the ductus
epididymidis of bats. Recently, Racey (1975), on the other hand, has reported
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that there was a mucous substance cn the lumenal surface of the ductus epididy-
‘midis which might play an importan® role in protecting the epithelium against
the sperm which were apt to infiltrate as an antigen. Actually he found the
sperm within the epithelial cells and this fact has supported the previous results
obtained by Austin (1960).

There was one more interesting finding in the present study which was a
certain kind of orientation of the spsrm stored in the ductus epididymidis of the
December bats. Observing a mode of sperm heads in the ductus epididymidis, a
certain kind of definite orientation was distinguishable, as if they were fellowing
the same sea current. Even in the same lumen cf ths cross-secticned ductus,
everal of the sparm currents were recognizable and these findings indicate that
there might be some sort of possihilities of factors influencing the direction of
the sperm. Racey (1975) has also demonstrated that when exposed to paraffin-oil
the sperm of house bats (Pipistrellus) were definitely oriented along the adjacent
surface, turning their heads to the paraffin-oil. Although the exact mechanism of
such an orientation of sperm has not yet been fully understood, there might be
a correlation between the results by Racey (1975) and the sperm current chserved
in the present study.

The present study has dealt with two kinds of bats. It has heen generally
known that the reproductive modes differ from species to species of bats. More-
over, the present study has not fully covered all the phases of the reproductive
.cycle both in the oriental discoloured bats and the Korean greater horseshoe bats.
Further studies, therefore, will be needed on the remaining phases including the
pra-hibernation and hibernating phases for the oriental discoloured bats, and the
active and post-hibernation phases for the Korean greater horseshoe bats as well.
These studies have not yet been carried out due to the difficulty of procuring
these particular bats during the specified phases.

SUMMARY

The pericdic changes of testis and ductus epididymidis in Korean hibernating
bats, the criental discoloured bats (Vesportilio superans Thomas) and the Korean
greater horseshoe bats (Rhinolophus ferrumequinum korai Kuroda) were studied in
order to clarify the possibility of correlation between their histological findings and
one of physiological facets, hibernation, and the results obtained were as follows:

1. The spermatogenic function of the oriental discoloured bats obtained in July
and August was depressed although the spermatocytes showed a considerable cell
proliferation. Few mature sperms were observed in the seminiferous tubuies of
the bat obtained in August.

2. The spermatogenic function of the Korean greater horeshoe bats chtained in
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September was not remalkable but a considerable number of sperms were stored
in the excretory ducts which were characterized by existence of para-tubular
spaces in the ductus epididymidis.

3. The spermatogenic epithelia of the Korean greater horseshoe bats obtained in
December showed histologically atrophied figures. However, a vast number of
sperm remained in extremely expaned luminae of the ductus epididymidis which
epithelial cells were maintained rectangular in shape.

4. These results suggest that there are periodic changes of the spermatogenic
epithelia and the excretory ducts, and that those histological changes are closely
related to their wintering.
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ILLUSTRATIONS OF FIGURES

Fig. 1. Testis and epididymis of Vespertilio superans (July bat). Inactive spermatogenic
epithelium showing thin cellular layer, 450X.

Fig. 2. A seminiferous tubule and interstitial tissuc of Vespertilio superans (July bat). A
type A spzrmatogonium and several type B spermatogonia rest on the thin basec-
ment membrane, 1,000X.

Tig. 3. Spermatocytes showing active meiotic proliferation of Vespertilio supercans (July
bat) and eosinophilic interstitial cells, 450X.

Fig. 4. Many type a czlls and Szrtoli cells anchoring mature sperm, and interstitial ceils
in cluster of Vespertilio superans (August bat) 1,000X.

Fig. 5. Ductus cpididymidis of Vespertilio superans (July bat) showing vacant lumen, 450X.

Fig. 6. Thick tunica albuginca and spermatogenic epithelium showing a star-shaped con-
formation of Sertoli cells of Rhinolophus ferrumequinwm korai, (Scptember bat),
100X,

. Sominiferous tubules of Rhidinolophus ferrumequinum korai (September bat) showing

)
-3

a number of type A spermatogonia and Spermatids, and small amount of intersti-
tial tissue, 450X.

Fig. 8. Ductus epididymidis coataining a vast number of sperm and para-tubular spaces of
Rhinolophus ferrmegquinum korai (September bat), 100X.

Fig. 9. Seminiferous tubules of Rhinolophus ferrumequinum korai (December bat) showing
thin cellular layers, and ductus efferentes within the thick tunica albuginea, 40X.

Fig. 10. High power of Fig. 9. none of mature sperm are found, 450X.

Fig. 11. Ductus epididymidis of Rkinolophus ferrumeguinum korai (December bat) showing
a vast number of sperm in the extremely expanded luminae, 100X.

Fig. 12. High power of Fig. 11. showing a shoal of sperm and several highly elongated
smooth muscle cells in the connective tissue, 450X.
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