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ABSTRACT

The present paper describes the relationship between spermatozoa and the epithelium of the female
genital tract during sperm storage in greater yellow bats, Scotophilus heathi. All the female bats collected
from mid-January till ovulation in early March showed the presence of spermatozoa with their heads orien-
tated towards the epithelial lining of the female genital tract. During this period, the epithelial cells of the
uterine horn showed extensive endoplasmic reticulum (ER), numerous mitochondria and well developed
Golgi complexes. In females inseminated during December, the spermatozoa were not arranged linearly
and showed signs of degeneration. During December, the uterine epithelial cells contained only a few small
mitochondria and less developed rough ER. The leucocytes and Langerhans cells were frequently seen in
the epithelial lining during the course of sperm storage especially at the site of phagocytised sperm heads.
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l. Introduction

The coincidence of sperm storage and hiberna-
tion led earlier workers to believe that torpor was
necessary for sperm to retain their fertilizing capacity
over a prolonged period (Racey, 1975). Discovery of
the sperm-storage phenomenon in tropical vesper-
tilionids indicated that a special physiological mecha-
nism was involved in sperm storage (Krishna and
Dominic, 1978; Crichton et al., 1981; Dominic and
Krishna, 1989). Several temprate-zone species have
been investigated in detail to ascertain the mecha-
nism (Racey, 1975; Uchida and Mori, 1987); in contrast,
only a few tropical species have been investigated. In
Scotophilus heathi, a tropical vespertilionid bat, pre-
vious observations have shown that sperm are stored
in the uterus and oviduct, where they are orientated
with their heads towards the epithelium (Krishna and
Dominic, 1978). Another study on the same species
found “swarms” of spermatozoa in the female genital

tract (Gopalakrishna and Madhavan, 1978). The
present paper reports a further investigation of the
relationship between spermatozoa and their storage
organ in S. heathi.

Il. Materials and Methods

A total of 30 adult greater yellow bats (S.
heathi) were collected at Banaras Hindu University
and in adjacent areas during a period which extended
from the beginning of the breeding phase (Septem-
ber) to just before ovulation (early in March) during
1988-89 (Table 1). The animals were sacrificed soon
after their arrival in the laboratory by perfusion
through the dorsal aorta with 1% glutaraldehyde and
1% paraformaldehyde in 0.1 M phosphate buffer
(pH 7.4). One hundred iu heparin (Liquemin 100 R,
Hoffmann La Roche, Grenzach-Whylem, Germany)
per 100 gm body mass were injected i.p. under
anaesthesia 15 min before the perfusion was begun.
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Table 1. Details of the Bats Studied for the Occurrence of Sperma-
tozoa in the Female Tract of Scotophilus heathi

Reproductive stage Date captured Number of Sperm in
bats female
genital tract

30 September, 1988 5 -

Quiescence
(ovary does not
contain antral fol-
licles)
Recrudescence
(ovary contains an-
tral follicles)
Winter dormancy
(sperm seen in
genital tract, ovary
contains antral fol-
licles)

Breeding

(mating reported,
sperm seen in geni-
tal tract, ovary con-
tains antral fol-
licles)

Breeding

(sperm in genital
tract, ovary con-
tains antral fol-
licles)
Post-Ovulatory
(ovary contains
corpus luteum)

24 November, 1988

18 December, 1988 6 +

20 January, 1989 6 Foe

10 February, 1989 4 ++

8 March, 1989 4 -

The thoracic and abdominal cavities were opened
along the mid line of the body, and a blunt cannula
fitted to a silicone tube was introduced into the left
ventricle and slowly pushed into the ascending aorta.
After fixing the cannula with one clamp and inter-
rupting the large cervical blood vessels with other
clamps, the remaining blood circulation was rinsed
using 50 ml Ringer’s solution and a perfusor. The
speed of the perfusor was adjusted to 300 ml/hr.
After rinsing, 50 ml fixative, 1% gluteraldehyde and
1% paraformaldehyde in phosphate buffer (pH 7.4)
was injected. The reproductive tissues were promptly
placed in cold fixative for 4 hrs. After being thor-
oughly rinsed with the buffer, the tissues were post-
fixed in 2% osmium tetroxide in 0.1 M phosphate
buffer and 3% sucrose. After dehydration in a graded
series of ethanol and polypropylenoxide, the tissues
were embedded in araldite resin. Thick sections (1.5
pm) were stained with 0.5% toluidine blue and exam-
ined using a light microscope. Ultrathin sections
from selected areas were then cut on a LKB
ultramicrotone, mounted on copper grids, stained
with uranyl acetate and lead citrate, and examined in a
Phillips EM 400.

Il. Results

S. heathi exhibits a sharply defined annual
breeding season. The first sign of recrudescence of
the ovary was observed in females collected during
late September and early October. In November, the
ovary contained several large antral follicles and the
testes showed active spermatogenesis. The females
remained sexually quiescent during the peak winter
months from late December to mid-January. The
second phase of reproductive activity was seen during
mid-January. Large numbers of spermatozoa were
found in the epididymis from November until March.
Ovulation occurred during the first week of March.

Bats collected until early December were not
yet inseminated. Two out of 6 bats collected on De-
cember 18th appeared to have mated recently as their
uteri contained large clumps of spermatozoa. In these
females, the spermatozoa were not arranged linearly
and showed signs of degeneration, characterized by
fusion of the plasma and outer acrosomal membrans
in the cap region. These bats generally seemed to
mate again during January. All the females collected
after mid-January showed the presence of sperma-
tozoa, mainly in the caudal oviduct, utero-tubal
junction and distal uterine horn, arranged linearly
with their heads orientated towards the epithelial
lining (Figs. 1 and 2). This situation persisted consis-
tently until immediately after ovulation in March.
During this period, the heads of the spermatozoa
made oblique and vertical contact with microvilli of
the epi-thelial cells (Fig. 3). Some spermatozoa were
arranged perpendicular to the non-ciliated epithelial
cells and had close contact with microvilli (Fig. 3).
Spermatozoa which remained free in the lumen were
seldom found. Females collected during late January
showed the prersence of many spermatozoa in the uter-

Fig. 1. Transverse section of the oviduct in January showing stor-
age of spermatozoa.
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Fig. 2. Transverse section of the uterus in January showing the ar-
rangement of the spermatozoa with their heads orientated
towards the uterine epithelum.
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Fig. 3. Electron micrograph of the uterus in February showing close
contact of spermatozoa with microvilli of the ciliated epithe-
lial cells (arrow). Spermatozoa are seen in close contact
with non-ciliated epithelial cells (broken arrow).

ine glands.

No morphological modifications of the sperma-
tozoa were found during the period of sperm storage.
The epithelial lining at the sperm storage site con-
sisted of both ciliated and non-ciliated cells. Ultra-
structural features of the uterine epithelium before
and during the period of sperm storage showed some
differences. During January when linear arrange-

Fig. 4. Electron micrograph of the uterus in February showing lin-
ear arrangement and intimate contact of sperm with the epi-
thelium. Note the presence of extensive rough endoplasmic
reticutum (ER), numerous mitochondria (M) and large Golgi
complexes (G). Further, note the presence of a phagocytised
sperm head at the base of the epithelial cell (arrow).

ment and intimate contact of sperm with the epithe-
lium were noted, the epitbelial cells of the uterine
horn showed extensive rough endoplasmic reticulum
(ER), numerous mitochondria with well-developed
cristae and large Golgi complexes (Fig. 4). During
December when linear arrangement and intimate
contact of sperm with the epithelium were not ob-
served, the epithelial cells contained only a few small
mitochondria and less developed rough ER (Fig. 5).
Even in bats which had not ovulated, some
spermatozoa in the storage sites degenerated and
were finally engulfed by the epithelial cells (Figs.
4 and 6). Pieces of sperm head surrounded by the cyto-
plasmic pseudopodia on the luminal surface were
frequently observed. Phagocytised sperm heads were
also seen within the epithelial cell cytoplasm. The
heads of spermatozoa later reached the base of the
epithelial cells. The region beneath the endometrial
basal lamina was filled with numerous leucocytes.
Several leucocytes were observed passing through the
basal lamina into the epithelial lining. Although
leucocytes were frequently seen in the epithelial
lining during the course of sperm storage, they never
infiltrated into the lumen of the genital tract. Another
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Fig. 5. Transverse section of the uterus in December. Note the epi-
thelial cell containing only a few small mitochondria (M) and
less developed rough endoplasmic reticulum (ER).

Fig. 6. Electron micrograph of the uterus in February showing sper-
matozoa engulfed by the epithelial cell.

Fig. 7. Electron micrograph of the uterus in February showing
stored sperm in close contact with the epithelial cells. Note
the presence of dendrites of Langerhans cells (arrow) within
epithelial cells. Morphologically, these dendrites are seen as
radioopaque bodies containing very little rough ER (con-
firmed by ATPase staining).

cell type prominently seen at the site of sperm storage
during this period was dendrites of Langerhans cells
(Fig. 7). Morphologically, these dendrites are seen as
radioopaque bodies containing very little rough ER.

lll. Discussion

Several studies have demonstrated the presence
of a close relationship between spermatozoa and epi-
thelial cells of the female genital tract (Uchida and
Mori, 1987). Gopalakrishna and Madhavan (1978) have
described “swarms” of spermatozoa in the female geni-
tal tract of S. heathi, which were not observed in most
sperm storing bats. The present study confirmed our
earlier observation that, in S. Aeathi, spermatozoa are
arranged with their heads either orientated towards or
in intimate contact with the epithelium of the genital
tract during the period from early January to early
March (Krishna and Dominic, 1978). Thus, intimate
association between spermatozoa and female storage
organs characterizes most sperm storing bats, includ-
ing the present species, suggesting that such associa-
tions are an integral part of the mechanism of
prolonged survival of spermatozoa (Uchida et al., 1984;
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Racey et al., 1987; Uchida and Mori, 1987; Mori et al.,
1989). There have been several studies by different
laboratories as well as by our laboratory to show the
significance of close association between sperm and
the female genital tract during prolonged storage
(Racey, 1975; Krishna, 1984; Son et al., 1988).

Although mating in S. heathi was observed since
mid-December, the linear arrangement and intimate
association of sperm with the female genital tract
were not seen following insemination in December.
Only clumps of degenerating sperm were observed in
the female genital tract during this period. However,
when mating occurred after early January, a close
relationship between sperm and the uterine epithelium
was established soon after insemination.

This may suggest that the uterine horns were
not fully prepared for sperm storage during Decem-
ber. Ultrastructural features of the uterine horn (site
of sperm storage) during January revealed an abun-
dance of rough ER, free ribosomes and mitochondria
and an active golgi apparatus as compared with those
during December. These features suggest active
secretary activity of the epithelial cells of the uterine
horn during January, which might be required for lin-
ear arrangement and intimate association of sperm
with uterine cells. The uptake of degenerating sperm
heads by the epithelial cells of the genital tract of S.
heathi by means of engulfment is not unique. Similar
phenomena have been reported to occur in the oviduct
and/or uteri of a variety of other mammals, including
several bat species (Rasweiler, 1987). Interestingly, in
S. heathi, a number of leucocytes and dendrites of
Langerhans cells were observed within the epithelial
cells especially at the site of phagocytised sperm heads.
Leucocytes were never seen in the uterine lumen. Thus,
it would be interesting to investigate the mechanism
involved in controlling leucocyte migration into uter-
ine epithelium cells and the roles which leucocytes and
Langerhans cells play in the uterine function, especially
during the period of sperm storage.
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