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ABSTRACT

Spermatogenesis and acrosomal formation in the musk shrew, Suncus murinus, were studied by light and
transmission electron microscopy. The cycle of the seminiferous epithelium was divided into 13 stages based
on the characteristics of acrosomal change and nuclear shape, appearance of meiotic figures, location of
spermatids, and period of spermiation. The relative frequencies of stages 1 to 13 were 5.1, 5.9, 10.1, 8.8,
12.5, 11.5, 10.6, 7.9, 6.0, 4.8, 8.9, 3.1 and 4.8, respectively. Additionally, spermatid development was
subdivided into 13 steps. Acrosomal formation during spermiogenesis in the musk shrew was quite
characteristic. However, in contrast to other mammalian species, the nucleus remained in the middle region
of the seminiferous epithelium, and only the acrosome extended towards the basement membrane, beginning
at step 7. The extension of the acrosome was conspicuous and reached maximum at step 9. At that time, the
tip of the acrosome extended nearly to the basement membrane. The acrosome of maturing spermatids was
about 3-fold longer than that of spermatozoa. Thereafter, the acrosome gradually shortened and became
flat. The enormous fan-shaped acrosome was completely formed at step 13. The prominent extension and
subsequent shortening and flattening of the acrosome in the musk shrew appears to be a unique process to
form the enormous fan-shaped acrosome.

Key words: Spermatozoa; seminiferous epithelium; spermatids.

INTRODUCTION

Several investigations describe spermatogenesis in
various mammalian species (Monesi, 1962; Swierstra
& Foote, 1963; Clermont & Harvey, 1965; Swierstra,
1968; Tiba et al. 1968; Foote et al. 1972; Kennelly,
1972; Clermont & Antar, 1973; Swierstra et al. 1974;
Grocock & Clarke, 1975; Schuler & Gier, 1976; Oud
& De Rooij, 1977; Ekstedt et al. 1986; Osman &
Pl6en, 1986; Kurohmaru et al. 1988). Although it is
accepted that spermatozoa in some insectivores
possess a peculiar fan-shaped acrosome (Cooper &
Bedford, 1976; Green & Dryden, 1976; Koehler,
1977; Mori & Uchida, 1985), little information is
available on spermatogenesis in insectivores. In a
previous study (Adachi et al. 1992), we tried to clarify
spermatogenesis in Watase's shrew, Crocidura watasei,

a small insectivore on the Nansei islands in Japan,
using light and transmission electron microscopy. We
found that acrosomal formation in Watase's shrew
was quite characteristic. However, during spermio-
genesis, the acrosome extended prominently towards
the basement membrane of the seminiferous epi-
thelium. It then gradually shortened and became flat.
This extreme change in shape has not so far been found
in other mammalian species. Future investigations of
other shrew species are required to analyse devel-
opment of this peculiar acrosomal shape. The musk
shrew, an Insectivore, is easily obtained for research in
Japan as it was developed more than 10 years ago as
an experimental animal. The present study examined
musk shrew testes by light and transmission electron
microscopy to classify the stages of the seminiferous
epithelium, to clarify the ultrastructure of acrosomal
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Spermatogenesis in the musk shrew

Fig. 2. Light micrographs of seminiferous tubules at each stage. (a) Stage I. Two generations of spermatids are present in the seminiferous
epithelium. The tip of maturing spermatids with a flat acrosome (arrow) is located in the middle region of the epithelium. An idiosome
(arrowhead) is observed in the vicinity of the nucleus of early round spermatids. LU, lumen; P, pachytene spermatocyte. (b) Stage V. At
this stage, 2 generations of spermatids are still detected. Mature spermatids at step 13 (arrows) are arranged along the luminal surface of
the epithelium. Acrosomes (arrowheads) cover half of the nuclear surface of round spermatids. P, pachytene spermatocyte; PL, preleptotene
spermatocyte. (c) Stage VI. After mature spermatids are released into the lumen, only one generation of spermatids is present in the
epithelium. The acrosome (arrowheads) surrounds more than half of the spermatid nucleus. L, leptotene spermatocyte; P, pachytene
spermatocyte. (d) Stage IX. The acrosome (arrowheads) is extending towards the base of the epithelium. The spermatid nucleus is slightly
elongated. P, pachytene spermatocyte; Z, zygotene spermatocyte. (e) Stage XI. Extension of the acrosome (arrowhead) reaches maximum
at this stage. The tip of the acrosome approaches the basement membrane. The spermatid nucleus remains located in the middle region of
the epithelium. P, pachytene spermatocyte. (J) Stage XII. The acrosome begins to shorten. The width of the acrosome tends to increase in
accordance with its shortening. D, diplotene spermatocyte; P, pachytene spermatocyte. Bar, 20 /sm.

505



506 M. Kurohmaru and others

jjr4Z--I

,1g~~~~~~~ 1~~~~~r '~~~~~~J4

S *,"-.~~~ ..AL

14.

SO

_ ;''fjv'sSTI..-' .;-
Fig. 3. Transmission electron micrographs of developing spermatid. (a) Spermatid at step 4. The acrosome is obvious on the nuclear surface
of the round spermatid. Some acrosomal granules (asterisks) are present remote from the acrosome. A well developed Golgi complex is seen
in the vicinity of the acrosomal area. N, nucleus. (b) Spermatid at step 5. The acrosome (asterisk) covers more than half ofthe nuclear surface.
The Golgi complex is still recognisable near the acrosome. (c) Spermatid at step 7. The acrosome (asterisk) extends towards the basement
membrane. Sertoli/spermatid junction (ectoplasmic specialisation, arrowheads) is detectable around the acrosome. The spermatid nucleus (N)



Spermatogenesis in the musk shrew

formation, and to compare results with those in
Watase's shrew and other mammalian species pre-
viously studied.

MATERIALS AND METHODS

Fifteen adult male musk shrews, 40-74 g in weight,
were used in the present study. Most of the animals
were obtained from the Department of Anatomy,
Nippon Medical School, the Department of Phar-
macology, the University of Tokyo and Central
Institute for Experimental Animals. Some were cap-
tured on Tokunoshima island. No differences in
spermatogenic features were found among these
animals.

Light microscopy

Under ether anaesthesia, the testes of 10 musk shrews
were excised surgically and immersed in Bouin's
fixative. Samples were cut into slabs, dehydrated in a
graded series of ethanol, and embedded in paraffin.
Sections (4-5 gm) were stained with periodic acid
Schiff (PAS)-haematoxylin and observed by light
microscopy. Fifty round seminiferous tubules which
showed only one stage were selected from each testis.
A total of 100 round seminiferous tubules (50
tubules x 20 testes) was evaluated and classified into
each stage.
Whole mount samples were also prepared according

to Clermont & Bustos-Obregon (1968) for discrimi-
nating type B in spermatogonia and preleptotene
spermatocytes. After removing the tunica albuginea,
the detached seminiferous tubules from 2 musk shrews
were immersed in Bouin's fixative for 2-3 h. The
tubules were placed in 3 consecutive baths containing
80% ethanol, 70% ethanol, and distilled water,
respectively. They were then stained with haema-
toxylin, dehydrated in a graded series of ethanol,
mounted on a glass, and observed by light microscopy.

Transmission electron microscopy

Under pentobarbital anaesthesia, the testes of 3 musk
shrews were perfused through the thoracic aorta with
Ringer's solution followed by 2.5 or 5% glutaral-
dehyde in 0.1 M phosphate buffer. The testes were
excised surgically, cut into smaller pieces and im-
mersed in the same fixative. After washing with

phosphate buffer, they were postfixed in 1% osmium
tetroxide in 0.1 M phosphate buffer, dehydrated in a
graded series of ethanol and embedded in Quetol 812.
Thick sections (approximately 1 gm) were stained
with toluidine blue and observed by light microscopy.
Thin sections were stained with uranyl acetate and
lead citrate and observed with a JEM-IOOS or JEM-
1200EX transmission electron microscope at 80 kV.

RESULTS

The cycle of the seminiferous epithelium

The cycle of the seminiferous epithelium in the musk
shrew was divided into 13 stages on the basis of
acrosomal changes, nuclear shape, appearance of
meiotic figures, location of spermatids, and period of
spermiation. The characteristic acrosomal changes of
spermatids were mainly used as a criterion. The
relative frequencies of stages 1 to 13 were 5.1, 5.9,
10. 1, 8.8, 12.5, 11.5, 10.6, 7.9, 6.0, 4.8, 8.9, 3.1 and 4.8,
respectively (Fig. 1).

Division of type B spermatogonia at stage V
produced primary spermatocytes at preleptotene
phase (Fig. 2b), and they grew into the leptotene
phase at stage VI (Fig. 2 c). Leptotene primary
spermatocytes were present at only one stage and
changed into zygotene spermatocytes at stage VII.
Zygotene primary spermatocytes were observed from
stages VII to IX (Fig. 2d). Pachytene primary
spermatocytes developed from zygotene sperma-
tocytes and first appeared at stage X. From stages X
to XII (Fig. 2J), 2 kinds (early, late) of pachytene
spermatocytes were detected within the seminiferous
epithelium. Pachytene primary spermatocytes were
recognisable throughout all stages. They gradually
developed and divided into secondary spermatocytes
at stage XIII. Meiotic figures were observed frequently
at this stage. Secondary spermatocytes divided to
produce an early round spermatid that first appeared
at stage I (Fig. 2 a). It contained a PAS-positive
acrosomal vesicle within the cytoplasm. The acro-
somal vesicle gradually developed and attached to the
nuclear membrane at stage III. A maturing elongated
spermatid was also detected at stage I (Fig. 2a). Two
generations of spermatids, an early round spermatid
and a maturing flattened spermatid, were present until
stage V (Fig. 2b). The acrosome was apparently
formed on the nuclear surface of the round spermatid

is partly elongated. The manchette (arrows) is clearly seen in the upper part of the figure. (d) Spermatid at step 12. The spermatid nucleus
(N) is condensed. ES (arrowheads) surrounds the whole acrosomal surface. The extended acrosome is still embedded within the Sertoli cell
crypt. Bars, 1 rm.
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at stage IV and then expanded to cover half of the
nuclear surface at stage V (Fig. 2 b). The acrosomal tip
of the round spermatid rotated to face the basement
membrane of the tubule at stage VII. After stage VIII,
the elongation of the round spermatid nucleus
progressed to some extent. During this process,
flattening of the spermatid nucleus was more con-
spicuous than elongation. The nucleus began to
condense after stage X. The acrosome extended
towards the basement membrane after stage IX (Fig.
2d), whereas the spermatid nucleus remained situated
in the middle region of the epithelium. The acrosome
reached maximum extension at stage XI (Fig. 2e). At
that time, the acrosome of maturing spermatids was
about 3-fold longer than that of spermatozoa. The
apical tip of the acrosome was located close to the
basement membrane at this stage. Thereafter, the
acrosome gradually shortened and became flat. At
stages II-V, the acrosome revealed a fan-like shape.
At stage VI (Fig. 2c), the matured spermatid with a
fan-shaped acrosome was released from the epi-
thelium (spermiation).

Ultrastructure of acrosomalformation during
spermiogenesis

Spermatid development was subdivided into 13 steps
by light microscopic observation (Fig. 1). Steps 1-3,
4-5, 6-11 and 12-13 of the spermatid corresponded to
the Golgi, cap, acrosome and maturation phases,
respectively.
At step 1, a few acrosomal vesicles were present in

the vicinity of the spermatid nucleus. Thereafter, the
vesicles fused with each other to increase in diameter.
Although one large vesicle attached to the nuclear
membrane at step 3, some vesicles were still present
away from the nucleus. During the Golgi phase (steps
1-3), a well developed Golgi complex was located
close to the vesicles. During steps 4 (Fig. 3 a) and 5
(Fig. 3 b), the acrosome that was formed at step 3
spread over the nuclear surface to cover half of the
nucleus. At step 6 when the spermatid rotated and its
anterior pole faced the base, the outer membrane of
the acrosome converged upon the plasma membrane
of the spermatid. At step 7 (Fig. 3 c), the acrosome
began to extend towards the basement membrane.
The manchette, consisting of bundles of microtubules,
was clearly seen at this step. The microfilament
bundles also were obviously detected at ectoplasmic
specialisation (ES; Russell, 1977) sites between the
Sertoli cell and spermatid. Thereafter, the acrosome
with ES gradually extended towards the base and

the surface of the extended acrosome was completely
surrounded by ES. After step 10, the acrosome showed
a tendency to shorten. Accompanying the progress of
shortening, the acrosome gradually became flattened
from steps 11-12 (Fig. 3d). The shortening and
flattening of the acrosome were completed at step 13.
Mature spermatids (step 13) with an enormous fan-
shaped acrosome were arranged along the apical
surface of the epithelium.

DISCUSSION

Spermatogenesis in the musk shrew is fundamentally
similar to that in the Watase's shrew and other
mammalian species, with some exceptions. The
cycle of the seminiferous epithelium in the Watase's
shrew is divided into 12 stages, while the cycle in the
musk shrew is composed of 13 stages. The extension
of the acrosome towards the basement membrane
(stages VIII-XI) takes a longer period in the musk
shrew than in Watase's shrew. From the beginning of
acrosome extension to the maximum, it takes 3 steps
in the musk shrew, but only 2 in Watase's shrew. In
fact, the extension of the acrosome is more remarkable
in the musk shrew. This finding may explain the
difference in the number of stages between the 2
species. During the Golgi phase (steps 1-3), the Golgi
complex is well developed within the spermatid
cytoplasm of the musk shrew. The conspicuously
developed Golgi complex must contribute to the early
formation of the large acrosome.
The process of acrosomal formation during sperm-

iogenesis in the musk shrew is quite characteristic. In
other mammalian species examined to date (Foote et
al. 1972; Kennelly, 1972; Grocock & Clarke, 1975;
Kurohmaru et al. 1988), both the acrosome and the
elongating nucleus of the spermatid gradually move to
the basal region of the seminiferous tubule and
subsequently migrate in the opposite direction
towards the lumen prior to spermiation. In contrast,
during the same process the spermatid nucleus of the
musk shrew remains located in the middle region of
the seminiferous epithelium, and only the acrosome
extends towards the basement membrane. Although a
similar process is observed in Watase's shrew (Adachi
et al. 1992), the extension of the acrosome is more
conspicuous in the musk shrew. When the acrosome
shortens it does not seem to change in quantity: the
width increases to correspond with the decrease in
length. The prominent extension and subsequent
shortening and flattening of the acrosome in the musk
and Watase's shrews appear to be required to form
the enormous fan-shaped acrosome. This peculiarreached maximum length at step 9. Even at this step,
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acrosomal formation was not observed in the
European common shrew, Sorex araneus, which
possesses a relatively smaller acrosome (Ploen et al.
1979) compared with that of the musk shrew. The
findings suggest that this unique process of acrosomal
formation may be common only in shrews with an
enlarged fan-shaped acrosome.
The significance and mechanism of the movement

of elongating spermatids between the luminal side and
the basal region still remain unresolved. More detailed
investigations of the peculiar acrosomal formation in
the musk shrew may provide new insight into this
phenomenon. Furthermore, corresponding to acro-
some extension, ES also extends towards the basement
membrane to a considerable degree. The musk shrew
may be a useful model to clarify the function and
structure of ES.
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