ACTA THERIOLOGICA
Vol. 31, 10: 129—136, 1986

Scanning Electron Microscopy of Reproductive Epithelia
in the Female Musk Shrew, Suncus murinus

Eric D. WIKRAMANAYAKE & Gilbert L. DRYDEN

Wikramanayake E. D. & Dryden G. L., 1986: Scanning electron miscro-
scopy of reproductive epithelia in the female musk shrew, Suncus
murinus. Acta theriol, 31, 10: 129—136 [With Plates I—V]

Surface cells of adult musk shrew ovaries are wrinkled or rounded,
presenting a cobblestone-like appearance. Those of estrogen-treated and
untreated shrews are often collapsed but those of the HCG-treated
shrews are rounded. Epithelial cells of the fungiform corpora lutea are
rounded, polyhedral, or attenuated. They are larger than the germi-
nal epithelial cells and persist 70 hr after ovulation. Fimbrial epithelia
consist of both ciliated and non-ciliated cells, those of treated and
young, untreated shrews being most ciliated. Oviducal epithelia are heavi-
ly folded and extensively ciliated. Ciliation extends caudally over
60—70% of the oviducal length after which it occurs only in sparse,
isolated patches. Ciliation is absent near the utero-tubal junction, the
epithelium consisting of shallow, longitudinal folds bearing abundant
microvilli. The uterotubal junction projects into the uterine lumen,
with abundant microvilli on its rounded surface cells. Uterine epithelia
are moderately folded with numerous microvilli on the apices of round-
ed cells. Endometrial microvilli of treated shrews are elongated in
some areas and associate with secretory blebs. Cervical epithelia consist
of flat, microvillous cells surrounding shallow depressions, possibly
gland openings. Fornical epithelia are flat and keratinized. Vaginal
epithelia of both treated and untreated shrews are deeply plicated
longitudinally but this plication is obscured caudally by exfoliation of
rounded squamous epithelium. Vaginal surface cells are covered with
dense, stubby microvilli causing them to appear fuzzy. The untreated
shrew vaginal epithelium is characterized by elaborate microridge
arrangements.

[Department of Wildlife and Fisheries Biology, University of Cali-
fornia, Davis, CA 95616 and Biology Department, Slippery Rock Uni-
versity, Slippery Rock, PA 16057, U.S.A.]

I. INTRODUCTION

The ultrastructure of the female reproductive tract has been studied
extensively and described for many mammalian groups (e.g., Ferenczy
et al.,, 1972; Johannisson & Nilsson, 1972; Kanagawa et al., 1972; Ver-
hage et al., 1973a; Hayashi & Matsukawa, 1979; Takahashi et al., 1980)
but similar investigations are lacking in Insectivora even though these
animals represent a diverse and ancient eutherian order. Although some
studies of reproductive epithelia are descriptive (Nalbandov, 1969; Fe-

renczy et al., 1972; Hafez, 1972), others treat morphological changes
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that occur during the reproductive cycle (Verhage et al., 1973a; Parakkal,
1974; Rumery et al.,, 1978) and after exogenous hormonal treatment
(Brenner, 1967; Odor et al.,, 1981, 1983). These changes include cilio-
genesis, secretory processes, and changes in cell shape and composition.

Information on the reproductive physiology of the female Asian musk
shrew, Suncus murinus, is accumulating (Dryden, 1969, 1985; Dryden
& Pucek, 1976; Dryden & Anderson, 1977; Hasler & Nalbandov, 1978,
1980; Keefer & Dryden, 1982). Only light microscopic descriptions of its
reproductive tract exist (Deshpande, 1958; Dryden, 1969; Naik & Do-
minic, 1970; Sabnis, 1973), however, and these afford limited insight
into structural changes associated with different phases of tract differ-
entiation and function. This paper documents the surface fine structure
of the S. murinus female reproductive tract, including the effects of
estrogen treatment on its luminal epithelia.

2. MATERIAL AND METHODS

The shrews were taken from a previously described laboratory colony (Dryden,
1968, 1975). Fifteen adult females were killed with ether, their tracts removed
and immediately placed in chilled 0.2 M sodium phosphate buffer (pH 7.2). Ovi-
ducts were carefully straightened, pinned to a dental wax base and fixed in 3%
gluteraldehyde for 2 hrs. Ovaries were removed and the tract divided into sections.
Oviducts (except fimbriae) and uteri were dorsoventrally split and vaginae were
divided into dorsal and wventral halves. Tissues were then washed in phosphate
buffer, 16% glycerol sodium-phosphate buffer (24 hrs), post fixed in 2% osmium
tetraoxide (1 hr), dehydrated in an ethanol series, critical point dried (Sorval
system), mounted and sputter coated with 200 A of gold palladium. Observations
were with a Coates and Welter (Cwikscan 106A) field emission SEM.

Tracts of 4 untreated shrews were examined. Four shrews were treated with
0.25 g of estradiol injected subcutaneously daily for 8 days and dissected on day
9. Ovaries of 7 other shrews were examined at intervals after treatment with
50 IU of HCG injected subcutaneously to induce ovulation (Dryden & Pucek,
1976) in this non-cyclic form (Dryden, 1969). Estradiol treatment was to determine
its effects on tract epithelium development. Induced ovulation provided corpora
lutea for surface examination.

3. RESULTS
Ovary and Corpus Luteum

Most epithelial cells of untreated and estradiol-treated ovaries appeared
collapsed, the free surface being wrinkled (Fig. 1). While this may be
artefactual, patches of uncollapsed, domed cells presented a cobblestone-
-like arrangement in other places (Fig. 2). Both cell types bore microvilli
(Fig. 3). Germinal epithelial cells of post-ovulated ovaries were rounded
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or slightly polyhedral. The relatively large, fungiform corpora lutea
(Fig. 4), were paved with polyhedral, rounded or attenuated cells (Fig. 5)
invariably larger than the adjacent ovarian epithelial cells (Fig. 6, Plate
I).

3.1. Oviduct

The fimbrial surface was extensively folded, its epithelial surface
comprised of a mixed population of nonciliated and ciliated cells with
microvilli on the former (Fig. 7). Although most nonciliated cells were
dome shaped, some polyhedral and exfoliating (also polyhedral) cells
were also present (Fig. 8, Plate II).

No differences in oviducal epithelia were evident between treated
and untreated shrews. Epithelia in the ampullary region were heavily
plicated and extensively ciliated (Fig. 9). A few nonciliated cells were
present (Fig. 10) but not as many as in the fimbriae. This extensive
persisted throughout approximately 60—70% of the oviducal length but
decreased dramatically towards the cornual end where cilia occurred
only in scattered patches (Fig. 11). Nonciliated cells in this region bore
abundant microvilli on their luminal surfaces. Epithelial folding was
also reduced. Cilia were completely absent above the utero-tubal junction,
the epithelium consisting of microvillous cells only. Topography was
reduced to shallow longitudinal folds (Fig. 12, Plate III). Some surface.
secretions were present, especially in the distal oviduct. The utero-tubal
junction projected into the uterus as a tri-lobed, patent nipple bearing
dome-shaped cells with dense aggregations of short, stubby microvilli
(Fig. 13).

3.2. Endometrium

Uterine epithelia were moderately folded, but these folds were not
consistently oriented as near the utero-tubal junction. However, pro-
jecting endometrial cells apices presented a rather uniform topology
covered with numerous microvilli (Fig. 14). In treated shrews some epi-
thelial cells were characterized by prominent, elongated apical microvilli
(Fig. 13). These were rarely seen in untreated shrews. Secretory blebs
(Fig. 16) were present in all uteri but were more numerous in treated
shrews. Blebs were found only on certain areas of the uterine epithelia;
elongated endometrial microvilli of treated shrews were also inconsi-
stently distributed. Cervical epithelia were flat with numerous stubby
microvilli, somewhat resembling the uterine epithelium but otherwise
unremarkable (Fig. 17). Shallow depressions were present among them.
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3.3. Vagina

Fornical epithelia were flat and keratinized with neither cilia nor
microvilli (Fig. 18, Plate IV). The more distal vaginal squamous epi-
thelium was characterized by numerous longitudinal folds bearing atte-
nuated cells. Individual cells were most discernible towards the cranial
end of the vagina in both untreated (Fig. 19) and treated shrews (Fig.
20). A prominent feature of the vaginal epithelium in untreated shrews
was the presence of an elaborate system of microridges (Figs. 20, 21).
Although some vaginal microridges were present in treated shrews they
were neither as elaborate nor as common as in the untreated animals.
Vaginal plication extended caudally towards the urogenital sinus but
fold outlines were partially obliterated by extensive exfoliation of
rounded cells. In both treated and untreated shrews the cells were
covered with dense aggregations of short microvilli, creating a fuzzy
appearance (Fig. 22, Plate V).

4. DISCUSSION

Transmission electron microscopy of the hamster ovary revealed de-
taching germinal epithelial cells and cytoplasmic fragments (Weakley,
1969) while cell exfoliation was seen in the human tract (Ludwig &
Metzger, 1976). Thus the wrinkled, collapsed nature of the S. murinus
ovarian epithelium may be due to degeneration preceding exfoliation.
Similarly, the uncollapsed cells of the recently ovulated ovary may be
attributed to increased surface mitoses associated with reconstitution
of the ovarian epithelium over the extruded, fungiform, corpus luteum
(Dryden, 1969). Although complete envelopment of the 37—54 hr post-
ovulatory corpus luteum by the germinal epithelium is reported (Dry-
den, 1969), the 70 hr post-ovulatory luteal surface cells observed in
the present study were similar to the 39 hr cells. Further work in-
volving correlative TEM is required to clarify corpus luteum surface
ifferentiation and variability in this species.

Three animals were 6—10 months older than the others; two were
subjected to estrogen treatment whereas one was not treated. The
fimbriae of the former were extensively ciliated but those of the
untreated shrew were paved with almost equal numbers of ciliated and
nonciliated cells. All other animals had extensively ciliated fimbriae
irrespective of treatment. Oviducal ciliary condition was similar in all
enimals. Thus, estrogen treatment may have resulted in reciliation of
fimbrial epithelium in older animals. This is consistent with other
mammalian groups were oviducal and/or fimbrial ciliation was induced
by exogenous estrogen therapy (Brenner, 1969; Verhage et al., 1973b;
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Verhage and Brenner, 1975; Odor et al., 1983). Further, fimbrial ciliation
of primates is apparently more sensitive to plasma estrogen-progesterone
levels than in other oviducal regions (Rumery et al., 1978; Brenner,
1969). Since Suncus is a reflex ovulator, oviducal ciliation might be
extensive even without estrogen treatment. This would agree with
Brower and Anderson’s (1969) failure to detect a cyclicity of ciliogenesis
in the rabbit, another reflex ovulator. External boundaries between
ampulla-isthmus and isthmus-junctura have not been established for
S. murinus oviducts. Specific designation of where ciliation decreases
and stops in relation to the oviducal subdivisions is therefore difficult to
fix, even though the transition is relatively abrupt. Interestingly, differ-
entiated epithelial crypts peculiar to the isthmus of this species may
confer acrosomal stability on ejaculated sperm (Bedford et al., 1984).

Elongated microvilli present on some endometrial cell apices of
treated shrews (Fig. 15) appear similar to the “sea-anemone like”
structures on progesterone-treated endometria of rats described by Psy-
choyos & Mandon (1971). Extrusion of secretory blebs was observed
at these points in S. murinus. Both blebs and elongated microvilli were
confined to certain areas of the epithelium, possibly in association
with the antimesometrially and laterally localized endometrial glands
described by Dryden (1966). Selagen et al. (1982) reported similar secre-
tory structures and elongated endometrial microvilli in rabbits. No ute-
rine or cervical cilia were present, contrasting with the situation in
some other mammalian groups investigated (Hafez, 1972; Hayashi &
Matsukawa, 1979).

The elaborate arrangements of microridges present in the untreated
vaginal epithelium (Figs. 20, 21) have been interpreted as possible coital
aids in mice (Lamb et al., 1978) since they may retain and spread mucus
(Sperry & Wasserburg, 1976). However, Ludwig & Metzger (1976)
suggest that they may serve to interlock and bind adjacent cell layers.
Similar ,,microfolds” on the apical surfaces of possum epididymides
phagocytize sperm cytoplasmic droplets (Temple-Smith, 1984). Perhaps
microridges of the shrew wvagina remove luminal detritus. Estradiol
treatment of shrews resulted in disappearance of the microridges, or
in some instances, reduction in the complexity.

Although Dryden & Anderson (1977) found that the female repro-
ductive trace of S. murinus did not exhibit significant gross morpholo-
gical or histological responses to ovariectomy and exogenous estradiol
treatment, thus indicating an apparent insensitivity to it, there are
“normal” populations of estradiol receptors in the uterine and vaginal
epithelia (Keefer & Dryden, 1982). The results of this study show that
ultrastructural changes occur in the uterine epithelia when subjected
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to estradiol treatment even though these changes are not discernible
with light microscopy. The results also suggest that oviducal and vaginal
epithelia may be even more sensitive to estrogen but, this must be
quantified.
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STRUKTURA NABLONKA NARZADOW PECIOWYCH SAMIC
SUNCUS MURINUS BADANA ELEKTRONOWYM MIKROSKOPEM
SKANNINGOWYM

Streszczenie

Komérki powierzchniowe jajnikéw dorostych samic Suncus murinus sg po-
marszczone (Fig. 1) lub zaokraglone (Fig. 2). Komérki te u samic poddawanych

i nie poddawanych dzialaniu estrogenu sg czesto zapadniete, natomiast u samie
traktowanych HCG sg zaokraglone. Komérki nablonkowe cialtka zbltego (Fig. 4)

grzybkowatego w ksztalcie sg okrggle lub wieloScienne (Fig. 5).

Nablonek jajowodéw sklada sie zaréwno z orzesionych jak i nieorzesionych ko-
moérek (Fig. 7) i jest silnie pofaldowany. Rzeski wystepujg na 60—70% dlugosci
jajowoddéw, a na pozostalej czesSci jedynie w rozproszonych grupach (Fig. 11).
Rze:ki nie wystepujag powyzej polaczenia jajowodu z macicg, a nablonek w tym
miejscu jest zbudowany z plytkich, podluznych fald z licznymi kosmkami (Fig.
12). Polgczenie maciczno-jajowodowe przechodzi w jame macicy z licznymi kosm-
kami na zaokrgelonej powierzchni komérek (Fig. 13). Komérki nablonkowe macicy
sg umiarkowanie pofaldowane i posiadaja liczne kosmki na szczytach zaokraglo-
nych komoérek (Fig, 14).

Kosmki $luzéwki macicy samic poddanych dzialaniu estrogenu sg wydluzone w
niektérych miejscach i polgczone z pecherzykami wydzielniczymi.

Nablonek szyjki macicy sklada sie z plaskich, kosmkowatych komérek otacza-
jgcych plytkie zaglebienia, bedgce prawdopodobnie ujsciami gruczoléw wydzielni-
czych (Fig. 16).

Nablonek pochwy samic poddawanych i niepoddawanych dzialaniu estrogenu
jest gleboko podluznie bruzdkowany, ale bruzdkowanie to ukryte jest pod zhlu-
szczajacym sie nablonkiem wielowarstwowym, Komérki powierzchniowe pochwy
sg pokryte gestymi, krotkimi kosmkami, przez co sprawiajg wrazenie puszystych
(Fig. 22). Nablonek pochwy samic nie poddawanych dziataniu estrogenu charak-
teryzuje sie zawilym ukladem mikrokrawedzi (Fig. 20, 21).
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EXPLANATIONS OF PLATES I—V
Plate 1

Fig. 1. Scanning electron micrograph showing (artefactually?) collapsed ovarian-
epithelial cells in Suncus murinus. x4,500.
Fig. 2. Uncollapsed, rounded ovarian epithelial cells. Patches of these were inter-
spersed among the collapsed cells. X5,500.
Fig. 3. Collapsed ovarian epithelial cell (arrow at pit rim) showing microvilli on
its surface. x8,500.

Fig. 4. Micrograph showing newly extruded fungiform corpora lutea (CL) flanking
ovarian mass (OV). Note the size of the corpora relative to the ovary. X100.
Fig. 5. Surface of the corpus luteum 39 hr after ovulation. Contrast variously
shaped, large cells here with those of the ovarian surface (Fig. 6). X250.

Fig. 6. Uniformly spherical, small cells of the ovarian surface adjacent corpora-
lutea in Fig. 5. X250.

Plate II

Fig. 7. Fimbrial epithelium of an estradiol-treated shrew showing extensive ci-
liation. Some non-ciliated cells (N), with microvilli were present. x2,500.
Fig. 8. The fimbrial epithelium of an older, untreated shrew bore a large pro-
portion of non-ciliated cells. In addition to the “dome-shaped” non-ciliated cells,
as in the younger and estradiol-treated shrews (Fig. 7), some cells were flattened”
and polyhedral (P). X2,500.

Plate III

Fig. 9. Heavily folded, extensively ciliated epithelium of the oviducal ampulla.
%1,500.

Fig. 10. Higher power micrograph of oviducal ciliation. A few nonciliated cells.
were also present (N) but these were less numerous than in the fimbrial area.
% 4,000.

Fig. 11. Patches of cilia (C) set among predominant fields of nonciliated, micro-
villous cells characterize the distal oviduct. 5,000.

Fig. 12. Cilia were completely absent towards the utero-tubal junction. The ovi-
ducal epithelium was longitudinally plicated and the cells bore numerous microvilli..
%17,500.
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Plate IV

Fig. 13. Tubal os (arrow at juncture of two rim lips) from uterine lumen. Domned
surface cells were thickly covered with short microvilli. X500,

Fig. 14. Endometrial epithelium of an untreated shrew, The cell boundaries gare
apparent and the cells themselves are characterized by numerous stubby micrro-
villi seen in profile at arrow. x5,000.

Fig. 15. Endometrium of estradiol-treated shrew showing tuft of elongated micrro-
villi centered at the apex of most cells. *x4,500.

Fig. 16. Numerous (presumably secretory) extrusions such as this were preseent
on the luminal surface of estradiol-treated shrew uterine epithelia. 15,000.

Fig. 17. The cervical epithelial cells were relatively flat with well-defined bouun-
daries. Numerous shallow depressions (d) among these cells may be gland orificces.
X 1,200,

Fig. 18. The fornical epithelium consisted of partially imbricated, apparently kke-
ratinized squamous cells. X3,500.

Plate V

Fig. 19. Vaginal epithelium of estradiol-treated shrew. Note longitudinal fo)lds
and suggestion of microridges. X3,200.

Fig. 20. Extensive microridge systems apparent on surfaces of vaginal folds in
an untreated shrew. See Fig. 21. X3,200.

Fig. 21. Detail of area similar to that in Fig. 20 and having the elaborate micrro-

ridge system on vaginal surface in an untreated shrew. 6,500,
Fig. 22. Stubby microvilli (M) characteristic of the luminal cell surfaces in tthe
posterior vagina. <1,000.
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