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S u r f a c e cells of a d u l t m u s k s h r e w o v a r i e s a r e w r i n k l e d o r r o u n d e d , 
p r e s e n t i n g a cobb le s tone - l i ke a p p e a r a n c e . T h o s e of e s t r o g e n - t r e a t e d a n d 
u n t r e a t e d s h r e w s a r e o f t e n co l lapsed b u t t h o s e of t h e H C G - t r e a t e d 
s h r e w s a r e r o u n d e d . Ep i the l i a l cel ls of t h e f u n g i f o r m corpora lutea a r e 
r o u n d e d , p o l y h e d r a l , or a t t e n u a t e d . T h e y a r e l a rge r t h a n t h e g e r m i -
na l ep i the l i a l cel ls a n d pers i s t 70 h r a f t e r ovu l a t i on . F i m b r i a l ep i the l i a 
cons is t of bo th c i l ia ted a n d non -c i l i a t ed cells, t hose of t r e a t e d a n d 
young , u n t r e a t e d s h r e w s be ing mos t c i l ia ted . O v i d u c a l ep i the l i a a r e h e a v i -
ly fo lded a n d e x t e n s i v e l y c i l ia ted . C i l i a t ion e x t e n d s c a u d a l l y o v e r 
60—70% of t h e ov iduca l l e n g t h a f t e r w h i c h it occurs on ly in sparse , 
i so la ted p a t c h e s . Ci l i a t ion is a b s e n t n e a r t h e u t e r o - t u b a l j unc t ion , t h e 
e p i t h e l i u m cons i s t ing of sha l low, l ong i t ud ina l fo lds b e a r i n g a b u n d a n t 
mic rov i l l i . T h e u t e r o t u b a l j u n c t i o n p r o j e c t s in to t h e u t e r i n e l u m e n , 
w i t h a b u n d a n t mic rov i l l i on i ts r o u n d e d s u r f a c e cells. U t e r i n e ep i the l i a 
a r e m o d e r a t e l y fo lded w i t h n u m e r o u s mic rov i l l i on t h e ap ices of r o u n d -
ed cel ls . E n d o m e t r i a l microv i l l i of t r e a t e d s h r e w s a r e e longa t ed in 
s o m e a r e a s a n d assoc ia te w i t h s ec r e to ry b lebs . Ce rv i ca l ep i the l i a cons is t 
of f l a t , mic rov i l lous cel ls s u r r o u n d i n g s h a l l o w depress ions , poss ib ly 
g l a n d open ings . F o r n i c a l ep i the l i a a r e f l a t a n d k e r a t i n i z e d . Vag ina l 
e p i t h e l i a of b o t h t r e a t e d a n d u n t r e a t e d s h r e w s a r e d e e p l y p l i ca t ed 
l o n g i t u d i n a l l y b u t t h i s p l ica t ion is o b s c u r e d c a u d a l l y b y e x f o l ' a t i o n of 
r o u n d e d s q u a m o u s e p i t h e l i u m . Vag ina l s u r f a c e cells a r e cove red w i t h 
dense , s t u b b y mic rov i l l i c aus ing t h e m to a p p e a r f u z z y . T h e u n t r e a t e d 
s h r e w vag ina l e p i t h e l i u m is c h a r a c t e r i z e d by e l a b o r a t e m i c r o r i d g e 
a r r a n g e m e n t s . 

[ D e p a r t m e n t of Wi ld l i f e a n d F i she r i e s Biology, U n i v e r s i t y of Ca l i -
fo rn i a , Davis , CA 95616 a n d Biology D e p a r t m e n t , S l i p p e r y Rock U n i -
ve r s i t y , S l i p p e r y Rock, P A 16057, U.S.A.] 

I. I N T R O D U C T I O N 

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 Insectívora even though these 
animals represent a diverse and ancient eutherian order. Although some 
studies of reproductive epithelia are descriptive (Naibandov, 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 

Thr. sh rews w e r e t a k e n f r o m a previously descr ibed l abora to ry colony (Dryden, 
1968, 1975). F i f t een adu l t f emales w e r e ki l led wi th e ther , the i r t r a c t s removed 
and immedia te ly placed in chilled 0.2 M sodium p h o s p h a t e b u f f e r (pH 7.2). Ovi-
ducts w e r e ca re fu l ly s t ra igh tened , p inned to a den ta l w a x base a n d f i x e d in 3% 
g lu te ra ldehyde for 2 hrs . Ovar ies were removed and the t r a c t divided into sections. 
Oviducts (except f imbr iae ) and uter i w e r e dorsoven t ra l ly split a n d v a g i n a e w e r e 
divided into dorsal and ven t r a l halves. Tissues w e r e t h e n washed in phospha te 
bu f fe r , 16% glycerol sod ium-phospha te b u f f e r (24 hrs), post f ixed in 2°/o osmium 
te t r aox ide (1 hr), d e h y d r a t e d in an e thanol series, cr i t ical point d r ied (Sorval 
system), moun ted and spu t t e r coated wi th 200 A of gold pa l l ad ium. Observa t ions 
w e r e wi th a Coates and Wel ter (Cwikscan 106A) f ield emiss ion SEM. 

Trac t s of 4 u n t r e a t e d sh r ews were examined . Fou r s h r e w s w e r e t r e a t e d wi th 
0.25 g of es t radiol in jec ted subcutaneous ly dai ly fo r 8 days and dissected on day 
9. Ovar ies of 7 o ther sh rews were examined a t in te rva l s a f t e r t r e a t m e n t wi th 
50 IU of HCG in jec ted subcutaneous ly to induce ovula t ion (Dryden & Pucek, 
1976) in th is non-cycl ic f o r m (Dryden, 1969). Es t rad io l t r e a t m e n t w a s to d e t e r m i n e 
its e f fec t s on t rac t ep i the l ium development . Induced ovula t ion p rov ided corpora 
lutea f o r su r face examina t ion . 

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. 15). 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 
differentiation 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 
•animals. 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; 



Reproductive epithelia in female Suncus murinus 133' 

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 Dry den (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 vagina 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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S T R U K T U R A N A B Ł O N K A NARZĄDÓW P Ł C I O W Y C H SAMIC 
SUNC-US MURINUS BADANA E L E K T R O N O W Y M M I K R O S K O P E M 

S K A N N I N G O W Y M 

Streszczenie 

K o m ó r k i powierzchniowe j a j n i k ó w dorosłych samic Suncus murinus są po-
marszczone (Fig. 1) lub zaokrąglone (Fig. 2). Komórk i te u samic p o d d a w a n y c h 
i nie p o d d a w a n y c h dzia łaniu es t rogenu są często zapadnię te , na tomias t u samic 
t r a k t o w a n y c h HCG są zaokrąglone. Komórk i nab łonkowe ciałka żółtego (Fig. 4) 
g rzybkowatego w kształcie są okrąg łe lub wielościenne (Fig. 5). 

Nab łonek j a j o w o d ó w sk łada się zarówno z orzęsionych j ak i nieorzęsionych k o -
m ó r e k (Fig. 7) i j es t silnie pofa łdowany . Rzęski w y s t ę p u j ą na 60—70% długości 
j a j o w o d ó w , a na pozosta łe j części j edynie w rozproszonych g rupach (Fig. 11). 
Rzęski nie w y s t ę p u j ą powyże j połączenia j a j o w o d u z macicą, a nab łonek w t y m 
mie j scu jes t zbudowany z płytkich, podłużnych fa łd z l icznymi k o s m k a m i (Fig. 
12). Połączenie mac iczno- j a jowodowe przechodzi w j a m ę macicy z l icznymi k o s m -
k a m i na zaokrąg lone j powierzchni komórek (Fig. 13). K o m ó r k i nab łonkowe mac icy 
są u m i a r k o w a n i e po fa łdowane i pos i ada j ą liczne kosmki na szczytach zaokrąg lo -
nych komórek (Fig. 14). 

Kosmki ś luzówki macicy samic poddanych dzia łaniu es t rogenu są wyd łużone w 
n i ek tó rych mie jscach i połączone z pęche rzykami wydzielniczymi. 

Nab łonek szyjk i macicy sk łada się z płaskich, k o s m k o w a t y c h komórek o tacza -
jących p ły tk ie zagłębienia, będące p rawdopodobn ie u j ś c i ami gruczołów wydz ie ln i -
czych (Fig. 16). 

Nab łonek pochwy samic p o d d a w a n y c h i n i epoddawanych działaniu es t rogenu 
jes t głęboko podłużnie b ruzdkowany , a le b r u z d k o w a n i e to uk ry t e j e s t pod z łu -
szcza jącym się nab łonk iem wie lowar s twowym. Komórk i powierzchniowe p o c h w y 
są p o k r y t e gęstymi, k r ó t k i m i kosmkami , przez co s p r a w i a j ą wrażen ie puszys tych 
(Fig. 22). Nabłonek pochwy samic nie p o d d a w a n y c h dzia łaniu es t rogenu c h a r a k -
t e r y z u j e się zawi łym u k ł a d e m mik rok rawędz i (Fig. 20, 21). 
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E X P L A N A T I O N S OF P L A T E S I—V 

P la t e I 

Fig. 1. Scann ing e lec t ron mic rograph showing (a r te fac tua l ly?) col lapsed o v a r i a n 
ep i the l ia l cells in Suncus murinus. X4,500. 

Fig. 2. Uncol lapsed, rounded ovar ian epi thel ia l cells. Pa t ches of t hese w e r e i n t e r -
spersed among the collapsed cells. X5,500. 

Fig. 3. Col lapsed ova r i an epi thel ia l cell ( a r row at pit r im) showing microvi l l i on 
its surface . X 8,500. 

Fig. 4. Mic rograph showing newly e x t r u d e d f u n g i f o r m corpora lutea (CL) f l a n k i n g 
o v a r i a n mass (OV). Note the size of the co rpora re la t ive to the ova ry . X100. 

Fig. 5. S u r f a c e of the co rpus lu t eum 39 h r a f t e r ovula t ion . Con t r a s t va r ious ly 
shaped, la rge cells he re wi th those of t h e o v a r i a n su r f ace (Fig. 6). X250. 

Fig. 6. U n i f o r m l y spher ical , smal l cells of t h e o v a r i a n su r f ace a d j a c e n t corpora 
lutea in Fig. 5. X250. 

P la te II 

Fig. 7. F i m b r i a l ep i the l ium of an e s t r ad io l - t r ea ted s h r e w showing ex tens ive ci-
l iat ion. Some non-c i l ia ted cells (N), w i th microvi l l i w e r e presen t . X 2,500. 

Fig. 8. T h e f i m b r i a l ep i the l ium of an older, u n t r e a t e d s h r e w bore a l a rge p r o -
por t ion of non-c i l ia ted cells. In addi t ion to t h e " d o m e - s h a p e d " non-c i l ia ted cells, 
as in t h e younger a n d es t r ad io l - t r ea ted sh rews (Fig. 7), some cells w e r e f l a t t e n e d 

and polyhedra l (P). X2,500. 

P la te I I I 

Fig. 9. Heav i ly fo lded, ex tens ive ly ciliated ep i the l ium of the ov iduca l a m p u l l a . 
X 1,500. 

Fig. 10. H ighe r power mic rog raph of oviducal ci l iat ion. A f e w nonci l ia ted cells 
w e r e also p re sen t (N) bu t these we re less n u m e r o u s t h a n in t h e f i m b r i a l a r e a . 

X4,000. 
Fig. 11. P a t c h e s of cilia (C) set among p r e d o m i n a n t f ie lds of nonci l ia ted , m i c r o -

vil lous cells charac te r ize the dis ta l oviduct . X 5,000. 
Fig. 12. Cilia w e r e comple te ly absent t o w a r d s t h e u t e ro - t uba l junc t ion . T h e ov i -
duca l ep i the l ium w a s longi tud ina l ly pl icated a n d the cells b o r e n u m e r o u s microvi l l i . -

X 7,500. 
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P l a t e IV 

Fig. 13. Tuba l os ( a r row at j u n c t u r e of two r im lips) f r o m u te r ine lumen. Domned 
su r face cells we re th ickly covered w i t h shor t microvill i . X500. 

Fig. 14. Endomet r ia l ep i the l ium of an u n t r e a t e d sh rew. The cell boundar ies r a r e 
a p p a r e n t and the cells themselves a r e charac te r ized by numerous s tubby m i c r r o -

villi seen in prof i le at a r r o w . X 5,000. 
Fig. 15. E n d o m e t r i u m of e s t r ad io l - t r ea ted s h r e w showing t u f t of e longated m i c r r o -

villi centered at t he a p e x of most cells. X4,500. 
Fig. 16. Numerous (p resumably secretory) ex t rus ions such as th is w e r e p res6en t 

on the luminal su r f ace of e s t r ad io l - t r ea ted sh rew u te r ine epi thel ia . X 15,000. 
Fig. 17. The cervical epi thel ia l cells w e r e re la t ive ly f l a t wi th we l l -de f ined bouun-
daries . N u m e r o u s sha l low depress ions (d) among these cells m a y be g land or i f icces . 

X 1,200. 

Fig. 18. The fornica l ep i the l ium consisted of par t i a l ly imbricated, a p p a r e n t l y fcke-
ra t in ized squamous cells. X3,500. 

P l a t e V 

Fig. 19. Vaginal ep i the l ium of e s t r ad io l - t r ea ted sh rew. Note longi tudina l f o i l d s 
and suggest ion of micror idges . X3,200. 

Fig. 20. Extens ive micror idge sys tems a p p a r e n t on su r faces of vag ina l f o l d s in 
an un t rea ted sh rew. See Fig. 21. X3,200. 

Fig. 21. Detai l of a rea s imilar to t h a t in Fig. 20 and hav ing the e l abo ra t e m i c r r o -
r idge sys tem on vaginal su r f ace in an un t r ea t ed shrew. X 6,500. 

Fig. 22. S tubby microvi l l i (M) charac te r i s t i c of the lumina l cell su r f ace s i.n t t h e 
poster ior vagina . X 1,000. 
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