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Ultrastructural Changes of the Vas Deferens
Epithelium by Season in a Slug Incilaria fruhstorferi
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A study on the ultrastructural changes in the epithelium of the vas deferens by
season was conducted for the spring and summer specimens of a slug Incilaria
Sfruhstorferi. The vas deferens of the spring specimen was muscular tube about 0.4
mm in diameter. Its lumen was divided into three flat grooves and the each groove
was subdivided into two subbranches. The luminal epithelial cells of the Vas deferens
which were irregular in shape showed strong methylenophilia in a double stain of
methylene blue and basic fuchsin. The lumen of the vas deferens was filled with
components strongly stained by methylene blue. The circular muscle layers
surrounding the luminal epithelium of the vas deferens contained numerous granules
arranged at regular intervals. The vas deferens of the summer specimen also was a
thick muscular tube showing 0.4 mm in diameter. Its lumen was divided into four
grooves but, the each of the grooves was not subdivided to form certain branches
unlikely to the spring specimen. The lining epithelium of the lumen was consisted of
simple ciliated columnar cells, irregular columnar cells and conical cells. The
histological features were quiet different from those of the spring specimen which
showed irregular cell arrangement. According to electron microscopy the epithelium
of the vas deferens in the spring specimen was composed of irregular columnar cells
which had irregular shaped nuclei. The nuclei of the epithelial cells were relatively
large in comparison to their cytoplasm. The overall electric density of the cytoplasm
was relatively high. The lumen of the vas deferens in the summer specimen was lined
by a epithelium with tall ciliated columnar cells and irregular cells. The ‘nuclei of the
epithelial cells were long ellipsoid or irregular in shape. Both of the cytoplasm and
the nuclei were showed low electric density. In consideration with the observable cell
organelles were only endoplasmic reticulum, lysosomes and microtutules, the cell
organelles were poorly developed. The apical surfaces of the epithelial cells
possessed brush borders with numerous microvilli and cilia with 9+2 arrangement of
microtubules. The circular muscle layers surrounding the epithelium are usually
thick and the degree of development of the circular muscle layers seems to be even
in the both of the spring and summer specimens.
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The reproductive systems of the pulmonate Semper (1857), Meisenheimer (1907) and lkeda

snails have long been the subjects of studies since (1929). On the atrial gland, an accessory gland
connected to the hermaphrodite duct, Beeman
*To whom correspondence should be addressed. (1970), and Arch et al. (1980) and Beard et al.
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(1982) reported results of morphological and
physiological observations that the gland was an
apocrine gland engaged in one of major roles in
the reproductive system. Besides them, Heller et
al. (1980), Schlesinger et al. (1981) and Rothman
et al. (1982, 1984) stated that the atrial gland
contained some materials including several
peptides which have an effect on egg-laying
activity. Otherwise, the atrial gland of Aplysia was
not active in peptide control of egg laying by
copulatory behavior (Blankenship et al., 1983a,
b). Studies on the spermatheca were conducted by
several authors (Rigby, 1963; Bayne, 1970,
1973: Néemeth and Kovacs, 1972; Reeder and
Rogers, 1979; Jeong, 1993). But, there have
been few light microscopic studies so far
performed on the male genital organs (Horm,
1946; Duncan, 1960; Stears, 1974; Rudolph,
1983, Lee et al., 1992; Chang et al., 1995).
Present studies was planned to find out the
ultrastructural changes of the vas deferens by
season according to a meaningful previous report
on the hermaphrodite duct (Chang and Jeong,
1996).

Material and Methods

Animals

The material was the slug, Incilaria
fruhstorferi, collected from the humid oak woods
valley near to the Tonghak buddhist temple in the
mountain Kyeryong, Kongju, Choongnam, Korea.
They were collected in the spring (March to April)
and in the summer (July to August) of 1995.

Light and Transmission electron microscopy

The slugs were anesthetized with 30% ethyl
alcohol before dissection. After that the vas
deferens was isolated from the snail body and was
cut into sections right before fixation. The
specimens were fixed with 2.5% paraforma-
ldehyde-3% glutaraldehyde for 1 1/2 hours and
postfixed with phosphate buffered OsO,4 for 2
hours. The fixed specimens were washed three
times with 0.2 M phosphate buffer (pH 7.3),
dehydrated in a graded series of ethyl alcohol,
embedded in Epon 812 mixture, and were

incubated for 40 hours at 60°C Thick sections in
1 um thick obtained from the Epon blocks were
stained with methylene blue-basic fuchsin for light
microscopic observations. Ultrathin sections were
double stained with uranyl acetate and lead citrate
and were observed under the transmission electron

microscope (JEM 100CX-1I, 80KV).

Results

Morphological differences in the epithelia of the
vas deferens between the spring and summer
specimens of a slug Incilaria fruhstorferi was
confirmed by the light and electron microscopic
observations.

Light Microscopic Findings
Spring Specimen The vas deferens of the spring
specimen was muscular tube about 0.4 mm in
diameter. Its lumen was divided into three flat
grooves and the each groove was subdivided into
two subbranches. Thus, the cross sectioned view
of the lumen of the vas deferens apparently looked
like wings of an electric fan. This feature was
because of the three big protrusions of the wall
toward the center of the lumen (Fig. 1). The
epithelial cells of the wall which were irregular in
shape showed strong methylenophilia in a double
stain of methylene blue and basic fuchsin (m-b).
The lumen of the vas deferens was filled with
components strongly stained by methylene blue.
The circular muscle layers surrounding the
luminal epithelium of the vas deferens contained
numerous granules arranged at regular intervals.
These granules did not reacted any to the above
m-b double stain (Fig. 1, arrowed).
Summer Specimen The vas deferens of the
summer specimen also was a thick muscular tube
showing 0.4 mm in diameter. Its lumen was
divided into four grooves but, the each of the
grooves was not subdivided to form certain
branches unlikely to the spring specimen (Fig. 7).
The lining of the lumen was consisted of simple
ciliated columnar cells, irregular columnar cells and
conical cells. The histological features were quiet
different from those of the spring specimen which
showed irregular cell arrangement. Either in m-b
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Fig. 1. Cross-section through the vas deferens of the spring specimen. Arrow, granule; L, lumen; Mu, circular muscle
layer. methylene blue-basic fuchsin double stain. Scale bar = 200 ym.

Fig. 2. Magnification of Fig. 1. Arrow, cilia; L, lumen; E, epithelium; C, connective tissue. Scale bar = 20 um.

Fig. 3. Electron micrograph showing the luminal epithelium of the spring specimen. N, nucleus; V, vacuole; L, lumen;
Mu, muscle. methylene blue-basic fuchsin double stain. Scale bar = 2 um.

Fig. 4. Magnification of Fig. 3. Arrow, granule; S, spermatozoon; Ci, cilia; N, nucleus; V, vacuole. Scale bar = 2 ym.
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double stain, the epithelial cells did not show
strong methylenophilia unlikely to the spring
specimen.

Electron Microscopic Findings

Spring Specimen The epithelium of the vas
deferens was composed of irregular columnar cells
which had irregular shaped nuclei. The nuclei of
the epithelial cells were relatively large in
comparison to their cytoplasm. The overall electric
density of the cytoplasm was relatively high. The
serrated nuclear membrane evenly surrounded
granular heterochromatin. The free surfaces of the
luminal epithelial cells were covered with microvilli
and the apical cytoplasm of the cells contained
ovale or irregular granules in moderate electron
density. The lateral protoplasmic membranes of
the epithelial cells were very irregular and the
cytoplasm of the cells contained many vacuoles
ovale or ellipsoid in shape. The vacuoles situated
mostly in the lateral cytoplasm of the cells (Figs. 3
and 4). The luminal epithelium of the vas deferens
was surrounded by circular muscle layers up to
400 um in thickness and the each of the muscle
cells possessed ellipsoid nucleus 7 < 3 um in size.

Between the muscular layers there were many
vesicular structures containing numerous granules
about 2 um in diameter and small crystals in
various shapes. The crystaloid granules had
concentric patterns within (Figs. 5 and 6).

Summer Specimen: The lumen of the vas
deferens in the summer specimen was lined by a
epithelium with tall ciliated columnar cells and
irregular cells. The nuclei of the epithelial cells
were long ellipsoid or irregular in shape. Both of
the cytoplasm and the nuclei were showed low
electric density. In consideration with the
observable cell organelles were only endoplasmic
reticulum, lysosomes and microtubules, the cell
organelles were poorly developed (Figs. 11 and
12).

The apical surfaces of the epithelial cells
possessed brush borders with numerous microvilli
and cilia with 9+2 arrangement of microtubules
and rootlets deeply inserted into the apical
cytoplasm of the cells. In the lumen of the vas
deferens, some mature spermatozoa were
observed (Fig. 14).

Chang et al. — Ultrastructural Changes of the Vas Deferens Epithelium 403

The lateral protoplasmic membranes of the
upper parts of the cells infolded into each other of
the neighbouring cells, but the membranes of the
lower part of the cells neighboured ran relatively
straight and parallel.

The luminal epithelium of the vas deferens also
was surrounded by a layer of connective tissue
fibers and a heawy layer of circular muscle fibers.

Discussion

The vas deferens follows a tortuous path
connecting the prostate gland to the epiphallus or
penis when the epiphallus is absent. This duct, in
some species, is surrounded by the prostate gland
up to three quarters of its whole length. In
Basommatophorans such as Physa fortinalis,
Lymnaea peregra and Planorbis corneus, the
positions of the vas deferens are different from
each other. The vas deferens positioned anteriorly
to the prostate gland is usually longer than that in
the other cases (Duncan, 1960).

According to Pabst (1914) and Lusis (1961) in
Arion the anterior part of the vas deferens is
differentiated into an epiphallus for the formation
of spermatophores. Otherwise, according to Quick
(1960) in Limax valentianus neither has
epiphallus nor forms spermatophores. Stears
(1974) in Limax valentianus mentioned that the
vas deferens proceeds anteriorly from the
bifurcation of the spermoviduct as a continuation
of the spermatic groove. It is completely
surrounded by the prostate gland for
approximately three quarters of its length and it
opens into the penis. The posterior part of the vas
deferens, surrounded by the prostate gland, differs
histologically from the anterior part. The lumen of
the posterior part is lined by a strongly ciliated,
columnar epithelium. As the vas deferens
proceeds anteriorly, the epithelial cells change to a
cuboidal type except for a narrow strip which
consists of high columnar cells forming a ridge
which protrudes into the lumen. In Incilaria
fruhstorferi the vas deferens is thin long tube
which is not so convoluted as usual and likely to
that of L. valentianus (Stears, 1974), it is
stretched out of the posterior part of the prostate
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Figs. 5, 6. Electron micrographs showing the many crystal granules between the circular muscle layers of the spring
specimen. N, nucleus; K, crystal granule; Mu, muscle. Scale bars = 2 um.

Fig. 7. Cross-section through the vas deferens of the summer specimen. Arrow, granule; L, lumen; Mu, circular
muscle layer. methylene blue-basic fuchsin double stain. Scale bar = 200 um.

Figs. 8. Magnification of Fig. 7. L, lumen; Ci, cilia; E, epithelium; N, nucleus. methylene blue-basic fuchsin double
stain. Scale bars = 20 um.
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Figs. 9, 10. Magnification of Fig. 7. Arrow, vesicular cell; L, lumen; Ci, cilia; E, epithelium; Mu. circular muscle layer;
N, nucleus; C, connective tissue. methylene blue-basic fuchsin double stain. Scale bars = 20 pm.

Figs. 11, 12. Electron micrographs showing the luminal epithelial cells of the summer specimen. Arrow, phagosome;
Ci, cilia; N, nucleus; ER, endoplasmic reticulum. Scale bars = 4 um, 2 um.
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Fig. 13. Electron micrograph showing the irregular epithelial cells of the summer specimen. N, nucleus; BM,
basement membrane. Scale bar = 2 uym.

Fig. 14. Electron micrograph showing the cilia and microvilli of the luminal epithelial cell of the summer specimen.
Arrow, spermatozoon; arrowhead, branched microvillus; Ci, cilia; R, rootlet; J, junctional complex. Scale bar = 0.5
um.

Fig. 15. Cross-section through the cilia of the luminal epithelium (summer specimen). Arrow, spermatozoon; Ci, cilia.
Scale bar = 0.5 pm.

Fig. 16. Electron micrograph showing the circular muscle layer surrounded the luminal epithelium of the summer
specimen. N, nucleus; Mu, muscle. Scale bar = 2 ym.
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gland. The epithelial lining of the vas deferens
composed of the ciliated columnar, ciliated conical,
and irregular cells in the summer specimen is
different from that of other species reported by
Stears (1974), Duncan (1960) and Holm (1946).

According to Duncan (1960) in Physa
fortinalis, Lymnaea peregra and Planorbis
corneus and Kugler (1965) in Philomycus
carolinianus, at the peak of activity of the vas
deferens or at the time when the spermatozoa
pass through the vas deferens small spherical
granules are secreted into the lumen of the vas
deferens. In Incilaria fruhstorferi some irregular
granules are found only in the epithelial cells of
the spring specimens. The epithelial cells of the
vas deferens has poorly developed cell organelles
such as endoplasmic reticulum, lysosomes and
microtubules.

The existence of the lysosome phagocyting the
spermatozoa in the epithelial cells of the vas
deferens is one of new findings in the present
study. Duncan (1960) stated that the epithelium of
the vas deferens is formed of columnar cells which
are filled apically with globules, stained blue after
azan, whilst basally they are packed with purple
granules and vacuoles are often present in this
lower portion of the cells. He also stated that the
whole cell is filled with blue-staining globules at the
peak of activity. Duncan (1960) reported existence
of some small ciliated interstitial cells at the apical
region of the luminal epithelium.

Holm (1946) in Lymnaea stagnalis and Stears
(1974) in L. valentianus reported existence of
vesicular cells, in the connective tissue, which is
large ellipsoid form with transparent cytoplasm
and relatively small nuclei. But, in the spring
specimens of Incilaria fruhstorferi the interstitial
cells are absent in the epithelium and spherical
crystals are present in the circular muscle layers
and in the summer specimens some cells in the
connective tissue under the epithelium are similar
to the vesicular cells reported by Holm (1945) and
Stears (1974).

The circular muscle layers surrounding the
epithelium are usually thick as reported by earlier
workers such as Duncan (1960), Kugler (1965)
and Stears (1974). The degree of development of
the circular muscle layers seems to be even in the

both of the spring and summer specimens.
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