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INTRODUCTION _ _ .
NMeisenheimer  (1907). Baecker  (1932)  Els (1973,
Since Semper (18570, studies on the reproductive 1974 and Sirgel (19731, Especially on the female
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reproductive organs, May (1934), Pelluet and Watts
(19510, (1954),  Webb  (191),  Kugler

(1960), Novee (1973), Stears (1974), Reeder and

Laviolette

Rogers (1979), Rogers et ol (1980), Kitajima and
Paracnse  (1983) and  Jeong (1993) performed the
morphological, histological or ultrastructural studies.
Present study was carmed out to find out  the
morphological and histochemical characteristics  of
the female reproductive organs in a Korean slug,

Incilaria fruhstorferi,

MATERIAL AND METHODS

1. Material

Adult specimens  of the Korcan stug  Inctlaria

Sfruhstorferi,  belonging  to  Philomveidae,  Stylom-
matophora,  Pulmonata,  Gastropoda  were  collected
from their habitats, the humid oak woods of the
mountain Kve Ryong, Tac Jeon, Korea and main-

tained 1n terraria.
2. Methods

The specimens were anesthetized with 8% ethanol
for 15 minutes and dissected in 0.2 M phosphate
buffer (pH 7.3) to isolate the genital organs under
the stereoscope.

The whole genital organs isolated from the bhody
were cul mto sections by part and fixed with 10%
buffered neutral formalin for 3 hours and washed
three times with the buffer. The specimens were
dehvdrated In a graded series of alcohol concen-
trations and were embedded in hard paraffin wax.

For histochemistry, the sectuions (7 mm in thick-
ness) were stained with periodic acid -Schitf (PAS)
and Alcian-blue (pH 2.5 to identfy the acid and
neutral mucopolysaccharide components in the tissue
and were double stained with methvlene blue and

basic fuchsin to idenufy the basophilic components.

After the staining procedures, the tissue sections

showing  histochemical reactions were observed

under the hght microscope (BHS Olympus micro-

scope).

RESULTS AND DISCUSSION

1. Albumen gland

The albumen gland surrounds the anterior part of
the hermaphrodite duct, the fertilization chamber
complex and the posterior part of the spermoviduct.
It 1z composed of numerous closely-packed tubule,
each enclosed in a thin laver of connective tissue
which 15 continuous  with the connective tissue
sheath covering the gland externally. The lumina of
groups of tubules join and open into a centrally
situated lumen which runs the length of the gland
(Fig. 1)

Histologically  a tubule consisted of a layer of
large wedge shaped glandular cells in two types.
Both tvpes of the cells possessed extremely large
nuclei and relatively large nucleoli compared to their
cyvtoplasm. Each of the nuclei was filled with
metachromatic granules (Fig. 2, 3). The intracellular
granules responded in three different ways accor-
ding to the stains such as alcianophihia in PAS-
Alcian blue (pH 25), PAS positive and Millon
positive.

This suggests that the secretory granules of the
albumen gland are acid mucopolysaccharides (alci-
anophilia), neutral mucopolysaccharides (PAS posi-
tive) and mucoprotein  (Millon positive) products.
Kugler (1965) stated that the secretory tubules of
the albumen gland were positively stained in PAS
and Best's carmine techniques. He also stated that
the epithelium of the albumen canal gave a positive
stain for glveogen and strong alkaline-phosphatase
activity.

2. Fertilization chamber

The ferulization chamber is U shaped small duct

situated  between  the almost  portion  of the
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hermaphrodite  duct and the spermoviduct. The
fertilization chamber appeared 1o be one of common
organs in the pulmonates. Furthermore, 1t seems
that different authors apphed the terms to different
organs because of a lack of umformity n termin-
lology emploved. Quick (1960} called this organ mn
the pulmonate slugs a vesicular seminalis. Lusis

(1961) in Arion ater rufus. Duncan (1961) in Succt

nea pfeifferi and Norton (1955) in Hulmonates  in

Ellobiidae called it seminal vesicle. Baecker (1932)
called this organ a fertilization chamber in Limax
cinereus and  Arion  empiricerum as  stated by
present authors in Incilaria frubstorferi.

Stears  (1974) mentioned  this organ in  Limax
valentianus embedded in the basal portion of the
albumen gland, and Minato (1977) reported that the
fertilization chamber was not found in Nesiohelix.

In Incilaria fruhstorferi, the fertibzation chamber
was situated U shape on the basal surface of the
albumen gland as reported in Nesiohelix samaran
gae (Lee et al., 1992). The fertilization chamber was
surrounded by thick muscle lavers and certain large
mucopolysaccharide

round cells  secreting  acid

granules  surrounded the outer  surface of  the
fertilization chamber (Fig. 5).

Its lumen was lined bv irregular simple ciliated
columnar cells and pseudostratified columnar cells in
the 3:1 ratio (Figs. 4, D).

It seemed that  the acid mucopolyvsaccharide
granules secreted from the secretory cell embedded
in the connective tissue pass to the lumen of the
fertilzation chamber through the basement mem
brane and the epithelium.

Stears (1974) stated that the lumen of the fertili-
zation chamber was lined by a ciliated cuboidal or
very low columnar epithellum in almost  same
proportion in Limax valentianus.

3. Oviduct

The oviduct situated between the hermaphrodite
duct and the vagina. The lumen of the oviduct was
lined bv pseudostratified columnar epithelium  and

was subdivided into several grooves due to some

leaf-like protrusions of the internal wall of the duct
(Fig. 8). No secretory cells were ohserved in the
epithehum  and  the  epithelium  was  surrounded by
the circular muscle lavers (Fig, 7

Stears (1974) descnbed in Limax valentianus that
the spermoviduct emerged from the lateral surface
of the albumen gland as a continuation of the
fertihzation chamber complex and ran anteriorlyv to
the point where it bifurcates into the Iree oviduct
and  vas  deferens. He o also mentioned  that  the
luminal surface of the anterior part was lined by
cihated columnar cells similarly to the hermaphrodite
duct. Tts posterior part of the duct joined the vagina
and the epithela of the antenor and posterior parts
were simitlar o ecach other. [n Incilaria fruhstorferi
the epithelia of the oviduct and vaging also were
parthv identical.

4. Vagina

The vagina leads from the anterior end of the
spermoviduct  to open  anteriorly into the  genital
atrium just ventral and antertor to the spermatheca
into the genital atrium. The lumen of the vagina
was relatively spacious but subdivided into many
grooves due to the strong folds of the vaginal wall
when relaxed (Figs. 9. 10). The epithelium covering
the luminal surface was composed of various cell
tvpes by part. The upper part was covered by
spongylike cells (g, 12), the middle part by sim
ple cihated columnar cells (Fig. 13) and the lower
part by pseudostratified  columnar  cells (Fig, 11).
The epithehum of the vagina was supported by a
thick laver of connective tissues interspersed with
circular and longitudinal muscle fibers (Fig. 9). The
structures mentioned  above seem 1o suggest that
the vagima has a great phability. These results are
different  from the reports of  Stears  (1974)  and
Kugler (1965!. Stears (1974) stated that the lumen
of the vagina m Limav valentianus was lined by an
unciliated epithelial and  the epithelial cells  varied
from cuboidal to columnar with basally  situated
nuclel, and i Philomyees carolinianus Kuagler (1965)

mentioned  that  the vaginal lumen was lined by
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relativelv low columnar cells and its wall contained
muscle and elastic fibers.
5. Spermatheca

The spermatheca is an oval or ellipsoidal strue

ture that opens into the vagina by means of a

muscular spermathecal duct. The spermatheca itself
15 a4 voluminous organ varving in size. It has been
known that it achieves its greatest size in specimen

which s considered  sexually mature. Spermathecal

lumen i usuallv o filled with fluid  seereted

presumably by its surrounding epithelum.

The materials  in lumen  was  basophilic  1n

combmation dve of methvlene  blue -basic  fuchsin

emploved, [t also positively reacted o PAS Aleian

blue (pIl 2

51 The materials in the lumen might he
mucopolysaccharides.

Internal  epithelium  of  the  spermatheca was

composed  of tall simple  ciliated  columnar - cells

having brush border with microvilli on their luminal
surfaces unlike that of Nesiohelix samarangae (g,

150, Jeong (1993) who studied ultrastructures on the

spermatheca in o Rorean  land  snail - Nesiohelix
samarangae  stated that the lumen of the sperma
theea was lined by uncthated columnar cells with

brush border of microvilli. Even though we could

not confirm concrete evidence in the present study,

there  has  been  a strong  suggestion  that  the
spermiatheca mayv  digest the remnant  sperm and
sperm flwd  after copulation. The  epithelhum  may
secrete digestive enzvme  to the lumen, or alter

nativelv, the sperm material may  be phagocviosed

and  digested  intracellularly  in the  phagosomes.

These processes may  take place  simultaneous)y.

These  kinds  of  postulations  on  the  basis  of

ultrastructural — evidences
11969}

Kovacs

histochemical  and were
presented by Jong - Brink m Biomphalaria

(1972) Helix

pomatia, Reeder and Rogers (1979) 1 four species

glubrata.  Németh  and n

of Sonorella, Rogers et al. (1980) i Sonorella san
taritana, Kitajima and Paraense (1983) in BBiompha

luria  glabrata.  and  Jeong  (1993) 1 Nesiohelix

samarangae.
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6. Spermathecal Duct

The spermathecal duct varving in size by species
connects the spermatheca to the vagina. This duct
in Inctlaria fruhstorfert was relatively short and its
lumen lined by pscudostratified  columnar  epithelium

was  subdivided 1nto several grooves due to the

pronounced wall of the duct (Figs. 17, 18).
The

nophilia in double stain of methylene blue and basic

luminal epithelium  showed  strong  methyvle-
fuchsin emploved. and was surrounded by connec-
tive tissue and muscular lavers (Figs. 17, 19).

This

secretion as mentioned in o American slug Philo -

epithchum  mayv  be  engaged  in apocine

myveus carolinianus (Kugler, 1965).

SUMMARY
The results obtamed  from a morphological  and
histochermeal  study on the  female  reproductive

organs i a RNorean slug Incilaria fruhstorferi, can
be summanized as follows,

The albumen gland surrounds the anterior part of
the  hermaphrodite duct, the  fertilization  chamber
complex and the posterior part of the sperm oviduct.
The secretory granules of the albumen gland are
nvolved i acid mucopolysaccharides, neutral muco-
polvsacchandes and mucoprotein.

The fertilization chamber s U-shaped small duct
situated between the almost portion of the herma
phrodite duct and the spermoviduct.

This organ 1s surrounded by thick muscle lavers
and its lumen was lined by irregular simple ciliated
columnar cells and pseudostratified columnar cells in
the 3 0 1 ratio. It seemed that the acid mucopoly -
saccharide granules secreted from the secretory cell
the

the

embedded m the connective  tissue to

of
basement membrane and the epithelium.
The

duct and the vagina. The lumen of the oviduct was

pass

lumen the fertilization chamber through

oviduct situated hetween the  hermaphrodite

lined by pseudostratified columnar  epithelium and

was subdivided into several grooves due to some
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leaf-like protrusions of the internal wall of the duct.
No secretory cell was observed in <he epithehum,
and the epithelium was surrounded by the circular
muscle layers.

The vagina leads from the anterior end of the
spermoviduct to open anteriorly into the genital
atrium just ventral and anterior to the spermatheca
into the genital atrium. The lumen of the vagina
was relatively spacious but subdivided of into many
grooves due to the strong folds of the vaginal wall
when relaxed. The epithelium covering the luminal
surface was composed of various cell types by part.

The spermatheca is an oval or ellipsodal struc-
ture that opens into the vagina by of a
The

lumen is usually filled with flmd secreted presum-

means

muscular  spermathecal  duct. spermathecal
ably by its surrounding epithelium. The matenals in
lumen was basophilic in combination dve of methy-
lene blue-basic fuchsin employved.

It also positively reacted in PAS-Alcian blue (pH
2.5). The materials in the lumen might be muco-
polysaccharides. Internal epithelium of the sperma
theca was composed of tall simple ciliated columnar
cells having brush border on microvilli of their
luminal surfaces.

The

was

spermathecal duct in  Incilaria  fruhstorferi

relatively  short, and its lumen lined by

pseudostratified columnar epithelium was subdivided
into several grooves due to the pronounced wall of
The

methylenophilia in double stain of methylene blue

the duct. luminal epithelium  showed  strong
and basic fuchsin emploved, and was surrounded by

connective tissue and muscular lavers.
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EXPLANATIONS OF FIGURES

Fig. 1. Light micrograph showing the albumen gland. x200.

Figs. 2, 3. Magnification of Fig. 1.
a, alclanophilia secretory granular celli b, PAS-positive secretory granule cell: ¢, Millon positive secretory
granule cell! Nu, nucleolus: N, nucleus. x1000.

Fig. 4. Cross section through the fertiization chamber.
E, epithelium; Mu, muscle: arrow. secretory granular cell. x1000.

Fig. 5. Simple and pseudostratified ciliated columnar epithelial cell of the fertilization chamber.

Ci,

cilia; Gr, sceretory granule: N, nucleus. x1000.

Fig. 6. Light micrograph showing the oater wall of the fertihzation chamber.

N, nucleus: Gr, secretory granular cell. x 1000.

Fig. 7. Cross-section through the oviduct.

L, lumen: Mu, muscle; arrow, processing fold. x100.
Fig. 8. Magnification of Fig. 7. Arrow, the endothelial cell of processing fold.
N, nucleus: L., lumen. x1000.
Fig. 9. Cross-section through the vagina.
L, lumen: NMu, muscle: arrow, processing fold. x80.
Fig. 10. Magnification of Fig. 9. Upper part of the processing fold. L. lumen: arrow, secreting mucus. x200.

Fig. 11. Magnification of Fig. 9. Niddle part of the processing fold. Light micrograph showing the
pseudostratified ciliated columrar epithelium.
N, nucleus. x1000.
Fig. 12. Magnification of Fig. 10. Sporgyv like epithelium.
N, nucleus: Va, vacuole: arrow. microvilli. x1000.
Fig. 13. Magnification of Fig. 9. Lower part of the processing fold showing the simple columnar epithelium.

N, nucleus. x1000.

Figs. 14, 15. Cross-section through the spermatheca.

L, lumen:. E, endothelium: N, nucleus: arrow. microvilli. x40, x200.
Fig. 16. Magnification of Fig. 15. Light micrograph showing the simple ciliated columnar epitheliuni.
Va, vacuole: N, nucleus. x1000.
Figs. 17, 18. Cross-section of the spermatheca duct.
L, lumen; N, nucleus: E, endothelium; Mul, longitudinal muscle laver: Mu?2, circular muscle layver. x200.
xA400.
Fig. 19. Magnification of Fig. 18 Light micrograph showing the simple ciliated pseudostratified columnar

epithelial cell.

L, lumen: N, nucleus: arrow, microvilll. x1000.
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