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ABSTRACT

Ultrastructural and histochemical studies were carried out on the prostate gland of a
Korean stug (Inctlaria fruhstorfert) with light and electron microscopes. The results are as
follows, ‘ _

The endothelial tissue of the prostate gland is constituted with tall and narrow ciliated
columnar cells, irregularly shaped cells and gland cells in which are included the elongated
oval or ellipsoid nucleus those are surrounded by curved membrane.

The endothelial tissue of the prostate gland is composed by type-A, B, C and type-D
gland cells, and the glanules of type-A, B, and D gland cells are certified to neutral
mucopolysaccharide because are related by PAS-alcian blue (pH 2.5), but the other hand
type-C gland cell is only weakly reacted to PAS, but strongly reacted by Million reaction.

The glanules of type-A gland cell are small size (about 0.4 um) and are seen high
electron density, but the glanules of type-B gland cell are large size (about 0.7 um) and
glanule density is same type-A glanules.

Long ellipsoid type-C gland cell contained round nucleus which is well developed
heterochromatin in, and that small oval glanules (size, about 0.9um) of moderate high
electron density which are formed a group of large glanule together with 4~5ea, but
type-D gland cell possessed round small nucleus are seen high electron dense glanules

(size, about 0.8um),
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M 8

A A 5E (Mollusca), =7} (Gastropoda), -3
o}7} (Pulmonata) ¢l 7]¢tE (Basomatophora) 3 ®
oHE (Stylommatophora)®] 441713 F A A (pro-
state gland)ol] @8+ AT Gadinia garnoti (Schu-
mann, 1911)9] AYPA WFe] vhefst 72 AA}s]
ANEEZ e8] deH 715 Lymnacida 2]
AR WA EAE v HYE o] FAL Y
AFE v &3t w2 d77F Ao (Hubendick,
1948, 1955; Oberholzer and Van Eeden, 1969).

A" txe 229 QAL Physidae, Plan
orbidae® Ancylidae 5 7]EWNAME A2 vjs=s
3215k (Duncan, 1960), WeVE-<l Chilina fluctuosa
o= w2 o7t JAHAE L 319} (Harry, 1964).
A2 WeyE-Ql Iucilaria fruhstorferi (Chang et
al., 1995)dM%E AP BH|FAA 2] JEEH
o] o]Feojx 1 kel el ul gl

71¢4% Ellodiidae N EelstA = AdfAe] A
A (sperm groove)2] Wio EFF e o]
59l Ovatellash 7Sk 1 WH-2] WAZ2AL Lym
naidaes} ¥|53le] F)7F 23 Fo| FL AFAtTA
FER FAFY ¢yl skgdvk (Duncan, 1960). 1
B} 22 7)E AleleME AYAHY Hejrl wf-
o9 g 2o ASE Ul Siponariart 1 &
o) &3y, & Siphonarias Godinia ¥ Ovatella$}

e A AYA ae2 SARAAE 1 &
A7E A=A gsked, APl S Gadinda
8} Ovatellartol o A5 o] 52| sl Aol @2
alel7} Eelfel i o) (Visser, 1977). ®olEo
AeAME AP Feo} Ao Qo] Foll 2 o
oFAle] zhelxl m} ﬁll:—"%], Achatina, Zonitaides,
Discartemon, Gonaxis X Helix SIMEe A
ezl M2 v estdAw e HAdFdAE Suc
cinea®t Pitys 2 Achatina®}= w)$- <23 =3}
Succinia 2 Pitys 5 F TAtololM = k7he] A
Zke]E Ho|iL gle], AL Fa29 HAAe Sl B
< gFdel g sAd AP ERFHH
st Mg mAlFEA AT AE7HA HE ok

=
f .

olo] B Ao M WetE s=Ab AIZ R o] (Inci-
laria fruhstorferi) % A BE sl AHHY =
WA E e} WA Eo A FHHE AHES vA T2
o 24 AT7E P} Qo) o wash
4 g,

R
1. 48z

Al o] (Incilaria fruhstorferi)x= QA FTE
(Mollusca), #27} (Gastropoda), = <eHE-(Stylom-
matophora), 2% o]3} (Philomycidae)el 3=
AR FEZ, Bold €50 AMAdH. oF A&H
AAE 79§71 FF T4 dhEA T A&
T oA A APAE £ HE AFEARE
AH8-3hgi )

2 A

o

H
=

AT ol F 30% FFE vHAH T oy AHete] A
HAE AEeod, Add Agdse eSS APA
o F5-41E M3 272 Aepd F, 2.5% para
formaldehyde—3% glutaraldehyde (phosphate buf-
fer, pH 7.3)8 217+ R2As}3L o]o]A pho-
sphate buffer (pH 7.3)% 534 33 AAsled.
A <48)4 1% OsO4 (phosphate buffer, pH 7.3)el 2
A7t FAE T A HLR ol ES Al B
g th& Epon 812¢] Eujzigiet. o]e] ZulA R
(LKB~V ultramicrotome)® 1um 79 AHAS
253 o] & toluidine blueZ Y gH-S dFgloH,
gatdv]| Aol e F9E Feld oy 2ubEH
< WEsiTh =3 #He 39S ] §8)
methylene blue-basic fuchsin ¢]Fg ¥ (°]3 m-b
olFA Aol A& 3, A Y FAPY oF
72 #els)r) ¢sir = PAS-Alcian blue (pH 2.5)
& 33 o-g s $39 Olymphus BH-
2 FgHv)g ez Agdige, 29AH-LE uranyl
acetate®} lead citrate® o|FgAslal, FHAxAE
u]7 JEM 100CX-II (80 KV)2 Zastgict. AAE
o] 27 (A%, By, C3 9 D)+ AP G443
Hefjoll o] o] Fe{F T

=
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2 =
Y&§o|y o

ol MY Fol Wt 1 =79 e 2
2|3l $IX]5o] vhekatd, Al ARIZ g oo e A
Aol FAH ol A28 dor] dell= HA-EF
D} dA= glddeh B3 AP WIS
717} & 453 A xe EFA5 Yulo A EER
TFAE gle] vl FESlen] 1 Ao MR}
A4sA WA Ee] A= (Fig. 2). WARATANZE
o] Xgsl1 QlE ellY = 7 FAYY B ¥
E2 PAS-alcian blue (pH 2.5)u-ge]A] PASe]| 7
A dAEE EAE Ko AHEE A9 zAY 3§
D AgzA M FE PAF o AT E EHHg]
o (Fig. 1). %3 A ES Woz PASH <3
A A5 T899 AHES 24513 ole XS
FEE 2& YA WA E FAE A
AREd o)L T d¥ AL AxE T 9
Soll= 2 WgE oA PAATo] 12A FEHe
sk (Fig. 3).

Mxisiold 23

a4 M AYALS) e 22 774
2 AFYAIAEANAY STHT AER TA
AL, ol Eel &A% § w3 £ 7 Y
L2M AAIEE A ol @A #AHAF. Al
Eo) Ak Ardels A Re] el TN A2A
£02 Axso] el 9l

UFPIAIAZ Abololde AY 9 BY - E]
FAHg =T olg2 2EEAMV A ZZRE P4
i o5 2 AR 2718 B8 AT $3 AA
E Aol AR AES AfHoR EHEHE HoR
7= 5.

AE MAMZE (type-A gland cell)

of MEE AAE T 7P ASke}. AA Lol 27
i e 94¥ =x EAYcey AxdEe
FobM A B2 AFEL 0.4um BE 27
2A AR AgzAy AY Adze iy Y44 o

+ AT 9= PuHEREY, /&2 PASH 7 uhs
£ vehfo] SAAAGRFE HAHNH (Fig. 4).

BE MM E (type-B gland cell)

A Edo 23 Y EL AYAE FHol v
s "R 0. 7um). FHEL AAEEI} FeolA
A HEEHL 2 el Yol ey S el
+ EAE Bod olF IAYES 91 AgERAUY
B3 AAEZNE P4 o AsEAAIE 2
WAE22 Easgled, FH¥EL PAS-alcian
bluedh-gel| 4} PASe| 73t uk-s-& vehle] A

W oleh, mab o) Fel e Ak

Ccd MM E (type-C gland cell)

o] Mz AP WAFIAE AlolellA A2 A
Azde g2, AEe ezt ey ol A IS
331 glar 82 &3] Axd F2 deo] e,
AL AP F o)A dAAA 0.9um A=
A718 T o] Flo] W sld+. AEA Kol
 AAET FAEL T FHlY AHEo] 3~4
Y FA= 2.5um HE 2719 A3ES FAE
I dsled, olEL AAEES e by b
=t A9 Fe S Holr|x sy 53] A} F
A A=} @2 w2 FRE FER QA
M EAL vZH D3l BT #HELS PASH)
of3t ub-g-& ¥.Q Wby, Millon ¥H-3oll& 78 uhg-&

o,
Hol 3o} A¥o] chAdg FolF o} (Fig. 7).
D& MM Z (type-D gland cell)

o]Ex C¥ AME Afelells EZA #AHE AHE
2A, el vad $F 2%E s glodh #2
AL Fool AAB A7 UL MEASAE
A= 2 ErAe dde A5 (A 0.8
pm) 2 A dde AHE Tl AsDA
ol AR =7t SA=Q A ofv] A&AAE A
A AALES 2 AHER ARH dded A4
=< PASH| Z47 ofsbA =x A ik dEb

FAAAGIFE A= (Fig. 8).
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a #

sHZAL ARG o] (Incilaria fruhstorferi)e] A
A WA ZEE 717F & BrAs HEAFAAEA
22 FAH g2 A& XY JHYE Srte] 93
3 glo] 71}E Lymnaea stagnaliss ANBZ &
Holm (1946)%] A9} z+2 ubw| WlE Limax va
lentianuss 8.2 3} Stears (1974)9] AApejs= &
2o}, Limax valentianus® B A (Stears, 1974)
o WA E e AR ERA L T
au Qx-S A ANF o] Tl A
x4 7|NF22 244 T

Wt s Vaginus bovellianus® AR WA 2
Aol A Quattrini (1966)= & AM ¥ (gland cell) 9}
v] Bu]A A ZAFE (non secretory cell) & F &7
o AZxE FEsg e, 1 F ANEE AxY A
A-frel |l A g2t LA DAE T A EA =
AALE7 Folr EFHIA Rolx= IAYE (XA
1~2um)o] B2A FIEHe] givt it 23|
ol F I EX vk =9 AxEe 29 Euive
A A7 Bz, od Afede J89 IAHE
of AxfoiAl FAFH & AH (HAH Sum)E A
e AvE $EET sk —_’—"’1"} v FHlA A
‘:% Axe] At AfEe] wAER A £5
AE7 AAE gl 2 A2 3o ¥
23, AA-Aes o] A FHE o] FF
vl vkl Wsle ) Tucilaria fruhstorferis A
23 K Agae g 3o|r} gAY, A
W s 2R o) A Es) v Eeld MER FA4E
Aoz Fox e B A drAde dHgd

32

Aol & Fetan]7 A d7% o]n| Chang 5 (1995)
of o& AFE wb Ut o5 FHHwAL Tl
A Aol A 2%-91 FAAAAERAE AE 2T
A AEZSS H2T v} Qled o] E2 B AdA
*A3 AY "-x‘ CY AA 2o st et 2 A
el AE7 w5 BYA DY AMEE AY 9 C
] Az} dubd T2 gl A9 FebA W]

Atz Q] dFolAute] E ApelelA FHe] b5
sl 53] AAEF CIHNZEE A 5] 3~474
FdAE F gxz Fedte 3le] Quanttrini (1967)7}
#A% Z A2 JFHEFS W AR Y E B
ot

Rudolph (1976, 1980, 1983)% Stagnicola elodes
AA o] APM WAALMEE 7 F9e) nestz}
EE$= BEujA 2o Adez E#He] 9l nests
(Roszkowski, 1926; 1938)%} Ha]$L o] HuM X
o ADE 7 BHEHE FeAM APES AYFA W
7re g Ewigtdly ¥ ystdw}. Iucilavia fruhstor-
ferid ARE 3 & APIME WA 24 3%
o FE-E BujAEEe] Hgte] HAF T Eute] o
74&2.2 d#8A 9le] Rudolph (1983)¢] &g} vl
T ARAHE BRI, WAL el 7)o
U= 22 Hr)Eee A A E (wedge-shaped cili-
ated cell) (Rudolph, 1983)% #a=x| ogic), o
b Ab3 wokel A E: Holm (1946)¢] Lymnaea
stagnalis appressad| A% QF3& ¥} o)},

AP A Y7oz 98 M X A= Rudolph
(1983)7} Stagnicola elodesAA 7E72 AEE <
38 vl glc} (type 3, 4, 5, 6, 7, 83 9 cells F).
I F type 3% type 4429 AYPES A4
I, type 9H 2 HYL ko] FYREL T3 A
ABFelgond U Gkl slglolety B
g v} 2ok, =& Holm (1946) = Lymnaea stagnalis
oA AP WHEIA 2 A S AT WA
22 Fulshe AL #EAS v e, oE AHES
AR 33 (granular acidophils)®} 971438 (gran-
ular basophils) 5 ¥ £F2 FEH3T g 2
v B A (Incilaria fruhstorferi) o) A= g A2
AN E7F W E 2R 2 AgEE 5 F 59l A
& o] FwA EAFT g, FHEL vt WA A
A E Abelel] Qe 7 TS FaAEE BHE T gl
9 # 2 Rudolph (1983)9] d7ZA e} ZgAg, 3%
59 #YEo] PAS-alcian blue (pH 2.5)uF2o]A
PASe) 7st <kgubs-E Holu], AN dFFz
Had AL Az "d‘—l"é-ﬂra]' ek 18y o) E
3F 7 AAEAR "o ARAFL v 7 g
MEEL a1 F27} Eo)slgl o PAS-alcian blue
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ol M oFat vh-g-S& B9lX, Millon 8Hg-olA 7
A whgste] whiAgez &l AL Rudolph
(1983)7} w3 AFHE&H vixst At 9.

dutH o2 ol felA APM L 1 7)5e] B &
HA AUA gAE
A HZel| GFF7E EAE AL o= AR o
A TELLEAMY 9% AATF (sperm gro-
ove) 2] Ab¥]E}AM| E (subepithelial cell)ollA A S
AN B AAES AEs AAA (sperm
thread) & 2h=xd Qlo] F23 J8E £PF 7o)
2h= Kugler (1965)9] 7}k glgieh. £ AgeM =
Incilaria fruhstorferi®] AZPA WZAAAMEe} o
W AgEA YA PASe| FAurEE Jelle A
AR 9255 T3 AEES] Ade] HAH AL
Kugler (1965)¢] d7ZA7s} dAAM e ALz
Azt

Rigby (1963, 1965)¢) w=2m A5l 2P ol F
oA AP Ful: En|sle FgT B,
A7) el A AL Eulsl wA Yo
e dafe] FEFGT Prd, ol FANA T
A7) FA WA ARt A AR
Zolet slAlch. =gt AP A R lAM =
71t 53} WakE Atolef Abo|7t Sl ALR AF7HA|
d7se] g v IR B d7ZE%e
2 A AY d7EAAE FEHoE IAY £ o
AgAe] AR A3 Aol F == A A2 &
FstAA R AP WRATAZY e P 2w Ee
sheba] Aol B3t F & Alole] TRz gelA A
o] F AAF 4 wde], ol AHAL 7)%el Fll A
o FAgle] TYF 9L st Ao AR
o}

Z £

AL ARG o] (Tncilaria fruhstorferi)e) +4
AA71# A v FE2E #Fs7] S8 AR
HulAg Ao, APACAM EnjEE IHYE
9 AEgAS fdEr] HeiA 2238 Y-S o
3o, o A= G5 Z2skd

ARA WZAAT AL 17F 23 Fo| F ARY

Philomycus cavolinanus® 23 -

FASAEL ool EAT MEES AMEER
TAH slsl=d, olEe] £A3 I el oA
v g ez 257 ez Eed QY &
3 A WAz 5 A%, BY, C3 ¢ DJ
2 AMEEL Gt F7Y AHES 2732 A
+ul, A BY 123 DY AAEs 2§ 9l
= F}YEL PAS-alcian blue (pH 2.5)HF-&o A
PASe] E% 74gt b2 vehle] FAAYGIRE
golgd ubd, C3L PASd| oft uhg-E Jez,
Millon ¥hgelx= 723t WH-8-& vepo] gz gl
Hdod. AAZF AY 2 BY AMEY FAHES A
A E Alolg B WAELR EvEYEH, oF
A AME7 233 A EL 0.4um FEY vz
A 22 AAUESL For A #FE wbd, BY
HHEL 0.7um AEZ, AY AJEG 23 FTF
AAL =R A FobA ZAA HAH .

C¥ AMEEL 7 efdg ez, dL vuy FTF
ool gaAel wa) alsieh o5 1.9um A
= a7l AAEEN} FHE Y AHEE &
A glew AYEL 4~5704 RN £ Y A
& A2 dsieh 2 DY AMEE vaH
23 32 #9E A gl AERA A XA
0.8pm A= =79 AALES} wf 2 HAHES
A LIS S
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!
Ho
et

Chang NS, Jeong KH, Kim YU, 1995. Morpho-
logical and histochemical studies on the herma-
phroditic and male reproductive organ of a
Korean slug, Incilaria fruhstorferi, Korean J.
Zool. 39, 139-146.

Duncan CJ, 1960.
freshwater Basommatophora, Proc. Zool. Soc.
Lond. 135, 339-356,

Harry HW, 1964. The anatomy of Chilina fluc-

tuosa Gray reexamined, with prolegomena on

The genital systems of the

the phylogeny of the higher limnic Basomma-
tophora (Gastropoda: Pulmonata),
1, 353-385.

Holm LW, 1946. Histological and functional stud-

Malacologia



160 Korean J. Electron Microscopy Vol. 27, No. 2, 1997

ies on the genital tract of Lymmuaea stagnalis
appressa Say, Trans. Am. Microsc. Soc. 65,
45-68.

Hubendick B, 1948.
with a discussion of the term prostate and its

The anatomy of Bulinus,

sense in the Basommatophora, Proc. Malac.
Soc. Lond. 27, 186-196.

Hubendick B, 1955. Phylogeny in the Planorbidae,
Trans. Zool. Soc. Lond. 28, 453-542.

Kugler OE, 1965. A morphological and Histoche-
mical study of the slug philomycus carolinianus
(Bosc), J. Morph. 116, 117-131,

Oberholzer G, Van Eeden JA, 1969. Studies on
the morphology and histology of Burnupia mooi-
ensis (Walker) (Mollusca,
Ancylidae), Wet. Bydraes van die P.U. vir
C.H.0O. (B.Natuurwet.), 7, 1-69.

Quattrini D, 1966. Structure and ultrastructure of

Basommatophora,

the prostate of Vaginulus borellianus (Colosi)

(Mollusca, Gastropoda, Soleolifera), Monitore
Zool. Ital. 74, 3-29.

Rigby JE, 1963.
systems of Oxychilus cellarius (Miiller) (Stylom-
matophora), Proc. Zool. Soc. Lond. 141, 311-
359.

Rigby JE, 1965.
ophisthobranch mollusc, Proc. Zool. Soc. Lond.
144, 445-486,

Roszkowski W, 1926. Contributions to the study
of the family Lymnaeidae. VII. The structure

Alimentary and reproductive

Succinea putris: a terrestrial

of the prostate of the Lymnaeidae, Pr. Zool.

Pol. Parist, Muz. Przyr. 5, 1-14,

Roszkowski W, 1938. Structure of the prostate of
Fossaria truncatula (Miller), Zool. Pol, 2, 209-
213.

Rudolph PH,
biology of Stagnicola elodes (Say) (Pulmonata:

1976. Aspects of the reproductive

Lymnaeidae): the histochemistry and matura-
tion of the reproductive systems, and copula-
tion. Ph.D. Dissertation, University of Michi-
gan, Ann. Arbor, Michigan, U.S.A., pp.175.

Rudolph PH, 1980. Sequence of secretory product
formation in maturing reproductive systems of
the fresh-water lymnaeid snail Stagnicola elodes
(Say), Trans. Am. Microsc. Soc. 99(2), 193-200

Rudolph PH, 1983. Histochemistry of the Repro-
ductive Tracts of Stagnicola elods (Basommato-
phora: Lymnaeidae), Malacol. Review. 16, 43-
57.

Schumann W, 1911, Uber die Anatomie und die
systematische Stellung von Gadinia peruviana
Sowerby und Gadinia garnoti Payraudeau, Zool.
Jb., Suppl. 13 (Fauna chilensis). 4, 1-88.

Stears M,
and Histology of the genital system Limax val-

1974. Contribution to the morphology

entanus, Ann. univ. Stellenbosch ser. 49(A2),
1-46,

Visser MC, 1977. The Morphology and Signifi-
cance of the spermoviduct and Prostate in the
Evolution of the Reproductive system of the
pulmonata, Zoologica scripta 6, 43-54.



Fig. 1.

Fig. 2.
Fig. 3.

Fig. 4.

Fig. 5.
Fig. 6.

Fig. 7.
Fig. 8.
Fig. 9.

Chang NS : Prostate Gland of Kovean Slug, Incilaria fruhstorferi 161

FIGURE LEGENDS

Light micrograph showing endothelial cells and gland cells of the gland surrounding the lumen
(L). Arrow, secreting granules, PAS-alcian blue reaction. 100pum.

Magnification of Fig. 1. Arrows, PAS-positive granules., C, cilia. 20pum.

Light micrograph showing PAS-positive gland cells (B) and Millon positive gland cells (C) in
connective tissue. 20pm.

Electron micrograph showing type-A (A) and type-B gland cells (B) between the ciliated
endothelial cells (E). N, nucleus. 4pm,

Magnification of Fig. 4. Showing a cluster of cilia. R, rootlet. 2pum,

Electron micrograph showing granules of type-B gland cell (B) between the ciliated endothelial
cell. C, cilia. 2pm.

Electron micrograph showing type-B gland cells in the connective tissue. N, nucleus. 4 pm.
Electron micrograph showing a type-C gland cell in the connective tissue. N, nucleus. 4 pum.
Electron micrograph showing a type-D gland cell in the connective tissue. N, nucleus. 2um.
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