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Abstract. Prostate glands from mature and juvenile Cryptozollo belanqcri were cultured ill
ritro for 8 days in single or double association with cerebral ganglia. visceral ganglionic
complex and gonads obtained from adult snails. The histology of the glands was studied
and compared with those of normal glands and with glands cultured ill ritro without any
organ association. Functional differentiation was not evident in glands cultured in isolation
or in single association with gonad or brain. In double associations, involving cerebral
ganglia, visceral ganglionic complex and gonad response from the gland was obtained only
when the gonad was involved. The cerebral ganglia and visceral ganglionic complex acting
through the gonad elicit differential responses from the prostate gland. It was concluded
from the in ritro studies that the prostate gland may be dependent on a gonadal hormone
for functional differentiation. which in turn is under the control of trophic factors released
from the brain.
Keywords. Cryplo=ollll belanqeri; ill !'itm studies: functional ditfcrcntiation; prostate:
cerebral ganglia; visceral ganglionic complex: gonad.

l.

Introduction

Regulation of reproductive actrvitres in pulmonates has remained a perplexing
problem. Various explanations have been proposed by different workers to account
for the reproductive process in molluscs but as pointed out by Golding (1974), the
differences in the techniques employed. the diversity of regulative mechanisms and
the disarray relating to species variations serve to stress the enormity of the problem.
In the absence of well defined endocrine organs in molluscs, the gonad and the
neurosecretory cells located in the brain and the optic tentacles are known to be
implicated in the control of reproductive activities.
In the brain, the cerebral ganglia influences differentiation of the male germ cells
(Guyard 1971), vitellogenesis (Streiff 1967; Choquet 1971) and reproductive tracts
(Boer and Joosse 1975). The involvement of the visceral ganglionic complex in
reproductive activities has been poorly investigated.
The status of the gonad as an endocrine gland has remained controversial. Histologically there is no evidence to account for the production of hormones in the gonad
(Boer and Joosse 1975). However experimental studies embracing castration, transplantations and organ culture methods have shown that the gonad has some effect
on the reproductive tract, albumen gland, prostate and female glands (Abeloos 1943;
La Violette 1954; Bailey 1973; Runham et al 1973).
The major drawback in investigations involving the brain and the gonad is the
heavy mortality rate resulting from surgery or castration in shelled pulmonates
(Goddard 1960). Removal of the shell or even a sizeable part of it is lethal to the
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animal. Further, the gonad is closely apposed to the hepatopancreas, which is
invariably damaged during surgery. To overcome this difficulty a recent trend is the
usage of in vitro methods.
The present study has been undertaken because of the paucity of data on regulative measures of the accessory glands in terrestrial pulmonates and also taking into
consideration the value and advantages of using in vitro techniques. The experiment
is designed to study the influence of the gonad and brain on the functional differentiation of the prostate gland in the terrestrial pulmonate snail Cryptozona belangeri
(Deshayes).
2. Material and methods
2.1 I n vitro studies

The millipore filter organ culture technique devised by Grobstein (1955) and
Auerbach (1960) was adopted in cultivating the prostate gland in vitro. The procedure of Ball and Auerbach (1961) was followed for the preparation of the millipore
assembly. A plexiglass strip (32 x 6 x 2 mm) possesing a central hole of 3 mm diameter was- pasted with a round disc of millipore filter paper to obtain an open well of
3 mm diameter and 1 mm depth. The plexiglass strip was lowered on to the depression of the tissue culture dish of Grobstein (1955) type (figure 1).
2.2

Culture medium

With the exception of a few modifications indicated below, the medium was similar
to that used by Burch and Caudros (1965) for Helix aspersa. The molluscan tissue
extract in the culture medium was replaced by chick embryo extract to remove the
possible interference of homologous proteins in the molluscan tissue extract (Rajan
and Sriramulu 1979). Hedon-Fleig saline (Lockwood 1961) was used for the survival
of the explants. Tricine was employed as a buffer (Bailey 1973). Table I gives the
composition of the culture medium used in the present study.

CDC

CD

T

CM

PG

MF
Figure 1. Sectional view of the millipore culture set up. (CD, Culture dish; CDC, culture
dish cover; CM, culture medium; MF, millipore filter paper; PG, plexiglas; T, explant tissue).
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Table I.

Medium adopted for culture of prostate in C. belanqeri.

(rnl)
Medium 199+0'5% peptone
*Brain heart infusion (Difco)
S.L. Broth
M.9 stock solution A
M.9 stock solution B
*Salt solution C
*Sodium bicarbonate (4 gil)
Calf-foetal serum (Difco)
"Chick-embryo extract (Difco)
Double distilled water
*Tricine (1'25 molar aqueous solution)
Antibiotic mixture
S.L. Broth
Casein hydrolysate
Yeast extract
KzH P0 4
Diammonium hydrogen citrate
Glucose
Sodium acetate (hydrated)
Glacial acetic acid
Salt solution
Tween 80
Made up to 100 ml with double distilled water
Stock solution A
NazH P04 (anhydrous)
KH zP0 4 (anhydrous)
Made up to 1000 ml with double distilled water
Stock solution B
NaCI
MgS0 4
NH 4 C1
Made up to 1000 ml with double distilled water

500
20
20
8

8
100
100
40
40
403
25
8
(g)

10

5
6
2
20
25
1'32mI
5ml
I g

(g)

75·0
37·5

50·0
20·0
100·0

Salt solution C
NaCi
KCI
MgS0 4
Made up to 1000 ml with double distilled water
Salt solution for SL broth
MgS0 4 · 7 HzO
MnS04 'H 20
Made up to 1000 ml with double distilled water
Fungizone
Penicillin
Streptomycin

11·5
2-86
50mg
1,000,000 IV
1·0/1000 ml

"Mcdifications introduced in the culture medium adopted by Burch and C2~i1rCoS'
(1965).
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2.3 Preparation o{ explants
Healthy snails of weight groups of 2--3 g (juvenile) and 6--8 g (mature) were washed in
running water to remove dirt and soil. The shell was removed with sterilized scissors
and the body wiped with moistened sterilized cotton and 70~o alcohol. The unanaesthetized snails were then dissected in Hedon-Fleig saline for the removal of the
prostate gland. It was severed into small bits measuring 2 x 2 x I mm each. Each
piece was transferred to an unit of the millipore filter assembly. The nutritive culture
medium was introduced into the depression in the culture dish.

2.4

The associated orqans in the culture

The associated organs were obtained from mature snails. The brain was detached
from the surrounding tissues in Hedon-Fleig saline. The brain was divided into two
halves, one comprising the dorsal cerebral ganglia and the other the ventral visceral
ganglionic complex (pleural, parietal, pedal and visceral). The gonad was also
removed and separated from the associated hepatopancreas. The components of
brain and gonad were then used either singly or in combination for association with
the prostate gland in vitro (tables 2 and 3).

2.5

M aintenance of culture

The cultures were maintained for 8 days at 2YC in a BOD incubator in saturated
humid condition with a gas phase of 95~,~ O 2 and 5/~ CO 2 , The medium and gas
phase were changed on alternate days. Frequent observations through microscope
were made to detect any sign of contamination and to note the viability of the tissue.

Table 2.
culture.

Prostate explant of C. belanueri and the associated organs maintained in

Explant
Heterologous association involving
single associated organ
Juvenile prostate
Juvenile prostate
J uvenilc prostate
Juvenile prostate
Heterologous association involving
double associated organs
Juvenile prostate
Juvenile prostate
Juvenile prostate

Organs cultured in association
with the explant

Control
Mature gonad
Mature cerebral ganglia
Mature visceral ganglionic
complex

Mature gonad and cerebral
ganglia
Mature gonad and visceral
ganglionic complex
Mature cerebral ganglia and
visceral ganglionic complex
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Table 3.
culture.

Prostate explant of C. helangeri and the associated organs maintained in

Explant
Homologous association involving
single associated organ
Mature prostate
Mature prostate
Mature prostate
Mature prostate

Organs cultured in association
with the explant

Control
Mature gonad
Mature cerebral ganglia
Mature \ isceral ganglionic
complex

Homologous association involving

double associated organs
Mature prostate

Mature gonad and cerebral
ganglia

Mature prostate

Mature gonad and visceral

Mature prostate

ganghon»; complex
Mature ccrchr al ganglia and

visceral ganglivnic complex

2.6

H ist%yr

Thc tissues maintained in culture were fixed in aqueous Bouin's dehydrated in
ascending grades of alcoholic series. cleared in xylol and embedded in paraffin wax
(58-60"C). Sections were cut at 6 II thickness and these were deparaffinised and
stained in Heidenhain's iron haernatoxylin, counterstained with aqueous eosin and
mounted in Canada balsam.

3.
3.1

Observations
Gross JJlorj1lw/o!/)' of the prostcu c y/alld

In an immature or reproductively inactive snail. the prostate appears as an indistinct,
pale white. thread like structure. running along the dorsal surface of the spermoviduct. In a rnaturc snail the prost.uc attains its maximum growth in size, appearing
as a separate elongated organ, slightly yellow and closely apposed to the spermoviduct. This organization of the prostate is retained till the end of the reproductively active period and thereafter the gland involutes and reverts back to its
juvenile state.
3.~

H is((}/oy.l' of the prostate qlcuu!

3.2a Jurenile: The small prostate gland cells occur in abundance and lie scattered
uniformly throughout the tissue in the juvenile snail. The small spherical nuclei
appear distinct. They are centrally placed within the cells and are surrounded by a
homogenous thin layer of cytoplasm. with no trace of secretory products (figure 2).
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Figures 2--6. 2. Section through the prostate gland of juvenile snail showing the onset of
differentiation of the tubules of the gland ( x 80). 3. Section through the prostate gland of
adult snail showing maximum growth of the gland. Note the compact organization of the
gland. its shape and its regional differentiation into an outer light area (C) and an inner
deeply staining area (M). A thin connective tissue layer surrounds the gland ( x 25). 4. Section through the prostate gland of juvenile snail cultured in isolation. Note the poor organization of tissue ( x 80). 5. Section through the adult prostate gland ciJltured in isolation.
Note necrotic patches towards periphery and deterioration in organization compared to
figure 4 ( x 25). 6. Enlarged view of a portion of hgure 5 showing disrupted tubules ( x 80).

3.2b Adult: Based on the histoarchitecture of the adult prostate gland 3 distinct
regions can be made out, viz (i) a thin connective tissue layer enclosing the entire
gland; (ii) glandular cells of the prostatic tubules and (iii) the lumen enclosed by the
glandular cells lined by epithelium.
Based on staining properties, two zones can be made out in the gland: (i) an outer
light zone in which tubules are loosely arranged with lightly staining cells, and (ii) a
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deeply staining central region in which the tubules are compactly arranged. In these,
the cells appear pearshaped, and the broad distal ends of the cells face outwards
while the narrow proximal ends face lumen of the tubule. The nuclei are oval, located
in the broader end of the cells. The chromatin material stains intensely with haematoxylin and the cell cytoplasm is filled with secretory granules which tend to distend
the cell walls (figure 3).

3.3 Prostate gland cultured in isolation
3.3a Juvenile: Prostate glands cultured in isolation appear much reduced in their
size and many of the cells, particularly towards the peripheral region of the gland,
appear empty with shrunken cytoplasm (figure 4).
3.3b Adult: Disruption in the general organization is evident. Patches of necrotic
tissue are visible. Nuclei lie scattered in the disintegrated cytoplasm. Tubular organizaticn is noticed only within the region nearer to the lumen. The tubules are,
however, small. The sparse secretory products stain very lightly (figures 5 and 6).

3.4 Prostate gland in association with gonad
3.4a Juvenile: The gland shows a tendency towards degeneration. The central
region is the worst affected, where there is a marked reduction in the number of cells.
The nuclei appear pycnotic and the cytoplasm is devoid of secretory products (figure 7).
3.4b Adult: Deterioration is evident and the characteristic organization of the
gland remains disrupted with no trace of tubules. Cell boundaries appear broken
resulting in the cytoplasmic content being dispersed among the tissues. Large gaps
and spaces are interspersed between the cells (figures 8 and 9).
3.5

Prostate gland in association with cerebral ganglia

3.5a J uoenile: The cytomorphology of the juvenile gland closely approximates that
of glands cultured in isolation. Dead tissue areas with unhealthy cells testify to the
inability of ganglia to maintain the normal organisation of the juvenile prostate
gland.
3.Sb Adult: Tubular organisation is absent and the central tissue appear vacuolated. A distinct deviation from the normal histology of the gland persists although a
slight improvement. over the glands cultured in isolation is evident (figure 10).

3.6 Prostate gland in association with visceral ganglionic complex
3.6a Juvenile: The glandular cells show an increase in their volume. The cell limits
are clearly delineated and the cells exhibit a tendency to be grouped together rather
than to remain dispersed.
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Figures 7-12. 7. Section through juvenile prostate gland cultured with gonad. Note atrophy of the gland with poor cytological features ( x 25). 8. Section through adult prostate
gland cultured with gonad. Note absence of tubules and disrupted histology (x 25). 9.
Enlarged view of figure 8 showing the disposition of the disorganized tubules ( x 80). 10.
Section through adult prostate gland cultured with cerebral ganglia. Note vacuolated cells
towards the centre ( x 80). II. Section through adult prostate gland cultured with viscera!
ganglionic complex. Note peripheral tubules with hypertrophied cells. The secretory
products of central tubular cells are apparent in the luminae. Cells are not distinct ( x 80).
12. Section through juvenile prostate gland cultured with gonad and cerebral ganglia. Note
transformation of juvenile histology of gland to adult histology. Tubules have cells with
abundant secretions surrounding central lumen (X 80).

3.6b Adult: A marked change is evident in cells comprising the peripheral tubules
which show hypertrophy with secretory products concentrated more towards the
narrower ends facing the lumen. Secretory granules are visible in the large luminae
(figure 11).
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Prostate gland in association with gonad and cerebral ganglia

3.7a Juvenile: A complete transformation of the juvenile to adult tissue organisation is encountered when juvenile prostate gland is cultured with gonad and cerebral
ganglia. The tubules resemble those found in adult sections taken in vivo. The cells
are filled with secretory products and are arranged around a central lumen. Peripheral nuclei are distinct (figures 12 and 13).
3.7b Adult: ln a major part of the gland, a tubular arrangement is visible and the
cytoplasm contains secretory products which stain deeply. The histology of the gland
closely approximates with that of normal adult glands (figures 14 and 15).

3.8

Prostate gland in association with gonad and oisceral ganglionic complex

3.8a Juoenile: A precocious response of the juvenile gland is met with when associated with adult gonad and visceral ganglionic complex. The gland cells aggregate
to form tubules but still retain their spherical shapes. Further, the cytoplasm shows
intense secretory activity and the elaborated product considerably increases the size
of the cytoplasm. The stress is on the functional activity rather than on structural
organization (figure 16).
3.8b Adult: Regional differentiation in the histomorphology of the gland is seen. A
major portion of the gland away from the duct has hypertrophied glandular cells,
which stain deeply and are arranged in ill-defined tubules. Towards the duct, the cell
membranes of the cells are disrupted showing released material in the lumen. A few
cells have pale and vacuolated cytoplasm with few granules (figures 17 and 18).
4.

Discussion

The prostate gland in C. belanqeri shows close correlation with growth, maturation
and reproductive activity of the snail. The functional differentiation of the gland can
be deduced from the cytomorphological changes that take place within its glandular
cells. The observations recorded in the present study are the result of associations
carried out in vitro of the juvenile and mature prostate glands with the gonad,
cerebral ganglia and visceral ganglionic complex in single or double combinations.
This implies a direct action of the associated organs on the gland and also as the
acti ve substance emitted by the associated organs acts by diffusing into the culture
milieu and there is no actual physical contact between the associated organ and the
prostate gland. The histology of the glands thus associated, when compared to those
of normal glands and with those glands cultured in the absence of any organ association, reveals striking facts.
The prostate gland in C. belangeri, in the absence of any hormonal support, shows
poor degree of organization in cultures. This applies to both juvenile and adult
glands. This incapacity to function and differentiate under anhormonal conditions is
not restricted to the prostate gland alone but has been reported for the dart sac in
C. belanqeri (Megdalene 1981), the male genital tract in Calyptrae sinensis (Streiff
1966), penis in Crepidula fornicata (Le Gall 1981; Le Gall and Feral 1982) and
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Figures 13-18. 13. Enlarged view of figure 12 showing arrangement of cells within tubules.
14 and 15. Sections through adult prostate gland cultured with gonad and cerebral ganglia.
Note regions of actively secretory cells in contrast to areas of tissue with no activity. 16. Section through juvenile prostate gland cultured with gonad and visceral ganglionic complex
showing similarity in organization to figure 13. However, note the increase in cytoplasmic
volume in the spherical cells (x 80). 17 and 18. Sections through adult prostate gland,
cultured with gonad and visceral ganglionic complex showing regional differentiation in
cytomorphology. Note the active hypertrophied cells arranged within tubules (figure 17)
and vacuolated cells near the duct (figure 18) (x 80).

Note: Section referred to in figures 2-18: Bouin's fluid, 6/l Heidenhain's iron haematoxylin counter stained with aqueous eosin.

common duct in Aqriolimax reticulatus (Bailey 1973). The present result only reflects
the view of Highnam and Hill (1979) that development of the reproductive tract is
controlled by hormones.
The prostate gland, cultured with gonad from adult snails, showed rapid deterioration in its organization and its functional activity was disrupted. This would
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indicate that the gonad inhibits the structural organization and functional integrity
of the gland. These results are in contrast to those of castration, transplantation and
organ culture experiments, carried out by various workers. Castration in limacid and
arionid slugs resulted in negative effects in the albumen and hermaphrodite duct
(Abeloos 1943; La Violette 1954). The effects of castration on the activity of the
multifid gland in Helix aspersa was studied and the role of gonad in maintaining its
activity was established (Gomot 1976). In A. reticulatus, undifferentiated tracts when
transplanted into male phase slugs, showed differentiation of prostate glands, while
oviductal and albumen glands remain undifferentiated. However, transplantation of
undifferentiated tracts into the haemocoel of egg-laying animals led to the enlargement of the' female parts of the tract, while the prostate remained undeveloped.
Castration of young specimens resulted in a cessation of development of both the
prostate and oviductal glands. This suggests that the production of the male and
female hormones had been impeded (Runham et al 1973). Immature penial complexes of A. reticulatus implanted into mature 'slugs, displayed growth and differentiation dependant on the stage of the host (Wijdenes 1981). Implants never developed
in castrated animals. Bailey (1973) using in vitro techniques, has also suggested the
implication of the gonad in the control of the prostate in the same slug. However, in
Basommatophora, castration experiments have indicated that the development and
activity of the accessory sex organs are not under endocrine control of the gonad
(Brisson 1971; Brink et al 1979; Boer et al 1976). In the face of the overwhelming
evidences supporting the presence of a gonadal factor in stylommatophoran pulmonates, the absence of such a gonadal factor cannot merely be deduced by direct
association of the prostate with the gonad in culture. The possibility, that the poor
histological picture of the gland, in single association with the gonad, could be due to
the lack of a trophic factor, cannot be ruled out. In fact, in an animal which is strongly dependent on external conditions of temperature and moisture for its reproductive activity, the mediation of the nervous system in the seasonal activity of its reproductive system is strongly indicated.
The direct association of the prostate gland with the cerebral ganglia appears to
have no impact on the histology of the gland in G belanqeri. A number of evidences
can be cited wherein the cerebral ganglia influence reproductive activity, but in the
majority of these, the effects (of the principles) are usually related in some way with
those of the gonad or the tentacle. Direct action of the principles of cerebral ganglia
has been suggested in prosobranchs (Joosse 1979) and in snails (Geraerts and
Bohlken 1976; Goudsmit 1915, 1978). The principles of cerebral ganglia in all these
molluscs appears to affect either gametogenesis or the female organs. A direct action
of cerebral ganglia on male accessory organs has not been reported till now.
A distinct change in the appearance of the gland is evident when cultured with
visceral ganglionic complex. This is particularly noticeable in the adult glands, in
which the glandular cells appear vacuolated and devoid of granules. Probably some
visceral ganglionic principle is responsible for the unconditional liberation of secretory granules from these cells, giving them an exhausted appearance. In the immature glands, apart from a slight increase in cytoplasmic volume no remarkable change is
evident.
Since associations of the prostate gland with the brain or the gonad failed to
produce positive results, interactions between these two endocrine components were
investigated. Recent literature on pulmonate regulative mechanisms strengthens this
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view of trophic control. Runham et al (1973) concluded from results on Agriolimax
that male and female parts of the reproductive tract are under separate hormonal
control. Probably the sources of the two hormones are the dorsal bodies and the
neurosecretory cells in the cerebral ganglia (Geraerts and Algera 1972), and these
hormones influence the reproductive tract via the gonad (Boer and Joosse 1975). A
relation between brain-gonad axis and photoperiodically stimulated sexual maturation in the slug Limax maximus has been studied (McCrone and Sokolove 1979;
McCrone et al 1981). In the marine pulmonate Onchidium verruculatum, it has been
shown that a male phase hormone and a female phase hormone are secreted by the
cerebral ganglia during different phases of the protandric reproductive cycle
(Nagabhushanam and Deshpande 1981). These hormones have been observed to
exert their effects on development and functioning of the-male accessory sex organs
via the gonad. An androgenic influence of the cerebral ganglia on the gonad has also
been found in Helix aspersa (Guyard 1971). In a review of pulmonate endocrinology,
Boer and Joosse (1975) concluded that two gonadal factors perhaps operate separately in the control of male. and female lines. Further, it was thought that the dorsal
body hormone possibly controls the female factor of the gonad and a neurohormone
from neurosecretory cells in the cerebral ganglia controls the male factor.
The results. obtained in C. belangeri, by the culture of the prostate gland with
cerebral ganglia and gonad, is in conformity with the scheme proposed by Boer and
Joosse (1975). The cerebral ganglia of adult snails, in conjoint action with the gonad,
completely transforms the juvenile appearance of the gland into an organized adult
form. This high degree of organisation is in contrast to that of juvenile glands, with
cerebral ganglia and gonad in single association. In the adult gland the degree of
organization and functional activity appears to be of a high order. These results
suggests that the cerebral ganglia has a trophic effect on the gonad which is probably
induced to produce a hormone responsible for the growth and edification of the
glandular cells.
When cultured with the gonad and visceral ganglionic complex, the juvenile prostate gland in C. belanqeri shows a precocious response in its secretory activity, but
apparently does not alter the shape of the cells. In the adult glands subjected to a
similar association, the secretory material appears to spill over into the lumen, and in
some cases, empty vacuolated cells which have released almost all their materials
into the lumen, can be seen. Apparently, the visceral ganglionic complex appears
capable of inducing the gonad to release its hormone; in addition its effect on the
prostate gland also seems to be direct. This effect, as previously stated, would be to
cause exocytosis of the secretory material and could account for the differences
encountered, in associations involving gonad and cerebral ganglia and that of gonad
and visceral ganglionic complex.
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