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ABSTRACT

1. The detailed morphological structure of neurosecretory ceils in
Laevicaulis is given. There are two types of cells: cell type A is pyriform
ranging from 83 to 133/~ in length, whereas cell type B is oval and is 49
to 66/, in length. In both the cell types axonal transport of the secretory material is noticed. Both the cell types are PAS negative and positive for proteins and lipids.
2. Histological structure of the optic tentacle reveals that it consists of three types of neurosecretory cells of which the collar ceils are
situated around the central ganglia while the others are laterally down
the sides of dermo-muscular wall. They are PAS positive and sudanophilic.
3. Cell type B showed a distinct annum cycle of activity which is
correlated with the annual reproductive cycle of Laevicaulis.
4. The effect of cutting the tentacles showed that number of eggs
was increased in optic tentacles-cut animals. The tentacle homogenate
injected animals showed no increase in number of eggs but the brain
homogenate injected animals showed considerable increase in the number
of eggs.
5. The amount of neurosecretory material in cell type A decreased
from lower to higher salt concentrations. It may conclude that cell type
A plays an important role in water balance as anti-diuretic factor.
INTRODUCTION

AMONG the mollusca, the literature on the cytological evidence of neurosecretion in pulmonates is rather poor. Lever (1957) demonstrated the
neurosecretory phenomena for the first time in a freshwater pulmonate,
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Ferrissia sp. Herlent-Meewis and Van Mol (1959) and Van Mol (1960 a,
1962) described two types of neurosecretory cells in Arion. Krause (1960)
described cells of Types I and II in the cerebral and visceral ganglia of Helix
pomatia and suggested that Type II cells of the visceral ganglion might
produce a hormone which controls hibernation. The histological structure
of the neurosecretory cells in the nervous system of stylommatophoran
pulmonates like Vaginulus and Ariophanta ligulata were studied in detail
by Nagabhushanam and Swarnamayee (1963, 1964). Lane (1964a, 1964 b
and 1964 c) observed the fine structure of secretory cells in the optic tentacles
of Helix. Quattrini (1964, 1965) identified elementary 'neurosecretory
granules in the neurones of the slugs like Milax and Vaginulus.
Thus most of the observations so far made on the neurosecretion in
pulmonates deal with description of cell types while the work on their
functional aspect is very little. Pelluet and Lane (1961) showed the relation between neurosecretion and cell differentiation in the ovotestis of
Arion ater, A. subfuscus and species of Milax. Rozsa and Nagy (1967)
described physiological and histochemical evidence for neuroendocrine
regulation of heart activity in Lymnaea stagnalis.
The present study is undertaken (1) to determine the presence and
distribution of neurosecretory cells in the nervous system, (2) the histochemical observation of neurosecretory material, (3) the histological and
histochemical structure of the neurosecretory cells present in the optic
tentacles, (4) to show the relationship between neurosecretion and cell
differentiation of the ovotestis and (5) to learn the physiological role of
neurosecretory material in a slug, Laevicaulis alte.
MATERIAL AND METHODS

The slugs were collected from the cultivated fields near Aurangabad.
They were brought to the laboratory and were placed in glass troughs
containing sufficient moist soil. The central nervous System was carefully
dissected out from the body as quickly as possible and was fixed in Bouin's
fluid. The central nervous system was then dehydrated in alcohol.
cleared in xylol and embedded in tissuemat at 57-5 ° C. Serial sections were
cut at 10/~ in thickness and were stained with Gomori's chrom-haematoxylin-phloxin (Gomori, 1941) or Mallory's triple stain.
The histochemical localization of glycogen in central ganglia of
Laevicaulis was observed by the methods followed by Best (Glick, 1949)
and Periodic acid Schiff (McManus and Mowry, 1960). Proteins in the
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neurosecretory cells were stained with Mercuric Bromophenol blue method
(Mazia, Brewer and Alfert, 1953). For staining fats, Sudan Black B
(Chiffelle and Putt, 1951) method was adopted. The acid mucopolysaccharid..~s were tested with Alcian blue (Stedman, 1950; modified by Mowry,
1956).
For experimental purpose Laevicaulis were kept in the laboratory
for a longer period of time. They were fed once in a day on plant vegetation and the soil from the glass troughs was changed at time intervals.
To know the role of optic tentacles in gonad differentiation, that tips
of the optic tentacles were cut off, removing the eye, the optic and tentacular nerves, sensory digitate ganglion and the glandular collar cells.
The animals were again kept back in the glass troughs, after which, the
weights of the ovotestis and the body were taken. The results were
expressed in the ratio,
Ovotestis weight
X I00,
Body weight
following Wells and Wells (1959).
The ovotestis of the same animals was then examined in the following
way; the ovotestis was placed in a saline solution to which a little amount
of trypsin was added in order to loosen the trough connective tissue
surrounding the acini of the ovotestis. After 15 minutes, the ovotestis
was transferred to 1 "0~o methyl green solution for 10 minutes, after which
it was put in a bath of cedar wood oil for clearing. The ovotestis was
placed on a slide and mounted in glycerine. The ovotestis was flattened
by pressure on the cover slip. The eggs were counted with an ocular
counting grid and with the help of sterioscopic microscope.
Extracts of brain tissue and tentacle tissue were made separately.
Nearly 40 animals were taken and the central nervous system and the optic
tentacles were removed. The tissues were grinded in a small morter and
the solutions were made upto 5.0ml. by adding distilled water. The
solutions were centrifuged at about 4000 revolutions per minute for about
10 minutes. After centrifugation, the supernatant liquids were injected
into the body cavity of slugs by means of a hypodermic needle; 0.1 ml.
solution was injected into each slug. The controls were run simultaneously
in which the same amount of distilled water was injected.

Neurosecretion in the Slug, Laevicaulis alte

293

RESULTS AND DISCUSSION
The central nervous system of Laevicaulis has paired cerebral, pleural
and pedal ganglia and a single visceral ganglion. Except the pair of
cerebral ganglia all are fused to form the infraoesophageal nerve ring.
A study of the serial sections of various ganglia that are stained with
Gomori's chrom-haematoxylin-phloxin ( C H P ) a n d Mallory's triple stain
revealed the presence of some secretory cells. These cells are found to be
cytologically different and larger than the ordinary neurones. These cells
possess large nuclei with abundant cytoplasm. The cytoplasm is filled with
small granules which are intensively stained with Gomori's and Mallory's
stains. On the basis of difference in size, general shape of the body and
nucleus, presence of vacuoles in the cytoplasm and staining reactions, two
cell types called A and B-cells are recognized (Table I).
TABLE I

Characteristics of neurosecretory cell Types A attd B found in the central
ganglia of Laevicau'is alte
Description

Cell Type A

Cell Type B

Shape of the cell body

Pyriform

Oval

Size of the cell body

83 to 133/~

49 to 66~

Nucleus

Spherical or
Kidney-shaped

Oval

Nuclear diameter

70 to 100/~

25 to 40tz

Nature of the
secretory material

Colloidal

Granular

Vacuoles

Present

Absent

Granules stained with Mallory's
triple stain

Deep Blue

Red

Glycogen

Absent

Absent

Proteins

Present

Present

Fats

Present

Present
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Cell Type A (Fig. /).--The neurones of this cell type are pyriform in

shape measuring about 83 to 133 t~ in length. The nuclei of these cells are
long in comparison to the size of the cell. The nuclei are 70 to 100 tz in
length. Normally, the nucleus is spherical but it may be kidney-shaped. Inside
the cytoplasm of these type of cells small globules are found. The
cytoplasm is weakly stained with Gomori's and Mallory's stains. The
granules inside the cytoplasm are stained blue-black with Gomori's stain
and deep blue with Mallory's triple stain. Generally, 10 to 15 A-cells are
noticed on the posteroventral sides of cerebral, pleural and visceral ganglia.
These cells have many features in common with the A-cells described by
Lever (1957) in Ferrissia sp. and Nagabhushanam and Swarnamayee (1963)
in Vaginulus sp. These A-cells are found to the equivalent to Type II cells
of Krause (1960) which are present on the postero-ventral side of cerebral
ganglion and in pleural and visceral ganglia.

Cell Type B (Fig. 2).----These ceils are oval in shape ranging from 49 to
66~ in diameter and they are characterised by the intensive staining of
the cytoplasm. The granules inside the cytoplasm are stained red with
Gomori's as well as with Mallory's stains. The nucleus of this t)pe of cell
varies from 25 to 40 tz in diameter. The number of nucleoli present in
nucleus varies from 1 to 10. These nucleoli are also stained red with Gomori's
and Mallory's stains. These cells are more common than Cell Type A.
They are found throughout the periphery of cerebral, pleural, pedal and
visceral ganglia (Fig. 3). These cells have many features in common with
B-cells of Vaginulus (Nagabhushanam and Swarnamayee, 1963). These
cells are also found to be similar to Type I cells of Krause (1960). The
axons of these cells contain granular material. In both the neurosecretory
ceil types A and B axonal transport of the neurosecretory material is
noticed. Some droplets are found accumulated in the neuropiles of the
ganglia as well as inside of some nerves.
The histochemical localization of various organic substances in the
neurosecretory material reveals "that with Periodic acid Schiff reagent no
positive reaction is observed indicating the absence of glycogen. When
tested for proteins and fats the reactions are positive indicating the presence
of proteins and lipids. Hence it is probable that the substance present in
the neurosecretory material is a lipoprotein. A comparative account of
the histology and histochemistry of cell types A and B are given in Table I.

Optic tentacle.--The histological structure of the optic tentacle reveals
that it consists of an eye which is situated at the distal and inside a derltlO-
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muscular sheath along with a bulbous central ganglia. Internally to this
outer sheath between it and the eye and the ganglia, lie various muscular
bundles, constituting the tentacular retractor muscles. The dermo-muscular
layer consists of outer epithelial sheet and inner muscular wall. The outer
epithelial layer is covered with a cuticle. This layer is unfurrowed at the
tip, above the eye and ganglion, but laterally it is raised into warty protuberances. The retractor muscles are attached to the inner distal end of
the tentacle. The eye and the central ganglia lie at the terminations of
smaller optic nerve and large tentacular nerve respectively. The tentacular
nerve sends out finger-like processes towards tt.e tip of the tentacle.
Surrounding this ganglia and the eye there is partial 'collar' of cells. These
cells are large compared to ordinary neurones. These cells also differ from

i.,
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FIGS. I-7. Neurosecretory cells in the central nervous system of Laevicaulis alt¢. Fig. 1. A-cells.
Fig. 2. B-cells. Fig. 3. Showing the distribution of Cell Types A and B (Cell Type A are
represented by circles and Cell Type B are represented by crosses). Fig. 4. Diagrammatic
illustration of the collar cell of the optic tentacle. Showing section of hermaphrodite gland:
Fig. 5. Control (Normal animals). Fig. 6. Experimental (Animals with optic tentacles cut).;
Fig. 7. Experimental (Animals with injection of brain Homogenate). As., Axon; Dr., Droplet;
D.L.D., Dispersed lipid droplets;Eg., Egg~ Fo., Follicles; Nu., Nucleus, Nuo, Nucl¢01i~
~p,, Sp¢rms; Sp. G., Spheroidal ~'apulcs: Ya., Vacuole,
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ordinary neurones not only in size, but also in that their cytoplasm is full with more large spheroidal granules and other inclusions.
These cells appear to be grandular and hence regarded as neurosecretory.
Similar cells are found in the lateral inner side of dermo-muscular sheath.
These cells are full of secretory granules and their ends are drawn out
into long processes. Their dendritic processes run out towards the outer
epithelial layer. These cells can be divided into three categories according
to the position, shape, size and inclusions as (1) collar cells, (2) lateral
oval cells and (3) lateral processed cells.

Collar cells (Fig. 4).pThese cells are arranged singly or in groups round
the central ganglion. They are oval and pyriform. Their ends are drawn
out into processes which often run alongside one another. These cells
are bipolar with their processes extending into epithelial tip of the tantacle.
The axonal processes of these cells are very thick. These processes ultimately give branches which enter into ganglionic mass. The length of the
body of these cells varies from 30 to 70/z. The nucleus is slightly spherical
and is 10 to 12 IL in diameter. The cytoplasm of these cells is crowded with
spheroidal granules. Histochemical techniques indicate that these granules
contain phospholipid and dispersed lipid droplets.
Lateral oval cells.--These cells are similar to collar cells in shape and
their inclusions but differ from the collar cells in distribution, size range
and histochemistry. These cells are situated laterally down the sides of
the dermo-muscular sheath and are oval or pyriform in shape. They
generally do not exceed 30 tz in length. The axons of these neurones run
into fibrous nerve tracts which are in the tentacular wall. The spheroidal
granules of these cells do not contain phospholipid but contain lipids.
Lateral processed cells.--These cells differ from lateral oval cells in
shape, size and also histochemicaUy. They are somewhat irregular in shape,
elongated and not exceeding 15/z in width. They have thick processes
which are full of inclusions. The dendrites of these cells run into the edge
of the dermomuscular sheath. These processes branch and divide finally
terminating just beneath the cuticle. Histochemically these cells are PAS
positive and give positive results with Alcian blue indicating the presence
of acid mucopolysaccharides. They are positive to Sudan Black B reaction.
These cells contain dispersed lipid droplets.
Seasonal activity of the neurosecretory cells.--To find out whether there
is any change in the neurosecretory material in the various cell types the
central ~anglia of 10 animals every month were fixed, ~sectioned, stained
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with Mallory's triple stain and observed for the period from September,
1968 to August, 1969. The number of Cell Type A that contained secretory material did not change appreciably whereas the number of Cell Type B
that contained secretory material showed a distinct seasonal fluctuation
(Table II). It was seen that from October, 1968 to January, 1969 only a
few cells contained secretory material as compared with the other months.
It has been observed that the breeding activity of Laevicaulis begins in May
and extends upto September and majority of the slugs had spent gonads
from October to January. During the post-spawning period most of the
Type B Cells did not contain secretory granules. This observed parallel
between Cell Type B and the reproductive cycle may be interpreted as an
effect of these cells on the majority of the hermaphrodite glands.
TABLE II

Showing number of neurosecretory cells of Type A and B containing secretory
material in the central ganglia of Laevicaulis alte (Average of 10 animals)
Year and Month Cell Type A
1968
September
October
November

O

•

•

°

December

Cell Type B

8

40

7

12

10

10

11

4

8

4

12

22

9

26

9

32

11

50

12

56

9

62

10

48

1969
January
February
March
April
May
June

9

Q

I

Q

~

W

Q

O

. °

O

•

July
August

V

B
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Pelluet and Lane (1961)noticed a relationship between neurosecretion and hermaphrodite gland activity in slugs, Arion ater and Arion subfuscus. Lomte (1969) working on freshwater mussel, Parreysia corrugata,
described that neurosecretory cells showed a distinct seasonal fluctuation
in relation to reproductive cycle. From these few studies in molluscs it
may be inferred that the reproduction is under the control of hormones
that are produced by the neurosecretory cells.

Role of neurosecretion in gonad differentiation.--An experiment was
carried out in order to show the effect of cutting off the tentacles on the
weight and number of eggs in the ovotestis of Laevicaulis. The results are
shown in Table ]II. The studies on animals with tentacles ablation showed
that the removal of the optic tentacles resulted in an increase in the num=
ber of eggs in comparison with that of the controls. The difference in
histological appearance in the two sets of animals showed that the acini
of the experimental animals (Fig. 5) contained 3 to 4 eggs crowded together
whereas normally there would be 1.0 to 1.5 eggs in each acinus (Fig. 6).
In experimental animals the actual growth of the gonad was not cffected
in spite of the increase in the number of eggs.
TABLE III

Results of cutting off the optic tentacles on the weight and number of eggs in
the ovotestis
Condition Number Number of
of animals of animals
weeks
after
tentacles
severence

1. Control
animals

20

20
2. Experimental
animals
(Optic
tentacles
cut)

Average
weight
of body
4- S.D.

Average
weight
of evetestis
4- S.D.

Average
number
of eggs

Average
ratio of
ovotestis
weight to
body
weight ×
100 ~: S.D.

0

3.2455
-40.231

0- 0325
-40.002

49

1-0320
q0.092

3-4

2.7300
-40" 062

0-0315
40. 003

96

1 -1540
40- 065
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Another experiment was carried out in which brain and tentacle
homogenate were injected into the body cavity of the intact animals and
then they were observed for 2 to 3 weeks after injection. The results thus
obtained were represented in Table IV. From the table, it was evident
that in the animals in which the brain homogenate was injected the number
of eggs exceeded than that of the control animals in which the same amount
of distilled water was injected. The number of eggs in brain homogenate
injected animals (Fig. 7) and control animals were found to be 107 and 62
respectively (Table IV). The results of injecting tentacle extract into
slugs showed that no more eggs were produced and the number of
eggs was the same like control animals. The number of eggs in tentacle
homogenate injected animals and control animal were found to be 61 and
62 respectively. This would be expected on the theory that the hormone
of tentacle (TH) either inhibited egg production until maturity or regulated
the output of the brain hormone (BH). Apparently, extra doses of brain
hormone could overcome this inhibition as seen in the results. The fact
that an increase in the eggs following the cutting of the tentacles suggested
that these produce a hormone which supressed egg production while stimulating sperm production. It also suggested that egg production was under
TABLE IV

Showing results of injection of brain and tentacle homogenates in Laevicaulis
Material
injected

Number
of
animals
used

1. Distilled

10

water

Number of Average Average Average
Average
weeks
weight weight
number ratio of ovoafter
of body of ovo- of eggs testis weight
injection
4- S.D. testis
to body
4- S.D.
weight ×
100 4- S.D.
2-3

2-803
40.250

0-0325
-4-

62

0.003

1.159
4-

0-520

2. Brain

12

2-3

2.548
40-320

0.0290
-40-004

107

1.137
40.280

3. Tentacle
homogenate

12

2-3

2-990
40.260

0-0300
40.005

61

1-003
40-320

homogenate
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the control of a hormone produced by the brain (BH) because the addition
of brain extract also increased the egg production. It was assumed that
both hormones were produced in the young animal, but in protrandrous
species the TH suppressed the BH and only the sperms were formed upto
maturity. As the maturity sets in, then the BH became active and it was
now no longer inhibited by the TH. In adult slug if.ere was a balance
between the two hormones since sperms were continually formed and
relatively few eggs in each follicle were prcduced. The cellular basis for
these two hormonal systems was presumed to lie in the neurosecretory
cells of the tentacles and the brain. The present experiment confirms the
earlier demonstration made on the two slugs, Arion ater and A. subfuscus
(Pelluet and Lane, 1961).

The influence of the salt content of the medium on cerebral ganglia.--To
study the influence of different salt concentrations on the Cell Type A 5 slugs
were put in each of the following media: tap-water, G.1. 0.2 and 0 . 5 ~
NaC1. After 4 hours all slugs behaved normal. At this stage the central
ganglia of these slugs were removed, fixed, sectioned and stained with
Mallory's triple stain. The animals kept in glass troughs in the laboratory
were taken and the central nervous system of 5 animals was fixed, sectioned
and stained with Mallory's triple stain. These animals served as controls.
After staining the detailed study of the central rervous system of experimental and control animals were made. It was found that only in cerebral
ganglia the Cell Type A have lost their droplets in experimental animals
both in tap-water as well as in NaC1 solutions. The results are shown in
Table V. These results suggest that the quantity of the neurosecretory
material in Cell Type A is influenced by the salt content of the medium. It
TABLE V

Sho wing the number of cells of Type A containing secretory material in the
cerebral ganglia of Laevicaulis alte
State of animal

Tap-water

Concentration of NaCI solution
in percentages
0.1

0.2

0"5

Control

4

5

6

6

Experimental

1

1

-

-
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seems that the amount of neurosecretory material decreases from lower
to higher concentration of NaC1. Similar results were obtained by Lever
and Joose (1961) while working on the lateral lobes of the cerebral ganglia
of Lymnaea stagnalis. Although these results are insufficient to allow a
final conclusion, the working hypothesis can be put forward that the neurosecretory material of Cell Type A in Laevicaulis alte contains a substance
which has a decreasing influence on the water output, i.e., an antidiuretic
factor.
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