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Neurosecretion of brain and thoracic ganglion and its relation to
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Abstract. The gonadotropic function of the neurosecretory system of brain and thoracic
ganglion in the adult female crab, Potamon koolooense is examined. The type A-cells of
brain and thoracic ganglion display marked annual cyclic changes of synthesis and release
of cytoplasmic material in association with the ovarian cycle. Administration of the
thoracic ganglion extract during early oogenesis induced oocyte growth and precocious
vitello&enesis, with an increase in the ovarian weight or gonad index and oocyte diameter.
However, the brain extract injection did not produce marked changes in the immature
ovary. The results suggest that the ovarian activity, particularly growth and vitellogenesis,
depend on the neurosecretion of the thoracic ganglion, especially on the activity of A-cells.
The neurosecretion of A-cells of the brain seems to be involved in the process of mating
and ovulation.
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1. Introduction

Several investigations have been made to find out neuroendocrine actions involved
in the control of ovarian maturation in crustaceans. As a result, evidence
concerning the source of ovary-inhibiting hormone (the eyestalks) and its specific
effects have been produced (Adiyodi and Adiyodi 1970; Charniaux-Cotton 1985).
However, relatively little is known about the source and mechanism of other
neurohormones, such as the ovary-stimulating hormone of the decapods.
Histological (Matsumoto 1958; Perryman 1969; Deecaraman and Subramonium
1983; Mirajkar et al1983) and experimental (Gomez 1965; Blanchet-Tournier 1982)
evidences indicate that brain elaborates an ovary-stimulating hormone. On the
other hand similar studies on Some decapods have provided evidence that an ovarystimulating hormone is also released by the thoracic ganglion (Parmeswaran 1956;
Matsumoto 1958; Otsu 1963; Gomez 1965; Hinsch and Bennet 1979; Rao et al1981;
Deecaraman and Subramonium 1983; Dehn et al 1983; Sarojini and Gyananath
1985).
Recent studies have indicated that the ovary stimulating hormone of brain or
thoracic ganglion stimulates formation and utilization of yolk protein in the oocytes
(Meusy 1980; Dehn et al 1983). The purpose of this study is to examine the
gonadotropic function of the brain and thoracic ganglion in female Potamon
koolooense. The ovarian cycle and the cytology of the neurosecretory cells of brain
and thoracic ganglion of P. koolooense have been studied earlier (Joshi and Khanna
1982, 1984, 1985).
41

42
2.

PC Joshi

Materials and methods

Adult female P. koolooense (carapace width, 40-45 mm) were collected every month
throughout the year from a stream at Pithoragarh. The brain and thoracic ganglion
were fixed in Bouin's fluid. Serial sections in different planes were cut at 6 f.lm with
paraffin method and stained with aldehyde fuchsin (AF), Bargmann's chrom-alum
haematoxylin phloxin (CHP) (Pearse 1977), alcian blue phloxin (ABP) and Azan.
To estimate the secretory activity of the neurosecretory cells, the cell and nuclear
sizes and the degree of cytoplasmic granulation were estimated. The cells are ellipsoid and those having complete nuclei were selected for the estimation of cellular
and nuclear diameters (average of short and long axis) with ocular micrometer.
Measurement of diameters was carried out on 4 sections from each of 10 crabs in
each month.
For experiments, adult female crabs were collected in July. Forty five crabs of
intermoult stage (carapace width, 40-45 mm) were selected and divided into 3
groups of 15 animals each. Each specimen of first and second group was injected
with 0·15 ml of brain and thoracic ganglion extract respectively at every 3 day
interval. The crabs of third group were injected with distilled water which served as
concurrent controls. Aqueous extract of brain was prepared by grinding the
contents of freshly removed W-12 brains suspended in 3 ml of distilled water and
centrifuging for 5 min. The supernatant was used for injections. The thoracic
ganglion extract was similarly prepared and injected. The extracts were injected
through the arthropodial membrane at the base of 4th leg. The crabs of different
groups were maintained in identical conditions of room temperature and daylength
in separate aquaria, containing freshwater 4 ern deep. The crabs were fed on
earthworms, and water was changed every 3 to 4 days. No moulting was observed
in the control and treated crabs.
Before treating the crabs with brain or thoracic ganglion extract, 5 specimens
were taken for examination of ovarian condition and these served as the initial
controls or normals. Thereafter, crabs of first and second group were sacrificed at
10th (after 3 injections), 21st (after 6 injections) and 30th day (after 8 injections) of
the experiment. Five crabs from each group were sacrificed at each autopsy. An
equal number of crabs of third group (concurrent controls) were also sacrificed at
10th, 21st and 30th day of the experiment. The body weights and ovarian weights of
sacrificed crabs were recorded and gonosomatic index (GSI) was calculated using
the formula:
GSI =

Ovarian weight
x 100
Body weight
.

For histological and histometric observations, pieces of ovaries were fixed in
Bouin's fluid and stained with Delafield's haematoxylin-eosin. For general
identification of yolk bodies, alcian blue-naphthol yellow and congo red technique
were adopted for glycoproteins and Sudan black B for lipids (Pearse 1977). Oocytes
having complete nuclei and appearing rounded in sections were selected for the
estimation of oocyte diameter with ocular micrometer. The measurement of
diameters was carried out on 4 randomly selected histological sections from each
crab. The results are expressed as mean ± SO from 5 specimens in each group
(table 2).

Neurosecretion and ovary of crab

43

Results

3.

The histological study has shown the presence of 4 types of neurosecretory cells (A,
B, C and D cells) in the brain and thoracic ganglion of P. koolooense (Joshi and
Khanna 1984, 1985). The present observations (table 1) indicate that only the type
A-cells in the brain and thoracic ganglion exhibit striking seasonal cyclic changes in
correlation with the ovarian cycle. The B, C and D cells were not found to show
definite annual secretory cycle that can be correlated with the ovarian cycle; the
cellular size and the density of cytoplasmic material of these cells varies from time
to time, and sometimes in the individuals of the same month. The increase of cell
and nuclear diameters and the production of cytoplasmic granules in the A-cells of
brain starts in December and progresses through January to March (table 1, figures
2, 3), when oocytes attain maturity. The hypertrophied cells with large number of
granules and some vacuoles in the cytoplasm (active state of secretion) are observed
in March-April (prebreeding phase), remaining almost the same till mating and
ovulation (Mayor June) (figure 4). After that the activity of the cells decreases
substantially, and very little neurosecretion remains in the cytoplasm (figure 1).
In the thoracic ganglion, the increase in cell and nuclear diameter and
accumulation of stainable neurosecretion within the A-cells starts during ovulation
period (May to July) (table 1, figure 6). Cells with abundant secretory granules
and few vacuoles are observed during July-August, when oogenesis starts in the
ovaries. During this period, ovaries contain several oogonia (mitotic multiplication),
previtellogenic oocytes and a few primary vitellogenic oocytes. Extensive vacuolation
of the cytoplasm was observed during September to December or January (figures
7,8), when ovaries contain a large number of secondary and tertiary vitellogenic
oocytes (active protein vitellogenesis). After that the cells appear shrunken and
almost devoid of stainable granules (figures 5,8). This shows that the cell activity is
depressed with termination of vitellogenesis (or ripening of oocytes).

Table I. Seasonal cytometric and neurosecretory material (NSM) intensity changes in the
A-cells in brain and thoracic ganglion of P. koolooense.
Brain
Nuclear size
(JIm)

NSM
intensity

Cell size

Nuclear size

(um)

(Jlm)

(Jlm)

NSM
intensity

66·15± 2-9
69·70±3·2
70-42± 3·1
81·25±3·3
90'76±3-6
78·10±2·8
61·18±2·9
54·82± 2-8
52·33±2·3
53-45± 2·6
52·65± 2·5
6<l-10±2·7

22·60± 1·38
25·31± 1·41
26·75± 1·37
28·40± 1·38
30'25± 1·40
25·20± 1·36
20·52± 1-32
16·00± 1·27
15'50± 1·26
16'OO± 1·21
16·80± 1·27
18·65± 1·35

++
++
+++
++++
++++
+++
+
+
+
+
+
++

105·40±3·50
87·58± 3'15
80·42± 3·05
72-35+ 3·15
86·75±3·50
102·15± 3·40
125·76±3-82
136·85±4·30
143·35± 4·62
151·82± 5·80
140·36±4·85
130·27± 4·25

19·32± 1·26
17·05± 1·18
17-38± 1·22
15'17:l: 1·05
20'OO±1·15
23-85± 1·13
25·45± 1'15
26·76± 1'36
29·75± 1·60
28'28± 1·35
28·50± 1·05
26·15± 1·25

+
+
+
+
+++
+++
++++
++++
+++
+++
++
++

Cell size
Month
Jan
Feb
Mar
Apr
May
June
July
Aug
Sept
Oct
Nov
Dec
+

= Less; + +,

Thoracic ganglion

+ + + = moderate; + +

+ + = high.
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Figures 1-4. Portions of sections of brain. 1. Very few granules in A-cell in August
(CHP x 4(0). 2. Accumulation of granules in A-cells in January. The small type B-cells are
also seen (CHP x 140). 3. Abundance of cytoplasmic material in A-cells in March. B-cells
are poorly stainable due to scarcity of cytoplasmic granules (arrow) (AF x 4(0). 4.
Abundance of granules and vacuolation (V) of A-cell cytoplasm in May. B-cells are also
seen (AF x 400).

3.1

Effect of brain and thoracic ganglion extract on ovaries

3.1a Ovaries of normal crabs: At the initiation of experiment the ovaries were in
early phases of recrudescence as indicated by the preponderance of oogonia and
vitellogenic oocytes (figure 9). In the concurrent controls, the oogenesis was found
minimal at all periods studied (10th, 21st and 30th day), as demonstrated by
histological (figure 10) and morphometric observations (table 2). The ovaries
appeared white or pale yellow, and contained oogonia, previtellogenic oocytes and
few primary vitellogenic oocytes.
3.1 b Ovaries of brain extract injected crabs: The treatment produced no obvious
effect on the ovaries. The histology of treated crabs (figure 11) sacrificed at 10th,
21st and 30th day of experiment was similar to that observed in the controls.
Furthermore, the ovarian weight, gonad index and oocyte diameter of the control
and treated crabs were similar (table 2).
3.1 c Ovaries of thoracic ganglion extract treated crabs: Injections of thoracic
ganglion extract induced an increase in ovarian weight, gonad index and oocyte
diameter within 10 days of treatment (table 2). The values further increased in crabs
sacrificed at 21st and 30th day of the experiment (table 2). The colour of the ovaries
changed progressively from deep yellow (10th day) to orange (30th day).
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Figun:s 5-8. Portions of sections of thoracic ganglion. 5. Very few granules in A-cells and
granulated B-cells in March (CHP x 380). 6. Abundance of granules in A-cells in June
(CHP x 140). 7. Vacuoles (V) in the cytoplasm of A-cel1s in September. The granulated Bcel1s are also seen (arrow) (AF x 380). 8. Degranulated (Z) and vacuolated A-cel1s in
December. B-cells are also seen (CHP x 140).
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Figures 9-14.
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Table 2

Effect of brain and thoracic ganglion extract injection on the ovaries during postspawning period (July Io-August 9, 1980).
Duration
(days)

Group
Initial control

Body
weight
(g)
28·15± 1·60

Ovarian
weight
(g)

Gonad
index

Oocyte
.diameter
(mm)

0-19:1:<Hl2

0-79:1:<Hl3

0·24:1:0·02

Concurrent
Control

10
21
30

28·00:1: 1·5
26·46:1: 1·24
26·8H 1·30

0-20:1:0·02
0-19:1:0-01
0-16:1:<Hl2

0-80:1:0-03
0-81:I:()-()4
0-7S:I:<Hl3

0-22:1:0·01
0-24:1:<Hl2
0-2S:I:<Hl2

Brain
extract
injected

10
21
30

26·65± 1·26
28·35± 1·50
27·75:1: 1·40

o-l7±O·OI
0-18±0·02
0-21:1:0-02

0-79:I:()-()4
0-8l±0·OS
0-82:1: ()-()4

0·22:1:0·02

Thoracic ganglion
extract
injected

10
21
30

27·66:1: 1·27
28·48:1: 1·32
27-18:1: 1·48

0-35±0-03
0-SH ()-()4
0-71 :1:0-03

1·86:1:0-31
2·88:1:0-36
2·82:1:0·48

0-51 :1:0-06
0-66:1:0·05
0·76:1:0·08

0-~3:1:0-o2

0-2S±<Hl3

Histologically, the ovaries at 10th day of experiment showed oogonial proliferation
and premeiotic oocytes in the central germinal area and growth of several
previtellogenic oocytes into primary (lipid vitellogenesis) and secondary vitellogenic
oocytes (lipid and protein vitellogenic) in the peripheral region of the ovary (figure
12). At 21st day of experiment, the ovaries contained oocytes in the phase of lipid
and protein vitellogenesis (secondary vitellogenic oocytes) (figure 13). Their ooplasm
consisted of a large number of unstainable yolk vacuoles or vesicles and
eosinophilic yolk globules. At 30th day of experiment, the ovaries contained a large
number of oocytes in the phase of protein vitellogenesis (tertiary vitellogenic
oocytes). This is the late phase of vitellogenesis, and oocytes become filled almost
completely with acidophilic yolk globules and unstainable yolk vesicles (figure 14).
Thus, at early oogenesis (when ovaries contained several oogonia and
previtellogenic oocytes and few primary vitellogenic oocytes), thoracic ganglion
extract induce growth of oogonia into oocytes and accelerates formation of yolk in
growing oocytes (precocious lipid and protein vitellogenesis). The progressive
changes in the colour and weight of the ovaries and oocyte size following thoracic
ganglion extract treatment may be due to the accumulation of yolk.

Figures 9-14. Portions of sections of ovaries. Haematoxylin-eosin (x 40). 9. Occurrence
of previtellogenic oocytes (PO) in the ovaries in initial control crab. 10. Ovary of
concurrent control at 30th day. Note the occurrence of previtellogenic oocytes (PO) in the
central germinal zone and primary vitellogenic oocytes (PVO) towards peripheral area of
the ovary. 11. Ovary of brain extract treated crab at 30th day. Note the occurrence of
previtellogenic (PO) and primary vitellogenic oocytes (PVO). 12 Ovary of thoracic
ganglion extract treated crab at 10th day. Note the occurrence of primary vitellogenic
oocytes (PVO) and secondary vitellogenic oocytes (5VO). 13. Ovary of the thoracic
ganglion extract treated crab at 21st day. Note the presence of secondary vitellogenic oocytes
(5VO). 14. Ovary of the thoracic ganglion extract treated crab at 30th day. Note the
occurrence of primary vitellogenic oocytes (PVO) in the central germinal area and tertiary
vitellogenic oocytes (TVO) towards peripheral region of the ovary. OW, Ovarian wall; YV,
yolk vesicles; YG, yolk globules.
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4. Discussion
Experiments involving implantation of cerebral (Gomez 1965) or thoracic ganglion
(Otsu 1963; Gomez 1965; Hinsch and Bennet 1979) suggest the existence of a
gonad-stimulating hormone in these ganglia. The results of present investigation
indicate that the neurosecretion of brain and thoracic ganglion serve a similar
function in female P. koolooense. The variations in the activity of A-cells of the
brain and thoracic ganglion are related to the ovarian activity. During periods of
ovarian maturation the brain A-cells become hypertrophied and the neurosecretory
material accumulates within their perikarya. Discharge of the secretory material
occurs just prior to and during ovulation. In the brain of other decapods studied so
far, the A-cells (Matsumoto 1958; Mirajkar et al1983), type 3 cells (Perryman 1969)
and type C-cells (Deecaraman and Subramonium 1983) appear maximally active
during ovarian maturation, as well as during ovulation. As shown in table 1,
variation in the activity of type A-cells of thoracic ganglion is related to the oocyte
development. That is, the cells start releasing their secretory material when oocytes
proceed from previtellogenesis to vitellogenesis. The activity reaches a maximum
during yolk formation, especially during protein vitellogenesis. As the vitellogenesis
terminates, the cell activity slows down substantially.
The A-cells of thoracic ganglion pour their secretion much earlier than the A-cells
of brain; the A-cells of thoracic ganglion release their material during yolk
formation, whereas the brain A-cells appear maximally active during final phases of
ovarian cycle (ovulation). Consequently, it is possible that the thoracic ganglion Acells stimulate oocyte growth and yolk deposition, whereas the brain A-cells seem
to initiate mating and ovulation or oviposition. A higher activity (vacuolation of
cytoplasm) during ovarian maturation has also been observed in A-cells in the
thoracic ganglion of Paratelphusa hydrodromous (Parmeswaran 1956; Potamon
dehaani and Neptunus trituberculatus (Matsumoto 1958); Macrobrachium lanchesteri
(Rao et al 1981); Macrobrachium kistensis (Mirajkar et al 1983) and B-cells in the
thoracic ganglion of Squilla holoschista (Deecaraman and Subramonium 1983).
The administration of thoracic ganglion extract during early phases of oogenesis
precipitated oocyte growth and precocious vitellogenesis, apparently increasing the
ovarian weight and oocyte diameter. After treatment, the ovarian colour changed
progressively from white through yellow to orange, which is associated with the
vitellogenesis. Similar maturational changes have also been observed in the ovaries
of other crustaceans after treatment with thoracic ganglion extract (Deecaraman
and Subramonium 1983; Sarojini and Gyananath 1985) or with thoracic ganglion
implantation (Otsu 1963; Gomez 1965; Hinsch and Bennet 1979). However, in the
present study, injection of brain extract did not produce perceptible modification in
the ovaries of treated crabs, when compared to that of the controls. The extract was
prepared from brains of crabs collected in July and injected into the intact crabs
during this period. Since A-cells of brain normally contain very few stainable
granules during July-August, a low concentration of the hormonal factor in the
extract may possibly be the reason for the absence of obvious changes in the ovaries
after the brain extract treatment.
The present results suggest that the ovarian activity, particularly the oocyte
growth and vitellogenesis, depend on the neurosecretion of thoracic ganglion,
especially on the activity of A-cells. Furthermore, present histological observations
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indicate that the neurosecretion of brain A-cells may function in the final phases of
female reproductive cycle (mating and ovulation). However, further studies on this
species are desirable to see whether or not neurosecretory material acts directly on
the ovaries.
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