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ABSTRACT

The role of neurosecretion in the annual reproductive cycle of male scorpion was studied by taking
monthly samples around 15th of every month and the role in courtship-mating was studied from
the samples taken during courtship, immediately after mating, at 6 hours, 12 hours, 24 hours after
mating and 4th and 7th days of post-mating period. From the observations, it is inferred that the neu-
rosecretory cells of groups 2, B and 3 to 9 take part in triggering the testicular maturation. Sets I, I1I
and group C cells possibly play a role in the gradual maturation process of the testes while set II cells
indicate their involvement in the mature stage. The increase in the synthetic activity of protocerebral
neurosecretory cells (NS cells) manifested by the histological appearance of phloxinophilic material
inside protocerebral vacuolar spaces in the spent and slow-maturing stages is considered to suggest
the involvement of these protocerebral NS cells in testicular maturation. The release of phloxi-
nophilic secretary globules from group 3 cells and phloxinophilic accumulations near groups 5 and
6 throughout the annual cycle was inferred to signify their possible involvement in all the phases
of testicular activity and/or activities supporting extra-testicular events contributing to the overall
reproductive processes. The results indicated the possible involvement of set I, groups 4 and 6 in the
courtship of the male scorpion. Sets II, I1I, group 2 of brain and all NS cell groups of sub-oesophageal
ganglion except groups 4 and 6 were suggested to be possibly involved in both courtship and mating.
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INTRODUCTION

Neuroendocrine control of female reproduction,
among arthropods, is investigated to a considerable
extent in crustaceans and insects. The neuroendocrine
control of reproduction in male arthropods is meager
and is reported in very few studies [10, 11, 17]. Among
arachnids, particularly scorpions, there is limited study
on the neuroendocrine control of male reproduction.
A study on the seasonality of male reproduction in the
scorpion, Heterometrus ful vipes revealed the occur-
rence of a definite breeding
season in the months of July and August [24] and bas-
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ing on the testicular activity, four stages were identified
in the annual reproductive cycle viz., slow-maturing,
fast-maturing, mature and spent stages [9]. As the oc-
currence of a definite breeding season and intricate
courtship-mating process involve an interplay of meta-
bolic, biochemical, physiological and more particularly
endocrine factors, an attempt is made to investigate the
role of neurosecretory cells (NSCs) in the annual tes-
ticular cycle and courtship-mating.

MATERIAL AND METHODS

The Cephalothoracic nerve mass (CTNM) of the scor-
pion was dissected and removed to Bouin’s fluid pre-
pared with scorpion ringer [ 18] for 24 hours. The mate-
rial was then processed and embedded by the paraffin
double embedding technique [8]. Serial sections cut at
5m and 8m thickness in the frontal, sagittal and trans-
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verse planes were stained selectively with Gomori’s
chromium-haematoxylin-phloxin (CHP) [6], Paralde-
hyde fuchsin (PF) [2] and Mallory’s heidenhain triple
stain (Rapid one step method) [3]. Of the three staining
procedures, CHP yielded the best results and hence was
used throughout the study of neurosecretion in relation
to male reproduction.

The role of neurosecretion in the annual reproductive
cycle was studied by taking samples around 15th of
every month. Care was taken to sacrifice the animals
only between 8AM and 12 Noon in order to avoid any
variation that might occur due to the strong circadian
rhythms in the scorpion, Heterometrus fulvipes [16-
25]. For the study on courtship-mating, samples were
taken at different stages viz., during courtship, immedi-
ately after mating, 6 hrs, 12hrs, 24 hrs after mating and
4th and 7th day of post-mating phase.

Cytometric observations from randomly chosen sec-
tions of the CTNM at 450 magnification and study of
histological aspects such as intensity of cytoplasmic
staining, vacuolation in the cytoplasm, storage, trans-
portation and accumulation of the secretory substance
etc. were made. Using average cellular and nuclear di-
ameters, Student’s ‘T’ test was conducted at 5% level
of significance taking the immediately preceding con-
dition as reference to find out if any significant changes
occur in any group of cells at different stages of experi-
mentation in relation to male reproduction.

RESULTS

As a pre-requisite, mapping the distribution of NS cells
in the CTNM was done and the different groups were
named as reported by Habibullah [7]. The neurosecre-
tory (NS) cells occurring in supra-oesophageal gan-
glion are divided into groupl and group 2. Group 1,
further divided into 3 sets designated as sets I, II and
III, is located in the median dorsal part of the protocer-
ebrum. The number of cells in each set increased from
I to III while their size decreased. Thus the cells of Set
I are largest in size and smallest in number of cells oc-
curring in the protocerebrum. Group 2 cells occur in the
region of the frontal ganglion in 3 clusters, one median
and two lateral. The NS cells in the sub-oesophageal
ganglion (SEG) are classified into group B, groups 3 to
9 and group C. Group B cells are the largest neurosecre-
tory cells found in the scorpion, Heterometrus fulvipes
and are located at the base of the pedipalpal nerves. The
NS cells occurring in the first 5 neuromeres of the SEG
are located at considerable distance from one another as

these neuromeres are provided with appendages while
those occurring in the last four neuromeres belonging
to the mesosoma become concentrated. The NS cells
in each neuromere are arranged in 2 clusters, one lat-
eral and the other median. Group C is a small cluster of
cells with slightly different histological characteristics
but located nearer to the cluster of cells present in the
hind region of SEG. With Mallory’s triple stain, these
cells stain slightly purple and the nucleolus stains pink
with acid fuchsin.

Neurosecretory cells in annual reproductive cycle of
the male scorpion

Cytometric observations of different groups of NS cells

during annual reproductive cycle of the male scorpion
are presented in Figures 1A to 1K.

Braz. J. Morphol. Sci(2007) 24 (2),137-147



Neurosecretion in relation to reproduction in scorpion

139

Figure LA s | K= Cylomatris ebvervation af differmi groapn of X5 coll during the sanual cvele of reproduc lion = he smale siorpion,

. fuhipey

§ Shewmasmmy p Faiomaneng q Msvas, ¢ fpes
Nussbo i b e widiee O Cellidis st (uni) ST Nuchnis detsset nn Jess

LE:CROUF B

Ik CROLT &

e | e e D

R

ik B
2| U Pl g o
o K

S Fa Mae
b T T e Bow  Fob Mgy S — et
—— — [ EL 2] g

ERVEET 0 I GROLT 3 I-JM?FI.I.'HT'I. T=p

S Fa
MYy SmEyY

I e | 2

oy
[ £

Irs 3w Ra: M= Hm

mkay ey

e

B GRIMT &

Ik GROLT ©

n
n

Ihhhhs

Boe  Fu  Mekm S
ey meinE

Mg G

Tw  Fm M G e e
iy nhEy s
L GROUP

ID: GROLT 2

bbb

Gw e Mie §ml
- FL e T

omHE

:'I:
= [oiDy
i Ko Migr G

Slow-maturing stage (December to February)

Sets II and III of protocerebral NS cells and NS cell
groups of SEG showed feeble to moderate staining with
somatic granulation in some cells. Peripheral cytoplas-
mic vacuolation was found in many cells while storage
of phloxinophilic secretory globules in the peripheral
cytoplasmic vacuoles was noticed in group 3. Phloxi-
nophilic accumulations near groups 5 and 6 were no-
ticed throughout the annual reproductive cycle. Storage
of phloxinophilic and in some, CH stained secretory
material inside large protocerebral vacuolar spaces was
noticed in this stage.

Fast-maturing stage (March to May)
All groups of NS cells in the CTNM showed moderate

to intense staining with blue somatic granulation and
peripheral cytoplasmic vacuolation. Storage of phloxi-
nophilic globules in the peripheral cytoplasmic vacu-
oles of group 3 cells was observed.

Mature stage (June to August)

Protocerebral NS cells, particularly set I were found
to show significant histological activity in the mature
stage while all other groups of NS cells continued to
show moderate staining. Storage of phloxinophilic se-
cretory globules inside the peripheral cytoplasmic vac-
uoles of group 3 cells was observed (Fig. 4).
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Fig. 4: Storage of phloxinophilic secretory globules
inside peripheral cytoplasmic vacuoles of group 3
cells in June [Stain: CHP] X450

PA: Phloxinophilic accumulation; V: Vacuole; SG:
Secretory globule Arrow indicates transportation

Spent stage (September to November)

Moderately intense cytoplasmic granulation in all
groups of NS cells except group 2 and group 4, storage
of phloxinophilic globules in large vacuolar spaces of
protocerebrum (Fig. 5)and amidst group B cells were
noticed.

Fig. 5: Storage of phloxinophilic secretory material inside
protocerebral vacuolar spaces in September [Stain: CHP]
X 100

PSM: Phloxinophilic secretory material

Transportation of phloxinophilic secretory globules
from group 3 cells towards the dorso-meidan region of
SEG (Fig. 3) and phloxinophilic accumulations near
groups 5 and 6 were observed throughout the annual
cycle (Fig. 1 and 2).
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Fig. 1: Phloxinophilic accumulations of se-
cretory product near groups 5 and 6 in July
[Stain: CHP] X100

Fig. 3: Transportation of phloxinophilic
secretory globules from group 3’ cells to-
wards dorso-median region of sub-oesopha-
geal ganglion in July [Stain: CHP] X 450

Neurosecretory cells in Courtship and Mating
Cytometric observations of different groups of NS cells

Fig. 2: Phloxinophilic accumulation near during courtship, mating and post-mating periods of
group 6 in July ( Same as in Pm. 18) [Stain: study are presented in Figures 2A to 2K.
CHP] X450
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Courtship

At this stage, cytoplasm of NS cells of group 1 (Fig. 8) of protocerebrum and groups 4 and 6 of

SEG showed moderately intense staining with a little somatic granulation. Peripheral cytoplasm
of most cells were vacuolated.
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Fig. 6: Phloxinophilic accumulation of secre-
tory product near group 6 cells immediately
after mating [Stain: CHP] X450

PA: Phloxinophilic accumulation

Fig. 8: Set III cells of protocerebrum showing intense so-
matic granulation during courtship [Stain: CHP] X1000
SGs: Somatic granules

After Mating

All groups of NS cells of SEG, except groups 4 and
6 , showed intense cytoplasmic staining with somatic
granulation and peripheral cytoplasmic vacuolation
in some cells. Protocerebral NS cells showed moder-
ate or intense cytoplasmic staining with granulation
during different stages of post-mating period (Fig. 9).
Transportation of phloxinophilic globules from group
3 cells (Fig. 7) and phloxinophilic accumulations near
groups 5 and 6 (Fig. 6) were observed throughout the
post-mating period.
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1g. /: Transportation of phloxinophilic secretory
globules from group 3 cells towards the dorso-
median region of sub-oesophageal ganglion on
4th day after mating [Stain: CHP]X450

Arrow indicates transportation

X
Fig. 9: Set I cells showing blue somatic granula-
tion on 4th day after mating [Stain: CHP] X1000
SGs: Somatic granules
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DISCUSSION

Gabe [5] reported the occurrence of NS cells in two
symmetrical, bilaterally placed groups on the dorsal
side of protocerebrum and metamerically arranged NS
cells in the SEG of all the 18 species of 5 orders of
arachnids studied. Habibullah [7] described the occur-
rence of bilaterally placed group 1, group A and group 2
NS cells in the supra-oesophageal ganglion and groups
B, 3 to 9 and C in different neuromeres of the SEG in
the scorpion, Heterometrus swammerdami. In the Eu-
ropean scorpion, Euscorpius carpathicus, three groups
of NS cells in the protocerebrum, one group in the tri-
tocerebrum and two groups near the outlet of the pedi-
palpal nerves were described [13].

The distribution of NS cells in H. fulvipes is in concur-
rence with the above mentioned investigations except
for the non-occurrence of group A cells in the brain,
which are found in H. swammerdami. In H. fulvipes,
group B cells occurring at the base of the pedipalpal
nerves are the largest of all the NS cells just as in H.
swammerdami. The storage of secretory globules in the
peripheral cytoplasmic vacuoles, perhaps, signifies the
absence of a neurohaemal organ in the scorpion.
According to Lea and Thomsen [14], the larger nuclei
and nucleoli are the main attributes of the cells synthe-
sizing neurosecretory material where as the cells with
smaller nuclei are considered to be inactive or in a state
of minimal synthesis. It has also been reported that the
cells with larger nuclei are more active than the cells
with smaller ones [4, 20, 23]. The results of the present
study are interpreted basing on the above mentioned
observations.

NS cells of the supra-oesophageal ganglion (brain)
(groups 1 and 2) and group B cells of the sub-oesopha-
geal ganglion (SEG) with their highest nuclear volumes
revealed their significant synthetic activity in slow-ma-
turing stage suggesting their active involvement in the
early maturation of the testes.

Significant synthetic activity of groups 3 to 9 and C as
evident from their highest nuclear volumes, increas-
ing secretory activity of sets I and III as observed from
their cellular volumes, and highest secretory activity
of groups 3, 5 and 6 manifested by their highest cell
volumes, release and accumulations of phloxinophilic
material in the fast-maturing stage prompted the sug-
gestion that they play a contributory role in spermio-
genesis. Similar studies on the role of NS cells in the
reproduction of Haffterius rufoclanatus revealed the
involvement of neurosecretory material from the pos-

terior cells of the pars intercerebralis in spermiogen-
esis [15]. Highest secretory activity of protocerebral
NS cells as signified by their highest cell volume and
somatic granulation could be considered to be associ-
ated with the maximum maturation activity of the tes-
tes which includes the release of fully formed sperms
into the lumen, emptying the cysts. Group C cells can
also be considered to play a role in the mature stage of
the testes through their highest synthetic activity. Other
groups of NS cells with their lowest nuclear and cel-
lular volumes indicative of minimal synthesis and se-
cretion respectively, do not appear to take part in the
mature stage of the testicular activity.

It is suggestive from the results that group 2, group B,
group 4 and groups 7 to 9 help in bringing about the de-
generative changes in the spent stage of the testes so as
to restart another cycle of maturation from December
onwards.

The role of NS cells in the reproductive acitivity may
be either direct i.e. influencing the reproductive struc-
tures directly or indirect i.e. through their influence on
mobilisation and utilization of nutrients essential to
meet the energy expenditure during the testicular activ-
ity at different stages of annual cycle. Studies on the
biochemical changes in different tissues of the male
scorpion during different months by Janardhan Rao [9]
revealed that

1. The proteins and TNPS (total ninhydrin positive sub-
stances) of testes and associated reproductive organs
(ARO) increased continually from December to August
followed by a decline upto December. From February
onwards, hepatopancreas served as the extragonadal
source of proteins to meet the enhanced demands of
testicular activity and

2. the glycogen of the testes decreased from December
to August and then showed an increase upto December.
The glucose also followed the same trend except for an
elevation during July and August. In ARO, glucose and
glycogen declined from December upto June. Higher
levels maintained during July and August declined in
Septemeber to increase again upto December.

The results of the present study suggest the possible
involvement of sets I, III and group C in the above
mentioned changes in the proteins and TNPS in repro-
ductive and associated reproductive organs. Secretory
patterns of group B cells justify their possible role in the
increased glycogenolysis from December to August.
Thus the changes in the synthetic and secretory activ-
ity of different groups of NSCs described during dif-
ferent months correspond not only with the changes in

Braz. J. Morphol. Sci(2007) 24 (2),137-147



146

the testicular activity but also with the changes in the
biochemical constituents of different tissues. It could,
therefore, be suggested that the neurosecretions exert
their influence either directly or indirectly through the
biochemical, metabolic or physiological activities on
the reproductive activity of the male scorpion, H. ful-
vipes.

The four stages of testicular cycle viz., slow-maturing,
fast-maturing, mature and spent periods of H. fulvipes
[9] are comparable to the four successive stages iden-
tified in the reproductive cycle of the male Palaemon
serrifer viz., the growing period, the mature, the ripe
and spent and the degenerating and resting periods [12]
respectively. Histological studies also revealed four
groups of NS cells designated as A, Al, B and E in the
brain and thoracic ganglia of P. serrifer of which the ‘A’
cells show secretory activity for the mature, ripe and
spent periods and ‘E’ cells for the growing, the mature,
the ripe and spent periods [12]. Similar studies on neu-
rosecretion in relation to the testicular cycle of the crab,
Potamon koolooense revealed the occurrence of 4 types
of NS cells designated as A, B, C, and D in the thoracic
ganglia and marked annual cyclic changes of synthesis
and release from ‘A’ cells in association with the testic-
ular cycle. Early stages of spermiogenesis were shown
to depend on the neurosecretion of thoracic ganglion
especially of ‘A’ cells. This gonadotropic influence of
thoracic ganglia was found to be mediated through an-
drogenic glands [10]. Type ‘A’ NS cells of brain were
found to be involved in the meiosis, spermiogenesis and
spermiation stages of testicular cycle in P. koolooense
[11]. In Scylla serrata, ‘Y’ organ factor was presumed
to be responsible for testicular maturation [17]. But in
H. fulvipes, the present investigation revealed that all
groups of NS cells take part at one or the other stage of
the testicular cycle.

Set I, group 4 and group 6 cells showed an increase in
synthetic and secretory activity during courtship and a
decrease immediately after mating suggesting their pos-
sible role in courtship of the male scorpion. Increase in
the synthetic activity of sets II, III, group 2 and groups
7 to 9 during courtship with a consequent increase in
the secretory activity in the mating stage followed by
either decrease (set II) or further increase (set III and
group 2) at 6 hours after mating signify their probable
role in courtship and mating. Increased synthetic and
secretory activity of groups B, 3, 5 and C during court-
ship and immediately after mating, perhaps indicate
their continued activity in courtship and mating phase
of the male reproductive cycle. As the cells did not fall

in a specific set pattern of increase or decrease in their
activity at different stages of post-mating period, and
also as the post-mating changes in the testicular activ-
ity were not clearly established, it was not possible to
relate the neurosecretory activity with the post-mating
events of the male scorpion. Transportation of phloxi-
nophilic secretory globules towards the dorso-median
region of SEG from group 3 cells from courtship stage
and phloxinophilic accumulations near groups 5 and 6
from immediately after mating through different stages
of experimentation prompt the suggestion that they play
a role in courtship, mating and post-mating testicular
and related physiological events.
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