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Histomorphology of the neurosecretory system in the Indian
white prawn Penaeus indicus H. Milne Edwards

K. SuNTLKUMAF lroHAMED, K.K. VIJAYAN and A.D. DlwaN

Cennal Marine Fisheries Rearch hstitute.
P B. 2704. Dt. Salin

Ali Boad, Kochi6a2 031, Ketala Stale, lhdia

(Accepred iiay 13, 1992)

The neuro€ecr€lory syslem ollh€ Indian while p.awn, Pet€eus rndicls wassxamin-
ed under ligtn and lransmisslon €l€clfon microscopy. Four morphological types or
neuros*relory ce s w6.e dgnliti€d: GN (glanl n€uron), A, B, and C. Th€ chafaclerislics
oi lh€ss cells, logsth€r wilh their hislochemical prope.lies, ar€ dsscrib€d All nsurosecf€tory
cellsd sp ayed clclic secretory aclivity, and - based on th€ presenc€ ofslainabl€ granules
vacuoles and glialcolls -lhree s€fi€tory cycle phasesw€re nolsd. Thedistribution otlhe
neuros€crelory c€llgroops in lh€ oy€slalk and brain, plusih€ litoc€rebral, subesophagear,
lhoracic and abdominal ganglia are described and mapped. GN cells wsre absent lron
lhe x organs oi the ey€sta k, bui lhey dominal€! in all lhe olhef ganglia Neurosec.erory
matorial was tcund lo be halo€d dense core qanules with diameters betw66n l4O0 and
1600 A.

Key wo.&: N6! rosecr€rory csll lypes, secretory phasos and disrtiblrian, Penaeus in.licus

Deveral physiological lunctions o'
cruslraceans, such as reproduclion and
groMh. are known to be under the controlo'
neuroendocrine hormones (Adiyodi and
Adiyodi. 1970). Therelore, inlormation on the
ngurosecretory cells (NScs) which produce
thgse hormones is required to successlully
manipulale lhe tfe cycle ot penaeid prawns
in aquacullure. Neverthel€ss. investigations
on oenaeid neurosecretion are limit€d, wilh
the earl iesl study being lhat ol Dall(1965) on
lhe neuroendocrine centersol the Australian
school prawn Motapenagus sp, Neurosecre'
tron in the Japanes€ shrimP Peraeus
taporlcus was studied by Nakamura (1974),
and NSCS in P. morodot and Parcpenaeop
sis sMfela w€re breilly described by Nanda
and Ghosh (1985) and Nagabhushanam 6l a/.
(1986). respecliv€ly. Howover. none of lhese

studies dealt fully with the morphology ofthe
neurosecrelory syst€m. NSC types, and thelr
secretory cycles. nor did they map NSCS in
dif lerent ganglia. Furlhermoro, among
penaeids, there have been verY lew
histochemical and ultrastructural studies on
the NSCS, and hence their chemical nature
and structural details are not tully understood.

The present studytherefore describes in
detailthe neurosecretory system of Penaeus
/rdlcus, including cell types, distribution,
mapping, histochemical nature ofthe neuro_
secrelory products, and tho cyclic secr€tory
activities of these cells.

MATERIALS AND METHODS

Live P. indicus adults ranging from
'12G170 mm total length w€re collected otf the
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coast of Kochi using shorl doration ott€r
ttawls. The prawns were then transported
directly to the laboralory for use in this study.

To investigale the animal's n€urosocro-
tory system, all ganglionic masses (including
lhe eyeslalk) were excised from treshl,
sacrificed prawns and lixed in Bouin's fluid
lot 24-48 h before being pr(rcessed for
hislological studies. Sections of processed
tissue (6-8 pm thick) were stained using
Gomori 's parald€hyde f lchsin method
(Kurup, 1972) for observing lhe NSCS. Photo-
micrographs were taken using an Olympus
research microscope. For mapping NSCs in
ditferent ganglia, a series of sections were
observed, and the positions of NSC groups
were then reconstructed diagrammalically

Histochemical tests lor detecting pro-
teins, carbohydrates, and nucleic acids were
performed with ganglia that had been lixed
in 1006 neutral bullered lormalin lor 24-48 h.
For lipid histochemistry. lhick soctions ol
frozen ganglia (10 &m) were cut using a
Histostat. Tests for delecting general pro-
leins, amino groups. sr.rlphydryl groups.
disulphide gror.rps. glycogen, mucopolysac-
charidos, RNA, DNA, and lipids were carried
out with suitable controls according lo Pearse
(1e68).

Ultraslructural investigations on neuro-
secretory matenal wer€ performed on lhe X-
organ complexes of eyestalks; eyestalks were
fixod in 40lo gluteraldehyde and processed for
ultramicrotomy. lJranyl acelat€- and Lead
citrate-stained ultrathin sections were observ-
ed using a JEOLJEM 100 CX ll electron
mrcroscope,

RESULTS

Based on their atlinity for aldehyde
fuchsin slain. neurosecretory cells were iden-
tifi€d in the optic (eyestalk), supraesophageal
(brain). lr i tocerebral. subesophagea
lhoracic. and abdominal ganglia. Histolo-
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gically, P irdicus NSCswere found lo be dit-
ferent from lhe mult i lude of non-
neurosecretory neutons ptesenl in the
ganglia; they were characterized by the
presence ot large nuclei, abundant
cytoplasm, and conspicuous granulos in thoir
perikarya. All NSCS were unipolar and non-
dendrit ic; nevertheless, th€y dif lered
significantly in sizo, shapo, and secrelory ac-
tivily. On the basi6 of these characters, the
observed NSCS were arbikarily classifiod in-
to fou. types: gianl neurons (GN) and types
A, B, and C cells ffable 1).

Giant Neurcn (GN)

These modified neurons werethe largest
NSCSobseNed; theyareovalto polygonal in
shape, with a centrally placed vesicular
nucleus (Fig. 1). Nucleoli were dispersed in
lhe karyoplasm, their numbers ranging from
eight to ten. All GN cells were observed to
bo rich in cytoplasm, as evidenced by a low
nucleus-cyloplasm ratio (Table 1). Perinu-
clear vacuoles and peracellular capillary
plexus and glial cells were also observed.
Histochemical tesls showod that the cells
were general ly r ich in protoins (mainly
cysl ine) and glycogen, and had small
amounts of lipids and nucl€ic acids (Table 2).

A cella

These cells wore smallor than GN cells,
bul had the sam6 shape flabl€ 1). Typ€ A
cells possessed contrally-placed nuclei and
Iwo-loJour nucleoli in the karyoplasm (Fig. 1).
Vacuoles were observed in the peripheral
regions of A cells; glial cells and capillary
plexuses were also observed in lhe
pericellular regions circumscribing lhese
cells. The perikarya showed slrong posi-
tive reactions lo tests for sulphur-conlaining
amino acids and glycogen. Each A cell's
c),toplasm contained only moderate quantities
of lipids, and was poor in RNA Oable 2).
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Table l. Cell and nucl€us diameters and distribution of NSC in P. irdicus.

4 l

Cell typo Cell Nucleus Nucleus Distribution
diameter diameter cytoplasm
0.*SD) (p t SD) Ralio Range

GN Cells
(Giant Neuron)

75112 27t5 0.3 - 0.4 Supraesophageal,
Subesophageal,
Thoracic, and
Tritoc€rebral
ganglra.

A Cells 4ot7 1516 0.3 - 0.5 Eyestalk, CNS
(Large Oval Cells)

B Cells 23t4 1013 0.4 - 0.6 Eyestalk, CNS
(Small Oval C€lls)

C Cells 1514 9t3 o.4 - 0.7 Eyestalk, CNS
(Pyriform C,ells) (excopt

tritoce€bral)

Non-neurosecrelory 10i3 7!2 0.7 - 1.0 All  parts of
neurons CNS

Table 2. Higtochemical responses ol neurosecrelory cells in P. indicus

2. Nrnhyddn.s.hm bd

Der4.dbdoodnrd - - -

7 ir€mn oc.i pybir^ rd r(F) +(G) r(F) +(F) +(G) +(R) +(R) +(G) +(F) i(u) +(G) 1(R)

+ +(M) +(B) +(M) +(B) ++(M)- +(3) nudpot.sh'e

q Nu Nur cy Nu Nur cy Nu Nur cy Ntr Nul

K.y: - Cy - cFopras, Nu - Nu.b
- Shns podd. '.dio4
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B cells were ubiquitous in all ganglia
Their shaDes varied from oval to polygonal
ori truy !r" considerably smatter ttran e
and A calls and have relalively less cytoplasm
(Table 1). These cells have round vesicular
nuclei, wilh each cell  possessing a single
nucl€olus measuring g4 pm in diameter (Fig
2). B cells were always observod in groups
ol ten to hvenly cells. Large numbers of
vacuoles werg noticed in these cells, and
capillary plexuses and glialcells were obseft'
ed in thek pericellular regions- The perikarya
showed an intense positive reaclion to tests
lor the presence of general proteins and
amino acids fiable 2). Further, B ce
cytoplasm reacled in a srongly positive man'
n6r to ihe PAS test due to the pres€nce of
glycogen;only meagre amounts of lipids and
RNA were lound lo be present in these cells

C celts

Thes6 were lhe smallesl NSCS observ-
ed, and were found in very limited numbers
in all ganglia excgpt tritocer€bral ganglion
These cells w€r€ characlerized by lheir
pyrilorm shape. the narrow ends of which in-
variably continued as axons (Fig 2). C cells
have a single, centrally'placed and con_
soicuous nucleolus; th€ nucleus cytoplasm
ratio was high due to th€ lesser amounts ol
cytoplasm contained within these cells Oable
1). C cells exhibil intense vacuole lormalion
and also have extracellular nouroglia and
capillary networks. C cell cytoplasm reacled
only moderately positive lo prot€ins and car'
bohydrates tesls, but showed a strong
positive reaction lo lipids Oable 2)

Apart from NSCS. many non'neurosecre-
tory ngutons wele also observed in the
gangliai lheir dimensions are given in Table
1. These cells were considored non-
neurosecretory because of lheir lack of
stainable cyloplasm and the absence ol
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observed changes in their p€rikarya

Secrctory cycle ol NSCS

Cyclic changes were obsarved in the
p€rikarya of the NSCS in rolation to the syn-
thesis ot neurosecrelory material. Among the
different cell types we found no uniform pat'
terns in the cyclic changes. Two mor'
phological types of secretory cycles w€re
observed, on€ common toGN and Acells and
the other to B and C colls. However, the
basic paterns of secretory cycles wer€ €ssen-
tially the same, involving three different
phases: quiescent, vacuolar, and secretory.
These phases were idontified based on the
appearance of secretory granules in lhe
cytoplasm, vacuolization, and involovement
of extracellular glial cells and capillary
plexuses.

Qulescent (Q) phase

This is the resting or inactive phase ol
NSCs, within which the synth€sis ol secretory
material is not apparent. Consequently, in all
cel l  types the cytoPlasm remained
homogenous and lightly stained (Fig. 3) This
phase is lurlher characterized by lh€ lotal
absence of vacuoles in the ct'toplasm and
poorly slained glial cells and capallary
plexuses,

Vacuolar (V) phaee

NsCs in this phase have vacuoles in their
perikarya. Vacuoles in GN and A cells vary
widely in size and shape. In contrasl, B and
C cellvacuoles are fairly unitorm in size and
shape. Observed GN and A cell vacuoles
ranged in size from 10 to 30 pm; int€resting-
ly, their shape vari€d trom round or oval lo
a curious horseshoe shape (Fig.4). These
membran€-bound vacuoles are porinuclear in
distribution and filled with a lightly'stained
matrix. Cell cytoplasm is distinclly granular
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and darkly slained, and peripheral glral cel l
nuclei are hyportrophied. (Fig. 4).

In observ€d B and C cells, the peripheraF
ly located menbrane-bound vacuoles
measured l0-15 /rm In diameter. with rherr
shape remaining consistently round or ova
Strangely onough. ind'vidual vacuoles teno-
ed to merge to lorm periph€ralvacuolar rings
around narrow bands Jf darkly stainod
pennuclear clloplasm (Frg. 5) Hyperl.oph|€d
glial c€l l  nuclei (2 11m) and capil lary plexus€s
were obserued along lho pencellular margins
ol B and C cells. The promrnenl nucleol, of
lhese c6lls were observed in eccentric pos-
lons ir lhe nuclei. and were occasronally
so€n.n clos6 contacl wilh nuclear rnem-
branes (Fig. 5).

Secretory (S) phase

In this linal phase of the s€cretory cycle,
al l  observed NSC lyp€s were Intens6ly starn-
edi granular c!.toplasm was intorsp6rs6d with
vacloles. Vacuole diamete.s In GN and A
c€lls docr€ased lo 5-10 Am. I\,4oreover
vacuoles migrat€d to peripheral regions from
their previous perinucl€ar positions, and thoy
conlained darkly-stained granular matenal
{Fig. 6). Also evident were hypertroph.€d glial
c6l lnuclei(2-3 am diameter) and caprl lary net
works distribut€d randomly throughout the
ce s,

In B and C cells. the b.eadth and span
of p€r pheralvacuolar t ings became smaller
th€y w€'e observed only as thin covofings
around the cyloplasm (Fig. 7). Vacuole size
also drminished to approxrmalely 5 Am The
cyloplasm dLrrrg lhrs phase appeared kothy
due lo the random dispersion of secretory
granules. Glial ce,rs ano capil lary nelworks
were also seen around B and C cells.

Distrihution and Mapping of NSCS

Eyestalk

The eyeslalk of P. /rdicus is composed
of sevetal neural slruclures, lhe microana-
tomy ol which was found lo be ralher com-
plex. A schemalrc reoresenration ol the letl
eyestalk indicatjng the positions of the
medullary lobes, X-organs, and sinus gland
is givon as Frq. 8. NSCS in th€ eyoslalk were
fo,ind in lhree consprcuous groups and, bas-
ed on their localion, named as medulla teF
minalis ganglionic X-organs 1 and 2 (mtgxo
1 and 2) and medulla exlerna ganglionrc X-
organ {megxo). NSCs w€re not observod rn
the lamina ganglionaris (19)and medulla in-
terna (mrl,

The principal NSC groups were lound on
lhe apical surlaco ol lhe mt lob€. In the letl
eyestalk, the group on lhe lelt was lermed
mtgxo-1 and tho group on th€ right mlgxo-2.
The pynlorm mtgxo-1 has a large numb6r ol
B cells. a lew C c€lls. and two orlhree A cells
(Fig. 9). On the oth€r hand, tho mtgxo-z
group was roughly ol l ipl ical in shapa with a
large numbe. of B and C c€lls. A single A cetl
was observed on thg dorsal side ol lhrs X-
organ. The m€gxo was obs€rved on the
laleral surfac€ ol the me, on its roslral srdc
Th,s group was observ€d to be diltuse, with
a number ol B and C c€lls lound on both dor-
sal and venlral surfacos. Two or thre€ A cells
werealsoseen on lhe v€ntralsido al lhe pro-
ximal €xtremily ol the lobo. (Fig. 11)

The neurohemal organ s'nus gland (s9)
was always found to bo associated with one
o{ tho l ingeclike vascular processes (exter.
nal blood sinuses) found around the medul.
lary lobes. In the letl eyestalk, the sg was
located on the leli side - in thespace betwoon
(he ne and mi lobes. The sg has an el lplrcal
shapo and is f lattened dorsoventral ly. The
conlral part ofthe gland is occLrpiod by an in-
ternal blood sinus. Swollen axonal endings
and granular aggrega|ons were frequenll ,
observed in the sg (Fig. 10). The nervous
tract from the X-ofgans (X.o'gan-sinus gland
tract) was observed infrequenlly and never in
rls enlrety, bul is neve heless presented
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Fig. 1 GN and A cells in subesophageal ganglion. Note the vacuolat€d cyloplasm as well as lhe axon leaving
the Nsc Bar equals 50,rm

Fg.2.  B and c ce s in  subesophagealgangl ion Bar equals 100 rm

Fig. 3. Ouiesc€.i phase A, B, and C cells in lhe MEGXo BaT equals 50 /m

Fig. 4 Vacuolar phase GN cells in lhoracic ganglion Not€ the large perinucr€ar vacuoles (v), gliar cells (Gc)
and capillary plexus (CP) around the NSC. Bar equals 25 rm

Fig.5. Vacuold phase B and C colls in suprassophageal qanqlion Vacuolss (V) oiglnate In lhs peripheral re_
gions ol the cell and lal6r coalesce lo torm a large pe.icallular vacLole Aso nolelhe hvpertrophied glial

colls {GC) auound the Nscs. Bar equals 25 pm

Fig 6 GN c€lL in ls lerminal phase wilh p€ripheral vacuoles conlaining neurosecrelory granules and hvper
lrophied neurcglia (GC). Axon (AX) is also deeply slained Bar oqlals 25,rm.
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Fi9.7. S€crslory phas€ B and C cells in subeso. Fig. 9.
phageal ganglion. Note lh€ exlr€mely granular
and iiolhy narur€ ol rh€ cyroplasm Inrer
sp€rs6d with vacuol€s M. Th€ nucl€olus is
e@entric in its posilion, and glial c€lls (GC)
aro hyp€nfophied. Bar €quals 25 rm.

The pyliioffi MTGXGI with A, B, and C cslls.
Note lie combin€d axons loaving rh€ X{rgan,

D ISTAL

ornt

LATERAL

mtgxo-1

megxo

mtgxo-2

cut

c ts

Fig. L Sch€natic representation ol the imporranr srructurss In the 16ft eye€talk as $6n lrom rhe dorsal sido.
K€y: oml - ommatidia, lg - lamina ganglionaris, bs bl@d sinus, me - modulla s{em4 megxo - medulla
extsrna ganglionic X-organ, sg - sinu8 gland, mi medulla inr6.na, mt - m€dulla terminalis, mtgxcl
- medulla leminalis ganglionic X-organ on€, mtgxo.2 - m€dulla terminalis ganglionic X{rgan two, cut
- cuticls, crs - conn€ctive lissue sh€ath, and onl , oplic n6rye lract.
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Flg 10. Delail of lh6 sinls gland adjac€nl lo lhe ex
r€rna blood srnus (ESr \ols ll^€ abL4danLe
oi n€urosecr€lory granul€s, bulbous axonal
€.drngsrAX,,  and rF6 n ler .a lb looo s nusr ls .
Baf €quals 25 ,rm

schematical ly in Fig. 11.

Suprceaophageal gang on

Th€ NSC groups are distrbut€d in the
peripheral regions imm€diately underneath
conneclivo tissue shealhs. A lotal of eloven
NSC groups - six on the venlral side and live
on lhe dorsal sid€ - were identifr€d and nam-
ed according io th€ir location (Fig. 12) The
observ€d pairs of anterior and postenor dor-
sal groups and ant€rior and postonor ventral
groups mostly contained A and B cells
whereas C cells wero found excusively in the
antenor venlral g.oup. A pair of median ven-
tral groups w€re also lound to have only A
and B cells. The central dorsal group observ'
ed in the middle of lhe ganglion was tho
largest. havrng a large number of GN cells.

Tdtocerebnl ganglion

This extremely small ganglia, which l ies
mrdway belween the tritocerebral co4nec_
tives, is characlerized bylhe presence oftwo
exceplionally large GN cells; apart lrom

Vilayan and A D. Dwan

lhese, severalg cells and one A cellw€re also
seen on its lateral side (Fig. 13).

Subesophageal ganglion

A maximum number of filtoon NSC
groups were observed in this ganglion on ils
dorsal, dorso-median, and ventral sides (Fig.
13)- The dorsal aspect of this gangllon
reveals lhree dorso-median cell groups
(DN4G)termed as DMG l, l l ,  and l l l .  Occupy-
ing lhe ant€rior posilion, DI\,4G I was obseN_
ad as the largesl. wrth only GN and A cells:
DMG ll  and l l l  are small6r, with only B and
C c€lls. In lhe dorso-middle plane, el€ven
dorso-laleralgroups (DLG)with B and C cells
were seen. V€nlral ly, lhis ganglion had only
one elongat€d ventromodian grolp (Vl\4G),
compris€d exclusivoly of GN and A cells.

Thorccic ganglion

Drstr ibutrons of NSCs in al l  thoracic
ganglra were similar. Dorsally, three NSC
groups were obsery€d. wilh on6 pair at the
anterior €nd termed as the anterior dorsal
group (ADG) and anolher at tho poslerior end
termed as th€ poslerior dorsal group (POG).
The ADG and PDG contain J6wA and C c€lls
and a compafaliv€ly higher numb€r ol B cells
(Fig. 14). Ventral ly, we lound a single oblong
venlromedian group (VMG) which had only
GN and A cell6.

Abdominal ganglion

Thes€ ganglia w€re found to be Poor
in NSC groups. A Pair ol anierior and
posterior laieralgroups (ALG and PLG)w€re
obseNed on boih dorsaland ventralsides ot
these ganglia (Fig. 14). Both ALG and PLG
had A, B, and Ccells;GN cellsworo absent.

Ultrastructural invosligalions ol tho NSCs
revoaled the presence of electron-dense
neurosecretory granulos in their perikarya.
These granules, which varied in size from
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NSC MAPPING _ EYESTALK

Ventral

me, mi, mt - medulla €xterna, interna, and terminalis, sg - sinus gland,
o  - A C e l l ,  .  - B C e l l ,  a - C C e l l

Axonal pathways
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Dorsal

.------ X-O€an-SG Tract

Flg, 11. Distribulion and mapping ol NSCa in th€ ey€stalk and lhe donal palhways frorn the x_organs lo lh6
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SUPRAESOPHAGEAL GANGLION

Antoior Do6a! Grcup

Posledor Dolssl G.oup

Anlerior Ventral Grolp

M€dian V6nt€l Group

Posterior Venlral Grolp

VentEl

Fig 12. Oistribution and mapping ol NSCS in rhe suFae$phag€l ganglion.
K€y: I Antennary nere; ll Opric neNe; lll Md lary nepei lV Circumesophageal connectiv€l

x  GN ce l l :  o  Ace l l : .  Bce l l ;a  Cc€ l l

second granule type was seon to be
moderately electrcn dense and coarssly and
loosely granulated.

DrscussroN

NSCS in P. indicus wete lound to b€
dislinct from nerve cells; the characteristics

1,400 to 1,600 A, were envsloped within
single smooth membranes and contained
electrondense malerial which was separated
lrom the membrane by less electrondense
halos (Fig. 15). Differences in the electron
densities of the granules were noted. Some
ol the observed granules show€d high
degrees of electron density, were finely
granulaled. and were also homogenous. A
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SUBESOPHAGEAL GANGLION
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VENTRAL

TR]IOCEEqBRA! 9ANGLIqN

Fig. 13. Oisfiibution and mapping ol NSCS in lhe sub€sopiagsal and lriloc6r€b6l ganglion
K e v : x - G N c 6 l l :  o  A  c 6 l l :  . - B c € l l i A - C c a l l

DORSGMIDDLE

because of ditlerences in staining techniqu€s
cyclic secretory acrivities, species dil:
terences, and human subjectivity. Thus,
seven NSC types were described bY
Nakamura (1974) in P. ./bponicus, lour in P
morDdon by Nanda and Ghosh (!985), and
eighl in Parapenaeopsis stylilerd by
Nagabhushanam €tal. (1986). Th€ four NSC
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-.,. 1_;,I

\J \/
''""-) 

"$i \
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\ ' o o  ,
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A

w6 observed are basrcally in accord witl.
those of n6uros€cretory elem€nls described
in other cruslaceans by many researchers
(Enami. 1951: Durand, 1956; Matsumoto,
1958; Lak€, 1970i Nakamura. 1974: Van Herp
et al..  197n.

Descriptions ol NSC lypes tound in dil-
lerent penaeid specios are probably varied
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ABDOMINAL GANGLION

Posrerior laleral group

types found in P. indicus soems lo be a
relatively larger numbor than those descriF
€d in other penaeid species, although th€y
are comparable in shape and histological
features.

Almost all previous investigators referr€d
to the small nerve cells(which are designated
as non-neurogecretory in this study) as
neurosecretory because ot their appearance
amidst NSC groups. However. lhes€ cells did
not show any neurosecretory activity in the

Fig. 14, Di$nburion and mapping ol Nscs in lhe thoreic and aMominal ganglion
K e y : x - G N c € l l ;  o  - A c e l l i  .  - B c 6 l l ; a - C c 6 l l

present study and hgnce th6y w€rg not giver
neurosecrelory stalus - 6ven though the
cells are comparable to cell types V and V
ol P. laponicus lNakanura, 1974) and type
Vlll ol P. styhteQ (Nagabhushanam el a/.
1986).

The neurosecretory material contained in
the NSCS of P. ,ndicus was predominantly
composed of a protein rich in cystine CS-S
group) and cysleine CSH group). Being a
storage sito in the eysstalk. lhe sinus gland

ii) ̂ ,.":.-)
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Fig. i5. Eleclron micrograph of an NSC perikarya In
lhe oplc ganglia indicating eleclron dens.
neurosgcrerory granuLes (NSG). Bar equals

also showed similar characteristics. The
neurosecretory material in other crustaceans
(Lake, 1970) and some insects(Raabe, 1980)
was also reporled to be nch In sulphur-con-
.iaining amino acids. Recent studies on the
biochemistry of cruslacean neurohormonal
peptides have indicated that the amino acid
cystine is one of the components of crusta-
cean hyperglycemic hormone (GHH). moull
inhibiting hormone (MlH) and crustacean
cardioactive peplide (Websler and Keller,
1988). Nakamura (1974) refered lo the NSCS
in P. /aponicus as'PAS positives' because of
their slrong posilive reactions to PAs tests
In our study, however, PAS reaclion was
only moderate.

Cyc|c secrelory actrvily rs Indicalive of
lhe neurosocrelory status of a newe cell. In
P. indicus, two morphologacally diverse
secretory cycles were observed; these have
been correlated with lhe processes o{
mouhrng (Vijayan. 1988) and reproduction
(Mohamed and Diwans, 1991). Among
cruslaceans. only few researchers (Enam .
1951; lvlatsumolo, 1958, Willams e, al, 198C.
Chandy and Kolwalker, 1985) have dascuss-
ed lhe secretory activilies of NSCS in delai

and most of them have noled the tormalion
ol oenoheral vacuoles as indicalive of the ler-
mrnal phase In the secretory cycle. In P. in-
drcus. vacuole formation is the first ohase in
lhe aclrvalron ol the cell for synthesis ol
neurosecrelory malerial; in general, vacuole
size diminishes with heightened secrelory
aclrvrty when granular inclusions also in-
crease. The role ol neuroglia in the NSC
secrelory cycle ot P irdicus appears to be
unique. although some indicatrons ol gl ialac.
tivily was reported by Lake (1970) in the
brains of lhe clab Patagrcpsus gaimardii.
The glialcells su(ounding lhe NSCS become
hypertrophred dunng lhe V and S phases
For the mosl parl. the glio-neuronal relation-
ship in c.ustaceans is vague, although glial
cells mav serve as sources of nltritive
materialduring lhe synlhelrc phase of NSCs.
I\rore significantly, they may also serve as a
medra between an NSC and ils surrounding
caprllary nelwork, thus forming a glio-vascular
relationship similar to that exisl ing in
vertebrales {Glees and Meller, 1968).

The major structural components of the
penaeid eyeslalk are apparenlly similar.
but conlroversy eflsls wrlh regard to NSc
groups associaled with lhe medullary lobes.
For Inslance. some sludies (such as the ore-
senl one) do not recognize the migx organ
(Nakamura. I974: Nanda and Ghosh, 1985)
while others do (Dall,  I965). Thrsdrscrepan-
cy is perhaps a lunclron ol rdenlrfyrng or
associating an NSC group wrth a panrcular
medullary lobe. The observation ol three c€
types in lhe mtgxo and megxo ol P. indicus
corroborales observations reported in
Palaemon seftatus (Van Herp et a/-, 1977)
and P. japonicus (Nakamura, 1974). The
sinusgland ofP. itdicus - which has swollen
aronal endings, granular aggregations, and
an internal blood sinos - is similar in struc-
lure and position lo the sinus gland of P. ser-
Gtus Nan He.p et al., 1977).

In compaflson to lhe eyestalk, NSC
groups In olher parts of lhe central nervous
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syslem have only been sparingly invest,gared
in penaeids. Nakamura's (1974) studies ol P
/aponicus revealed erght NSC groups in lhe
supraesophageal ganglion in contrast to lhe
eleven groups obserued in the present study
However. those regrons where NSCs occu
in lh€ brarn o'P. mdicus are simiiar to lhose
obserued In P. /aponicus (Nakamu.a. 1974)
a d P. sty fera (Negabhlshanam et a/.,
1986). Surpr,srngly. wrlh regard lo the re
mainrng ventral gangla Inere are no com-
parable sludres for penao,ds. In pleo-
cyematans, th€se ganglia hav6 boen fairly
well studi€d. p'obably because al l  of rh€
gang|a in the lhorax have 'used to lorm a
srngle thoracic gang|on. However In d€r-
drobranchiales such as penaoids, oach
somrle i5 represenled by a ganglion. Th€
mosl str iking Joatur€ in th€ distr ibution 01
NSCS in P /rdlcus is the total abs€nc€ of GN
cells In lhe €yeslalk d€sp,te th6r dorinarc€
in almost all ol the ventral ganglia.

Fine strucluro sludres ol lhe n€urose.
cretory material in P. indicus hav6 shown
halo€d d6ns6.core granules wih narrow
diam€ters. However. P ./aponlcus. Nakamura
(1980)  obse rved  g ranu les  w i l h  w rde r
diameters of 1.100 to 1.900 A. The presence
of granul€s wrlh dillorent electron densrtres
was also roportod in carctnus maenas by
Smith (197s).
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