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ABSTRACT

The hypercalcemic and hyperglycemic factors of the eye-stalk of
Scylla serrata (Forskal) have been shown to be responsnble for main-
taining high concentrations of calcium and sugar in the blood during
proecdysis. On eye-stalk ablation, the withdrawal of calcium appears
to be affected and this leads to an unsuccessful moulting and death of
the animal. The significance of this phenomenon in relation to relevant
evidences on the moultmg process of crustaceans has been discussed.

INTROBUCTION

IT has bzen shown recently that the eye-stalk ablation in Scylla serrata leads

to a lowering of blood calcium during the intermoult period and that an

increase in blood calcium occurs within 30 minutes after the injection of
the eye-stalk extract (Menon, 1968), These changes clearly indicate that

probably a hypercalcemic factor is present in the eye-stalks, The" presence

of a hyperglycemic factor in the eye-stalk of this crab Las been confirmed |
reccntly (Menon and Sivadas, 1967). The premoult period of decapods

is generally characterised by an increase in the concentration of a number

of blood constituents including tke calcium and sugar and such changes

have been attributed to the activation of Y-organ, which produces the moult-

ing hormone. Since no dafinite hypercalcemic factor has been reported

in any crab so far, the attribution of the premoult rise in the calcium to the

activation of Y-organ appears to be only logical. The recent observation

- of a definite hypercalcemic factor in Scylla serrata warrants the reassess-

ment of the problem. The present investigation deals with the effect of

the eye-stalk ablation on the calcium and sugar concentrations of the blood'
during proecdysis and on the moulting process of Scylla serrata,

112 ; . , _ -
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MATERIAL AND. METHODS

Spccxmens of Scy]la sezrata were collected from Cochin backwater and

: _.kept in all-gla,ss aguariuin . tanks in the laboratory During. the penOd

,_January to March 1967, a fairly large number of crabs was found to be
. ¢ither in stage D, of proecdyms or in the early phase of the reproductive

cycle. Such crabs were: kept starved for five days before the commence-
ment of the expemment to prevent any. possibilities of a. post-prandial rise
in glyoemla The blood sugar was estimated by the Hagedorn-Jensen
method (Hawk et al., 1954), and the blood calc;um by the permanganate
titration method given by Allport and Keyser (1957). ‘The results presented
" here refer to only such crabs which were found to be in the stage D, as was
conﬁrmed by post-mortem examination.

Another set.of 12 crabs of varying carapace width were collected from
- Cochin backwater during August 1967. . These were first acclimatised to
the laboratory conditions for 3-days and then, on the 4th day, their eye-
stalks were ablated. Each eye-stalk ablated crab was kept separately in
a tank and fed tegularly on chopped fish muscle. The salinity of the
medium was maintained at the same level throughout the experimsnt.

RESULTS
The calcium level of the llood of Scylla serrata in stage D, of pro-
ecdysis was found to be 129-72mg.%. On eye-stalk ablation this level came
down to 88-92mg. % within 24 hours. Similarly the sugar level in nor-
mal crab was 59-00'mg. % but the eye-stalk ablation resulted in ts. decline

to 32 -40 mg. % within 24 hours, ‘The average values of blood calcium and
sugar in normal and eye-stalk ablated crabs have been shown in Tab]e I

TABLE 1

Calcium and sugar /evels in tlze blood of normal and the eye-stalk ablalecl )
~ crabs, Scylla. sendta during stage D, of proecdyﬂs oo

Nature of No. of Calcium - Sugar

crabs used crabsused . -~ mg.% . .. - mg%
Nommal LS 12921119 59-0046-20
'Eye-stalkablated a5 8892 9465 (32-404£5-10 .
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In the crabs which are at the intermoult stage, the normal calcium and -
sugar concentrations in the blood are 65-20mg %, aud 21-83 mg.% res-

pectively.  In such crabs the eye—sta]k abla‘uon leads to a fall in the conccr- - -

tration of both calcium and sugar to 43-00 and 9-73 mg, %, respcctn ely in
24 hours (Menon, 1968 ; Menon and Siv adas 1967). A great concen-
tration of the blood calcium and sugar dppears to be a characteristic feature
during proecdysis and despite the fall which results duc to the eye-stalk
ablation, the concentrations of both calcium and sugar remain mgmﬁcantly
higher than what is found in the normal intermoult crabs.

The results of som% experlments carried out on the effect of cvc—staik
ablation on the moulting of Scylla serrata have been given in Table II It

TapLe 11

Effce: of eye-sialk ablation on moulting in Scylla serrala

j | ! Died atun- .
Carapace No, of [Moulted after] . . »
(li}ab width | = Sex appendages | eyestalk Su;‘}i:if:l,:‘;:‘,gngli “Remarks
o in cm. missing ¢ ablation on | ablat?un on ] o
L ' L L o
1 §:7  Female 5 1 . 27t day
!
2 §5-0 Male 2 22nd day :
3 9.8 | » 3 Tth day
4 85 " 2 241h day
5 4-8 » 3 : “ | Died on 8th day-
. ] . f BN !
8 65:6 | Female - . 10th day T e ‘Died on 15th day,
i ' : : . carapace- uncalcified
7 5-8 5 3 .o 215t day ‘ .t
8 60 i, . 5th day .. Died onl2th day,
I : i carapace uncalified
A G3 ¢ " 8 ! . ! 21st day i e
10 7.0 Mal: R "
11 76 | . 4 . | 2th day-
12 6+9 | 6 | 38th day
o ' x

can be seen from Table Il .that, of the 12 crabs which were eye-stalk ablated,
one (No. 8) moulted on the 5th day and another (No. 6) on the 10th day.
Apparently, these two crabs, at the time of eye-stalk ablation, were at’ an
advanced stage of moulting and therefore their moulting occurred normaily.
However, the crab. No. 8 died on the 7th day after moulting and the crab
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"-No 6 on the 5th day.” Both these crabs showed no signs of calcification

of excskeleton. Of the remaining 10 crabs, crab Ne. 5, dicd on the 6th day
after the eye-stalk -ablation .without showing any signs of moulting. The-
other crabs showed progressive signs of moulting such as the regereration
of the lost appendages and on the days irdicated in the table, they mouited

" ‘unsuccessfully and died. In these crabs, signs of moulting became appa-

rent when the carapace gaped along the epimeral suture and tke new integu-

- ment could be scen undernesth. No such splitting was secn along the

sutures of the pereiopod basal segments and decalcification did not take
place at the base of the chelipeds and other walking legs. The cause of

" death seems to be asphyx1at10n because the crabs could not emerge out of
the old exoskeleton

- 'The high: concentratlon of calcium and sugar in the blood of Scylla

' serrata during the proccdy51s indicates a hyperactivity of the €ye-stalk fac-

tors during the moulting period. Their fall after the eye-stalk ablation
clearly demonstrates that the high blood calcium and sugar levels which aic
the characteristic features of the premoult period could not be achieved or
maintained due to the lack of these factors.

‘The high concentration of blood calcivm during proccdysis has gene-
rally been attributed to the activation of the Y-organ (Passano, 19€0) ard
its influence during the premoult stage when the calcium is generally with-
drawn from the exoskeleton and gets stored erther in the blood itself or at
some other storage site. Thus Havel and Kleinholz (1951) found that tke
eye-stalk removal in Astacus during the non-moulting season led to a steady
increase in the blood calcium which lasted for about 50 days and culminated
in moulting, In Carcinus also, in the non-moulting season, the eye-stalk
ablation led to an increase in the blood calcium (Carlisle, 1957). Kincaid
and Scheer (1952) found that the sinus gland principle affecting the calcium
metabolism was only active during the stage C, of the moult cycle, i.e., it
inhibited the withdrawal of calcium from the carapace and its subsequent
deposition in the hepatopancreas during anccdysis. Very often less cal-
cium bhas been reported in the cast shell after the eye-stalk removal as com-

- pared to the shell cast of intact. individuals (Guyselman, 1963). Kyer

(1942) and Scudamore (1947). found that the eye-stalk ablation during winter
in the crayfish Cambarus resulted in the initiation of the premouTt and tke -
formatlon of gastrohths :

‘ - Administration of the extract of Y-organ has been: shown to. bring
about a significant rise'in the blood calcium of Maia within 24 hours, if the
Y-organ is taken from such animals which' ai¢ in the penultimate stage of
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anccdysis. Y-organ lakcn from 1nd1v1dua1s in terminal anecdysm has no..

such effect (Carlisle; 1957). - Although this change has been taken to mark -

the beginning of proecdysis, such a cenclusion is. ‘considered - premature.

by Passano (1960), fcr in the crayfish, blood calcium does not begn-to. -

rise until the animals have reached about . half-way towards - the experl-_,
mentally 1nduced proecdysis (Havel and - Klemholz 1951) v

Thc presence of a blood calcrum 1arsmg factor (hypercalcermc factor)
in the eye-stalk has been for the first time observed in Scylla serrata (Menon
1968). This crab, which-can tolerate a wide range of salinity has been
found to regulate its blood calcium with the dilution of the medium and
its ability to survive in dilvte media is lost when the eye-stalk is ablated
(Menon, 1968). This is in contrast to Carcinus where Carlisle (1955) has
shown that the eye-stalk rcmoval mcreases its tolerance to low sahnmes
In Cai cinus the eye-stalk femoval results in an increase of the blood calcium
which as noted carlier 15 taken to mdrcate the premoult nutratlon by the
Y—organ actrvatlon ' DR

It is, however, doubtful whether tha Y-organ alone is 1espon51ble for
this immediate calcium rise, since in Astacus an increase in calcium tegins
only when proecdysis has reached ‘half- -way in experrmentally induced cases
(Havd and Kleinholz, 1951) Moreover, a change in the blood calcium
in response to variation in salinity of the extemal medium has been reportcdj
in a number of cascs (Bogucki, 1932 as cited by Prosser, 1952 ; Cole, 1949°;
Parry, 1954 ; Prosser et al., 1955). ‘This suggests the existence of a mecha-
nism for brmgmg about xarratlons in the calclum level of the blood mde-
pendent of th— Y-organ. actlvauon ‘

Thue is'a clear evidence that an endocrine mechanism operates to pre-
vent a very low fall of the blood sugar. In Scylla serrata the eye-stalk te-
moval during the non- moulting season leads to a lowering -of the' blood
sugar level (Mcnon and Sivadas, 1967). Abramowitz, Hisaw and Papandrea
(1944) showcd that ths mjectron of ‘the eye-stalk extracts in the crab, Calli-
nectes leads to an increase in the blood sugar, still obvious after 5 hours.
These workers found that a greater part of the activity was in the sinus gland.
Neither. they nor Kleinholz and his. collaborators (Klemholz and - Little,
11948, 1949 ; Kleinholz, Havel and Reichart, 1950) found that the eye-stalk
removal or the sinus gland removal lowered the blood sugar in Brachyura
or Astacura. But in the palinuran, Panulirus, Scheer and  Scheer (1951)
did find such:an effect after-the eye- -stalk’ was removed It is: therefore )
apparent  that' although a hypoglyccrmc control exists ir. crustaceans therc



—Ho‘r'monaz C’bnt’rol of Blood Calcium and Sugar Levels in Estuarine Crab 137

s 1no ev1dence that- thls mechamsm is endocrine, though one may susPectj
it to be so. (Knowles and . Carlisle, 1956) More Tecently Rangnekar ef al.
(1961) have given experimental - evidence for the existence of a ‘hypo-
glycemlc factor in the ey e-stalk of 2 freshwater crab Paoratelphusa ]acquemontu :

'With' the ,prescnt knowledge of a definite hyperglyoemlc ‘and hyper--
~calcemic factors in the eye-stalk of Scylla serrata (Menon, 1968 ; Menon
~and Sivadas, 1967) and a hypoglycemic principle in the eye-stalk of Para-
" telphusa (Rangnekar ef al., 1961), it is possible to conceive of the existence.
of a homeostatic inechanis'm regulating the calcium and sugar levels in crabs.
In Scylla ‘serrata, - in- the intermoult - period- .the normal blood cal-
cium and sugar levels are maintainéd by the activity of the hypercalcemic
~ and hyperglycemic- factors of the eye-stalk and the hypocalcemic and hypo-
- glycemic factors produced elsewhere. Removal of the hypercalcemic and
hypprglycemlc factors lead to hormonal imbalance which results in the fall
of calcium and sugar levels in- th> blood.  During proecdysis, however,
with ‘the  activation of ‘the Y-organ, and the subsequent production of
the moulting hormone by this organ, the blood calcium and sugar levels
rise suggesting a hyperactivity of the centres where hypercalcemic and hyper-
glycemic factors are produced. This hyperactivity is possibly induced by
- the moulting hormone. On eye-stalk ablation during this period both
calcium and sugar levels fall thefeby indicating that the premoult rise in
calcium ‘and sugar cannot be achieved indépendent of these centres. As
there : is- overwhelming evidence to show that calcium is withdrawn from
the ‘carapace during proecdysis, a shift in the target organ during proec-
dysis under the influence of the moulting hormone has been suggested
(Passano, 1960). . Since some of the blood sugar is used as' a precursor of
chitun during the formatlon of the exoskeleton sugar metabolism may closely
be connected with moultmg and the endocrine control of the two may there-
fore be interrelated (Carlisle and Knowles, 1959). .

The effect of eye-stalk ablation on moulting in Seylla serrata cleatly
indicates that the eye-stalk ablation leads to activation of Y-organ and sub-
sequently to: moult initiation. - However, calcium cannot be withdrawn
~ from the exoskeleton in the absence of the hypercalcemic eye-stalk factor

‘and heénce successful moulting is not possible The results of the present
" investigation concluswely proves that the resorption of calcium from the
old exoskeleton. and the subsequent rise in the blood calcium during pro-
- ecdysis is due to tha: hypercalcemlc factor activated by the Y-organ.

DR The rise in the blood -calcium due to the eye-stalk ablation in the inter-
moult Carcmus might well be due to the loss of hypocalcemic factorfof the
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eye-stalk and the resultant horm’ona] mealance Slmllar]y the threefold'
rise in the calcium level of Maia after the injection of Y-organ extract-
obtained from such specimens ‘which ars in penultimate anecdysis stage can
te due to the tropic effect of this hormonal exiract on the hypercalcenic
centre. “Tn the .intermoult stage, these hormones may -affect the more
labile stores like that of the hepatopancreas, ' The activation cf the Y-organ
results in moult initiation when a shift in the target tissue: occurs and this
will make the same factors act on more. stable stores like that of the. exo-
skeleton. -Since Y-organ produces only one hormonc—the moulting hor-
mone—which is necessary only in stages D, and D; of the moult cycle, its
action clearly seems to be on other hormonal centres. The existence of
a hypercalcemlc factor has.been demonstrated only in Scylla serrata where
it is located in the eye-stalk. Similarly the hypoglycemxc factor is known
only from Paratelphusa. These two factors are clearly absent in the eye-
stalk of other crustaczans so far studied and it seems likely_ that in such
forms these may be situated outside the eye-stalk and hence ace not easily
detected. These are perhaps situated in some neurosecretory centre of the
central nervous system yvet to be discovered. In this connection it is interest-
ing to recall the suggestion made by Passano (1960) that it is probably
frultfu] to- postu]ate d crustacean analogue to the corpora allata, '
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