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In intensive and semi-inteaslye aquaculture practices
the animals are under stress conditions* Ttiese stress factors
can be environmental« biotic and abiotic® toxic or manmade*
Environmental changes leading to stressful situation have been
shown to alter the animals'respiration and metabolism to a
great extent* In addition, procedures adopted in aquaculture
techniques such as handling of animals, confinement, transport
and disease treatments cause a variable degree of trauma in
them. These factors can adversely affect the overall product-

ion of animals in a culture system¥*

Thus stress and stress responses are of immediate
economic Importance in intensive farming system where the
animals are always subjected to many chronic stressors* There-
fore, an understanding of the responses of such cultivable
animals to acute physical stress is also of paramount Import-
ance to field biologists, who often handle such animals prior

to or during their investigations*

Acute forms of handling stress almost invariably
results in marked physiological stress responses and if
severe enough”can have lethal consequences. Chronic stressors

have been found to be associated with reduced growth, and



increased susceptibility to pathogens* In addition”® the
primary' stress factors can reduce the animals aibllity to
withstana s secondary stressors* Thus it is iiecessary to
consider the ctress aspects as prime importance in any
culture system so as to minimize the effects and If necessary,

modify the prooediires of handling*

The cultured animals are often confined and captured
by a variaty of nets, electrical devices, or even slow
poisoning, “he violent movement of animals in esc”ing from
such adverse situation ma” result In marked metabolic changes*
The energy demand during the stress period often causes an
increased metabolic rate that exceeds the animals’ability
to consume osygen. At such times body tissues generally
resort to anaerobic production of energy, accumulating
metabolic end products which are often highly acidic* Such
an acidosis could be the cause of death and post stress

reductions in product quality™*

Anong the cultivable aquatic organlsr*pe”*iteld shrimps
ere canmercially very Important as they grow faster in
confined water bodie” attain larger size and fetch a high
price. Anong the penaeid prawns, P, indicus is of particular
Interest not only because of its abundance but also of its
hardiness in culture* In Indiax it forms the major candi-

date species used in extensive and sesni«>inten8ive culture



systems. In recent times the traditional prawn culture
practices are widely r*laced by semJU-intensive and
Intensive culture systems, CWing to natural ao3 man made
manipulations, the aquaculture system is often exposed to
variations in the biotic and abiotic factors which inturn
affect the culture of species to a greater extent. Quite
frecruently, prawn farmers face moss mortality of their
sto”™ mainly due to the stress of adverse environmental
conditions. The most sixspected cause of the much talked
esoft prawn* disease cormonly encountered in prawn farms
may be ihe t widely fluctuating environmental conditions,
Ppac”ueness in the abdaninal musculature of prawns observed
during harvesting timd in mary of the pravm farms may be
due to severe physical stress on the animal during capture
and transportation. The opaqueness usually appears as
focal areas of necrosis. This condition is reversible in
its initial stages, but it msy be lethal if large areas
are affected, Histopathological and etiological investdU
gations suggest that the possible cause of this condition
may be related to severe exertion caused in efforts to

escape.

The present investigation on Penaeus indicus H, Milne

Edwards, has been conducted to examine the effect of physical

stress on the various biochenical constituents such as glucose”



lactic acid, lipid and protein in haanolymph and glycogen,
lactic acid, lipid and protein in muscle tissue. Studies
V7ere also made on histological changes occurring in hepato-

pancreas and muscle during stressed conditions,
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INTRODUCTION

The concept of biological stress has evdked much
discussion and disagreement in the scientific circle and
as a result, there are a variety of formal r*efinitlons in the
scientific literature. However, all definitions of stress
share the ccnunon pranise of a stimulus acting on a biological
system and the subsequent reaction of the system (Fic>:ering,
1980). Professor Hans Selye defined stress as a state of non-
specific tension In living matter (Selye, 1946). His studies
on mapimallan systans showed that the stress occurs in three
phases such as alarm, resistance, and exhaustion. The first
occurs immediately after the stimulus, in the second a new
steady state is maintained at the e*”nse of metabolic energy

and finally exhaustion occurs as reserves are used up,

Brett (1958) modified the definition of stress as a
state produced by envirormcntal or other factors which
extends the adaptive responses of an animal beyond the
normal range. In the light of molluscan studies Bayne (1975)
further modified the definition of stress and according to
him, stress is defined as a measurable alteration of a
I"siological steady state which is induced by an envirorw
mental change# and which renders the individual more

vulnerable to further environnental changes*



i“aacultore of captive fish an™ shellfish can-not be
undertaken without the use of various hani:*ling procedures in
the fieH f hatchery, or in the laboratccy* techniques
auch as capture by nets« transportation, freshwaterﬁeaM ater
transfer™ and viceversa# grading, sorting, overcrowding,
disease treatment etc. results in several types of stress
which Induce struggling, hypoxia, temperature, and osmotic
shock etc# (Mazeaud 1977)* Stress can also result as a
consequence of other enviromental factors such as adverse
conditions of temperature, salinity, pH or dissolved oxygen

and pollutants (Rosa Flos jgft al,. 1988).

Ai™ form of stress invariably generates stress responses
in animals (Mazeaud, 1977)* Acute disturbances result in
marked physiological stress responses, and these responses
have been widely used as indicators of the degree of stress
experienced (Barton ~ al.- 1980; Donaldson, 1981; Wedemeyer
and Mclray, 1981)# A variety of biochemical measurements
including blood glucose, and lactate content have been
proposed as reliable indices of the relative severity of
different stressors in fish and other aquatic invert®i®rates

(wedemeyer and Yesutake, 1977)#

So far the studies related to the stresses are mainly

concentrated in the higher groups of animals such as mammals



and fishes. Blacik ~ al. (1955) conducted a series of
extensive studlefl on salmonid fishes to understand the
pattern of changes in carbohydrate metabolism during
severe exercise, Mazeaud et jl*, (1977) reviewed on
primary and secondary effects of stress in fish in general.
Xiater, riosa Flos (1988), studied the primary and
secondary stressresponses to grading and hauling in

-'"Mairibow trout, Salmo oairdneri.

Stress studies in crustaceans are relatively very
few. Most of the literature on stress effects relate to
hypoxia or anoxia on the metabolism. (Taylor, 1977; Bridges
and Brand, 1979; Burke, 1979). Investigations analysing
the metabolic changed during and after severe exercise are
still scanty, A few studies analysing the metabolism
during and after severe muscular vjoCk are concerned with

brachyurans (Burke, 1979; McMohan gt , 1979).

In recent years considerable interest has cent-vered
around the possible use of the blood sugar level as an
indicator of various forms of stress (Huttingh, 1976), It
has long been known that different kinds of stress (anoxia,
struggling) induces an elevation of blood sugar level in
elaamdbranchs (Scott, 1921), and teleosts (McCornlcOc and

McX«od, 1925). various procedures involved in



acaculture practices such as capture and handling almost
invariably result In hyper**glycemla (Chavin & Yonge, 1970>
Wedaneyer, 1972; Miles " 1974; Spedker and Schreck,
1980), According to X«ove (1980) the most characteristic
general response to stress from v~™atever source is, a
pronainced rise in-blood sugar level. Blood glucose
caicentration have been measured for several cultured co3d
water ft5hes particularly salmonids to evaluate the trauma

associated with various culture procedures (Donaldson, 1987),

Glycogen serves as the immediate source of energy for
intense muscular work in all animals, Meyerhof and lohman
(1928) demonstrated the overall conversion of glycogen
to lactic acid In crustacean muscle. It is shown in fishes
that the muscle glycogen breaks down during severe exercise
(Miller et jji,, 1959; Bladk » 1965). Nakano and
Tonllnson (1967) showed that in Salmo aairdneri”™ the liver
and skeletal muscle glycogen decreased in response to

physical disturbances and increased during recovery.

Studies conducted by PrichareL & Eddy (1979) on two
species of mud shrimp Calllanassa californj®sls and Upfbebla
puaettensifl exposed to anoxia shewed no significant
reduction in carbohydrate reserves in mu”clc and hepato-

pancreas.



One of the primary chemical mechanism that provides
energy for muscular contraction is the anaerobic glycolysis
of carbohydrate to lactic acid« Energy demand during the
stress of activity often induces anaerddic metabolism
causing lactic acidosis. Extensive studies by Black and
his colleagues (1955) with several salmonld species have
shown that muscle glycogen is r~idly mobilized during
exercise and substantial amounts of lactic acid appear
immediately in the muscle (Black et 1959/ 1960" 1961,
Parker and Black 1959)#

Although, in general a tendency to form lactate is
much less In invertebrate tissues compared to vertebrates
(Hammen, 1969), there is evidence that crustaceans accumulate
lactate under stress conditions. Teal and Carey, (1967)
shovjed accumulation of lactate In the marsh crab Uca puallatcc
Tinder conditions of hypoxia, studies on lactic acid accMmu-
latlon during active muscular work were conducted on seven
species of crustaceans (Philips ~ al.j 1976), lectate 1
build up as aresult of exercise has been observed in
Australian freshwater yabble, Cherax destructor (Philips
et al, 1977) and in stripped shore crab PachygraSpus
crassipes (Dendlger & Schatzlein, 1973). Bridges and Brand
(1980) studied the effect of hypoxia and o”cygen consumption

On. blood lactate levels of sane marins crustacea* Studies



xU

were carried oat cn energy metabolism In the tall muscle of
shrimp Craanon craonon dtirlisg work and subse<3uent recovery
(Thonas Oiman & Zebe, 1982)# Spot® & lutz (1980) established
the large and rapid accumalatlon of lactic acid In the body
tissues of two coramerclally important prawns, Macrctorachltnn

rooeribergll and Psnaeus dgoraram,

The consec”ences of stress on Hpld metabolism Is far
from clear* Not many studies are undertaSeen on this aspect,
itecently™ more attention has been paid on lipid metabolism
In fish which has entailed research In the effect of stress
on the free fatty acid (Bllinslcl, 1974). Mazeaud (1973)
showed that stresses which raise the level of blood glucose
A Qyprinas carolo® amtcmatlcally reduce the free fatty

acids In the blood.

Till now there are no coi“ehenslve studies on the

relative significance of protein met™ollsm during stress

conditions.

There Is a glctoal Interest In the culture of penaeld
prawns to augument production, cbvlously because of certain
special qualities Inherent In them. They are euryhallne
species, hardy In nature and grows faster to a very large
size. Hiey also coranand a very high price in the inter-

national market*



In any large scale culture operation, one of the foremost
recjuiresnent is the availability of seed as and when required
by the fazrmer* So it is necessary to consider the appropriate
infrastructural facilities retired for massscale production
of prams seed. Hatcheries pla® a very Important role in the
production and steady supply of prawn seeds, throughout the
season. Whether the seed is produced in the hatchery or
collected from the wild they are to be transported and distri-
buted in the farm site. This necessitates transport of se”
for shorter or longer durations depending on the distance of
the farm site from the seed production or collection centre#
Several biological, environmental# and physical factors
influence the survival and well-being of the seed. Handling,
confinement, oxygen deficiency, high teri5>erature, are sane
of the very important factors which affect the survival of

the seed during transportation.

In raaiily of the conmercially Important penaeid prawns
it is shown that severe physical disturbances during capture
and transportation will lead to opaclueness in the abdominal
musculature (Rlgdcsi & Baxter, 1979), ccnmonly called as
muscle necrosis. When shrimps are e*”osed to stressful
Conditions, such as IOtg oxygen, over crowding, or violent
movement, the muscles lose their normal transparency and

beccme blotched “with whitish areas throu”out. Hidgon &



Baxter (1970) studied the histopathological aspects of
nec3Totic muscles In brown shrimp Penaeus aztecus. but cou3d
not determine the cause of necrocis. LcOcshni (1977)
studied the effect of salinity and ten”erature changes on

spontaneous muscle necrosis in Penaeus aztecus”

A variety of biochemical measurements have been
proposed, to evaluate the trauma associated with various
culture procedures, such as capture, handling, transportation
etc. Several studies have shown that marked species differenctfs
exist in the magnitude and dizraticni of biochemical stress
respmses to various stressors (Wedemeyer, 1976), Thus it

is dinportant to examine the stress responses of each species

reared in c/tivity.

Ne present work was carried out to evaluate the varia-
tions in biochemical constituents of haemolymph (glucose,
lactic acid, lipid, protein) and muscle (glycogen, lactic acid,
lipid and protein) of Ihdian vtiite prawn Penaeus indicus”
Histological observations of the muscle and hepatopancreas

of the normal and stressed nrai®ms were also made*



HAICRIAIS and MBIIHCDS

Foe the present sttady, periodic collections were masie
JErcm fctrm reared Penaeas Indicus, 100-120 mn in size frcm
Matsyafed farm of Kerala State Fisheries Department* Normal
healthy animals were selected and transported to the labo-"
ratocy. Onreaching the laiboratcary the prawns were transfe-
rred to large fibre glass tanks of 2 tonne capacity
cogtaining filtered and well aerated seawater of 15%o0
salinity, -Hie animals were acclimatised to the laboratory
conditions for a period of 48 hours before using them for

e~gperimental purpose.

Prawns in the intermoult stage were isolated and kept
separately for the esiperiment. In the first experiment
strenuous exercise was performed manually on two prawns at
a time ty continuous chasing and frightening them fear a
period of 30 and 50 minutes separately. In the second
ejAriment, prawns numbering around 8 to 10 after 30
minutes of strenuoas exercise were kept separately foe 24
hours in well aerated tanks to re<pover from the strei*icus
exertion, Control anlmal.s of intermcult stage were also
maintained separately without any disturbances and stress,
Atemperature in the holding tariks dizring experimental

period ranged frcm 25 -2 7 and salinity i*anged frcm 129"



to 15~* e« At the end of titie stress period, haemolymph
sauries from all ij:Kllvldual prawns were collected™*
Samples of BRiscle tissue were also extracted for bioche-

mical analysiB.

BIOGHSMICAL ANAISTSIS

Biochemical analysis were carried out for ~antltativs
determination of glycogen, lactic acid« lipid and protein In
muBcle tissue and glucose, lactic acid, lipid and protein

content in haemolymph*

HAEMOLYMPH COLIECTZON«

firioi: to sacrificing the animals haomolymph colle-
cticns were made fron individual pra:wns tiirou#i the
pericardial cavity using 1 ml. hypodermic glass syringe
fitted with namber 22 needle* A 5% solution of trlsodiom
citrate was effectively used as an anti“coagulant* Ilhe
syringe was rinsed with the anticoagulant before extract-
ion of haemoSymph* Rrior to that the carapace and adjacent
aretf of individual prawn were dried with absocbant p~er
to remove the excess moisture adhering to the body«
Haenolymph sw ales were then collected in small glass

vials and lcept frossen until used.



Tissm coziECTZcait

After ttoa esetPaetioR of haamol®ph, the pceatm w”e
dIisMetcd flat iaamediateSy, and tSia fresh tissue suc” as
hpS”® aoaela an4 hepatepanereai were exei*ted oat« fcr
bie«licaicai asA hlatelog!™ wQde«

Croteia content la the moscle and haanolymph was
doitc EmiaBd trt Biuret awthoA (Gemell 1949). B<»im
antrwn aHmmin (Signa c%emi<saX used prepare Johe

standard eorve f«r to N protein eatiaatlon«

Gayeogitt eontei”™ in the imise2e tissue was detemiiaed
n method of Kanp and Kits (1954)e IEMJbacose woi used
for preQsariag standard oarve« 'Jhs stwdard curve vaScM
were multiplied by 0*927 a GOnversion fafictor for gluevee

to g”cogen*

Total lipid ccntent”™ bol” siusole and haemolyn”
were deteonined by the modified method of*SulphophosphovaniUin*
of Barim and Blac3cstOOk (1973)» Sxtra pure cholesterol
was used TFir t2ie preparation of standard curve.

For the estimatite of glueoot ia haenolyngphi the
Method of Nelson (1944) and Scnogyi <194S) was folloved,
D~ glttooee vtfi used as a standaxd for the preparation of

standard curve*



Lactic acl4 content in. the muscle and haemolyra”®
was estimated follot™ing the method of Baricer and SQiroerson

(1941).

HISTOLOGICAL STODXES$

Histological Btudies of maecIB tissue and hepatopan-
creas of normal and stressed prawns were made under the
i~ t microscop’'c* 3hvnediately after each experiment the
tissues vere collected frcni the animals and then they were
fixed in suitable fixatives viz«« Bouin's fluid and 10"

Neutral buffered formalin*

After 48 hours of fixation, the tissues were washed
in running tap water for at least 4 hours and then directly

transferred to alcchol fc™ further processing*

Xtocessing of tissues and stainings

Poc cutting sections of tissues in paraffin, the
dehydration and clearizig of the tissues were carried out
at roan temperature (28"C)« The tissues were dehydrated
throus”™ ascending series of alcohol grades starting fron
705fi upto 100%* Tlie tissues were kept in each grade for at
least one hour before passing to the other grade* After
detqrdration is co:npleted the tissues are cleared throu”

3 changes of ~loroform* Before embedding the tissues in



paraffin wax, one hour Jn”~egnation In molten wax (56-58®C

M,P*) was given twice,

nie .sections were cut at 4 to 6~ thldkness
using a manual rotary microtcme. After d~araffining in
Nlene the sections were hydrated through desoenaing grades
Of alcohol, washed finally in distilled water and then
stained with Harris alum Haematoxylin; and counterstained
with 1% alcoholic eosin« ihe stained sections were then
dehydrated and mounted in Dpx throu” xylene, Photanicro-
gre~hs of the histological preparations were taken using

/Inerican optical Research Microscope.

Statistical analysis was done to fini oit ary
significant differences in tiie experimental results. All
the statistical analysis were carried out according to

method of Sne<:iecor and Cochran (1967) e



Plate 1. Normal (A) and stressecienaeus indlcus. White
foci (C) on first four abdominal segments show
different stages of necrosis development.



RESULTS

results of the estimation of biochemical consti-
tuents of haemolymph and muscle tissue of the prawn,
Penaefus Indlcus after 30 and 50 minutes strenuous exercise
and for the recovery period are presented In table i and

table 2«

BIOCHEMICAL CCKSTHUENTS

HAEMOLYMPH
Glucose>

Glucose content in haemolymph sha*;ed a rapid increase
after 30 and 50 minutes strenuous ej~rcise (46,64 + 0,2 mg%
and 48.2 +4*5 mg% respectively)* In normal healthy animals
the glucose content vtas found to be in the range 11-26 mg/>
During the recovery period c£ 24 hours after subjecting the
prawns for strenuous exercise, the blood glucose content

almost regained its normal value (18 mg%) (Fia.i),

Statistical analysis was carried out using Analysis
of variance (ANOva) and the differences in the glucose
content of haemolymph during different stages of stress
conditicns are found to be statistically significant, at 5%

level. (Table 3 a).



Lactic acid;

Strenuous exercise resulted In a large and r*id rise
In the concentration of lactic acid in haemolymph (Fig, 2),
The average blood lactate value in unexercised ncarmal prawns
was 30,89 N 9*26 mg%. After 30 minutes strenuous activity
the blood lactate level rose to 56,04 + 9.45 rag In the
stressed and exhausted prawns (50 minutes strenuous exercise)
the value was 77,32 + 13,2 mg%. After 24 hours of recovery

the lactate level almost reached the normal level (47,64 +

9,7 mg%),

ANOVA showed that the difference in lactic acid content
of haemolymph between itfie normal, stressed, and stress recover-

ed prawns are statistically significant (Table 3b),

hioidt

Lipid level in haemolymph showed a slight decrease
during stress conditions (Fig, 3), 30 minutes of
continuous physical exercise the lipid level sho\-7ed a marked
decrease fran normal value and the values observed v?ere
253,72 + 30,97 mg% and 163.8 + 21,06 mg %respectively* It
shov;ed a further decrease in 50 minutes stressed prawns
(138,67 £ 16,99 mg%), The stressed (30O minutes) and

recovered animal showed an almost normal level with an

average of 219.8 Jt 26,77 mg%.



ANOVA Indicated that the difference In the lipid
contmt of haemolymj® between normal, stressed and stress

recovered prawns are statistically significant (Table 3c).

Hroteln content In haemolymph did not sha-? any signi-
ficant change between normal and stressed pravms (Fig, 4).
The average haemolymph protein content in control animal
vjas found to be 5«6 ™~ 0.9 3099g%« There was no significant
change In haemolymph protein content after 30 and 50 min-
utes strenuous e”osrcise 4,94 + 0,684 mg% and 4.76 + 0«60669%

respectively* I>urlng the recovery phase the protein content

was found to be 4.83 + 0.53g%.

Results of the AKOVArevealed that differences in the
psoteln content of haemolymph between the normal# stressed
and stress recovered prawns v«re not significant statisti-

cally. table (3d).

MUSCXg TISSUE

Glvcooen:

Muscle glycogen showed a significant reduction after
the application of strenuous physical exercise (Table 2;
Fig. 5), After 30 minutes of strenuous exercise, the

muscle glycogen value was found to be 0,126 + 0,35 mg%.



more than 50% reduction fron the normal value (0,32 +
0*13 mg%)« After 50 minutes of strenuous esercise, the
level further fell down to 0,073 £ 0*03 mg%, the
recovery phase however ihe glycogen level was not foand
to be restcared and the avera” value cbserved was 0,096

+ 0,038 mg%*

ANOVA Showed that the differences in glycogen content
of muscle between nocmcil, stressed and stress recovered

prawns are statistically significant (Table 4a),

Lactic acid:

As in the case of haemolymph lactate, muscle lactate
also showed a rapid increase during strenuous ejcercise
(Fig, 6)# After 30 minutes of strenuous exercise, muscle
lactate showed a steep rise fron a control value of 0,093
+ 0..025 mg% to 0,262 ~ 0,047 mg%* The lactate level further
Increased upto 0,402 + 0,059 mg%, after 50 minutes of
strenuous exercise, Airing the recovery phase, the muscle

lactate level came down and was seen slightly higher than

the normal value (0,168 + 0,23 n"%),

Results of ANOVA revealed that these differences in
muscle lactate content between normal, stressed, and stress

recovered animals are statistically significant (Table 4b),



Lipldi

Hiscle lipid lavel showed a slight decrease during
*the stress period (Pig. 7). After 30 minutes of strenuous
exercise, the lipid value came dovm fron a normal level of
2,95 + 0,32 mg/lIOO mg to 2,0i + 0,646 mg%# Idpld level
sho”~d a fxirther decrease after 50 minutes of strenucus
exercise {1,704 + 0,857 mg%), Stress recoverGd prawns

showed an average lipid content of 2,477 + 0,382 mg%,

Nova showed that the differences in lipid content
of muscle between normal, stressed and stress recovered

prawns are statistically significant (Table 4c),

Proteini

Protein content in the muscle e5chibits no significant
variation between normal and strenuously exercised prawns,
(Fig, 8). The average muscle protein content in normal
animals was 14,75 » 1«03 mg%. After 30 and 50 minutes
e3®rcises the protein content sho™ed no significant variation,
the values being 14,2 + 0,55 mg%, and 15,2 + 0,885 mg%
respectively, During the recovery period, the protein

content v;as found to be 15,1 + 0,877 mg%,

AHOVA showed no significant variation in muscle

protein content in normal, stressed, and stress recovered

pra®>ms (Table 4d),



Table It Variations in biochemlcaX constituents in
haemolymph of £ after 30 and 50
minutes of strenuous exercise an3 for the

recovery period of 24 hours«
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Table 28 Variations in biochemical constituents in
muscle tissue of P* indicus. after 30 and
50 minutes of strenuous exercise and foe

the recovery period of 24 hours.
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Fig, 1. Changes In glucose content of haeraolymph after
30 and 50 minutes of strenuous exercise and a

recovery period of 24 hours*



HAEMOLYMPH



Fig* 2« Changes In lactic acid content of haemolymph
after 30 and 50 minutes of strenuous ejterclse

and a recovery period of 24 hours*






Fig, 3* Changes in lipid content of haemolymph after
30 and 50 minutes of strenuous exercise and

a recovery period of 24 hours.






Fig# 4. Changes in protein content of haemolymph after
30 and 50 minutes of strenuoas ej”rcise and a

recovery period of 24 hours#






Fig. 5, Changes =n glycogen content of muscle after
30 and 50 minutes of strenuous exercise and

a recovery period of 24 hours.






Fig. 6, Cliengcs in lactic acid of muscle after
30 and 50 minutes of strenuous exercise

and a recovery period of 24 hours*






£ig. 7* Changes in lipid cwitent of muscle after
30 and 50 minutes of stremous exercise and

a recovery period of 24 hoars.
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Pig. 8, Changes in Protein content of muscle after
30 atti 50 minutes of strenuous exercise and

a recovery period of 24 hours.
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STATISTICAL ANAI5STSIS
Al-ICVA TAB3J2S
TaJMe - 3a# Haemolymph glucose
Source D.F. Sum Sqr r-fean Sum Value Remarks
S/\
Treat 3 74 36*9 2478 .97
H3G.S3G
100.11 (1%)
Error 26 64 3.8 24.76
Table - 3b. Ho™molyinph lactate
Scxirce D.F. Sum Sqr Mean Sum F.Value Remarks
Treat 3 7668 . 05 2556.02
HIG.SIG
18.26 (19%)

Error 19 19.0 2659.6



Table 3c,

Source

Treat

Error

Table 3d,

Source

Treat

Zrrac

statistical

ANAI2irS IS

ANOVA TABIES

Haemolymph Ilpld

D.F. Sum.Sqr
3 49059.5
19 11306.19

Haemolymph protein

D.f, Sum.Sch
3 4,94 09
24 13.32

Mean siim
Sqgr

16353.19

595.00

Illean sum

1.6469

0.555

F. Value

27.48

F. Value

2.97

*ANarks

HIG.3IG
(1%0)

i“emarks

N.S.



statistical

ANAiYSIS

ANOVA TABIES

TaJMe 4a* Muscle glycogen

Source

D.F, Stan Sqr Mean S\xm P. Value
Sqr
Treat 3 0.29119 0.0970
6.18
Erroc 23 7.6 28 0.33169
Table 4b« Muscle lactate
Source d.f. Sum Sqr Mean Sum P, Value
Sqr,
Treat 3 0.434 25 0.14415
62.10
Error 26 0, 06036 0,00232

iemarl”s

H333.53D
(1%0)

Hemarks

HIG.SIG
(1%0)



Table 4c,

Sairce

Treat

Error

TaJ™e 4d,

Source

Treat

Error

STATISTICAL 7?0"MALYSIS

anova

Muscle lipid
Sum  Scpr
3 6,1517
23 7.6 28
htiscle protein
D«p« Sum Sqr
3 4 5517

29 16,6 039

tables

Mean Sum F. Value

ScfT

2.0505
6,18
0.33169

*'3gan Sum F. Value

Sqgr

1.51725
2.19

Remarlcs

HIG.SIG
(1%)

itemarlcs

H.S.



Hjatologlcal studies?

Histological observations were m»3e on muscle and hepato-

pancreas of both normal and stressed pravns.

The normal nuiscle cell or jcuscle fdtore Is surrounded
by a plasmanembrane« the sarcolemma, and within It the
elliptical nuclei with their long axis parallel to the length
of the fih®2 . The muscle cell consists of thousands o0of myo-
fibrils. Thus muscle cell Is an elongated, multinucleated
unit* In the present study pravms are found to develop
opaque white patches in the ai~doninal segments after 30 and 50

minutes of strenuous physical exercise.

Histological observations of the abdominal muscle of
stressed pra™ms revealed that the white opacrue areas Tere
necrotic. Areas of neccosls i-jere usually surrounded by
normal muscle tissue, Opague muscle fibres disr>layed a variety
of morphological changes characteristic of pro rossive segmental
myoflbre degeneration. The most characteristic change
observed In the muscle after 30 minutes of strenuoas exercise
viere a swelling of muscle cell follox./ed tay a loss of usual
cross striations (Plate 31 Fig, Si ), Seme of the musclfi cells

showed the presence of pyknotic nuclei,

50 minutes stressed prawns showed a more x-;ide distri-

bution of opague white patches in the abdominal segments.



Histological ctoservations of tlicsse arects showet3. severe
myoflbre degeneration. Fusion and cross-splitting of myo-
fibrils ~re also cjbserved (Plate Hi Fig,3 ), Haemocytic
infiltration v;as observed around the necrotic foci (Platejfc3
Fig, 2. )* A proninent shrinkage of the myofibres -were al™o
observed at the necrotic foci caused by progressive loss of
myoflbre parenchyma (rtyofibrils and sarcoplasm)* Areas of
myoflbre disorganisation were also characterized by numerous
single rows, and aggregations of hyperchranatic myonuclei,
and pyknotic nuclei. The area of necrosis “Tere distributed

randonly -tiiroughout the striated musculature of the body.

The buJJdc of hepatopancreas is ccmposcd of a large
number of blind-ended finger like tubules, the vtalls of
which were composed of a simple epithelium which contained
4 types of epithelial cells, corresponding to the classifi-
cation of E— B— F— used by Hirsch &Jacobs (1930),
Only two types of epithelial cells v~re clearly observed
in the poresent study, the secretory cells (F-, B- cells),
which are very large and highly basophilic and the ~sorptive
cells (~cell). Secretory cells are very prominent and were
seen to contain one car two large vacuoles. Absorptive cells
were long and narrow in shape and appeared to be 'Squeezed’
between other cell type, but extenaed throuhgoit the thickness

of the eDithelium,



No significant histological changes \“re observed In
the hepatopancreas of prawns subjected to strenuous physical
exsrcise,except an extensive vacuolation in the epithelial
oells of the ttahule* Frozen sections of hepatopancreas
of normal and stressed prawns, stained with oil red shewed

almost similar pattern in the distribution of lipid in the

hepatopancrease



Flg.J. « longitudinal section of abdominal musclel
of normal pravn* H&E X400

[Lh 1j{L fQ |

S i m

Flg« O ¢ U S. of abdominal muscle of 30 minute
stressed prawn showing swollen nature

of muscle fibres. H&E X400

Fic, 3 . Higher magnification of figure 2. Note
the loss of cross-striatlons. HE XIOOO,



1 « Photomicrograph shov.dng myofibrillar

disorganisation. x400
A
Fig. 2 . T.C. of opaque aboorrdnal muscle shox-dng
oedsmatous condition of muscl<s> tissue.’
HeE  X400.

Fig. 3 » Cross section of the opaque area of
abdominal muscle shovdng degenerating
muscle tissue surrounded by normal muscle]

H8E  X400.



Fig. 1 minutes
glass
X400.

Fi@_z Photomicrograph showing intense infilt-
ration of haemocytes (KC) at the necrotic
foci. HEE XIOOO.

i f

Fio, 3 , Note the focal aggregation of haemocytes
in necrotic myofibres. H&E  x400.



Fic* , Cross section through hepcitopancreatic
tubule of stressed prav-m shovri.no extensive
vacuolation in thr tubule. H&E  X400.

ric. Z <+ Higher rnagnification of Fig* 1
HSi ' XIOOO.



DISCUSSION

It is a well Icnown fact that handling and other
stress causing procedures Involved in aquaculture alter
the basal metabolite level of animals (B*rton 7~ 1980),
The trauma associated with aquaculture techniques and the
adverse conditions of intensive culture system have been
evaluated by the measurement of various bioch”ical stress
responses (Vfedemeyer 1982; Schrecik 1981), The blochBmical
variables measured include circulating levels of cortico-
steroid hormones, glucose, lactic acid, lipids, proteins,
electrolyte and liver glycogeii. Changes in these variables
seo”™ve as indicators of the adverse consequence of stressors,
(wedemeyer and Yasut”™e 1977; ;-fedemeyer & Mcleay 1981),
Mcnitoring of biochemical stress indices in cultured fish
and shellfish can be useful for evaluating the trauma

associated with different culture procedures and system*

Carbohydrates present in the blood and muscle serve
as the immediate source of energy for muscular work#
Iteyerhof and Ix~“hman (1928) demonstrated the overall
conversion of glycogen to lactic acid In crustacean muscle*
Later worlc ijro~ed that glycolysis is the main rcute of
glucose degradatlcm In Crustacea (H« 1958; Hochachka ef

1962; McWhinne e”~ .al*# 1962; Huggins, 1966)» The influence



of stressors on carbohydrate metabolism In fish has

received consider”~le attention (Wedemeyer & McLeay, 1981),

In recent years a great deal of interest has been
centered arcxind the possible use of blood sugar level as
an indicator of variois forms of stress* According to
Love (1980), the most characteristic general response to
stress fron whatever source, is a pronounced rise in blood
sugar level, which so&ns to occur v/henever the physical
activit',"- excceds what is normal for the animal. The rise
in blood suoar level resulting from stress has now been
thoroughly documented. Evidently, an in”™'rease in blood
glucose level servee as a sensitil« indicator of many types
of unfavourable envircranental conditions, such as capture
(v/ardle, 1972), handling (Pickering ejfc 1982), transpo-
rtation (Huttingh 1976)* Tandcn and Joshi (1973) shewed
that the blood glucose level in Hsterc&?ustes fossills
increased rapidly foe the first two hours after stress and
rose to 190% of pre-stress value, and further they found
that this hyperglycemia returned to normal after 24 hoira
of recovery. Investigation--~ have been made to show that
0702Tcise unconnectf™ with asphyxial con’'-lltion can also
cause a rise in blood sugar (Kelrmeir, 1939; Dean, 1962).
v/hen exercise is too strenucxis or lasts too long the blood

sugar can rise to high values. The work of Sibergeld



(1974) suggests that, though the blood sugar level is a
sensitive indicator of enviroranental and other stress,
other factors are also Involved in a rise of blood sugar
and therefore the findings should be used and interpreted

with care.

A rise in haemoliTnph glucose observed in the present
study in P, indicus Immediately after strenuous physical
exercise and decline to normal values after 24 hours of
recovery corroborates v;ell v;ith the findings of earlier

woclcGrs in both fishes and crustaceans (Keirmeir, 1939?

Uean 1962).

ihe elevated levels of blood glucose may be due to
increased basal metabolic rate dtiring stress conditions and,
further degradation of hepatopancreaS or muscle glycogen.
Uraminger and Gist (1971) showed that stress due to injection
in Carassius auratus resulted in an increased serum glucose
and 1 decline in the liver and masc3£: glyco”~n. Mayashi and
Oos>;tro (1975) showed that the emergency hormone adrenaline
is ¢! sely concerned with the stress effects in blood glucose
and its injection into /~ouilla laponlc”™ stimulates glycoge-
fiQlygjjg in the liver* They pointed o0j.t that this response

would provide fcr the increased glucose supplies needed

during the increased muscular activity*



The results of the present study indicated that the
metabolism of musclB glycogen in P« indicus is extremely
rapid* A more than 50% reduction in muscle glycogen can
be seen after 30 minutes of strenuous physical exercise.
Probably this metabolism provides most# if not all, of tbs
energy requirement for severe muscular activity# Many of
the earlier studies on fishes and crustacean showed similar
results (Blacik ~ al», 1959; Prichard & Eddy 1979; Onnen
& Zebe 1983). Studies on the phosphccylases of fish muscle
by Cordier & G~/jrdier (1957) and Ono and Nagayana (1957)
shoi“ed that all the enz'Tnes necessary to convert glycogen
rapicly to lactic acid are present in the skeletal muscle
and other tissues, i“rummond & Black (1950) showed that
though fishes depend on other energy sources such as protein
and lipid at times like, d ;ing spawning migration, the
Jminediate source of fuel ak the cellular level, particularly
for burst of strenuous acti/ity may still be the muscle
glycogen* The metabolism of lipid and protein is essenti-
ally a slov; process, hardly rapid encugh for sudden spurts

of muscle contraction*

Studies conductejd by Black (1959) on rainbow trexit
Salmo oairdneri, shov.'ed a rapid depletion of muscle glycogen
Immediately after exercise* “be level became one half the

resting level after 2 minutes of strenuous activity.



-~Nstoiration of glycogen after 24 hours of rGcovery was
sloi; and inconplete, A similar situation has been

docvmcnted in the Plaice (v;ardle, 1967).

"I'eal and Carey (1967) showed accumulation of
lactate and concurrent utilisation of glycogen in the
marsh crab Uca pugllator under conditions of hypoxia. But
Prichard U Eddy (1979) could not find any significant
depletion in muscle glycogen in their studies on two
species of mud dwelling shrimp, Callianassa californiensis

PNrg~ttensis exposed to anoxia.

The results of the present study have shown that
Z* ~ndicus accumulates lactate as a result of continuous
pyiysical exercise, and Indicate that anaerc”ic metabolism
suppllments or replaces aerctoic energy production under
these conditions. A conparison of the rate of lactate
accumulation during stress condition in P. Indicus with
values reported by other wcarkers (Prichard & Kddy, 1979;
Spotts & lutz, 1980) for other decapods is difficult, due

to differences in experimental procedure and a lack of

related data.

/iccumulatlon of va3t quantities of lactate In muscle

and blood during and after physical exercise was well



documented In fishes (Black, 1959j Parker & Black 1959;
Black 1960; lelvectad et al.» 1957)* Fish under
stress conditions are knov'/n to be capable of undergoinf®
anaercbic metabolism, accumulating metabolic end pra”™:uct:s
which are highly acidic (Kutty, 1972), Extensive stuUios
ty Black and his colleagues with several sa”onid species
have shown that muscle glycogen rapidly mcfeilized dvirim
exercise and that siobstantial amounts of lactate appear
Immediately in the muscle, (Black et al,, 1959, 19”0,
1961/ Parker & Black, 1959). S'ollowing the cessation of
exercise, lactate diffuses slowly from the muscle resulting
in a prolonged elevation of the blood lactate concentration
lasting more than 12 hours If exercise was severe (Black

et 1961).

Althougii, in general, a tendancy to form lactate is
much less in invertebrate tissues compared to vertebrates
(Hammen, 1969)# there is evidence that crustaceans accumu-
late lactate under stress conditions. Teal and Carey (1967)
shov;ed accumulation of lactate and concurrent utilization of
glycogcn in marsh crab Uca ouailatca: under conditions of
hypoxia. Philips (1977) showed that in various
crustaceans, lactate is produced during exercise. Lactate
build up as a result of exercise has been observed in the
stx'ipod shore crab Pachyorar)sus crassipes”™ (Dendiger ai®

Gchatzlein, 1973), Spotts and luts (i960) sha-Jed a large



and rapid accumulation of lactic acid durincj activity
stress in two carmercially important shrimps, Penaeus
duorarum and Hacrobrachium rosenberall. Lactic acid
accumulation as a result of I"oratocy exposure to
anoxia was examined in two species of mud dvelling
shrimp, the ghost shrimp Callianass™ califomiensis and
the mud shrimp Upooebia rugettensis, (Prichard & Eddy,
1979).

The present study also shovred the same trend, a
rise in haemolymph and muscle lactic acid immediately

follo~/ing severe muscular activity.

The blood level of lactate during and after exercise
reflect muscle ccncentrations, Althajgh produced in muscle
tissue they seep into the haemolymph, often causing a drop
in j~lood pH (Blac>:, 1960), Pollowing exercise the lactate
diffuses slowly fron the muscle resulting in a prolonged
elevation of blood lactate concentration lasting more than

12 hours if the exercise viaE severe.

Lactate concentration was alv7ays higher in muscle
than in the haemolymph (Philips 7 1977). "~ e present
study showed a three fold increase in muscle lactate
concentration after 30 minutes of strenuous exercise, ~d

the level showed a further increase in 50 minutes exercised



pravms, Mttscle lactate concentration declined slowly ttpon
cessation of exercise ancx reachecJ almost normal level

after 24 hours.of recovery#

Karlson (1965) pointed cut that lactic acid Is
produced under stress conditions because of a switch from
aercbic to less efficient anaercADIc glycolsis which is
required to maintain the production of ATP, An increase in
the lactic acid concentration in the muscle and haQT”olvmph
after continuais stress as ccnpired to control can be expla-
ined on the basis 0oZ glycogen metabolism, During intense
muGculor activity the motabclic rate also increases and may
exceed the animals ability to consuine oxygen. At such
times the muscle tissues resort to anaerobic production of
energy, accurrulating metabolic end products whidi are often
highly acidic, Althcxigh many end products of anaerobic
metabolism are possible™ lactic acid is the most important

end product in crustaceans, as in fish and marrmals,

A slow return of blood lactate concentration to
resting levels after severe exercise is ch<?racteristic of
many cJTustaccan sp-~ciGS (Philips et al,/ 1977), The
met~olic fate of accumulated lactate in decapods is
un?ertain, for although zsbe (198'?) found that sane lactate

wa”™ excreted by Upogebia pugettensis during exposure to



anoxia, there Is currently no evixience to indicate tha't
lactate is excreted by decapods during recovery period
(Bridges and Brand, 1980), There is, however, seme evidence
that lactate is converted into glucose, since gii“oneogenc”Sls
frcm lactate has been demonstrated in tho Australian yabble,

Ch”ax destructor (Philips et al,, 1977)*

Althaigh a nuihber of studies have been directed tCTords
studying the occurrence and distribution of the various
classes of lipid substances in crustacea, knowledge of their

lipid distribution until recently was limited.

Though the lipids are powerful sources cf energy, they
are not utilized for the production of energy for immediate
muscle contraction, mainly because of the fact that metabolism

of lipicis is slower when ccmpared to carbohydrates.

i“naud (1949) measured the changes in carboJ”drates,
lipids and protein of Cancer paourus under a variety of corw
ditions. The results of his worlc led Vonk (i960) to conclude
that crustacean metabolism is mainly centered aroind glycogen
and fatty acids; but ttoither glycogen (Ifeiland and Scheer,
1953) nor lipid levels (Monn, 1963) appear to be sensitive
to starvation over periods of several we”~s. There Sfi however
evidence that fatty acids are readily available (oxidized)

to respiratory carbondioxide or incarporated into Upid

stibstances by crustaceans*



TClie effect of stress on Hpid metabolism Is far fran
clear. Recently more attention has been paid to lipid
metabolism in fish. This entailed research on the effect
of stress on the free fatty acid in the blood plasma.
Studies on rainbow trout, Sa3mo gairdneri showed that there
is slight increase in free fatty acid concentration imn«di-
ately after 20 minutes of hypoxia (Mazeaud ™ 1977),
In another fresh water teleost, the carp, two hours of
hypoxia led to a pronounced decrease in free fatty acids.
The sane animals, when they were submitted to forced swijnirv-
ing until exhaustion occurred, showed a similar decrease of
free fatty acids. The reason for these results is not yet

known (Mazecurd et al,, 1977),

The present investigation showed a decrease in total
lipid level in both muscle and haemoJlymph, Immediately
after 30 and 50 minutes of exercise. It msy be that prawns
utlliirc lipids for the energy production when their carbo-
hydrate resources are used up, Since there are no other
studies relating stress and lipid level it is premature
to say that lipids are utiUzed for the production of

energy, during strenuous activity.

Proteins are relatively abundant conslstuents of

crustaceans, Ths catabolism of proteins and amino acids



can serve as a significant source of metabolic energy

since they are the major constituents of crustacean tissue,
At pre3dent there is no clear evidence to decide whether the
basic energy requirements of crustaceans w«remet predonin-
antly by either carbohydrates, protein cb lipid. Since

the metabolism of protein and lipid are relatively slew, they
usually do not serve as the immediate source of energy for

muscular activity.

Studies conducted on the effect of starvation on
protein metabolism confirmed that proteins are catabolised
to meet the organisms need. Starvation studies on cray
fish limosus reduced total body protein by only 2% after

15 days and by 11% after 41 days.

Studies on fishes showed that nitrogen metabolism is
more Intensi'/e during forced activity. The total protein
in the rerum increases (Kondratieva, 1978) In Trachorus

trachurus, while free amino acids are consumed and decreased

significantly (Mehrle et gM,»1971),

The results of the present study did not show any
significant change in the total protein content of haemolymph
and muscle. Protein content before and after exercise
remained almost same. Statistical analysis also proved that

there Is no significant difference between normal, stressed,

and stress recovered prawns*



In the present study, muscle opacity was cibserved In
the abdoninal segments of strenuously eaoercised prawns,
Among pcnaeid prawns this muscle opacity is variously known
as spontaneous muscle necrosis, muscle necrosis, ldecpathic
muscle necrosis, etc. Earlier studies shovie:a that muscle
necrosis is related to envircnmental stressors including
extremes and sudden fluctuations in salinity, temperature,
dissolved oxygen, overcrowding, physical handling, hyper-
activity, exposure to air etc* C~igdon & Baxter, 1970|
Sindrmann, 1977; La)?shmi e” 1978; Lightner, 1983).
Such a stress related muscle necrosis has been reported
earlier in plsnaeids (Rigdon & Baxter® 1970; \tehkatara(miah
1971; ldghtner 1983; Lakshmi et ,al«™ 1978) and Macrcbrachium
rosenberaii (Nash en 1986), Hyper~activity during
intense exercise may be the major cause of opai™e white
discolouration of the abdominal muscle found in £« indicus.
They £oun3 that this condition is reversible in its earlier
stages if the adverse environmental stressors are removed,

otherwise xvill lead to death in later stages <Lightner, 1983)

The morphological and histological changes in muscle
cbserved in the present study, after strenuous physical
exercise were similar to those previously described in
penaeid and non rjen™MNd prawns (Rigdon & Baxter 1970;

LaOcshmi e£ 197e”,-"igdon & Baxter, (1970) Lakshnl et



(1978) cbserved muscle opacity In the dlstaX Seminal
segmencs of the prawn, but muscle opaqueness was ctoserved
in all the abdominal segments as patches In P* Indlcus*
Hlstc~athological observation of the necrotic foci revealed’
extensive myofibre degeneration typical of necrotic tissue,
Hiscle cells in the necrotic zone e~dilblted varying degrees
of structural degradation manifested as disorganised myo-
fibrils and loss of recognizable sarcaneres* Muscle cells

appear swollen at the necrotic foci.

Biochemical estimations carried out in the present
study shCT.-red a large and rapid accumulation of lactic acid
in the muscles of strenuously e:<ercised praT™ms, I~scles
also shov.ed a r~id decrease in glycogen content. Intense
muscular activity during strenuous physical exercise is
usually followed by a period of reduced activity leading
to canplete e~diaustion and immcfcility. This state has been
correlated with lactic acid accumulation (Spotts & lutz,
1980), and with the occurrence of muscle necrosis in
prawns (Hash et al,, 1986), I*actic acid beliGved to be
the major cause of post activity acidosis in crustaceans
(Philips et 1977) and is shown to accumulate
in more than 6-fold in hyperactive Macrcbra.chimi rosentercfil
(Spotts & lutz 1980). It is shown that stress induced

hyperactivity always leads to muscle hypoxia; tjiis and



the acoomulatlon of lactic acid during anaerobic glycolysis
were the most Important steps In the manifestation of muscle
necrosis* During Intensive muscular activity, the muscles
rapidly consume the glycogen reserves generating local heat
and eventually lactic acid™ both of T”Ich Induce degeneratlve
changes In these and adjacent muscle fibres of all types

(miland, 1955).

Information Is generally meagre regarding histological
changes observed In the hepatrtpancre™ of strenuously exer-
cised prawns, Nash et (1985) observed pravms with muscle
necrosis additionally displayed a paucity of Dormal cyto-
plasmic fat/glycogen vacuolation of the hepatopancr”™”atlc
epithelial cells. Besides these, sons of the cells also
showed an increased basophilia, rounding up and luminal
sloughing \~ich led to a focal to multifocal tubular disor-
ganisation* Observation of the frozen sections of hepatcv
pancreas of normal and stressed pravm stained with oil red
showed that the distribution of lipid droplets are almost
similar In both cases. Excessive vacuolation ctoserved in
haematoxylin and eosin stained sections of hepatopancreas
might be the result of excessive accumulation of v;ater due
to Increased osmotic disturbances during stressed condition.
This condition of accumulation of water In the cells is

known as hydropic degeneration (Jones & Hint, 1933)-



The cause of this phenonenon is the failure of ionic pump
mechanism. Cells are not in equilibrium with their
environments and an energy dependent active process (ionic
pump) is required to coanteract the leaking of scsdium and
vxater into the cell and potassium from the cell through
the permeable cell membrane. Any failure in the pump
resialts in an influx of cations and water in an attempt

to reach equilibrium v/ith environment (Jones & Hint™ 1983)e



2*

3*

SUMMARY

The cfojective of the present study was to evaluate the
effect of continuous physical essrcise of shorter
period on the biochemical constituents of muscle and
haemolymph of the prawn Penaeus indicus™ and also the
aGSOclated histological changes in the muscle an3

hepatopancrease

Biochemical parameters studied v/ere glucose, lactic
acid, lipid, and protein in haemolymph and glycogen,
lactic acid”™ lipid and protein in muscle respectively*
Histological cbservations of the muscle and hepatopanw
croas of normal and stressed -pravms were also made to

observe the changes occurring at cellular level*

Glucose content in the haemolymph shaded a rapid increase
-ifteT 30 and 50 minutes of strenuous ejcercise. The valae

camc down to almost normal level after 24 hours of

recovery®

liaomolymph lactic acid also shc™/ed a similar trend to
that of haemolymph glucose* Aftex 30 and 50 minutes
strenuous activity the lactate level sho™od a steady
rise fran the normal value. After 24 hours of recovery

the lactate level came do»m to near normal value*



Sm

Lipld level In haemolymph showed a slight decrease
fron norroal level after 30 and 50 minutes stremioas
ejtercise. The stress recovered prawns showed a lipid

level sLmllar to that of normal pra'~ms*

Haemolymph protein content did not show any significant
variation among stressed and normal prawns. The value

remained almost same in all the four phases*

Misclo qlycogen showed a drastic reduction immediately
after stress conditions. After 30 minutes of strenuous
exercise the glyco<”™n value became less than half of t
the normal level. The level showed a further decrease
after 50 minutes exercise, 24 hours of recovery did

not shO’j a significant chan”™ in glycogen level,

Lectate content in the muscle shwed a similar pattern
of chans as in the case of haemolymph lactate, 30
minutes of strenuous e>serclse shewed a large and rapid
accumulation of lactic acid. The level shov:ied a
further increase after 50 minLites c*”rcise and almost

bccame normal after 24 hours of. recovery,

Lipid content of the muscle shoi-"ea a slic”™it decrease
after 30 and 50 minutes of severe e3?ercise# The

stress recovered prawns showed a near normal value

of muscle lipid#



10, Protein content In the muscle remained the same In
both nomal ansi stressed prawn. No significant varia-
tion was observed In the muscle protein content of

normal, stressed, and stress recovered prav.ms.

Histological cbservations made on hepatopancreas

and muscle tissue of normal oDd stressed prawns.

Histological cbservation of the hepatopancrcatic
tubules of stressed prawn revealed an extensive vacuolation,
when compared to normal# may be because of the accumulation
of ‘'viator due to osmotic disturbances, during stress condi-
tions* Histology of opague muscle shov/ed marTrod morT:>holo-
gical Old cellular changes characteristic of progressive

segmental nyofibre degeneration.

TI™ earliest chances ct>served in the opaque muscle
swelling anrl loss of usual cross striations. P'/Jyiotic
nuclei ore often found in the muscle cells, tiaemocytes
v.ere frequently observed infiltrating the foci and ~eas
of myofibre necrosis. Cpague muscles also shotted large,
round or elongated vesicular sarcoplasmic nuclei with

prcminent nucleoli and clumped pylcnotic nuclei.
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