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ABSTRACT

Temperature affects nearly all biological procesaekiding the structure of proteins and biologins@mbranes
and rates of biochemical and physiological reastiom all aquatic organisms. In the present stuthg e¢ffect of
temperature on biochemical constituents Henaeus indicus showed much variation. The protein content showed
fluctuations in muscle and hepatopancreas andlitiggiue it decreased at 20 for shorter time of exposure. An increase
in protein content was noted in all the testeduissat 37C for short duration. Fluctuations in carbohydredetent were
noted in the muscle, gill and hepatopancreas & 2furing short duration of exposure. Lipid contemas fluctuated in all
the tissues at 20C for shorter duration and it decreased in all #malyzed tissues for longer time of exposure.
Elevated lipid content was observed in all theegésissues at 3T for shorter exposure time. But fluctuations weoted
in all tissues at longer duration of exposure. Tpmsence of these alterations may serve as “biargmirk

signaling exposure to stressors or adverse effatish can be set right.
KEYWORDS: Carbohydrate, Lipid, Protein, White Prawn
INTRODUCTION

Of all the environmental factors that affect aguatirganisms, temperature is the most all pervasive.
Depending upon the magnitude and rates of the texfyge changes, there may be minor readjustmentiseofates of
metabolism and growth or major changes in theitdigion of species, affecting the aquatic ecosystéemperature has
been recognized as a dominant environmental feotdr has been shown to influence biological systatnsumerous
levels of organization (Cossins and Bowler, 19&#n3ton and Bennett, 1996). Water temperatureabglnly the most
important environmental factor because it direaffgcts oxygen consumption, metabolism, growth, lthmyand survival
(Staples and Heales 1991; Chatral., 1995). In addition, temperature has a direct ¢féecother environmental factors
such as increasing salinity and decreasing disdaggen. Both conditions also affect the physiaafbstability of the

animal.

Temperature affects nearly all biological processekiding the structure of proteins and biologioambranes
and rates of biochemical and physiological reastigtazel 1995; Somero 1995). Effects of temperatarthe physiology
of ectothermic animals have been implicated asreageve cause (Clarke 2003; Bradshaiwal., 2004). Vargas Alborest
al., (1998) reported that under the influence of temipeea Yellow leg shrimPenaeus californiensis showed a significant

increase in total protein.
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The organismPenaeus indicus is a representative of an ecological and commilercigortant group.
They are abundant and widely available in Kanyakuirdéstrict, Tamil Nadu, South India. They are amkle to
laboratory testing and easily maintained. Henceterpurpose of the present stulhgnaeus indicus, the white prawn is
chosen as the experimental organism and the study carried out in Centre for Marine Science andhiielogy,

Kanyakumari district.
MATERIALS AND METHODS

The white shrimpPenaeus indicus weighing approximately 5g were maintained with ageq aeration for 5 days
at 28C (control) with 5 shrimps per trough. The expemtad shrimps were exposed to hypothermic and higpemic
condition. For hypothermic treatment, the tempesatuas reduced from 28 to 20C and for hyperthermic treatment;
the temperature was raised fronfQ8o 37C in BOD incubator. Shrimps were exposed af@@nd 37C for about 60
minutes and during this experiment the shrimps waétledrawn at time intervals of 15, 30, 45 and 6@utes and at time
intervals of 2, 4, 6 and 8 hours exposure and fezemli Gills, hepatopancreas and muscles were adeteand used for
biochemical analysis. Protein content was extraciad estimated following the method of Lowey al., (1951).
Carbohydrate content of the sample was estimatetebgnethod of Carradt al., (1956). Extraction of total lipid was done

following the method of Folckt al., (1957) and estimation was done using the meth@®hafies and Black Stock (1973).
RESULTS

The biomolecules protein, carbohydrate and lipidhimscle, gills and hepatopancreas were analysBdiiicus
stressed at 2C and 37C and also at different exposure periods are peavith the following Tables 1 to 4.
The P. indicus stressed at 2Q for short duration from 15 to 60 minutes showedtfiation in protein content in muscle
and hepatopancreas. In gill tissue, the proteinertrdecreased as the time of exposure increasktharnvalues ranged
from 6.840+0.02 mg to 5.850+0.03 mg (Table 1).

The protein content in all the tested tissues skdoavdeclining trend and the values were ranged B8dii+0.06
mg to 7.09+£0.01 mg, from 5.82+0.04 mg to 4.41+0n@3 and from 3.35+0.03 mg to 2.86+0.06 mg in musgiks and
hepatopancreas respectively when the exposure iticreased from 2 to 8 hours (Table 2). In musclés @and
hepatopancreas . indicus stressed at 3T for 15 to 60 minutes of exposure showed an irsingatrend in the protein
content and the values ranged from 9.03+0.09 m§.24+0.06 mg, from 6.91+0.09 mg to 7.52+0.07 mg #nn
4.72+0.08 mg to 5.08 +0.06 mg respectively (TalldBP. indicus stressed at 3T for 2 to 8 hours showed variations in
protein content in all the analyzed tissues. Inalatssue, maximum value of 9.47+0.08 mg was tergsl at 2 hours and
minimum of 7.62+0.06 mg at 8 hours of exposure. @&imum value of 7.56+0.06 mg was noted at 2 hoodsrainimum
of 6.62+0.09 mg at 8 hours of exposure in gill ussBut in hepatopancreas, the protein conteneasad at all the

exposure time compared to the control shrimp (Tdhle

The carbohydrate content of muscle, gills and tegaaicreas oP. indicus exposed to 2« showed much
fluctuation as the exposure time increased frormifutes to 60 minutes (Table 1). LikewisePnindicus stressed at 2G
for longer exposure duration altered the carbohtgdeantent in all the tested tissues. There noticédear reduction and
the values were ranged from 2.04+0.03 mg to 1.4%éng, from 1.35+0.08 mg to 0.72+0.07 mg and fra6810.05 mg
to 0.72+0.06 mg in muscle, gills and hepatopancresgectively (Table 2). There were changes obdervearbohydrate
content ofP. indicus exposed to 3T for short period of 15 to 60 minutes. Carbohyelrewntent of muscle, gills and
hepatopancreas showed an increasing trend whenacethfp the control value (Table 3). In casé@oindicus stressed at

37°C for longer duration (2 to 8 hours), the carbolayelicontent fluctuated much in all the tested @4Jable 4).
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P. indicus exposed at 2@ for short period of 15 to 60 minutes registeradgiations in lipid content in all the
tested tissues (Table 2.1). WHerindicus stressed at 2Q for longer duration, a linear decline in lipid svaoted in all the
analyzed tissues and it ranged from 0.48+0.0050m@®44+0.002 mg, from 0.406+0.004 mg to 0.378+0.0@band from
0.69+0.002 mg to 0.59+0.003 mg in muscle, gills bagatopancreas respectively as the time of expasareased from 2
to 8 hours (Table 2). Exposure Bf indicus at 37C for short duration revealed an elevation of lipahtent in all tested
tissues. Compared to the control values, lipid @onincreased in muscle at all the tested timervate and its values
ranged from 0.668+0.002 mg to 0.601+0.006 mg a<® toh exposure increased. Fluctuations in lipid eontwere

observed irP. indicus stressed at 3T for 2 to 8 hours. (Table 4)
DISCUSSIONS

In the present investigation, the temperature hasided alterations in the biochemical constituentsh as
protein, carbohydrate and lipid. The protein conhtenmuscle, gills and hepatopancreasPofindicus showed a slight
decreasing trend at 20°C at short duration (minutrsperature exposure. The decrease in the probeitent was much
pronounced in all the tissues at 20°C at long dwmathours) temperature exposure. The protein leskhelwed an
increasing trend in all the tissues at shorter sMpoperiod (minutes) at 37°C and also at acuésstiTotal protein values
were increased at 37°C at longer duration till Grkoand then decreased at 8 hours. The contsyrdhesis and
degradation of proteins is not only vital fmsue maintenance and animal growth but is algmitant in allowinganimals
to adapt to changing environmental conditions,efglace denatureat damaged proteins, to mobilize amino acids and to

allow metabolic regulation (Hawkins, 1991).

In the hermit crablUca pugilator, temperature modified the concentration of pro(Biean and Vernberg, 1966).
Similar effect was reported in crab, Carcimagenas by Truscott and White (1990). Total serum protsiiowed an
increase in the yellowleg shrimpenaeus californiensis at 28°C and 32°C but no changes were observe8° &, 22°C
and 25°C (Vargast al., 1998). Lucia Ocampo (2003) reported that pret&mel increased with increased temperature in
Panulirus interruptus. At elevated temperature, oyste@sassostrea gigas had significantly higher levels of protein
(Muki et al., 1992) The protein content at 20 + 2 °C and 20 + 4 °C vedightly higher than those at constant temperature
of 20°Cin Ulva pertusa (Qiaohan Wang et al., 2007Body proteins of juvenild-arfantepenaeus californiensis were
15.1% wt/wt at the higher temperature and 12.5%wintat the lower temperaturdOcampo etal., 2001).

Protein was unaffected haetoceros cf. wighamii at lower temperatures, 20 and 25 °C (Sktail, 2005).

Hyperglycemia as a secondary stress response basdbeumented in most species of fish in respansewide
range of stresses. Elevated blood glucose cart fesui a reduced utilization of glucose or stimigdatof gluconeogenesis
and/or glycogenolysis. In the present study, thbalaydrate content in muscle, gills and hepatopsasiofP. indicus
increased at both 20 °C and 37 °C at short expdsuee Whereas the carbohydrate level in all theues were decreased
at 20 °C at longer exposure period (hours) and’&C3it increased at 2 and 4 hours in muscle atl ayid till 6hours in
hepatopancreas and then decreased at 8 hours.sSamioKeller (1993) reported that in crustaceateyation of
hemolymph glucose is also observed in vivo whery thee submitted to stressful condition, elevatedperature in
Orconectes limosus. Sirlei et al., (2005) have observed that the carbohydrate cbmtes higher at lower temperatures
(20 and 25 °C) inChaetoceros cf. wighamii. Total reducing sugar levels of crdbca minax acclimated to different
temperatures indicated that the concentration wéage in blood is depressed at the lower tempe&stand short periods

of acclimation to higher temperatures resulted liigher blood glucose lev@Dean and Vernberg, 1965).



24 T. Maryvijaya & A. Palavesam

Changes in hemolymph glucose concentration refleetprocess of physiological compensation to teatpes
shock. At elevated temperature, oyste@sassostrea gigas had significantly higher levels of carbohydrate
(Muki et al., 1992. Qiaochan Wangt al., (2007) have indicated that total carbohydrateteat has significantly increased

as the temperature increasedliva pertusa.

Any type of stress reduces the energy resourcas ofganism. To compensate for these stressesddduents,
an animal will be forced to spend more energy. filgler lipid depletion rate at higher temperatuteurs because lipids

are the main source of energy during ontogeny oéticjorganisms (Holland, 1978).

In the present work, the lipid level was increast@®7 °C in muscle, gills and hepatopancreaP.afdicus at
shorter exposure period (minutes) and at longeosgx time of 2, 4 and 6 hours and also at actessstAt 20°C lipid
content decreased in all tissues for longer ex@oduration and for shorter period the level incegaat 15 and 30 minutes
and then decreased at 45 and 60 minutes. Jatraks(2001) has reported that Badicropterus salmoides raised at 32 °C
had higher lipid levels in the liver. Higher levelttriglycerides were observed in lipids of shritrpopenaeus vannamei
hepatopancreas kept at 32°C (Martin Perez-Velazgtiest., 2003). Lipid content was higher at lower tempaes
(20 and 25 °C) irChaetoceros cf. wighamii (Sirlei et al., 2005). The variation in lipid content in the sbtissues oP.

indicus may be attributed to the fluctuation in energyuisgment due to temperature induced stress.
CONCLUSIONS

This study revealed that temperature alters thenbliecules in the organisms to cope up with the aipre
stress. The elevation in protein concentration éfiebed to adapt to environmental changes. Simgilaricrease in
carbohydrate is an indication of stress responke.variations in lipid level depends on the enaerggded to combat the

thermal stress.
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APPENDICES

Table 1: Effect of Temperature on Change in Biocheimal Constituents in Different Tissues of Penaeus
Indicus, Exposed to 20°c at 15, 30, 45, and 60 Mims of Exposure Time. The Results Are
Expressed in Mg per 100 Mg Wet. Tissue: Each Valug = SD) is the Average of Three Estimates

. Biochemical Control Duration of Exposure at 20C (Min.)
Tissues Tested ;
Constituents (280C) 15 30 45 60
Protein 8.786 £+ 0.08 8.862+0.04 8.88010.06 8.48220 8.312+0.04
Muscle Carbohydrate 2.342+0.06 2.620+ 0,02 2.681 +0.05.420+0.04| 2.036+0.06
Lipid 0.536+0.005| 0.561 +0.0P 0.565+0.002 0.52060.| 0.502+0.005
Protein 6.862 £+ 0.01 6.840+0.004 6.818+0/02 58866 | 5.850 + 0.03
Gills Carbohydrate 1.487+0.05 1.524+0J05 1.556 +(.Q4464 +0.06| 1.362 +0.04
Lipid 0.421+0.002| 0.464+0.00P 0.430+0.005 0.4128@.0 0.410+0.005
Protein 4.210+0.02 4.250+0.01 4.230+0/,02 46663 | 3.852 +0.0]
Hepatopancreas| Carbohydratg 1.620+0.01 1.640+ 002 1.516 +0.03216 +0.04| 1.120 +0.04
Lipid 0.742+0.002| 0.746+0.004 0.746+0.003 0.73880.0 0.704+0.002

Table 2: Effect of Temperature on Change in Biochermal Constituents in Different Tissues of
Penaeus Indicus, Exposed to 20°c at 2, 4, 6 and Butls of Exposure Time. The Results Are
Expressed in Mg per 100 Mg Wet. Tissue: Each Valug = SD) is the Average of Three Estimates

. Biochemical Control Duration Of Exposure At 20°C (H)
Tissues Tested | -0 cviniants (28°C) 2 4 6 P
Protein 8.786 + 0.08 8.24 +0.06 7.97+0.08 7.26+0.027.09+0.01
Muscle Carbohydratg 2.342+0.06 2.04 +0.03 1.82+0/03 HO&WR 1.42+0.06
Lipid 0.536+0.005] 0.48+0.005 0.48+0.006 0.46+0.006.44+0.002
Protein 6.862+0.01 5.82+x0.04 5.28+0.p02 4.7960| 4.41 +0.03
Gills Carbohydratg 1.487+0.05 1.35+0.08 1.10+0,0680@&.0.05| 0.72 +0.07
Lipid 0.421+0.002| 0.406+0.004 0.402+0.06 0.390+6.000.37+0.005
Protein 4.210+0.02 3.35+0.08 3.03+0.p2 3.GDGH | 2.86 + 0.06
Hepatopancreas| Carbohydratq 1.620+0.01 1.03+0.05 0.86 +0,0480@&.0.03 | 0.72 + 0.06
Lipid 0.742+0.002| 0.69 + 0.00P2 0.64+0.003 0.61802| 0.59+0.003

Table 3: Effect of Temperature on Change in Biochemal Constituents in Different Tissues of
Penaeus Indicus, Exposed to 37°c at 15, 30, 45, &@Minutes of Exposure Time. The Results Are
Expressed in Mg per 100 Mg Wet. Tissue: Each ValugX + SD) is the Average of Three Estimates

_ Eileaarieall | @l Duration Of Exposure At 37°C (Min.)
Tissues Tested ;
Constituents (280C) 15 30 45 60
Protein 8.786 + 0.08  9.03+0.09 9.28+0.07 9.13+0.079.24 + 0.06
Muscle Carbohydrate 2.342+0.06 2.72+0.03 2.86+0{02.982 0.03| 3.00+0.05
Lipid 0.536+0.005| 0.668+0.00R 0.601+0.005 0.62283.0 0.601+0.006
Protein 6.862+0.01 6.91+0.0p 6.96+0.01 7.@BH¥ | 7.52+0.07
Gills Carbohydratg 1.487+0.05 1.58+0.03 1.68+0}03.75% 0.01 1.79 £0.04
Lipid 0.421+0.002| 0.47 £0.008 0.50+0.001 0.5@.801| 0.54 +0.003
Protein 4.210+0.02 4.72+0.08 4.83+0.07 5.0RG6 | 5.08 +0.06
Hepatopancreas| Carbohydratg 1.620+0.01 1.78+0.04 1.92 +0j02 9640.03 2.00 £0.04
Lipid 0.742+0.002| 0.83+0.002 0.95+0.003 0.98+0.0p2.110+0.007
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Table 4: Effect of Temperature on Change in Biochermal Constituents in Different Tissues of
Penaeus Indicus, Exposed to 37°c at 2, 4, 6 and 8uils of Exposure Time. The Results Are
Expressed in Mg per 100 Mg Wet. Tissue: Each ValugX + SD) is the Average of Three Estimates

. Biochemical Control Duration Of Exposure At 20°C (H)
Tissues Tested | -, rinents (28°C) 2 2 6 8
Protein 8.7860.08 9.47+0.08 9.14+0.06 8.46+x0.07 2 #H®BO6
Muscle Carbohydrate  2.342+0.06 3.23+0.0p 2.79+0.06 2.10%0| 2.02 +0.03
Lipid 0.536+0.005| 0.594+0.00{L 0.587+0.002 0.5668Q.0 0.502+0.003
Protein 6.862+0.0]1 7.56+0.0p6 7.26+0.07 7.@bG8 | 6.62+0.09
Gills Carbohydrate 1.487+0.05 1.80+0.03 1.74+0{03.47%0.04| 1.41+0.02
Lipid 0.421+0.002| 0.54+0.002 0.52+0.001 0.44+0.0p0.40 + 0.003
Protein 4.210+0.02 5.17+0.04 5.05+0.05 4.71 60/0 4.26 +0.03
Hepatopancreas| Carbohydratg 1.620+0.01  2.25+0.0B 2.06+0.02 $.8602 | 1.54+0.03
Lipid 0.742+0.002| 1.06+0.003 0.92+0.005 0.81+0.004.72+0.005
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