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The  sublethal  stress  of  chlorpyrifos  on  important  metabolites  and  enzymes  of  protein  
metabolism was investigated in  most  important  tissues  (gills,  muscle,  hepatopancreas  and 
nervous tissue) of freshwater edible crab,  Barytelphusa guerini.  The crabs were exposed to 
0.07 mg/l (1/3 of LC50) for 7, 14, 21 and 28 days. Subsequently, crabs were released into fresh 
water and kept in the same for 18 days in order to recovery study (3 days interval).  Total  
protein content decreased whereas amino acids and ammonia increased in CPF exposed and 
maximum recovery  was  shown in  cessation  of  intoxication.  After  cessation  of  intoxication 
recovery  was  observed.  Urea content  was decrease  in  all  tissues  and  glutamine  exhibited 
mixed  response  and  recovery  was  highest  in  muscle.  The  activities  of  protease  and  
aminotransferases were elevated in tissues for 28 days. Recovery of these enzymes activities 
was noticed during depuration. Acid phosphatase activity was inhibited in hepatopancreas and  
nervous ganglion and induced in gills and muscle. Alkaline phosphatase activity was enhanced  
in gills and hepatopancreas and inhibited in muscle and nervous ganglion. All these enzymes 
showed recovery after released of crabs into fresh water.
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The use of pest control chemicals has increased 

several folds in India and is likely to increase in the 

forthcoming  years.  It  is  a  well  known  fact  that 

indiscriminate use of pest controls in agriculture has 

resulted  in  widespread  distribution  in  the 

environment  and  also  has  a  direct  and  indirect 

impact  on  nontargeted  organisms.  In  many  cases 

less than 0.1% of an applied pesticide reaches the 

target  pest,  leaving  99.9%  as  an  inadvertent 

pollutant in  the environment,  including in air,  soil 

and  water  or  on  nearby  flora  (Pimentel  1995). 

Pesticides can move from the site of application via 

drift, volatilization, leaching, and runoff, which have 

various characteristics that determine how they act 

once in soil. Some commonly used pest chemicals 

(pesticides)  persistent  measurable  residues  in  soil 

from three to five years (Torstensson  et al., 1989; 

Williams and Eagle 1979). More than 90% of water 
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and fish samples from all streams contained one, or 

more  often,  several  pesticides.  Besides  that  fish, 

other marine or freshwater animals are endangered 

by  pesticide  contamination.  The  pest  controllers 

and weed-killers are moderately to highly toxic to 

aquatic invertebrates such as crab, shellfish and fish 

species (Caldwell  et al., 1979; Cheney  et al., 1997; 

Folmar et al., 1979; Narra et al., 2012).

Organophosphate  (OP)  insecticides  are  among 

the most heavily used classes of pesticides and both 

are  considered  highly  toxic  to  aquatic  animals. 

Members of these two pesticide classes overlap in 

crop  and  geographical  usage.  Their  application 

often occurs during the dormant season, coinciding 

with  spring  rain  events,  which  results  in  an 

increased likelihood of run-off into receiving waters 

(Epstein et al., 2000), where they have been shown 

to  co-occur  in  waters  at  concentrations  toxic  to 

aquatic organisms (Bacey  et al., 2005). It has been 

reported that as much as 70% of the pesticides used 

for pest control  program in agriculture affect  non 

target  organisms  inhabiting  rivers,  estuaries  and 

adjacent  aquaculture  ponds  that  are  fed  by  the 

rivers/estuaries  (Ozha  1998;  Selvakumaret  al., 

2005).  However,  there  have  been  several  reports 

regarding  the  sensitivity  of  aquatic  invertebrates 

and some fish species to pesticides (Werner  et al., 

2002;  Denton  et  al., 2003).  There is  subsequently 

concern  that  the  ecological  consequences  of 

increased  pesticides  application  on  aquatic 

ecosystems  could  be  far-reaching.  Crab  fishery  is 

fast  developing and there  is  a  vast  scope for  the 

crab  meat  due  to  its  delicacy  and  nutritional 

richness.  Some species  of  crabs  are  edible  and  a 

number of  others are  commercially important  for 

fishmeal  industry.  Among  the  various  resources, 

crab is a valuable and easily accessible of food. As a 

crab contains lipid of superior nutritional properties 

i.e., protein, carbohydrate and lipids, it is place in 

important category of seafood. These components 

serve as sensitive indicators for detecting potential 

adverse  effects,  particularly  the  early  events  of 

pollutant damage because their alterations appear 

before  the  clinical  symptoms  produced  by  the 

toxicant (Almeida et al., 2002; Narra et al., 2012). 

The  organophosphate  pesticides  are  known  to 

affect  the crustaceans viz;  monocrotphos effected 

the neuroendocrine regulation in freshwater crab, 

Barytelphusa guerini (Patil et al., 2008), chlorpyrifos 

effects  survival  and  growth  of  Palaemonetes  

argentines (Montagna  and  Collins  2007)  and  also 

oxygen consumption and ammonia excretion of the 

freshwater  crab  Trichodactylus  borellianus 

(Montagna and Collins 2008). The responses of non-

target  invertebrates  (Callinectes  sapidus)  to 

sublethal  concentrations of  insecticide to reduced 

or  impaired  feeding  ability,  altered  reproductive 

behavior,  disruption  of  the  molting  cycle  and 

inhibitory  effect  on  chitin  synthesis  (Steve  and 

Donald  1996).  In  these  circumstances,  it  is 

noteworthy  to  mention  that  information  on 

recovery of crab after cessation of toxicity is lacking. 

Therefore,  the  present  study  was  undertaken  to 

investigate the effect of sublethal concentration of 

chlorpyrifos  on metabolites  (total  proteins,  amino 

acids, ammonia, urea and glutamine) and enzymes 

(transaminases  and  phosphatases)  of  protein 

metabolism  in  metabolically  active  tissues  (gills, 

muscle,  hepatopancreas and nervous  ganglion)  of 

freshwater crab,  Barytelphusa guerini. This crab is 

cultured  as  paddy  cum  crab  and  has  high  edible 

importance for rural population. 

Chlorpyrifos  (CPF),  O,O-diethyl-O-(3,5,6-

trichloro-2-pyridyl)  phosphorothioate  is  a  broad 

spectrum  insecticide  commonly  known  as 

DursbanTM.  Chlorpyrifos is used extensively for the 
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management of domestic and agricultural pests and 

is  effective  in  controlling  of  coleoptera,  diptera, 

homoptera and lepidoptera in soil or on foliage in 

over  100  crops  (Tomlin  2000).  The  study  was 

conducted for 28 days at an interval  of 7,  14, 21, 

and 28 day. Four weeks chlorpyrifos exposed crabs 

were released in freshwater in order to understand 

how metabolic alterations respond once the stress 

is withdrawn. The recovery study was carried out at 

an interval of 3 days up to 18 days.

MATERIALS AND METHODS

The freshwater crab,  Barytelphusa guerini  were 

collected from the local supplier and were brought 

to the laboratory in aerated large plastic tubs. They 

were  acclimatized  for  30  days  in  a  huge  cement 

tank  with  submerged  water  and  fed  with 

commercially  available  dry  prawn.  Crabs weighing 

40±05 grams were transferred to plastic tubs for a 

further period of four weeks for conditioning. The 

natural photoperiod of 12:12 hrs was maintained. 

The average mean  values  of  water  quality  during 

investigation are temperature 25±3˚C,  pH 7.4±0.4, 

dissolved  oxygen  8.24±0.22  mg/l,  total  hardness 

415 ±1.2 mg/l as CaCO3, alkalinity 348±1.6 mg/l as 

CaCO3, and chlorides 245.57±1.44 mg/l.

The  insecticide  chlorpyrifos  (20%  EC)  was 

purchased from local market (NOCIL Mumbai) The 

96h LC50 value of chlorpyrifos was determined in the 

laboratory using the semi-static method of (Finney 

1971).  The stock solution of CPF was prepared by 

dissolving in  acetone.  During  sub-acute  studies,  a 

group  of  60  crabs  were  exposed  to  sub-lethal 

concentrations of CPF 0.07 mg/l (1/3rd of 96 hrs LC50 

0.21 mg/l) for a period of 28 days. After four weeks 

remaining  crabs  were  released  in  freshwater  and 

kept in the same for 18 days in order to study the 

recovery pattern. Water was renewed daily and the 

required concentration was  maintained by adding 

the toxicant directly in water. Crabs were starved 24 

h  prior  to  sampling.  At  an  interval  of  7  days 

sampling of control and exposed crab was done (up 

to 28 days), recovery sampling was carried out at an 

interval  of  3  days  for  a  period of  18  days.  Crabs 

were  sacrificed  and  gills,  muscle,  hepatopancreas 

and nervous ganglion  was  dissected carefully  and 

used for biochemical estimations following various 

methods.

1%  homogenate  (w/v)  of  the  tissues  were 

prepared  in  trichloroacetic  acid  using  a  Poter-

Elvehjam homogenizer  for  the estimation of  total 

proteins  (Lowry  et  al., 1951),  bovine  albumen 

serum was used standard. Free amino acids (FAA) 

were  estimated  by  the  method  of  Moore  et  al., 

(1954),  tyrosine  was  used  as  standard.  Levels  of 

ammonia  were  determined  using  ammonium 

chloride  as  standard,  urea  by  diacetyl  monoxime 

method of Natelson (1971) and glutamine by acid 

hydrolysis method of Colowick and Kaplon (1967). 

For  the  estimation  of  aspartate  aminotransferase 

(AAT) and alanine aminotransferase (ALAT) enzyme 

activities  5%  homogenate  (w/v)  of  tissues  were 

prepared in  0.25 M ice cold sucrose solution and 

the assay was performed by the method of Reitman 

and Frankel (1957). Protease activity was measured 

as described by Moore  et al., (1954), the reaction 

mixture containing 100 μ L of phosphate buffer (pH 

7.0)  and  12  mg  of  denatured  protein.  The  ALP 

activity was estimated by the method of Moss  et  

al., (1986) and ACP by the method of Jabeen (1984).

The experiments were repeated for three times 

and data was analyzed by student “t” test. There is 

no significant results observed within the controls, 

so summarized control values were taken. Graphs 

were plotted with percent variation over control.

JOURNAL OF STRESS PHYSIOLOGY & BIOCHEMISTRY Vol. 9 No. 2 2013

222



Narra et al.

RESULTS AND DISCUSSION

The freshwater crustacean, Barytelphusa guerini  

is one of the sources of nutritious food components 

for human beings. The nutritive values depend on 

biochemical constituents. The pesticides have their 

own  target  site  of  action;  most  of  them  are 

metabolic  depressors.  They  generally  affect  the 

activity  of  biologically  active  molecules  such  as 

nitrogenous  organic  compounds  (proteins), 

macromolecular  substances  (carbohydrates)  and 

oily organic compound (lipids) (Singh  et al., 1996). 

Under  extreme  stress  conditions,  protein  supply 

energy  in  metabolic  pathways  and  biochemical 

reactions.  Therefore  an  assessment  of  protein 

content  in  different  tissues  can  be  used  as  a 

diagnostic  tool  for  determining  the  physiological 

status  of  an  organism (Prasath  and  Arivoli  2008). 

Total  protein  content  decreased  in  gill,  muscle, 

hepatopancreas and nervous ganglion on all weeks 

of  exposure (Fig.  1).  The maximum decrease  was 

noticed  in  nervous  ganglion.  The  results  of  the 

present  investigation  demonstrated  clear 

susceptibility  of  tissues  to  CPF  intoxication.  The 

decrease  in  protein  content  in  gill,  muscle, 

hepatopancreas and nervous ganglion of freshwater 

crab,  Barytelphusa exposed  to  sublethale 

concentration  of  CPF  for  28  days  suggests  active 

proteolysis.  Pesticides  are  known  to  induce 

depletion  in  the  protein  content  of  crabs  as 

reported  in  the  tissues  of  B.  guerini exposed  to 

endosulfan (Reddy et al., 1991). Sreenivasan et al., 

(2009) also reported reduction in protein content of 

crab,  Spiralothelphusa  hydrodroma exposed  to 

cypermethrin.  Protein  depletion  in  tissues 

constitutes  a  physiological  mechanism  with  an 

important role in providing energy to cope with the 

stress of CPF intoxication. The quantity of protein is 

dependent  on  protein  synthesis  or  on  rate  of 

degradation  (Ogueji  2007).  Decrease  in  DNA  and 

RNA  content  in  tissues  of  S.  serrata exposed  to 

napththalene  is  reported  by  Vijayavel  and 

Balasubramanian (2006). The depletion in the levels 

of  tissue  protein  observed  in  the  present  study 

might be due to the inhibition of RNA synthesis at 

the transcriptional level (Singh and Sharma 1998). 

The decrease in protein content could also be due 

to  the  production  of  heat  shock  proteins  or 

destructive free radicals which could be due to the 

pesticide induced apoptosis as suggested by Epstein 

et al., (2000). There is no reported literature on the 

recovery  of  crustaceans  from  the  impact  of 

toxicants.  In the present study, when 4 week CPF 

exposed  crabs  were  released  into  freshwater  the 

recovery  in  protein  content  was  observed.  The 

hepatopancreas  showed  maximum  recovery 

followed by nervous ganglion, gills and muscle. 

The  alterations  in  amino  acids  indicate  the 

condition  of  the  tissue,  and  their  increase  or 

decrease might be considered as the operation of 

the stress phenomenon at the tissue level (Shakoori 

et  al., 1976).  An  increase  in  free  amino  acids 

content  was  observed  in  all  tissues  (Fig.  2).  The 

increase  was  gradual  and  the  maximum  was 

observed at the end of 28 days. Increase levels of 

free amino acid observed in the present study might 

be  due  to  the  decreased  utilization  and  is  also 

suggestive  of  catabolism  of  proteins.  When 

Barytelphusa  guerini were  transferred  to  clean 

water  the  return  in  free  amino  acid  content, 

indicates  that  these  tissues  may  have  recovered 

from CPF toxicity. At the end of 18 days of recovery 

period  slight  decrease  (4%)  in  amino  acids  were 

observed in gill and muscle tissues. 

Ammonia,  amino acids and urea are the three 

principal end products of protein metabolism that 

are  released  to  the  environment  through  gills  in 
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decapods  (Regnault  1987).  The  ammonia  level  in 

the  gill,  muscle,  hepatopancreas  and  nervous 

ganglion  of  CPF  exposed  crab  exceeded  those  in 

controls on all sampling weeks. An elevation level of 

ammonia content was observed in all  tissues (Fig. 

3), highest increase in ammonia content was shown 

by  gills  and  nervous  ganglion  respectively.  Urea 

content decreased in all tissues, maximum decrease 

was  observed  in  hepatopancreas  followed  by 

muscle,  gill  and  nervous  ganglion  (Fig.  4).  The 

elevated ammonia concentration might be due to 

increased ammoniogenesis in CPF intoxicated crab. 

Ammonia is a toxic metabolite and excess ammonia 

is known to trigger the operation of detoxification 

or utilization systems, chiefly by way of formation of 

less toxic nitrogenous substances namely urea and 

glutamine  (Begum  2004  ).  The  decrease  in  urea 

content  suggests  its  elimination  from  the  body. 

After cessation of toxicity recovery in ammonia and 

urea content was observed. 

Gill  and  hepatopancreas  glutamine  content 

increased throughout the exposure period,  where 

as muscle and nervous ganglion showed decrease in 

glutamine content (Fig. 5). Mobilization of ammonia 

towards  the  formation  of  less  toxic  substance, 

glutamine is also evident from this study. According 

to (Philip and Rajasree 1996), glutamine production 

will  be switched on when the tissue suspects the 

accumulation  of  ammonia.  The  mechanism  of 

synthesis of  glutamine from toxic ammonia might 

have  helped  the  crab  to  overcome  the  stress  of 

chlorpyrifos  intoxication.  Decrease  in  glutamine 

level  in  muscle  and  nervous  tissue  exhibited  the 

tissue specific  response. At the end of 18 days of 

recovery period glutamine level in gill  tissue were 

near to control value. Protease activity was induced 

in  all  tissues  and  all  days  of  exposure,  maximum 

induction was shown by hepatopancreas followed 

by  gill,  nervous  ganglion  and  muscle  (Fig.  6). 

Increased  protease  activity  caused  proteolysis  in 

order  to  get  extra  energy  to  face  the  toxicity  of 

chlorpyrifos, a fact seen in the present study. After 

18 days of permanence in clean water, recovery in 

protease activity was observed. 

Aspartate  aminotransaminase  activity  was 

induced in gill, muscle hepatopancreas and nervous 

during 4 weeks of CPF intoxication and there was 

recovery  when  the  crabs  were  released  into 

freshwater (Fig. 7). ALAT exhibited a pattern similar 

to that of AAT, maximum induction was shown by 

gill  followed  by  hepatopancreas  muscle  and 

nervous ganglion (Fig. 8). Enhance activities of both 

the  transaminases  indicate  stepped  up 

transamination where feeding of amino acids into 

TCA  cycle  occurs  in  order  to  cope  up  with  the 

enhance energy requirement under toxic stress of 

CPF. Similar increase in AAT and ALAT activity was 

reported  in  tissues  of  crab  exposed  to 

organophosphate pesticides (Reddy  et al., 1987) is 

drawn in support of present study. The elevation in 

transaminases  might  be  due  to  the  results  of 

decrease protein content observed in gill,  muscle, 

hepatoprancreas  and  nervous  tissue.  When  CPF 

exposed  crab  were  released  into  freshwater, 

recovery  in  AAT  and  ALAT  was  maximum  in 

hepatopancreas  and  muscle.  The  difference 

between  control  and  recovered  muscle  is  1.5  % 

only.  The  recovery  might  be  due  to  increased 

enzyme molecules and / or by increased rates of the 

enzyme synthesis  in  order  to compensate for the 

activity  of  lost  enzyme  as  suggested  (Ay  et  al., 

1999). 

The  analysis  of  marker  enzymes  such  as 

phosphatases and transaminases serves as specific 

indications  of  water  pollution  induced  changes  in 

the  enzyme activity  of  crustaceans  (Vijayavel  and 
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Balasubramanian  2006).  Phosphatases  hydrolyze 

various  phosphate  esters  and  liberate  phosphate 

from  the  stored  substrates  of  hepatopancrease 

during various physiological requirements (Zhou  et  

al., 2000). The inhibition in ACP enzyme activity was 

gradual  in  hepatopancreas  and  nervous  ganglion 

and maximum inhibition occurred at the end of 4 

weeks. Gill and muscle ACP activity was enhanced 

by  CPF  treatment,  in  contrast  to  hepatopancreas 

and  nervous  ganglion  (Fig.  9).  In  the  present 

investigation  acid  phosphatase  was  inhibited  in 

hepatopancreas and nervous tissue,  this  could  be 

due to the direct inhibitory action of CPF on ACP. 

Bhavan  and  Geraldine  (2001)  reported  that 

comparable inhibition in acid phosphate in tissues 

of prawn exposed to endosulfan. Acid phosphatase 

was induced in gill and muscle tissue. The induction 

could  be  due  to  the  destruction  of  lysosomal 

membrane  which  caused  the  release  of  enzyme. 

Acid phosphatase induction reflects proliferation of 

lysosomes  an  attempt  to  sequester  the  toxic 

xenobiotics (Gill  et al., 1992). Acid phosphatase in 

gill tissue recovered maximum after transfer of crab 

from CPF toxicant to freshwater. 

ALP  activity  was  enhanced  in  gill  and 

hepatopancreas  and  inhibited  in  muscle  and 

nervous ganglion up to 4 weeks of exposure (Fig. 

10).  In  the present study CPF caused induction in 

the  activity  of  alkaline  phosphatase  in  gill  and 

hepatopancrease  which  might  be  due  to  the 

accelerated  membrane  transport  function  related 

to  anion  hydroxide  exchange  across  the  lipid 

biomembranes  mediated  by  organotin  compound 

as suggested by Jaroli and Sharma (2005). Khan and 

Pandya  (1986)  reported  that  other  possibility  for 

the  increase  could  be  due  to  the  destruction  of 

smooth  endoplasmic  reticulum  membrane. 

Inhibition  in  alkaline  phosphatase  activity  in 

nervous tissue and muscle can be taken as an index 

of parenchymal damage, necrosis and uncoupling of 

oxidative  phosphorylation  in  these  tissues.  When 

the crabs were transferred into CPF free water ALP 

activity recovered maximum in gill tissue.

 

 

Figure 1 Total proteins content in different tissues of Barytelphusa guerini exposed to sub-acute concentration 
of CPF for 4 weeks followed by18 days of recovery. The values represent percent variation over control 
and n=6.
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Figure 2.  Free  amino  acids  content  in  different  tissues  of  Barytelphusa  guerini  exposed  to  sub-acute 
concentration of  CPF for  4 weeks followed by18 days of  recovery.  The values  represent percent  
variation over control and n=6.

 
Figure 3. Ammonia levels in different tissues of Barytelphusa guerini exposed to sub-acute concentration of CPF 

for 4 weeks followed by18 days of recovery. The values represent percent variation over control and  
n=6.

 
Figure 4. Urea levels in different tissues of Barytelphusa guerini exposed to sub-acute concentration of CPF for 

4 weeks followed by18 days of recovery. The values represent percent variation over control and n=6.
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Figure 5. Glutamine content in different tissues of Barytelphusa guerini exposed to sub-acute concentration of 

CPF for 4 weeks followed by18 days of recovery. The values represent percent variation over control  
and n=6.

 
Figure 6. Protease activity in different tissues of  Barytelphusa guerini  exposed to sub-acute concentration of 

CPF for 4 weeks followed by18 days of recovery. The values represent percent variation over control  
and n=6.

 
Figure 7. Aspartate aminotransferase activity Barytelphusa guerini exposed to sub-acute concentration of CPF 

for 4 weeks followed by18 days of recovery. The values represent percent variation over control and  
n=6.
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Figure 8. Alanine aminotransferase activity Barytelphusa guerini exposed to sub-acute concentration of CPF for 

4 weeks followed by18 days of recovery. The values represent percent variation over control and n=6.

 
Figure 9. Acid phosphatase activity in different Barytelphusa guerini exposed to sub-acute concentration of CPF 

for 4 weeks followed by18 days of recovery. The values represent percent variation over control and 
n=6.

 
Figure 10. Alkaline phosphatase activity in different Barytelphusa guerini exposed to sub-acute concentration of 

CPF for 4 weeks followed by18 days of recovery. The values represent percent variation over control  
and n=6.

The present study demonstrates the sub-acute 

effect  of  CPF  on  protein  metabolism  caused 

alterations on crab physiology which affect not only 

the metabolites but also the enzymes. Some tissue 

specific response is also exhibited by crab under the 

impact  of  CPF.  Transfer  of  crabs  into  freshwater 

improves  the  biochemical  constituents  of  protein 

and  enzymes  metabolism.  From  the  results  it  is 

clear  that  21  days  of  recovery  period  is  not 

sufficient,  longer  recovery  period  would  be 

necessary in order to bring back the crab to normal 

metabolism.  However,  more  investigations  are 
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needed  to  know  the  exact  compensatory  role  of 

protein metabolism and also to bring back the crabs 

to complete recovery state.
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