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Abstract: Pesticides such as Endosulfan, Chlorpyrifos and Carbaryl were commonly used in the agricultural
practices as insecticide, herbicide. But the constant usage of these pesticides had a direct or indirect effect on
the aquatic ecosystem. The accumulation of these pesticides had deleterious influence on the metabolic
activities of the aquatic organisms. The metabolic changes caused by the pesticides: Endosulfan, Chlorpyrifos
and  Carbaryl  on  the  fresh  water  Fiddler  Crab,  Uca  triangularis  was  investigated  in  the  present  work.
The metabolic enzymes such as Succinate dehydrogenase, Lactate dehydrogenase, Alkaline and Acid
phosphatases were biochemically analyzed in Gills, Eyestalk, Thoracic ganglia, Muscle and Brain. The obtained
results showed that the LDH, ACP activities were increased while SDH, ALP were decreased in the exposed
organs of the crab. The overall results showed that alteration in the metabolic enzymes was due to the stress
caused by the toxicity of pesticides. 
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INTRODUCTION The alteration in dehydrogenase enzyme due to the

Natural water resources as rivers, lakes and streams and impaired carbohydrate and protein, lipid metabolism
have enough factors responsible for growth of various [4]. So that the present study were designed to analyze
organisms in the aquatic body [1]. Aquatic biota is getting the metabolic changes caused by altered enzymatic
hampered due to loading of insecticides, herbicides and activity by the commonly used pesticides: Endosulfan,
other agrochemicals in agricultural area as well as around Chlorpyrifos and Carbaryl on the fresh water Fiddler crab,
industries making production of these synthetic products Uca triangularis.
[2]. The deleterious influence of the pesticide causes
physiological, biochemical, histological and other MATERIALS AND METHODS
disorders in the animal exposed. Studies on specific
organs   in    terms    of    biochemical    changes   serves Experimental    Animal     and    Pesticides    Selection:
as   an   important  tool  in  the  toxicity   assessment. The fiddler crab, Uca triangularis was collected from the
Different toxicants may have varying effects on particular Pulicat marshy area, Thiruvallur District, Tamil Nadu,
organ at various levels. Toxicants bring about distortions India. The crabs were collected by hand picking method
in the cell organelles,  which  may  bring  about  elevation and the crabs were collected by hand picking method and
or  inhibition   in   the  activity  of  various   enzymes. acclimatized to the laboratory. A minimum of 1L water was
Toxicants   cause   a  disturbance  in  the  physiological added for 10 crabs, so that the crabs were half immersed.
state of the  animal  which  affects  enzyme  activity   [3]. The water was renewed each day  to  avoid  depletion  of

severe cellular damages lead to release of these enzymes
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Table 1: The LC  values (24h) and regression equations for U. triangularis treated with pesticides50

Pesticides LC  (ppm) Upper confidence Limits (ppm) Lower Confidence Limits (ppm) Regression results Slope function R50
2

Endosulfan 1.3 3.14 0.454 Y=1.82x+2.826 0.529 0.9637
Chlorpyrifos 1.723 5.958 0.868 Y=2.03x+3.7943 0.466 0.9524
Carbaryl 0.301 6.517 0.985 Y=3.78x+3.9931 0.259 0.9833

dissolved oxygen in the medium. Before renewal of the Biochemical Analysis: The effects of pesticides on
medium the crabs were transferred to another empty mitochondrial enzymes such as LDH, SDH were analyzed
container without handling the animals by carefully by following King [6] and Nachlas et al. [7] Protocols.
slanting the container. Then the crabs were immediately Acid and alkaline phosphatases were assayed following
transferred into the experimental containers. the   procedure   adopted   by  Tenniswood   et   al.   [8].

The insecticides chosen for this study were The results were statistically analyzed using SPSS
Endosulfan (C H Cl O S; Organochlorine), Chlorpyrifos software (Version 15.0). Analysis of variance (ANOVA)9 6 6 3

(C H Cl NO PS; Crystalline organophosphate) and was used to determine the significance of difference9 11 3 3

Carbaryl (C H NO ;1-naphthyl methylcarbamate). among the pesticides.12 11 2

Median Lethal Concentration (LC ) and Work Design: RESULTS50

The mortality of Uca triangularis was recorded at 24, 48,
72   and  96h  exposure  to  pesticides.  The  LC   values Effect of Endosulfan, Chlorpyrifos and Carbaryl on50

were    obtained    by    probit   analysis   [5].   The   crabs Succinate Dehydrogenase (SDH) Activity (Table 2)
(4 groups containing 10 crabs in each group) were Gills: In the Control Crabs, the SDH activity was 6.67
exposed to pesticides at sublethal safe concentrations MIU/min/mg protein while in the crabs treated with
(Median lethal concentration (LC ): Endosulfan - 1.3 ppm, Endosulfan, Chlorpyrifos and Carbaryl, the SDH activity50

Chlorpyrifos - 1.723 ppm and Carbaryl - 0.301 ppm) for 24 was 5.51, 4.17 and 3.26 MIU/min/mg protein. The decrease
hours (Table 1). At the end of the treatment period the in   the   SDH  activity  was  statistically  significant  at
Control and treated crabs were sacrificed and Eye stalk, P=0.001.
Thoracic ganglia, Gills, Brain and Muscle were collected
for biochemical analysis of Succinate dehydrogenase Eye Stalk: The SDH activity of Control crab was 5.11
(SDH), Lactate Dehydrogenase (LDH), Acid and Alkaline MIU/min/mg protein. Whereas the crabs treated with
Phosphatases (ACP and ALP) activities. Endosulfan, Chlorpyrifos and Carbaryl the  SDH  activity

Table 2: Mean and SD of SDH (MIU /min /mg protein) activity in Fiddler crab, Uca triangularis exposed to Endosulfan, Chlorpyrifos and Carbaryl pesticides
Succinate Dehydrogenase (MIU /min /mg protein)
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Experimental groups Gills Eye Stalk Thoracic ganglia Muscle Brain
Control 6.67±0.76 5.11±0.50 6.42±0.97 10.47±0.622 5.51±0.49
Endosulfan 5.51±0.46 4.47±0.51 5.44±0.54 9.52±0.73 5.11±0.50
Chlorpyrifos 4.17±0.61 3.27±0.71 4.02±0.39 8.84±0.72 4.74±0.40
Carbaryl 3.26±0.54 2.43±0.61 3.32±0.54 7.75±0.72 4.45±0.57
F-value 17.865 13.099 19.128 15.541 16.413
P-value 0.001 0.002 0.001 0.001 0.001

Table 3: Mean and SD of LDH (µg/100 mg wet weight of tissue) activity in Fiddler crab, Uca triangularis exposed to Endosulfan, Chlorpyrifos and Carbaryl
pesticides

Lactate Dehydrogenase (µg/100 mg wet weight of tissue)
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Experimental groups Gills Eye Stalk Thoracic ganglia Muscle Brain
Control 4.47±0.51 4.06±0.59 2.77±0.42 7.89±0.71 3.69±0.74
Endosulfan 4.74±0.44 5.11±0.50 3.88±0.53 8.93±1.27 2.75±0.44
Chlorpyrifos 5.75±0.58 6.93±0.47 4.04±0.77 9.43±0.63 2.56±0.64
Carbaryl 3.12±0.83 3.63±0.91 2.97±0.51 8.23±0.52 2.25±0.61
F-value 12.397 16.879 11.302 12.611 11.155
P-value 0.004 0.001 0.005 0.004 0.005
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reduced   to   4.47,  3.27  and  2.43  MIU/min/mg  protein. wet tissue, in Chlorpyrifos, the LDH activity was 6.93
The significant (P=0.002) decrease in SDH activity was µg/100  mg  wet  tissue  and  in  Carbaryl   treated   crabs,
more Carbaryl exposed crabs. the LDH activity reduced to 3.63 µg/100 mg wet tissue.

Thoracic Ganglia: in the thoracic ganglia of Endosulfan, Thoracic Ganglia: The LDH activity of thoracic ganglia
Chlorpyrifos and Carbaryl treated crabs the SDH activity of Control crabs was 2.77 µg/100 mg wet tissue. The LDH
reduced to 5.44, 4.02 and 3.32 MIU/min/mg protein when activity enhanced to 3.88 µg/100 mg, 4.04 µg/100 wet
compared to the Control crabs with 6.42 MIU/min/mg tissue in the Endosulfan, Chlorpyrifos treated crabs.
protein and reduction was statistically significant While the LDH activity decreased to 2.97 µg/100 mg wet
(P=0.001). tissue in Carbaryl exposed groups. The enzyme activity

Muscle: In the Control crabs, the SDH activity was 10.47
MIU/min/mg protein. The SDH activity was 9.52, 8.84 and Muscle: In the Control crabs, the mean LDH activity was
7.75 MIU/min/mg protein in Endosulfan, Chlorpyrifos and 7.89 µg/100 mg wet tissue. When the crabs were exposed
Carbaryl treated crabs. The results showed significantly to Endosulfan, Chlorpyrifos and Carbaryl, the LDH
(P=0.001) decreased SDH activity in carbryl treated activity was increased to 8.93, 9.43 and 8.23 µg/100 mg wet
groups. tissue which was statistically significant (P=0.004).

Brain: In the Control crabs, the mean SDH activity was Brain: In the Control crabs, the mean LDH activity was
5.51 MIU/min/mg protein and in the crabs treated with 3.69 µg/100mg wet tissue. The LDH activity significantly
Endosulfan, Chlorpyrifos and Carbaryl the activity (P= 0.005) decreased to 2.75, 2.56 and 2.25 µg/100 mg wet
reduced to 5.11 MIU/min/mg protein, 4.74 MIU/min/mg tissue in Endosulfan, Chlorpyrifos and Carbaryl exposed
protein and 4.45 MIU/min/mg protein. The enzyme activity groups.
was significantly (P=0.001) reduced.

Effect of Endosulfan, Chlorpyrifos and Carbaryl on Phosphatase (ACP) activity (Table 4)
Lactate Dehydrogenase (LDH) activity (Table 3) Gills: In the Control crabs, the mean ACP activity was
Gills: In the Control crabs, the LDH activity was 4.47 2.77 µg PNPP to PNP/100 mg wet tissue while in crabs
µg/100 mg wet tissue while In the crabs treated with exposed     to   Endosulfan,   Chlorpyrifos  and  Carbaryl,
Endosulfan, the LDH activity increased to 4.74 µg/100 mg the ACP activity was increased to 2.97, 3.87 and 3.43 µg
wet tissue and further increased to 5.75 µg/100 mg wet PNPP to PNP/100 mg wet tissue. The ACP activity was
tissue in Chlorpyrifos. But the LDH activity was significantly (P=0.002) increased in Carbaryl treated
decreased to 3.12 µg/100 mg wet tissue in the crabs groups.
treated with Carbaryl and it was statistically significant
(P= 0.004). Eye Stalk: 5.34 µg PNPP to PNP/100 mg wet tissue of ACP

Eye Stalk: The LDH activity of Control crabs was 4.06 treated with Endosulfan, the ACP activity enhanced to
µg/100 mg wet tissue. In the crabs treated with 5.88 µg PNPP to PNP/100 mg wet tissue and in
Endosulfan, the LDH activity enhanced to 5.11 µg/100  mg Chlorpyrifos, it was further increased to 6.96 µg PNPP  to

was statistically significant (P=0.005).

Effect of Endosulfan, Chlorpyrifos and Carbaryl on Acid

activity was found in Control crabs whereas in the crabs

Table 4: Mean and SD of ACP (µg PNPP to PNP/100 mg wet tissue) activity in Fiddler crab, Uca triangularis exposed to Endosulfan, Chlorpyrifos and
Carbaryl pesticides

Acid Phosphatase (µg PNPP to PNP/100 mg wet tissue)
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Experimental groups Gills Eye Stalk Thoracic ganglia Muscle Brain
Control 2.77±0.42 5.34±0.46 3.21±0.44 3.87±0.61 4.96±0.42
Endosulfan 2.97±0.51 5.88±0.43 4.23±0.31 4.74±0.44 5.34±0.71
Chlorpyrifos 3.87±0.61 6.96±0.62 6.62±1.01 5.80±0.61 5.09±1.08
Carbaryl 3.43±0.73 4.67±1.01 5.51±0.49 4.02±0.38 5.68±0.32
F-value 12.937 12.206 12.221 17.579 14.413
P-value 0.002 0.002 0.002 0.001 0.001
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Table 5: Mean and SD of ALP (µg PNPP to PNP/100 mg wet tissue) activity in Fiddler crab, Uca triangularis exposed to Endosulfan, Chlorpyrifos and
Carbaryl pesticides

Alkaline Phosphatase (µg PNPP to PNP/100 mg wet tissue)
----------------------------------------------------------------------------------------------------------------------------------------------------------------

Experimental groups Gills Eye Stalk Thoracic ganglia Muscle Brain

Control 4.08±0.34 5.46±0.57 5.54±0.98 4.30±0.68 7.26±0.64
Endosulfan 3.92±0.43 6.37±0.68 5.27±0.53 4.14±0.33 6.02±0.54
Chlorpyrifos 3.67±0.21 6.85±0.58 5.13±0.51 3.83±0.52 6.18±0.49
Carbaryl 3.56±0.49 5.07±0.53 4.17±0.61 3.26±0.54 5.89±0.32
F-value 12.612 15.999 15.66 15.08 17.599

P-value 0.002 0.001 0.001 0.001 0.001

PNP/100 mg wet tissue. But in the crabs treated with PNP/100 mg wet tissue but it was reduced to 5.07 µg PNPP
Carbaryl, the ACP activity was declined to 4.67 µg PNPP to    PNP/100   mg    wet   tissue   in   Carbaryl   exposure.
to PNP/100 mg wet tissue. The alteration in enzyme The alkaline phosphatase activity was statistically
activity was significant at P=0.002. significant (P=0.001).

Thoracic Ganglia: the ACP activity of Control crabs was Thoracic Ganglia: As observed from the results, the ALP
found to be  3.21  µg  PNPP  to  PNP/100  mg  wet   tissue. activity in Control crabs was 5.54 µg PNPP to PNP/100 mg
The ACP activity significantly (P=0.002) enhanced to 4.23, wet tissue. The enzyme activity reduced to 5.27, 5.13 and
6.62 and 5.51 µg PNPP to µg PNPP in Endosulfan, 4.17 µg PNPP to PNP/100 mg wet tissue in Endosulfan,
Chlorpyrifos and Carbaryl exposed crabs. Chlorpyrifos and Carbaryl treated crabs significantly

Muscle: In the Control crabs, the mean ACP activity was
3.87 µg PNPP to PNP/100 mg wet tissue. When the crabs Muscle: In the Control crabs, the mean ALP activity was
were exposed to Endosulfan, Chlorpyrifos and Carbaryl, 4.30 µg PNPP to PNP/100 mg wet tissue. When the crabs
the ACP activity significantly (P=0.001) enhanced to 4.74, were treated with Endosulfan, Chlorpyrifos and Carbaryl
5.80 and 4.02 µg PNPP to PNP/100 mg wet tissue treated  crabs  had  reduced  ALP   activity  such  as  4.14,
respectively. 3.83 and 3.26 µg PNPP to PNP/100 mg wet tissue

Brain: In the brain of cabs exposed to Endosulfan, statistically significant (P=0.001). 
Chlorpyrifos and Carbaryl, the ACP activity was increased
to 5.34, 5.09 and 5.68 µg PNPP to PNP/100 mg wet tissue Brain: Endosulfan, Chlorpyrifos and Carbaryl treated
while in the Control crabs, it was 4.96 µg PNPP to PNP/100 crabs had reduced ALP activity which was 6.02, 6.18 and
mg wet tissue and the ACP activity was enhanced 5.89 µg PNPP to PNP/100 mg wet brain tissue compared to
significantly (P=0.001). the Control crabs enzyme activity which was 7.26 µg

Effect of Endosulfan, Chlorpyrifos and Carbaryl on significantly reduced (P=0.001) in Carbaryl treated groups.
Alkaline Phosphatase (ALP) Activity (Table 5)
Gills: The mean ALP activity of Control crab was 4.08 µg DISCUSSION
PNPP to PNP/100 mg wet tissue and In the crabs treated
with Endosulfan, the ALP activity was 3.92 µg PNPP to Enzymes catalyze physiological reactions by lowering
PNP/100 mg wet tissue, in Chlorpyrifos it was 3.67 µg the activation energy level that the reactants (substrates)
PNPP to PNP/100 mg wet tissue and in Carbaryl treated,  must   reach  for   the   reaction   to  occur. The effect of
the ALP activity was 3.56 µg PNPP to PNP/100 mg wet toxicants on enzymatic activity is one of the most
tissue. The decrease in enzyme activity was significant at important biochemical parameters which is affected under
P=0.002. stress. When an organ is diseased due to the effect of a

Eye Stalk: The ALP activity of eye stalk of Control crab be inhibited due to the active site being either denatured
was 5.46 µg PNPP to PNP/100 mg wet tissue whereas in or distorted. Since some enzymes catalyze some steps in
the   crabs   treated   with Endosulfan  and  Chlorpyrifos, the metabolism of carbohydrates and protein, they are
the ALP activity increased to 6.37, 6.85 µg PNPP to released into the most tissues [9].

(P=0.001).

respectively. The decrease in enzyme activity was

PNPP to PNP/100 mg wet tissue. The enzyme activity

toxicant, enzyme activity appears to be increased or it may
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0Ramanibai [10] reported the decrease in the activity disturbances caused by the pesticide which affects
SDH   in   the   muscle,   gills   and   hepatopancreas   of enzyme activity. The pesticide can bring about distortions
Scylla serrata, an estuarine crab when exposed to a in the cell organelles which may inhibit the activity of
heavy metal, copper. Ahmed et al. [11] studied the effect enzymes. The overall results concluded that there is direct
of copper on oxygen consumption and phosphatase in impact of pesticides on the metabolic activities of animals
Scylla serrata and concluded that there was decrease in exposed to the pesticides toxicity and it was expressed in
alkaline phosphatase activity in muscle, hepatopancreas all the organs exposed to the toxicity. 
and haemolymph. Similar observations were noted in the
same crab in response to naphthalene [12]. Degradation ACKNOWLEDGMENT
and necrosis induced by toxicants in hepatopancreas
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metal stress [13]. Copper sulphate significantly increased Dr. R. Arasu, Principal, University of Madras, Arts and
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