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ABSTRACT
Cadmium is a heavy metal widely used in industrial processes, has been recognized to be a highly toxic and dangerous environmental
pollutant. These excess amounts in addition to naturally occurring levels gradually build up to toxic levels causing damages to the biota of
the aquatic ecosystem. The fresh water field crab, Paratelphusa hydrodromous is an important human food source in parts of South India.
Evaluation of the toxic effect of cadmium on the experimental crab for the LC50 value was carried out. Effect of cadmium on the oxidative
damage and biomarkers antioxidant enzymes in the hepatopancreas was observed. Quantitative study of antioxidant enzymes GSH, GPx, ACP
and ALP were undertaken, result and discussed in detail.
KEY WORDS: Hepatopancreas, C.halicacabum, Cadmium, GSH, GPx, ACP and ALP Paratelphusa hydrodromaus, Toxicity.
INTRODUCTION
Cadmium is an extremely toxic heavy metal commonly found in industrial workplaces. Due to its low permissible exposure limit, overexposures may occur even in situations where trace quantities of cadmium
are found. Environmental pollution by toxicants has become one of
the most important problems in the World1 (Chandran,et al.,2005)
Cadmium is a nonessential heavy metal but it has accumulative polluting effect, and causes toxicity to aquatic organisms even in minute
concentrations. Therefore, it is regarded as one of the most toxic
elements in the environment. The occurrence of cadmium in considerably toxic amounts was reported by earlier workers in various aquatic
ecosystems2-3 (Arno Kaschl et al., 2002 and Chrastny, 2006). The
toxicity are known to affect the crustaceans viz; monocrotophos affected the neuroendocrine regulation in freshwater crab, Barytelphusa
guerini4 (Patil et al., 2008), chlorpyrifos effects survival and growth
of Palaemonetes argentines5 (Montagna and Collins, 2007), and also
oxygen consumption and ammonia excretion of the freshwater crab
Trichodactylus borellianus6 (Montagna and Collins, 2008).
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The sensitivity of the cell oxidants is attenuated by antioxidants enzymes such as glutathione peroxide (GPx), Acid phosphatase, (ACP)
and alkaline phosphatase (ALP). The antioxidant enzymes maintain a
relatively low rate of the reactive and harmful OH. Oxidative stress
occurs as a result of the xenobiotics causing the disturbances in the
antioxidant enzymes systems.7 (Smith and Litwac, 1980).
Cardiospermum halicacabum, commonly known as Mudakkathan in
Tamil. The whole plant has been used for several centuries in the
treatment of rheumatism, stiffness of limbs, snake bite; its roots for
nervous diseases, as a diaphoretic, diuretic, emetic, laxative, refrigerant, stomachic and sudorific; its leaves and stalks are used in the
treatment of diarrhoea, dysentery and headache and as a poultice for
swellings 7 (Chopra, et al 1986). Hence, an attempt has been made to
investigate the following enzymological parameters like GSH, GPx,
ACP, and ALP freshwater crab paratelphusa hydrodromous exposed to sublethal concentration of cadmium (Group 2), cadmium
along with Cardiospermum halicacabum, (group 3) and
C.helicacabum supplemented alone (Group 4) for the period of 1,
7,14, 21 and 28 days.
MATERIALS AND METHODS
Healthy and active crabs Paratelphusa hydrodromous were collected
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from the river bed, canals, paddy fields, etc., Cuddalore district, Tamil
Nadu, India. The crabs were maintained in normal daylight illumination in the laboratory thereby providing normal acclimatization. The
crabs were fed with uncooked oats. For all experiments, the crabs
were used with carapace length ranging from 3 cm to 4.5 cm and
breadth ranging from 5 cm to 6.5 cm. The water level was maintained
carefully so that the crabs were partially immersed.
Acute toxicity study was carried out to determine the potency of
cadmium for static but renewal type of bioassay was adopted in the
present investigation to estimate the LC50values (Table 1). The cadmium was used as commercial preparation. The experiment was carried out to find the range of concentrations for confirmatory evaluation. The mortality was recorded for the crab at 1, 7, 14, 21 and 28 days
exposure to cadmium was corrected for natural response by Abbott’s
formula8 (Abbott, 1995).
Enzymatic assay
The GSH level was determined as described by (Ellman, 1959) and
expressed as mg per gram of protein (mg/g). The method utilized
metaphosphoric acid for protein precipitation and 5, 5-dithiobis (2nitrobenzoic acid) (DTNB) for color development and its density was
measured at 412 nm. Glutathione peroxidase (GPx) activity was assayed according to the method described by (Rotruck, 1973)9.
The ALP enzyme activity was estimated by the method of Moss et al.
(1971)10, ACP enzyme activity was estimated by the method of Jabeen
(1984)11 and expressed as mg p-nitrophenol g–1 protein h–1. The
detail protocols are given in detail Narra et al. (2011b)12.
Statistical analysis
The data obtained in the present work were expressed as means ± SE,
percentage changes and were statistically analyzed using student ttest (Milton et al., 1983)13 to compare means of treated data against
their control ones and the result were considered significant at (P<0.05)
and (P<0.01) level.
Observation
In the present investigation Paratelphusa hydrodromous administered with cadmium (group 2) showed an increased the activities
when compared to control. The overall increased percent changes
are 4.34, 9.47, 14.96, 22.94, and 26.07 for the period of 1 to 28 days,
respectively.
The freshwater crab Paratelphusa hydrodromous, exposed to (group
2), cadmium the GSH content was increased when compared with
group 1. The percent changes are, 11.99, 48.33, 119.18, 140.44, and

172.00 for 1 to 28 days, respectively. The cadmium along with C.
helicacabum exposure (group 3) gradually recovered, when compared with group 2. The recovery percent changes are -64.77, -7.29,
38.06, 49.23 and 53.80 for the period of 1 to 28 days, respectively. The
C.helicacabum supplemented feed exposure fish (group 4) are increased in all other 3 groups. The percent changes are 10.91, 11.87,
11.32, 7.90, and 10.10 for the period of 1 to 28 days, respectively. The
GSH activities in hepatopancreas tissue for four groups are statistically significant at 1% and 5% levels (Table 1).
Table 1. Variation of GSH (U min / mg protein) activity in the fresh
water crab Paratelphusa hydrodromous exposed to cadmium and
cardiospermum helicacabum for 28 days
Periods of exposure (days)
Groups

1

7

14

21

28

I

8.34

8.42

8.44

8.48

8.48

Control

± 0. 58

± 0.58

± 0.58

± 0.59

± 0.59

II

9.34 *

12. 48**

18.37**

20.35**

20.35**

Cadmium

± 0.46

± 0.62

± 0.91

± 1.01

± 1.01

11.99

48.33

119.18

140.44

140.44

III

15.40**

13.39**

11.36 **

10.35**

10.35**

Cadmium +

± 0.92

± 0.80

± 0.68

± 0.65

± 0.65

C. helicacabum 84.53

59.02

35.75

22.05

22.05

IV

-64.77

-7.29

38.06

49.23

49.23

9.25**

9.42**

9.34 **

9.15**

9.15**

C. helicacabum ± 0.64

± 0.65

± 0.65

± 0.64

± 0.64

10.91

11.87

11.32

7.90

7.90

Values are mean ± SE of six replicates parentage changes and
student “t” test, Significant at * P > 0.05; ** P < 0.01 levels, NS Non-Significant
The present investigation cadmium treatment (group 2) has resulted
in an increased GPx content in liver tissue when compared to control.
The percent changes are 0.68, 2.70, 1.32, 5.36, and 9.74 for the period
of 1, 7, 14, 21 and 28 days, respectively. Administration of cadmium
along with C.helicacabum (group 3) the GPx response gradually recovered when compared to group 2. The recovery percent changes
are -2.05, -8.45, -4.57, -7.00 and -8.28 for the period 1 to 28 days respectively. In the C.helicacabum supplemented feed exposed (group 4)
was slightly increased when compared with control. The percent
changes are 2.06, 6.75, 4.63, 4.45 and 3.89 for 1, 7, 14, 21 and 28 days,
respectively. The increased and decreased values in GPx activity in
hepatopancreas tissue are statistically significant at 1% and 5% levels (Table 2).
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Table 2. Variation of GPx (U min / mg protein) activity in the fresh
water crab Paratelphusa hydrodromous exposed to cadmium and
Cardiospermum helicacabum for 28 days
Groups

1

I
Control
II
Cadmium

0.145
± 0.01
0.144**
± 0.01
0.68
III
0.149 NS
Cadmium +
± 0.02
C. helicacabum 2.75
2.05
IV
0.148**
C. helicacabum ± 0.01
2.06

Periods of exposure (days)
7
14
21

28

0.148
± 0.01
0.152*
± 0.02
2.70
0.154*
± 0.01
8.10
-8.45
0.155*
± 0.02

0.151
± 0.01
0.153 NS
± 0.01
1.32
0.160 NS
± 0.01
5.96
-4.57
0.158 NS
± 0.02

0.149
± 0.01
0.157 NS
± 0.01
5.36
0.168*
± 0.01
1.9
-7.00
0.156 NS
± 0.01

0.154
± 0.01
0.169 NS
± 0.01
9.74
0.183*
± 0.01
18.83
-8.28
0.160 NS
± 0.01

6.75

-4.63

4.45

3.89

In the present investigation, Paratelphusa hydrodromous exposed
to cadmium group 2 showed significant decreases in ALP activity in
hepatopancreas tissue when compared to control. The increased percent changes are 35.11, 36.77, 40.62, 44.41, and 49.63 for the period of
1 to 28 days, respectively. The group 3 the ALP activity gradually
increased when compared to group 2. The percent changes are 28.39, -32.45, -43.11, -49.43 and -78.94 for the period of 1 to 28 days,
respectively. The C. helicacabum supplemented feed exposed (group
4) increased when compared with all other 3 groups. The (regained)
percent changes are 1.10, 2.19, 4.67, 9.03 and 8.83 for the period for 1
to 28 days, respectively. The observed levels of ALP activity are
statistically significant at 1% and 5% levels (Table 4).
Table 4. Variation of ACP (U min / mg protein) activity in the fresh
water crab Paratelphusa hydrodromous exposed to cadmium and
Cardiospermum helicacabum for 28 days
Periods of exposure (days)

Values are mean ± SE of six replicates parentage changes and
student “t” test, Significant at * P > 0.05; ** P < 0.01 levels, NS Non-Significant
The present investigation, crab Paratelphusa hydrodromous exposed
to group 2 showed an increased in the level of ACP activity in the
hepatopancreas tissue compared to group 1. The percent increases
are, 58.13, 40.00, 31.91, 20.83 and 13.24, for the period of 1 to 28 days,
respectively. The group 3 (cadmium along with C. helicacabum exposure) ACP activities was slightly differ (regained) from control, and
group 2. The percent changes are 10.29, 6.34, 9.67, 5.17 and 3.63 for
the period of 1 to 28 days, respectively. The C. helicacabum supplemented feed expose (group 4) ACP value near to control. The percent
changes are -11.62, -13.95, -19.14, -14.58 and -14.28 for the period of 1,
7, 14, 21 and 28 days, respectively (Table 3).
Table 3. Variation of ALP(U min / mg protein) activity in the fresh
water crab Paratelphusa hydrodromous exposed to cadmium and
Cardiospermum helicacabum for 28 days
Periods of exposure (days)
Groups

1

7

14

21

28

I
Control
II
Cadmium

0.635
± 0.04
0.412 **
± 0.02
35.11
0.529**
± 0.03
16.69
-28.39
0.642**
± 0.04

0.639
± 0.04
0. 404**
± 0.02
36.77
0.535 **
± 0.03
16.27
-32.45
0.653 NS
± 0.04

0.642
± 0.04
0.385 **
±0.01
40.62
0.551**
± 0.03
14.17
-43.11
0.672 NS
± 0.04

0.653
± 0.04
0.636 **
± 0.01
44.41
0.576 *
±0.03
11.79
-49.43
0.712 NS
± 0.04

0.679
± 0.04
0.342 **
±0.01
49.63
0.612*
± 0. 05
9.86
-78.94
0.739 *
± 0.05

1.10

2.19

4.67

9.03

8.83

III
Cadmium +
C. helicacabum
IV
C. helicacabum

Groups

1

7

14

21

28

I

0.43
± 0.03
0.68**
± 0.03
58.13
0.61**

0.45
± 0.03
0.63**
± 0.03
40.00
0.59 **

0.47
± 0.03
0.62**
± 0.03
31.91
0.56 **

0.48
± 0.03
0.58**
± 0.02
20.83
0.55*

0.49
± 0.03
0.55 NS
± 0.02
13.24
0.53*

Cadmium +
± 0.03
C. helicacabum 41.86
10.29
IV
0.48 NS
C. helicacabum ± 0.02

± 0.03
31.11
6.34
0.51 NS
± 0.02

± 0.03
19.14
9.67
0.56 NS
± 0.03

± 0.03
14.58
5.17
0.55 NS
± 0.03

± 0.03
8.11
3.63
0.56 NS
± 0.03

-11.62

-13.95

-19.14

-14.58

-14.28

Control
II
Cadmium
III

Values are mean ± SE of six replicates parentage changes and
student “t” test, Significant at * P > 0.05; ** P < 0.01 levels, NS Non-Significant
DISCUSSION
The results obtained in the present study of the effect of cadmium, on
a fresh water crab, Paratelphusa hydrodromous at with sub-lethal
concentrations a different exposure periods showed interesting results. The GSH plays an important role in the detoxifying of
electrophilis and prevention of cellular oxidative stress14 (Benova et
al., 1990). The considerable decline in the GSH tissue content during
exposure to atrazine may be due to an increased utilization of GSH,
which can be converted into oxidized glutathione and an inefficient
GSH regeneration. GSH catalyses the reduction of H2O2 and lipid
hydroperoxides at expense of GSH. Reduced glutathione is the main
nonoprotein thiol and one of the primary resultants found in cells
(Moreno 2005). Decrease in GSH levels after administration of various pesticides is well documented in literature15,16(Hazarika et al.,

Values are mean ± SE of six replicates parentage changes and
student “t” test, Significant at * P > 0.05; ** P < 0.01 levels, NS Non-Significant
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2001; Prasanthi et al., 2005)16. Singh et al. (2006)17 showed that, the
reduced levels of GSH in the cadmium could be the results of either
utilization of GSH for conjugation and /or participation of GSH as an
antioxidant in terminating toxicity.
GSH is the major thiol, which binds electrophile molecules spices and
free radical intermediates. It plays a central role in the antioxidant
defence system, metabolism and detoxification of exogenous and
endogenous substances18 (Ketterer et al., 1998). GSH conjugation
process is desirable in that it results in the excretion of the toxic metal
into the bile. Because of the low activity of antioxidant enzymes in the
liver and decreased content of GSH, the hepatopancreas is hypothesized to be highly susceptible to oxidative stress one of GSH to near
to control value. Monteria et al. (2006) have pointed out that, the
enzyme activity can decrease by negative feedback from excess substrate or by damage induced by oxidative modification19. However,
Elia et al. (2002) have reported significant increase in the activity of
hepatopancreas GPx but no change in the activity20. Sharma et al.
(2005) have reported an increased peroxide activity in the liver of rats
after treatment with dimethote21. Fatima et al. (2000) also reported a
low activity of GPx in different fish tissue after exposure to paper mill
effluent, indicating an in efficiency of this organ to neutralizing the
peroxide impacts22. The increase in GPx activity was observed, predominantly in liver and kidney similar to the results reported by Li et
al. (2003) who have studied the responses of the antioxidant systems
in the hepatocyte of common carp (Cyprinus carpio L) to
microcystin23.
ACP is microsomal enzyme implicated in membrane transport because
of its high level in vertebrates in kidney and its hydrolytic action on
a number of phosphomonoesters of organic materials like glucose.
The reason for this decrease is probably due to inhibition by the
toxicant. ALP is known to occur into the cell membrane and may be
involved in metabolic transport (Edquist et al., 1992)24.
The phosphatases (ALP and ACP) are important biomarkers because
they are involved in adaptive cellular response to the potential cytotoxicity and genotoxicity of pollutants (Lohner et al., 2001)25 Decline
in ALP activity may results from fall in the rate of synthesis of glycogen caused by lowered metabolic demands and electrolytic imbalance due to tissue over hydration (Shaffi, 1979)26.
O’Connor and Gilbert (1968) reported the increase in acid phosphatase
activity due to accumulation of mercury in the lysosome and blockage in the release of enzymes and carbohydrate forms the major reserve of many crustaceans accumulated in the hepatopancreas27. In
edible crab, Scylla seratta were of the opinion that degradation and

necrosis induced by toxicants in hepatopancreas causes release of
acid phosphates (Ahmed et al., 1997)28. The alkaline phosphatase
activity was decrease in the hepatopancreas throughout exposure
period. Goldfisher, (1964) studied the effect of the pollutants in aquatic
animals and stated that alkaline phosphatase is a brush border enzyme, which splits various phosphorous esters at an alkaline pH and
mediated transport29. ALP is involved in carbohydrate metabolism,
growth and differentiation, protein synthesis, synthesis of certain
enzymes, secretion activity, and transport to phosphorylated intermediates across the cell membranes (Vijayavel and Balasubramanian,
2006)30. Thus, any alteration in the activity of ALP affects the organisms.
Ahmed et al. (1997) reported the effect of copper on oxygen consumption and phosphatase in scylla serrata and concluded that there
was decrease in alkaline phosphatase activity in muscle, hepatopancreas and haemolymph28. The decrease in ALP activity has been reported in the fresh water crab, Spiralothelphusa hydrodroma treated
with the pesticides, cypermethrin by Sreenivasan et al. (2011). Similar
observations were noted in the Scylla serrata crab in response to
naphthalene (Elumalai et al., 1997)31. In the present investigation, the
activity of ALP was found to decrease in the tissues of the test crabs
when compared to the control crabs.
According Gabriel et al. (2007) enzyme activities under toxicant exposure could be influence by concentration and mode of action by
toxicant mode of exposure, duration of exposure and specific response32. At the same the C. halicacabum having the certain important medicinal properties but it compared to the oats was less. These
bioactive compounds present in C. halicacabum and oats which
may give recovery to crab in the presence of oxidative damage.
CONCLUSION
This study has shown that cadmium as a free radical causes while
feeding on Oats and C. halicacabum reversed from the oxidative
damage. The present results offer information about the deleterious
effects of heavy metal, cadmium on fresh field crab Paratelphusa
hydrodromous. From the results it was clear that the effects were
dose and time dependent. This kind of information could be beneficial to take preventive measure to protect the aquatic animals from
the polluted areas.
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