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Abstract

The fresh water field crab, Paratelphusa hydrodromous is an important human food source in parts of South India and the crab is
constantly exposed to heavy metal, which are used extensively to toxic elements in aquatic systems. Evaluation of the toxic effect
of cadmium on the experimental crab for the LCso value was carried out. Effect of cadmium on the antioxidant enzymes in the
hepatopancreas was observed. Quantitative study of antioxidant enzymes of Super oxide dismutase, Catalyze and Lipid

peroxidation were undertaken.
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1.Introduction

Cadmium (Cd), a widely used heavy metal in modern
industry, is one of the most abundant, ubiquitously
distributed toxic elements in aquatic systems (Novelli
et al., 2000). It has been implicated in oxidative injury
involving the initial formation of reactive oxygen
species (ROS). Cadmium promotes oxidative damage
by increasing the cellular concentration of ROS and by
reducing the cellular antioxidant capacity (Corticeiro
et al., 2006). Freshwater crab has the capability of
accumulating heavy metals (Reinecke et al., 2003) and
is thus a suitable bio indicator for environmental
contamination with these agents (Schuwerack et al.,
2001). Hepatopancreas, the key site of Cd
accumulation in Crustacea (Wang et al., 2001), is one
of the most important organs that play important roles
in metal detoxification (Gibson and Barker, 1979).

Cadmium (Cd) is one of the most toxic heavy metals
for humans; the main source of non-occupational
exposure to Cd includes smoking, air, and food and
water contaminated by Cd (Nagata et al., 2005). In
addition, herbal medicine is another source of Cd.
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The World Health Organization (WHO) estimates that
4 billion people or 80 percent of the world population
presently use herbal medicine (Naithani et al., 2010).
Several articles have reported of adverse effects of
these herbal preparations due to the presence of high
level of heavy metals such as Cd, lead, chromium,
nickel, etc. (Naithani et al., 2010). Saeed et al. (2010)
investigated twenty five herbal products.

Aerobic organisms have developed antioxidant
defense mechanisms that scavenge ROS or prevent
ROS-mediated cellular damage (Valavanidis, et al.,
2006), including enzymes sensitive to free radical
proliferation such as superoxide dismutase (SOD),
catalase (CAT), Among the main ROS-inflicted
damages is lipid membrane oxidation, known as lipid
peroxidation (LPO), a process that follows exposure to
a wide variety of environmental pollutants
(Livingstone et al., 2001). According to earlier reports
by the authors, CPF is a major pesticide residue in
fishery product in Taiwan (Feei and Shan, 2008).
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A number of reports on the toxicity of CPF on
different aquatic animal models indicated that it is a
potent neurotoxic agent (Rao et al., 2005).

In recent years many medicinal plants have been used
for pharmacological and toxicological studies.
Cardiospermum halicacabum, commonly known as
Mudakkathan in Tamil language, India. 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 (Chopra, et al., 1986). The aim
of the present study was to evaluate effect of C.
halicacabum on SOD and some antioxidant enzymes
of fresh water crab paratelphusa hydrodromous.

2. Materials and Methods

The fresh water field crabs were collected from, in and
around the irrigating channels and paddy fields,
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 LCsovalues (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 formula (Abbott, 1995).

2.2. Statistical analysis

The data obtained in the present work were expressed
as means * SE, percentage changes and were
statistically analyzed using student t-test (Milton, et
al., 1983) 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.
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3. Results

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 cadmium along with
C.helicacabum exposure group 3, the recorded value
of SOD content in the liver tissue was decreased, the
percent decrease are 0.11, 4.90, 8.74, 13.17 and 14.37
for the period of 1 to 28 days, respectively. The
C.helicacabum supplemented (Group 4), the SOD
levels are decreased, when compared with group 2 and
3, which are near to control. The decreased percent
changes are 0.27, 0.96, 0.47, 2.24 and 1.68 for the
period of 1 to 28 days, respectively. The observed
values SOD content in the liver tissues are statistically
significant at 1% and 5% level (Table - 1).

The CAT activity of Paratelphusa hydrodromous
under the sub-lethal concentration of cadmium
exposure group 2 showed decreases when compared to
control. The decreased percent changes are 9.09,
12.83, 22.23, 30.43 and 40.69 for the period of 1 to 28
days respectively. Cadmium along with C.
helicacabum supplemented feed exposed (Group - 3)
are increased when compared with Group - 2. The
increased percent changes are 20.77, 15.28, 3.29, -
18.23, and -34.97 for the period of 1 to 28 days
respectively. The supplemented feed exposed Group -
4 the CAT activity are near to control. The percent
changes are 0.51, -3.54, 2.01, 0.33 and 2.29 for the
period of 1 to 28 days, respectively. The increase and
decreased CAT activity in liver tissues are
statistically significant at 1% and 5% levels (Table -
2).

The observation of LPO activity in cadmium exposure
Group - 2, are increased when compared with control.
The increased percent changes are 10.14, 15.54, 46.99,
28.14, and 48.61 for the period of 1to 28 days,
respectively. The cadmium along with C.helicacabum
(group 3), the LPO levels are increased when
compared with group 2. The increased percent
changes are -50.44, -26.49, 13.06, -37.58 and -47.55
for 21 to 28 days, respectively (Table 3).
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Table — 1: Variation of Superoxide dismutase (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
Con'trol 48.12+2.40 | 48.65+2.43 | 48.92+2.44 | 49.02+2.45 | 49.32 + 2.46
50.21 ™ 53.26 \° NS 60.27 ™ 62.18 ™°
Cad:]'ﬂum +251 +2.66 56'2414 glg 3371 301 +3.73
4.34 9.47 ' 22.94 26.07
" 50.15 \® 50.65 51.32N° 52.33N° 53 24N
Cadmium + +2.50 +2.53 +2.56 +3.13 +2.66
C. helicacabum 4.21 411 4.90 6.75 7.94
: 0.11 4.90 8.74 13.17 14.37
v 48.25 N5 49,12 ™ 49,15 ™ 50.12 N 50.15N°
C. helicacabum +2.41 +2.45 +2.45 +3.00 +3.00
: 0.27 0.96 0.47 2.24 1.68

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

Table — 2: Variation of Catalase (1 mole / 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
| 11.66 +0.79 | 11.84+0.71 | 11.92+0.59 | 12.06 + 0.60 | 12.63 + 0.63
Control
I 11.31™ 10.32 ™% 9.27 ** 8.39 ** 7.49 **
Cadmium +0.68 +0.61 +0.46 + 0.50 +0.44
9.09 12.83 22.23 30.43 40.69
m 8.39 ** 8.74 ** 9.15 ** 9.92 * 10.11 **
Cadmium + +0.50 +0.52 +0.54 +0.59 +0.50
c. helicacabum 26.33 26.18 23.23 17.74 19.95
: 20.77 15.28 3.29 -18.23 -34.97
N 10.36 * 11.42™ 11.68 ™ 12.02™ 12.34 ™
C. helicacabum +9.04 +0.68 +0.70 +0.72 +0.86
' 0.51 -3.54 2.01 0.33 2.29

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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Table 3. Variation of Lipid peroxidation (n mole / 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
| 12.13 12.48 12.32 12.65 12.96
Control +0.60 +0.74 +0.61 +0.75 +0.90
i 13.36 ™ | 14.42™ | 18.11* | 16.21** | 19.26 ™
Cadmium +0.80 +0.84 +1.80 +0.81 +0.71
10.14 15.54 46.99 28.14 -48.61
20.13 ** | 18.24 ** | 20.48 ** | 22.34 ** | 28.42 **
i +1.20 +0.91 +1.04 +1.11 +1.42
Cadmium + C.helicacabum 65.95 46.15 41.88 81.50 119.29
-50.44 -26.49 13.06 -37.58 -47.55
N 13.10™ | 13.48™ | 13.76 M | 14.08 N | 14.12™
C helicacabum +0.78 +0.94 +0.82 +0.84 +0.98
' 7.99 8.01 11.68 11.30 8.95

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

4.Discussion

The results obtained in the present study of the effect
of cadmium , a pyrethroid compound on a fresh water
crab, Paratelphusa hydrodromous at two different sub
lethal concentrations and two different exposure
periods showed interesting results. Enzymatic
investigations of Superoxide dismutase and Catalyzes
and Lipid peroxidation at lower and higher sub lethal
concentrations of cadmium on the liver revealed
highly fascinating information’s. Decrease or increase
in the enzyme activity represents the stress in any
organism that results in metabolic burden (Hansen et
al., 1992)

Cells have a wide array of enzymatic and non-
enzymatic antioxidant defence system. Defence
systems that tend to inhibit oxygen radicals formation
include the antioxidant enzyme such as SOD, CAT,
and (Torres et al., 1993). These enzymes play an
important role in countering the oxidative stress
induced by the formation of ROS. Superoxide
dismutase is an enzyme that catalyzes the dismutation
of superoxide to hydrogen peroxide which is
detoxified to hydrogen peroxide which is detoxified
CAT (Lietal., 2003).
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SOD provides the first line of defence against oxygen
derived free radicals. SOD activity decreases oxidative
stress by disputation of O, The increase in the activity
of SOD in our study reflects compensatory mechanism
to increased oxidative stress (Jhon et al., 2001). SOD
induction could occur owing to increased production
of the O, radical. Therefore, an increase in SOD
activity indicates an increase in O, production similar
to other results of pollution (Wendelaar Bonga, 1997).
The relation between SOD activities and pollution
levels, and the possible use of SOD levels as
biomarkers have often been discussed.

CAT activation is the second main antioxidant
enzyme, CAT, occurs due to high pollutant levels and
without relation to SOD response (Uner et al., 2005;
Moraes et al., 2007). The depletion of CAT or its
tolerance along with activation of SOD may be
observed (Pandy et al., 2003; Stanic et al., 2006 and
Huang et al., 2007), although CAT mRNA levels were
higher in the exposed fish (Hansan et al., 2006). In our
study, CAT activity was not connecting to other
markers of the oxidative stress. The low levels of CAT
could be attributed to high production of O,. This has
been reported to inhibit CAT activity increase of
excess production (Kono and Fridovich 1982). CAT
enzymes located in peroxisomes and facilitated the
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removal of H,0O,, which is metabolized to molecular
oxygen and water. (Aebi et al., 1974; Oruc et al,,
2002; Yilmaz et al., 2006). (Deduve et al., 1985)
Increased activity of acid phosphatase was attributed
to the activation of the enzyme which was kept in a
latent state inside the membrane of lysosomes, due to
the disruption of the membrane. Similar reports
observed in 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., 1998). In the present
investigation, the activity of SOD was found to
decrease near to control in the test crabs when
compared to the control crabs. The maximum decrease
was seen in the crabs exposed to higher sub-lethal
concentration of cadmium for 28 days.

5.Conclusion

This study has shown that cadmium as a free radical
causes while feeding on Oats and C. halicacabum
reversed the hepatotoxicity. 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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