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Abstract

Cadmium and Mercury induced varying responses in Abelmoschus esculentus L. in relation to enzymes (ascorbate peroxidase 
(APX, 1.11.1.11), catalase (CAT, 1.11.1.6), glutathione reductase (GR, 1.6.4.2) and superoxide dismutase (SOD, 1.15.1.1) which 
are most related to the levels of Hg and Cd applied and concentrations of thiol groups already present or induced upon treatment. 
In the present investigation varying concentrations of CdCl2 and HgCl2 (0, 0.05, 0.10, 0.50, 1 and 2mM respectively) applied to 
plant in the soil shows a significant increase in ascorbate peroxidase, glutathione reductase and superoxide dismutase activities, 
and the respective metal accumulation. It reveals a mechanism for constant detoxification of H2O2 that have to be associated with 
adaptations and ultimate survival of this plant species during stress conditions. A reduction of catalase activities was observed 
on exposure to these metals, which is supposedly due to the inhibition of enzyme synthesis. Root length, shoot length, number of 
leaves showed an enhancement with 0.05 mM CdCl2 dose then a gradual decline with the increase in concentrations. The results 
indicate that A. esculentus is tolerant to high concentrations of these metals, a property related to a differential activation of its 
enzymatic antioxidant system, and also reveal that this species has a higher capacity of Cd absorption.
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INTRODUCTION

Anthropogenic activities such as mining and smelting 
and the respective metal pollution are becoming a major risk 
to many ecosystems. Among the pollution producing metals, 
cadmium and mercury have attracted much attention since 
both have been proved to be very toxic to plants and animals, 
and are extremely persistent in the environment (Salt et al., 
1995). In plants, heavy metal toxicity, including that promoted 
by Cd and Hg, varies from slight injury to lethality or crop 
failure. The general symptoms are stunting growth, chlorosis 
and alteration of anatomical, morphological, physiological 
and biochemical properties of leaf, stem and roots (Liu et al., 
2000; Rubio et al., 1994; Godbold and Huttermann, 1985).

Contamination of soils and water with metals is 
becoming a major environmental problem, leading to 

considerable losses in plant productivity and hazardous health 

effects. Exposure to toxic metals can intensify the production 

of reactive oxygen species (ROS), which are continuously 

produced in both unstressed and stressed plant cells. Higher 

plants have evolved various protective mechanisms to 

eliminate or reduce the excessive cellular ROS accumulation 

and the related oxidative injury (Asada, 1999). One of them 

is the activation of enzymatic antioxidant systems, including 

the enzymes APX, CAT, GR and SOD. Each of these enzymes 

has physiological functions under non-stressed conditions, 

but their activities are increased under many environmental 

stresses, which induce a variety of ROS such as superoxide 

anion radical (O2
-), hydrogen peroxide (H2O2), hydroxyl radicals 

(OH-) and singlet oxygen (1O2) (Elstner, 1982; Jung, 2004). 

Moreover, in addition to the antioxidant enzymes, plants also 
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can activate non-enzymatic systems such as the production 
of tocopherol, carotene, Glutathione-S-Transferase (GSH) and 
ascorbate, which are involved in the scavenging of reactive 
oxygen species against heavy metal toxicity (Rosen, 2002).

Heavy metals once accumulated at toxic levels inside 
plant tissues can inhibit most physiological and metabolic 
processes. However, the extent of the induced inhibition 
on plant growth, photosynthesis, ions and water uptake, 
and nutrients assimilation is greatly dependent on the 
concentration of the metal ions, and on the thresholds of 
toxicity characteristic of the plant species. Therefore, the 
metal concentration and the level of susceptibility of the 
germplasm are always key factors to be analyzed towards 
interpreting the heavy metal effects on the physiology of a 
yet unexplored or underexplored plant species.

Heavy metal contamination of soil resulting from 
wastewater irrigation is a cause of serious concern 
particularly in poor tropical regions mainly due to the potential 
health impacts by consuming contaminated vegetables. The 
present study analyses the effect of different concentrations 
of cadmium (Cd2+) and mercury (Hg2+) on physiological 
aspects of bhindi plants (Abelmoschus esculentus L.) with 
special reference to oxidative stress to further explore their 
contrasting inhibitory and stimulatory effects on productivity 
of this still underexplored plant species. 

MATERIALS AND METHODS

Plant material: Abelmoschus esculentus was selected 
for present study for its economic importance, mainly for the 
tropical zone of developing and non-developed countries. 
It is cultivated especially in Africa, Brazil and India, where 
it is also commonly known as Okra, Quiabo and lady’s 
finger, respectively. The tender pods are used as vegetable, 
ripe seeds, which are rich in protein (18-26%) are roasted 
and can be used as substitute for coffee. Immature pods 
are emollient, demulcent and diuretic and are employed in 
the form of decoction in catarrhal affections, dysuria and 
gonorrhea. Seeds are stimulant, cordial and antispasmodic. 
Fatty fraction of fresh watery extract of seeds impaired 
cancerous cell growth in vitro (CSIR, 1985).

Experimental setup: Healthy and authentic seeds of A. 
esculentus were obtained from Indian Agricultural Research 

Institute, New Delhi. New Delhi is situated 28.38 ` N latitude 
and 77.11’ E longitude at an altitude of 228 m above the 
mean sea level. The soil is formally loam and clayey loam 
with pH 6.8-7.2. It has a semi arid and sub-tropical climate 
with extreme of hot weather in summer and cold in winter. 
The maximum rainfall, 80-100 cm, is observed in July and 
August, winter showers are accompanied with high velocity 
winds and hale storms. The relative humidity increases from 
45% in June to 81% in July and August. Wind velocity is 2 m 
sec-1. The temperature exceeds up to 45ºC.

Experiments were conducted under natural conditions 
in twelve inch earthen pots containing 10 kg of soil per 
pot. The pots were arranged in randomized design for a 
possible uniform light condition. Four to five seeds were 
sown in each pot at 2.5 cm depth, and after germination, 
the seedlings were thinned to three plants per pot. The 
treatments were given to the healthy plants 15-20 days after 
germination. The metals applied to the soil were cadmium, 
mercury and their combinations in the form of CdCl2, HgCl2 
and CdCl2+HgCl2. These salts were added to the soil of the 
experimental pots individually in the following doses: 0.05 
mM, 0.10 mM, 0.50 mM, 1 mM and 2 mM for CdCl2, HgCl2 
and their combinations i.e., (CdCl2+HgCl2) respectively. The 
background concentrations of cadmium and mercury in the 
experimental soil were 0.03 mM and 0.02 mM respectively. 
Soil pH at all treatments was almost similar at the beginning 
of the experiment. In the control plants no metal treatment 
was given. Few gm green manure was given to all 
experimental plants, treated as well as control, for a better 
growth. These plants were suitably irrigated with de-ionized 
water to provide a possible uniform soil moisture conditions.

The experiments were repeated during three successive 
seasons. The sowing for the plant was done in the first week 
of March and harvested in the last week of May. The sampling 
was done for laboratory analysis at three developmental stages, 
i.e., at pre-flowering, flowering and post-flowering stages.

Root length and shoot length was recorded with the 
help of a centimeter scale and expressed as centimeter per 
scale. Cadmium and mercury in the leaves of A. esculentus 
L. was determined by digestion of dried plant material in 
concentrated HNO3-HClO4 (3:1). Metal ion concentrations 
were determined by atomic absorption spectrophotometer.
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Ascorbate peroxidase (APX) activity was determined 
as previously described (Nokano and Asada, 1981) by the 
decrease in absorbance of ascorbate at 290 nm due to its 
enzymatic breakdown on UV-vis spectrophotometer (Model 
DU 640, Beckman, USA). 1.0 mL of the reaction buffer 
contained 0.5 mM ascorbate, 0.1 mM H2O2, 0.1 mM EDTA 
and enzyme extract. The reaction was allowed to run for 3/5 
minutes at 250C. APX activity was calculated by using extinction 
coefficient (e) 2.8 mM–1 cm–1

 and expressed in Enzyme Units 
(EU) mg-1 protein. One unit of enzyme determines the amount 
necessary to decompose 1 mmol of substrate consumed per 
minutes at 250C. 

1.0 g of the fresh material was ground in 4 ml of 
extraction buffer and centrifuged at 10,000 x g for 10 minutes 
at 40C. The supernatant was collected and used for the assay 
immediately or kept under deep freeze conditions.

Catalase (CAT) activity was determined as previously 
described (Aebi, 1984), by monitoring the disappearance of 
H2O2 by measuring a decrease in absorbance at 240 nm on 
UV-vis spectrophotometer (Model DU 640, Beckman, USA). 
Reaction was carried in a final volume of 2 ml of reaction 
mixture containing reaction buffer with 0.1 mL 3 mM EDTA, 0.1 
mL of enzyme extract and 0.1 mL of 3 mM H2O2. The reaction 
was allowed to run for 5 minutes. Activity was calculated by 
using e = 0.036 mM –1 cm-1 and expressed in Enzyme Units 
(mg-1 protein). One unit of enzyme determines the amount 
necessary to decompose 1 mmol of H2O2 per minutes at 25 
0C. One gram of the fresh material was ground in 4 mL of 
extraction buffer and centrifuged at 10,000 x g for 10 minutes 
at 40C. The supernatant was collected and used for the assay 
immediately or kept under deep freeze conditions.

Glutathione Reductase (GR) activity was determined as 
previously described (Foyer and Halliwell, 1976; modified by 
Rao, 1992), by monitoring the glutathione-dependent oxidation 
of NADPH at its absorption maxima of the wavelength 340 
nm on UV-vis spectrophotometer (Model DU 640, Beckman, 
USA). 1.0 mL reaction mixture contained 0.2 mM NADPH, 0.5 
mM GSSG and 50 µL of enzyme extract. The reaction was 
allowed to run for 5 minutes at 250C. Corrections were made 
for any GSSG oxidation in the absence of NADPH. The activity 
was calculated by using e = 6.2 mM–1 cm–1 and expressed 
in Enzyme Units mg-1 protein. One unit of enzyme determines 
the amount necessary to decompose 1 mmol of NADPH per 
minutes at 250C.

0.5 g of the fresh material was ground in 2 mL of 
extraction buffer and centrifuged at 10,000 x g for 10 minutes. 
The supernatant was collected and used for the assay 
immediately or stored in deep freeze condition.

Superoxide dismutase (SOD) activity was determined 
as previously described (Dhindsa et al., 1981), in the 
supernatant, by its ability to inhibit the photochemical 
reduction. The assay mixture, consisting of 1.5 mL reaction 
buffer, 0.2 mL of methionine, 0.1 mL enzyme extract with 
equal amount of 1 M Na2CO3, 2.25 mM NBT solution, 3 mM 
EDTA, riboflavin and 1.0 ml of DDW was taken in testube 
which were incubated under the light of 15 W influorescent 
lamp for 10 minutes at 280C. Blank A, containing all the 
above substances of the reaction mixture, along with the 
enzyme extract was placed in the dark. Blank B, containing 
all the above substances of reaction mixture except 
enzyme was placed in light along with the sample. The 
reaction was terminated by switching off the light and the 
tubes were covered with a black cloth. The non-irradiated 
reaction mixture containing enzyme extract did not develop 
light blue color. Absorbance of samples along with blank 
B was read at 560 nm against the blank A. One gram of 
fresh material was homogenized in 2.0 mL of extraction 
mixture with the help of mortar and pestle. The process 
was carried out under cold condition (40C). The mortar and 
pestle was kept in ice during the course of homogenization. 
The homogenate was transferred to centrifuge tubes and 
centrifuged at 40C. 

The difference of percentage of reduction in the color 
between blank B and the sample was then calculated. Fifty 
percent reduction in the color was considered as one unit of 
enzyme activity and the activity was expressed in Enzyme 
Unit (EU) mg-1 protein h-1. Statistical analysis were carried out 
by two-way classification of Anova to evaluate whether the 
means were significantly different (p ≤ 0.05) as previously 
described (Cochran and Cox, 1957). 

RESULTS

The efficiency of the metal treatments was 
characterized by their effects on Abelmoschus esculentus 
growth. In agreement with literature data, an increase in root 
and shoot length was verified, and number of leaves induced 
by the lower (0.05 mM) CdCl2 concentration. Thereafter, a 
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gradual decline was observed with the increase of the metal 
concentration. In case of HgCl2, no stimulatory effect could 
be found, only a gradual decrease in both root and shoot 
growth was detected (not shown).

All the enzymes studied in non treated plants exhibited 
maximum activities at the flowering stage (Tables 1-8). 

However, the ascorbate peroxidase activity increased with 

the increase in heavy metal concentrations at all stages of 

development studied. The maximum stimulatory effect on 

this enzyme reached values higher than 7000 % with 2 mM 

HgCl2 and 1400 % with 2 mM CdCl2 at post-flowering stage 

of growth (Tables 1 and 2).

Table 1. Effect of different concentrations of CdCl2 on ascorbate peroxidase activity of plants cultivated at three different stages. The values (mean ± SE) are based 
on five individual readings. Percent variation is indicated in parentheses.

Treatments (mM)
Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 0.014±0.001 0 0.133±0.002 0 0.009±0.000 0

0.05 0.016±0.001 -14.28 0.139±0.001 -4.51 0.011±0.001 -22.22

0.10 0.040±0.001 -185.71 0.147±0.001 -10.52 0.022±0.001 -144.44

0.50 0.045±0.001 -221.42 0.223±0.002 -67.66 0.025±0.001 -177.77

1.00 0.047±0.001 -235.71 0.261±0.001 -96.24 0.077±0.001 -755.55

2.00 0.064±0.001 -357.14 0.298±0.001 -124.06 0.135±0.001 -1400

S*=0.0006; T*=0.0009; SxT=0.0016
P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%

Table 2. Effect of different concentrations of HgCl2 on ascorbate peroxidase activity of plants cultivated at three different stages. The values (mean ± SE) are based 
on five individual readings. Percent variation is indicated in parentheses.

Treatments (mM)
Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 0.014±0.001 0 0.133±0.002 0 0.009±0.000 0

0.05 0.015±0.001 -7.14 0.165±0.001 -24.06 0.013±0.002 -44.44

0.10 0.019±0.001 -35.71 0.223±0.001 -67.66 0.020±0.002 -122.22

0.50 0.030±0.002 -114.28 0.235±0.001 -76.69 0.048±0.004 -433.33

1.00 0.050±0.003 -257.14 0.243±0.001 -82.7 0.145±0.182 -1511.1

2.00 0.072±0.001 -414.28 0.282±0.001 -112.03 0.640±0.001 -7011

S*=0.0252; T*=0.0356; SxT=0.0617
P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%

Catalase activity decreased markedly with respect 
to the non-treated control at all the stages of growth and 
in the treatments with both CdCl2 and HgCl2. Maximum 

inhibition of about 97 % was observed with 2 mM CdCl2 
and of about 94 % with 2 mM HgCl2 at the flowering stage 
(Tables 3 and 4).

Table 3. Effect of different concentrations of CdCl2 on catalase activity of plants cultivated at three different stages. The values (mean ± SE) are based on five 
individual readings. Percent variation is indicated in parentheses.

Treatments (mM)
Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 47.356±1.204 0 152.066±1.824 0 13.804±0.107 (0.0

0.05 13.876±0.45 -70.69 75.274±0.22 -50.45 4.864±0.029 -64.76

0.10 7.262±0.449 -84.66 35.784±0.400 -76.46 3.158±0.074 -72.12

0.50 4.740±0.077 -89.99 28.343±0.990 -81.36 2.420±0.018 -82.46

1.00 4.154±0.154 -91.22 12.305±0.16 -91.9 1.914±0.022 -86.13

2.00 2.704±0.105 -94.29 4.256±0.076 -97.2 1.302±0.012 -90.56

S*=0.3570; T*=0.5049; SxT=0.8745

P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%
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Glutathione reductase activity increased considerably 
with the application of both heavy metals in A. esculentus. 
Maximum stimulus was observed to be 2250 % with 2 
mM CdCl2 and 850 % with 2 mM HgCl2 at the flowering 
stage (Tables 5 and 6). 

Superoxide dismutase (SOD) is a key enzyme of antioxidant 
system responsible for detoxification of superoxide anion and 
therefore its activity was also measured to assess the magnitude of 
CdCl2 and HgCl2 induced oxidative stress as well as the antioxidant 
potential of A. esculentus. The SOD activities increased during all 
stages and in both treatments (Tables 7 and 8).

Table 4. Effect of different concentrations of HgCl2 on catalase activity of plants cultivated at three different stages. The values (mean ± SE) are based on five 
individual readings. Percent variation is indicated in parentheses.

Treatments

(mM)

Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 47.356±1.204 0 152.066±1.824 0 13.804±0.107 0

0.05 12.962±0.04 -72.62 64.046±0.46 -57.88 4.144±0.015 -69.97

0.10 11.564±0.010 -75.58 56.436±0.288 -62.88 3.822±0.015 -72.31

0.50 9.566±0.015 -79.79 27.876±0.452 -81.66 3.758±0.019 -72.77

1.00 4.108±0.049 -91.32 24.870±0.49 -83.64 3.316±0.016 -75.97

2.00 3.824±0.010 -91.92 9.506±0.075 -93.74 3.196±0.015 -76.84

S*=7.5962; T*=10.7426; SxT=18.6068
P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%

Table 5. Effect of different concentrations of CdCl2 on glutathione reductase activity of plants cultivated at three different stages. The values (mean ± SE) are based 
on five individual readings. Percent variation is indicated in parentheses. 

Treatments

(mM)

Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 0.001±0.001 0 0.002±0.000 0 0.001±0.000 0

0.05 0.002±0.000 -100 0.004±0.000 -100 0.002±0.000 -100

0.10 0.002±0.000 -100 0.010±0.001 -400 0.002±0.000 -100

0.50 0.003±0.000 -200 0.024±0.001 -1100 0.002±0.000 -100

1.00 0.005±0.000 -400 0.030±0.001 -1400 0.003±0.000 -200

2.00 0.029±0.001 -2800 0.047±0.062 -2250 0.003±0.000 -200

S*=0.0003; T*=0.0004; SxT=0.0007
P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%

Table 6. Effect of different concentrations of HgCl2 on glutathione reductase activity of plants cultivated at three different stages. The values (mean ± SE) are based 
on five individual readings. Percent variation is indicated in parentheses.

Treatments

(mM)

Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 0.001±0.001 0 0.002±0.000 0 0.001±0.000 0

0.05 0.002±0.000 -100 0.005±0.000 -150 0.001±0.000 0

0.10 0.005±0.000 -400 0.010±0.000 -400 0.002±0.000 -100

0.50 0.006±0.000 -500 0.012±0.001 -500 0.003±0.000 -200

1.00 0.007±0.000 -600 0.018±0.001 -800 0.006±0.000 -500

2.00 0.016±0.001 -1500 0.019±0.001 -850 0.007±0.000 -600

S*=0.0003; T*=0.0005; SxT=0.0008
P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%
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Table 7. Effect of different concentrations of CdCl2 on superoxide dismutase activity of plants cultivated at three different stages. The values (mean ± SE) are based 
on five individual readings. Percent variation is indicated in parentheses. 

Treatments (mM)
Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 0.104±0.001 0 0.203±0.001 0 0.054±0.015 0

0.05 0.136±0.001 -30.76 0.385±0.001 -89.65 0.321±0.001 -494.44

0.10 0.156±0.001 -50 0.522±0.002 -157.14 0.418±0.001 -674.07

0.50 0.183±0.001 -75.96 0.547±0.001 -169.45 0.544±0.002 -907.4

1.00 0.321±0.001 -208.65 0.630±0.001 -210.34 0.587±0.001 -987.03

2.00 0.448±0.001 -330.76 0.692±0.003 -240.88 0.747±0.002 -1283

S*=0.0022; T*=0.0031; SxT=0.0053

P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%

Table 8. Effect of different concentrations of HgCl2 on superoxide dismutase activity of plants cultivated at three different stages. The values (mean ± SE) are based 
on five individual readings. Percent variation is indicated in parentheses.

Treatments (mM)
Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 0.104±0.001 0 0.203±0.001 0 0.054±0.015 0

0.05 0.106±0.001 -1.92 0.319±0.001 -57.14 0.079±0.001 -46.29

0.10 0.145±0.002 -39.42 0.322±0.001 -58.62 0.194±0.001 -259.25

0.50 0.165±0.001 -58.65 0.364±0.002 -79.31 0.244±0.002 -351.85

1.00 0.176±0.015 -69.23 0.428±0.001 -110.83 0.526±0.001 -874.07

2.00 0.223±0.002 -114.42 0.463±0.002 -128.07 0.548±0.001 -914.81

S*=0.0029; T*=0.0041; SxT=0.0072

P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%

Cadmium and mercury contents in leaves of the non-
treated controls increased with the plants age, reflecting 
the capacity of A. esculentus to capture and accumulate 
heavy metals present in the environment. In treated 
plants, Cd content increased in the leaf tissues with the 
increase in the metal concentration, reaching a maximum 
stimulation of about 700 % with 2 mM CdCl2 and 450 

% with 2 mM HgCl2 at the flowering stage (Table 9 and 
10). However, the maximum value for the Hg content in 
leaves was observed with 2 mM CdCl2 and was about 25 
% higher at post-flowering stage of growth (Table 11), 
while the maximum value obtained with 2 mM HgCl2 was 
found to be 90 % higher at post-flowering stage of growth 
(Table 12).

Table 9. Effect of different concentrations of CdCl2 on cadmium content (ppm) in leaf of plants cultivated at three different stages. The values (mean ± SE) are based 
on five individual readings. Percent variation is indicated in parentheses.

Treatments (mM)
Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 0.914±0.010 0 1.034±0.015 0 2.142±0.013 0

0.05 0.934±0.019 -2.18 3.542±0.013 -242.5 2.382±0.206 -11.2

0.10 0.960±0.014 -5.03 6.722±0.012 -550.09 3.794±0.010 -77.12

0.50 2.072±0.016 -126.6 7.356±0.010 -611.4 5.060±0.009 -136.2

1.00 2.134±0.010 -133.4 7.518±0.012 -627.07 5.404±0.015 -152.28

2.00 2.580±0.009 -182.2 8.312±0.012 -703.86 5.796±0.015 -170.58

S*=0.0291; T*=0.0412; SxT=0.0713
P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%
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Table 10. Effect of different concentrations of HgCl2 on cadmium content (ppm) in leaf of plants cultivated at three different stages. The values (mean ± SE) are based 
on five individual readings. Percent variation is indicated in parentheses.

Treatments (mM)
Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 0.914±0.010 0 1.034±0.015 0 2.142±0.013 0

0.05 0.960±0.009 -5.03 3.802±0.012 -267.6 2.734±0.019 -27.63

0.10 1.138±0.017 -24.5 3.836±0.015 -270.9 2.840±0.009 -32.58

0.50 1.178±0.012 -28.8 4.356±0.023 -321.27 3.042±0.017 -42.01

1.00 1.874±0.010 -105 4.868±0.012 -370.7 3.526±0.014 -64.6

2.00 2.242±0.013 -145.29 5.724±0.012 -453.5 4.022±0.012 -87.76

S*=0.0077; T*=0.0109; SxT=0.0189
P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%

Table 11. Effect of different concentrations of CdCl2 on mercury content (ppm) in leaf of plants cultivated at three different stages. The values (mean ± SE) are based 
on five individual readings. Percent variation is indicated in parentheses.

Treatments (mM)
Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 113.340±0.786 0 119.320±0.821 0 143.60±0.322 0

0.05 115.98±0.45 -2.32 119.38±0.61 -0.05 152.18±0.79 -5.97

0.10 118.30±0.837 -4.37 119.84±0.418 -0.43 158.28±0.711 -10.22

0.50 123.00±1.563 -8.52 121.90±0.932 -2.16 172.54±1.308 -20.15

1.00 125.28±0.838 -10.53 122.18±0.708 -2.39 173.86±1.122 -21.07

2.00 128.30±1.72 -13.19 124.620±1.15 -4.44 178.920±0.89 -24.5

S*=0.4874; T*=0.6893; SxT=1.1940

P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%

Table 12. Effect of different concentrations of HgCl2 on mercury (ppm) in leaf of plants cultivated at three different stages. The values (mean ± SE) are based on five 
individual readings. Percent variation is indicated in parentheses.

Treatments (mM)
Preflowering Flowering Postflowering

(mean±SE) (%) (mean±SE) (%) (mean±SE) (%)

Control 113.340±0.786 0 119.320±0.821 0 143.600±0.322 0

0.05 121.860±0.845 -7.5 122.280±0.816 -2.5 148.660±0.889 -3.52

0.10 126.340±1.040 -11.5 125.540±0.804 -5.2 154.580±1.303 -7.64

0.50 134.060±1.011 -18.3 142.560±1.311 -24 161.180±2.351 -12.2

1.00 141.960±1.261 -25.2 144.500±1.016 -21 231.320±1.238 -61.1

2.00 149.700±1.747 -32.1 164.180±1.661 -38 272.860±1.866 -90

S*=8.6697; T*=12.2608; SxT=21.2363

P≤ 0.05, S*=Stages, T*=Treatments, SxT=Interaction CD at 5%

DISCUSSION

In the present study, Cd and Hg were found to adversely 

affect plant growth and metabolism in A. esculentus except 

at 0.05mM of CdCl2 which showed a positive effect. Root 

length, shoot length and number of leaves decreased 

with Cd and Hg treatments except at 0.05mM of CdCl2 as 

previously described not only to Cd, but also to Cu and Al 
treatments (Barnabas et al., 2000; Horvath et al., 1996). 
The obtained data are also in line with the notion that the 
symptoms of Cd and Hg toxicity include stunted growth, leaf 
chlorosis and alteration in the activity of different enzymes 
of various metabolic pathways (Godbold and Huttermann, 
1985; Arduini et al., 1996). 
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Heavy metal concentrations varied with species and 
the parts considered for analysis. This is probably due to 
variable capabilities of plants to absorb and accumulate 
heavy metals. Furthermore, variations in growth period and 
growth rates (Moseholm et al., 1992) as well as physical 
and chemical properties of soil also affect the heavy metal 
uptake (Verloo and Eeckhout, 1990). Plants have a high 
capacity to take nutrients and trace elements available 
in the air and in the soil environment, and specifically the 
root uptake of Cd has been shown to be strongly related 
to its chemical form and solubility when present in the soil 
solution (Pandey et al., 2009). 

The protective mechanisms developed by plants 
to scavenge free radicals and peroxides over-produced 
in response to heavy metals exposure include several 
antioxidative enzymes such as APX, CAT, GR and SOD. 
In fact, these enzymes are key components in preventing 
the oxidative stress in plants as the activity of one or more 
of these enzymes is generally increased in plants when 
exposed to stressful conditions (Malekzadeh et al., 2007b).

A Cd-induced increase in antioxidant enzyme activities 
was also reported by Shah et al. (2001) and Lannelli et al. 
(2002). The enhanced activity with Cd treatment was also 
reported in barley seedlings (Hegedus et al., 2001). It appears 
that Cd-induced increase in antioxidant enzyme activities is 
a consequence of active oxygen species overproduction 
(Thompson et al., 1987).

The present study indicated that Hg-exposure resulted 
in an increase in H2O2 content in plants. Although the 
mechanism of Hg induced H2O2 formation is not presently 
known, heavy metals are known to be involved in production 
of active oxygen species in many ways (Luna et al., 1994). 
The H2O2 accumulation after Hg-exposure may be produced 
in a manner similar to H2O2 in cold-stressed plants (Prasad 
et al., 1994). The susceptibility to oxidative stress is a 
function of the overall balance between the factors that 
increase oxidant generation and those substances that 
exhibit antioxidant capability (De Vos et al., 1991; Foyer et 
al., 1994).

Cadmium and mercury enhanced the A. esculentus APX 
activity. It was also studied by Schutzendubel et al. (2001), 
when pine seedlings treated with Cd, H2O2 accumulation was 
followed within few hours and significant increase in APX 

activity was observed. Therefore, the present study suggests 
its role in constant detoxification of H2O2 in A. esculentus. It 
may also be attributed to adaptations and ultimate survival of 
the plant during the period of stress.

In the present study a decrease in catalase (CAT) 
activity was observed in both Cd and Hg treatments. This 
result coincides with experiments in Phaseolus aureus 
(Shaw, 1995); Pisum sativum (Dulurzo et al., 1997) and 
Amaranthus levidus (Battacharjee, 1998) following the 
application of Cd to growth medium. Decreased CAT activity 
has also been observed in Phaseolus vulgaris (Chaoui et al., 
1997; Somashekariah et al., 1992) and pea (Sandalio et al., 
2001). Shah et al (2001) and Vaglio and Landriscina (1999) 
also described a general reduction of CAT activities upon Cd 
exposure. The data are also in line with the results obtained 
by Moussa (2005) where CdCl2 treated faba beans showed 
a concentration-dependent oxidative stress situation in the 
leaves, characterized by an accumulation of H2O2, as a result 
of the inhibition of the CAT. It is also regarded as a general 
response to many stresses and is supposedly due to the 
inhibition of enzyme synthesis or change in assembly of 
enzyme subunits (Mac-Rac and Fergusson, 1985). Catalase 
is mainly present in peroxisomes and mitochondria, 
which often decreased following exposure to elevated Cd 
concentrations (Fornazier et al., 2002; Shim et al., 2003). 
The decrease may also be associated with degradation 
caused by induced peroxisomal proteases or may be due to 
photoinactivation of enzyme. 

The increase in APX activity induced by Hg was 
reported in seedlings of Phaseolus aureus (Shaw, 1995). 
The APX stimulation has also been verified in several plants 
subjected to Cd, Zn, Cu, Pb and Fe treatment (Patra and 
Panda, 1998; Prasad et al., 1999). Therefore, increased 
activities of SOD and APX and other antioxidative enzymes 
under heavy metals treatments may be considered as 
circumstantial evidence for tolerance mechanism evolved by 
the plant species.

The present investigation demonstrated an enhanced 
activity of Glutathione Reductase in response to increasing 
concentrations of HgCl2, a result which can often be 
exacerbated by the addition of GSSG and ameliorated by 
NADPH (Halliwell and Foyer, 1978; Serrano et al., 1984). 
Activation of the ascorbate-glutathione cycle has been 
found to be essential in stressed plants to combat oxidative 
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damage (Alscher et al., 1997). Although ascorbate, an 
oxidant and a major metabolite in plants and enzymes 
involved in its metabolism were not monitored, the increase 
in APX and GR activates in Cd-exposed A. esculentus 
maintains ascorbate and glutathione turnover and activation 
of the H2O2 scavenging ascorbate-glutathione cycle. Also the 
similar results with Cd-exposure were noticed in Phaseolus 
vulgaris and Alyssum (Chaoui et al., 1997; Schickler 
and Caspi, 1999). The increased activity of GR could be 
explained by transcriptional or translational modification to 
keep an adequate GR level to protect plant against Cd stress 
(Romero-Puertas et al., 2002; Xiang and Oliver, 1998). The 
participation of the GR pathway activated upon Hg stress 
has also been observed in our study, is the best documented 
role for this enzyme (Chaoui et al., 1997; Stroinski et al., 
1999).

Superoxide Dismutase (SOD) represents a key element 
of the enzymatic system that protects the plant cell against 
deleterious peroxidation reactions (Monk et al., 1998). 
Leaves of A. esculentus show an enhancement in SOD 
activity upon Cd and Hg stress. Increases in SOD activity 
is often attributed to de-novo synthesis of the enzyme 
and shown to confer increased protection from oxidative 
damage in transgenic plants (Allen et al., 1997). Similar 
SOD enhancement under a variety of stressful conditions 
including Cu, Al, Mn, Fe and Zn toxicities have been 
observed in different plant species by Prasad (1997) as 
well as Cakmak and Horst (1991). It is postulated that the 
activation of SOD enzymes exerts a pivotal role during metal 
stress resistance and for the maintenance of overall defense 
system of plants subjected to this kind of oxidative damage 
(Slooten et al., 1995).

In the present study the increase in H2O2 was 
concentration dependent in the leaves of A. esculentus 
for Hg as well as Cd treated plants. Our results are also in 
agreement with the results of Schickler and Caspi. (1999) in 
Alyssum which may be attributed to the increased production 
of ROS (Somashekariah et al., 1992) and also related to an 
increased expression of genes encoding SOD (Bowler et 
al., 1992). Increased SOD activities were also found in Cd-
exposed fungi and marine microalgae (Jacob et al, 2001; 
Collen et al., 2003; Guelfi et al., 2003) and in a number of 
Cd/Hg-exposed plant species (Chaoui et al., 1997; Elstner et 
al., 1988; Schickler and Caspi, 1999). 

In conclusion, the higher amount of Cd and Hg 
accumulation in leaves of A. esculentus reveal that the 
tolerance of the species seems to be genetically determined 
by the capability to transport those heavy metals from roots 
to shoots where they are compartmentalized in the cells 
of leaves, with minimal effects on the growth and yield of 
the plant. The data also revealed a coordinated increase in 
the activities of SOD, APX and GR in the leaves upon Cd 
and Hg stress, suggesting a key role for those enzymes 
in Cd and Hg tolerance of A. esculentus. The results 
suggest that A. esculentus has a potential to be used as a 
phytoremediator in areas contaminated with Cd due to its 
higher antioxidant potential and lesser susceptibility to Cd-
stress. Further studies under field conditions are needed to 
evaluate the level of Cd accumulation in the A. esculentus 
seeds and fruits towards a responsible recommendation for 
the commercialization of the products derived from plants 
grown in polluted areas.
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