
Journal of Environmental Biology  mMay, 2009 m

O
n
lin

e 
C

o
p

O
n
lin

e 
C

o
p

O
n
lin

e 
C

o
p

O
n
lin

e 
C

o
p

O
n
lin

e 
C

o
p
yyyyy

Journal of Environmental Biology May 2009, 30(3) 451-454 (2009)

©Triveni Enterprises, Lucknow (India) For personal use only

Free paper downloaded from: www.jeb.co.in Commercial distribution of this copy is illegal

Antioxidant status of pigeon pea, Cajanus cajan in the presence of endosulfan stress
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Abstract: Antioxidative status study was made in cotyledons of 7 days old as well as in leaf and stem tissues of 30 and 60 days old pigeon

pea (Cajanus cajan) namely Asha and Maruti subjected to different doses of endosulfan in the range 0.1-1.0%. The results revealed that

the activities of the antioxidative enzymes and the antioxidant contents such as the super oxide dismutase (SOD), peroxidase (POD),

reducing power (RP), ascorbic acid (AsA) and total phenols (TP) increased with increase in the concentrations of endosulfan in different

parts of the plants in both the varieties. It was interesting to note that the increase in the antioxidative enzymes and the antioxidant contents

were higher in leaves than in stem and cotyledons in both the plant varieties. The Asha showed lower activity of SOD and higher activity

of POD than the Maruti. The RP and AsA contents were higher, whereas the TP content was lower in Asha than Maruti. The observed

variations in the activities of the oxidative enzymes and the antioxidant contents of the plants treated with the varying concentration of

endosulfan indicated that the antioxidative system in the plants plays a fundamental role in minimizing the deleterious effects of the

oxidative stress in the two varieties of Cajanus cajan.
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Introduction

Plants experience various biotic and abiotic stress during

their life cycle that results in the formation of various active oxygen

species (AOS) such as superoxide (O
2
), hydroxyl radical (OH-)

and hydrogen peroxide (H
2
O

2
), which together constitute the

oxidative stress (Egneus et al., 1975; Elstner, 1987; Cadenas,

1989). It is thought that the plants evolve antioxidative pathways to

protect them from the oxidative damage during their normal growth

periods. It is well known that the plant-based diet reduces the risk of

development of several chronic diseases (Arora et al., 2002). Hence,

there is a great demand for the naturally occurring phytochemicals

in our food products for the suppression of the active oxygen species

(Bhaskar et al., 2007).

  The pulses are considered to be the prime source of

protein in the diet of human beings in many countries. The pigeon

pea, Cajanus cajan, is considered to be the sixth most important

dietary legume crop predominantly grown in the tropical areas.

India alone contributes about 90% of the annual world production

of Cajanus cajan (FAOSTAT, 2006). The district of Gulbarga in the

northern part of Karnataka, India falls in the semi-arid region and

comes under the ‘core’ district that produces large quantity as well

as better quality of pulses particularly the Cajanus cajan which is

popularly called as red gram. There are many varieties of Cajanus

cajan cultivated in these areas and among them the two varieties

namely Asha (ICPL – 87119) and Maruti (ICP – 8863) are generally

grown widely in the area.

The successful crop production depends on the availability

of the plant nutrients and the pesticides to protect them from insects,

pests and weeds etc. To control the insects, the crop plants are

often exposed to different types of insecticides. Endosulfan is one of

the insecticides and accaricides, which belongs to the group of

chlorinated hydrocarbons. There is, however, little information about

the antioxidant properties of Cajanus cajan in the presence of the

endosulfan stress. The adaptation or acclimation of plants to oxidative

stress seems to be multifactorial and many processes are considered

to be involved in the overall defense strategy of the plants. It is

hence planned in the present study to investigate the role of

enzymatic and non-enzymatic antioxidant activities in the two varieties

of Cajanus cajan viz., Asha and Maruti.

Materials and Methods

The seeds of the two varieties of Cajanus cajan (Millsp.)

namely Asha (ICPL-87119) and Maruti (ICP-8863) were brought

from the Agricultural Research Station, Gulbarga, Karnataka, India.

The seeds were washed with soap water and then with a jet of tap

water.  Further, the test seeds were surface sterilized with 0.1%

solution of HgCl
2
 for 5 min and then thoroughly washed with sterilized

distilled water. The surface sterilized seeds, in one set of experiments

were soaked over 24 hr in 0.1, 0.4, 0.7 and 1.0% of endosulfan,

whereas, the seeds were soaked in distilled water for the control.

The test concentrations of endosulfan were chosen within the range

of the normal prescriptions for the spraying of crop plants under the

field conditions. In the experiment, the seeds were then grown

under laboratory conditions in the petri dishes lined with double

layer of Whatman filter paper No. 4 for 7 days at 28 ± 2oC. These

cotyledons, after 7 days, were then taken for the analysis. In another

set of experiment, the surface sterilized seeds were grown in a

green house in separate sterilized pots containing the soil and sand

mixture (1:1). The plants, after 30 and 60 days, were sprayed with

0.1, 0.4, 0.7 and 1.0% endosulfan, whereas the control pots were



Journal of Environmental Biology  mMay, 2009 m

O
n
lin

e 
C

o
p

O
n
lin

e 
C

o
p

O
n
lin

e 
C

o
p

O
n
lin

e 
C

o
p

O
n
lin

e 
C

o
p
yyyyy

Pratima Mathad and N.C. Siddaling

kept aside without fumigation. The specified periods of fumigation

were chosen as the plants are normally sprayed with the insecticides

in the field conditions during the pre-mature (30 days) and pre-

flowering (60 days) stages since the plant is susceptible to the attack

of insects and pests during these  periods. In the further experiments,

the leaf and the stem parts of the plants were then taken for the

analysis.

Further for the analysis of enzymatic activities viz., Super

oxide dismutase (SOD) and peroxidase (POD), the plant material

was ground with 5 ml of chilled phosphate buffer in a pre-chilled

mortar and pestle. The extraction medium consisted of 0.1M

potassium phosphate buffer (pH–7.5) containing 0.5 mM EDTA.

The homogenate was filtered through cheese cloth and the filtrate

was centrifuged at 4oC for 15 min at 15000 rpm. The supernatant

obtained was used as the enzyme extract. The SOD activity in the

enzyme extract was then estimated according to the method of

Dhindsa et al.  (1981). The POD activity was estimated according

to the method of Sadasivam and Manickam (1986) and the total

content of proteins was made by the method of Lowry et al. (1951).

Further the analysis of non-enzymatic activity viz. Reducing power

(RP), ascorbic Acid (AsA) and total phenols (TP) were made

respectively by the methods described by Oyaizu (1986), Klein

and Perry (1982), Malik and Singh (1980).

The statistical analysis of the results was made by employing

the analysis of variance (ANOVA) and Duncan’s multiple range test

(DMRT) using SPSS version 10.

Results and Discussion

The experimental findings involved the analysis of the

antioxidative enzymes and the antioxidant contents in 7 days old

cotyledons as well as in 30 and 60 days old leaf and stem tissues of

two varieties of Cajanus cajan viz. Asha and Maruti subjected to

different doses of endosulfan in the range 0.1-1.0%. It was observed

that the activity of SOD increased with increasing concentrations of

endosulfan in both the cultivars in all the explants (Table 1, 2). The

SOD activity was found to be maximum in 60 days old leaves.

Further, the activity of SOD in Asha was lower in cotyledons

compared to the Maruti at all the endosulfan concentrations.

However, the lower activity of SOD was observed at the endosulfan

concentration of 0.4, 0.7 and 1.0% in 30 days old stem tissues; as

well as at 0.1, 0.4 and 1.0% of endosulfan in 30 days old leaves;

and at 0.4% of endosulfan in 60 days old leaves.  The DMRT

results of both the varieties of Cajanus cajan indicated an increased

Table-1: Effect of endosulfan on antioxidant activity in Asha  (ICPL - 87119)

Antioxidant  Endosulfan Cotyledons                       Stem                    Leaves

parameters concentration (%) 7 days 30 days 60 days 30 days 60 days

Super oxide dismutase Control 5.169 ± .003a 3.470 ± .010a 6.570 ± .086a 9.668 ± .007a 14.132 ± .008a

[Units mg-1 protein] 0.1 6.726 ± .008b 6.581  ± .044b 10.666 ± .038b 12.360 ± .133b 20.016 ± .012b

0.4 8.004 ± .007c 8.170 ± .044c 13.631 ± .038c 16.046 ±  .133c 22.221 ±  .012c

0.7 10.611 ± .015d 10.028 ±. 029d 15.061± .060d 25.716 ± .003d 35.044  ±. 057d

1.0 13.205 ± .012e 16.690 ± .017e 22.864 ± .035e 32.063 ± .011e 48.338 ± .042e

Peroxidase Control 0.136 ± .004a 0.137 ± .003a 0.140 ± .002a 0.196 ±. 003a 0.309 ± .006a

[Units min-1 mg-1 protein] 0.1 0.156 ± .005b 0.149 ± .003b 0.244 ± .004b 0.315 ± .003b 0.320  ± .005b

0.4 0.164 ± .004b 0.160± .004c 0.273 ± .009c 0.331 ±. 004c 0.338 ± .005c

0.7 0.203 ± .007c 0.163 ± .002c 0.320 ± .007d 0.370 ± .002d 0.400 ± .006d

1.0 0.211 ± .006c 0.169 ± .003d 0.330 ± .005d 0.441 ± .003e 0.484 ± .004e

Reducing power Control 0.182 ±. 001a 0.147±. 002a 0.155±. 004a 0.214 ±. 004a 0.240 ±. 002a

[mg g-1 D.W.] 0.1 0.210±. 003b 0.153±. 002b 0.192±. 003b 0.255 ±. 002b 0.281 ±. 001b

0.4 0.310±. 001c 0.190±. 001c 0.219±. 001c 0.345 ±004c 0.363 ±. 001c

0.7 0.318±. 002d 0.211±. 001d 0.265± .002d 0.377 ± 002d 0.404 ±. 002d

1.0 0.422±. 006e 0.303±. 005e 0.333± .002e 0.436 ±. 002e 0.463 ±. 002e

Ascorbic acid Control 1.157 ± .025a 0.397 ±  .021a 0.477 ± .035a 1.657 ± .025a 2.023  ± .021a

[mg g-1 F.W.] 0.1 1.200 ± .046a 0.807± .015b 0.860 ± .020b 2.320 ± .030b 2.400 ± .040b

0.4 1.320 ± .010b 0.863 ± .025c 0.917 ± .012c 2.420 ± .020c 2.820 ± .020c

0.7 1.617 ± .021c 0.923 ± .021d 0.973 ± .015d 3.113 ± .035d 3.417 ± .015d

1.0 2.213 ± .021d 1.163 ± .025e 1.303 ± .050e 4.057 ± .006e 4.360 ± .040e

Total phenols Control 3.817  ± .021a 2.040 ± .020a 3.357 ± .006a 4.723 ± .025a 4.963 ± .012a

[mg g-1 F.W.] 0.1 3.880 ± .010b 3.033 ± .032b 4.003 ± .021b 5.400 ± .173b 6.957 ± .006b

0.4 5.520 ± .030c 4.063 ± .012c 4.197 ± .025c 6.600 ± .020c 9.760 ± .020c

0.7 8.363 ± .014d 5.497 ± .040d 7.720 ± .030d 9.803 ± .015d 10.033 ± .025d

1.0 8.420 ± .020e 9.317 ± .021e 10.163 ± .012e 10.203 ± .040e 10.360 ± .010e

ANOVA significance at p<0.05; Mean values in a given column bearing the same letter notation are not statistically different, ± indicates Standard Deviation,

D.W. and F.W. denote dry and fresh weight respectively
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SOD activity with increased concentrations of endosulfan in all the

test plant materials (Table 1, 2). The increased activity of SOD

under endosulfan stress could be an indicative of an increased

production of ROS and build-up of a protective mechanism to reduce

the oxidative damage triggered by the stress experienced by the

plants (Scalet et al., 1995). These results reveal that SOD enzymes

are involved in scavenging of O
2
- produced under the endosulfan

stress. A similar increase in SOD activity in plants under different

kinds of stress has been reported by various workers (Noormets et

al., 2000; Ho-Min Kang and Saltveit, 2001; Agarwal and Pandey,

2003; Prochazkova and Wilhelmova, 2004; Upadhyaya and Panda,

2004; John et al., 2007).

The POD is a major enzyme responsible for the oxidation

of phenolic compounds in plant species. In the experiment, the

maximum activity of POD was observed in the leaves of both the

varieties of Cajanus cajan and further the activity increased with

increasing endosulfan concentrations (Table 1, 2). The Asha variety

showed higher activity of POD in all the test plant materials over all

the endosulfan concentrations except for the cotyledons. The activity

of POD in Asha was found to be maximum in 30 days old stem at 0.7

and 1.0% endosulfan than Maruti. The DMRT results have shown

increased POD activity with increase in the concentrations of

endosulfan in all the test plant materials. There was, however, no

significant difference in POD activity of Asha treated with endosulfan

concentration of 0.4, 0.7 and 1.0% in cotyledons; and also at 0.4

and 0.7% of endosulfan in 30 days old as well as at 0.7 and 1.0%

of endosulfan in 60 days old stem tissues. Similarly there was no

conspicuous change in the POD activity of Maruti treated with the

endosulfan concentration of 0.7 and 1.0% in 30 days old as well as

at 0.1% of endosulfan in the 60 days old stem tissues. These results

suggest that the POD is strongly activated by the endosulfan stress

through decomposing the H
2
O

2
 by the oxidation of phenolic

compounds into H
2
O. Many investigators have similarly observed

the increased activity of POD in different plants under various stress

(Agarwal and Pandey, 2003; Upadhyaya and Panda, 2004; John

et al., 2007; Singh et al., 2007).

Further, higher reducing power was observed in both the

varieties of plants at the higher concentrations of endosulfan (Table

1, 2). The leaves of both the varieties of Cajanus cajan showed

higher reducing power than the cotyledons and the stem parts. The

maximum reducing power was observed in the cotyledons of Asha

at all the concentrations.A similar increase in the reducing power

was observed over all the concentrations (0-1.0%) in 30 as well as

60 days old stem and in 30 and 60 days old leaves of Asha at 1.0

of endosulfan. The results of DMRT for both the varieties of plants

suggested that all the test concentrations of endosulfan employed in

the experiment were effective on reducing power except in 60 days

old leaves of Maruti. The enhanced reducing power in methanolic

Antioxidant responses of plant to insecticide stress

Table-2: Effect of endosulfan on antioxidant activity in maruti (ICP - 8863)

Antioxidant  Endosulfan Cotyledons                       Stem                    Leaves

parameters concentration 7 days 30 days 60 days 30 days 60 days

Super oxide dismutase Control 7.602 ± .009a 5.634 ± .016a 6.951 ± .014a 9.284 ± .012a 10.663 ± .012a

[Units mg-1 protein] 0.1% 8.421 ± .000b 6.138 ± .004b 7.098 ± .039b 12.929 ± .020b 18.007 ± 1.146b

0.4% 10.714 ± .000c 9.488 ± .035c 8.360 ± .027c 19.027 ± .068c 29.630 ± .026c

0.7% 14.104 ± .008d 13.952 ± .119d 14.474 ± .060d 22.225 ± .017d 32.767 ± .135d

1.0% 16.971 ± .007e 19.447 ± .029e 15.866 ± .029e 38.406 ± .017e 43.756 ± .026e

Peroxidase Control 0.140 ± .002a 0.124 ± .004a 0.150 ± .005a 0.142 ± .005a 0.250 ± .002a

[Units min-1 mg-1 protein] 0.1% 0.239 ± .004b 0.137 ± .004b 0.154 ± .002a 0.249 ± .004b 0.307 ± .005b

0.4% 0.247 ± .006c 0.150 ± .003c 0.161 ± .003b 0.305 ± .003c 0.326 ± .004c

0.7% 0.331 ± .004d 0.167 ± .002d 0.174 ± .004c 0.339 ± .004d 0.351 ± .003d

1.0% 0.361 ± .004e 0.170 ± .002d 0.200 ± .007d 0.371 ± .006e 0.374 ± .005e

Reducing power Control 0.233 ± .003a 0.062 ± .002a 0.154 ± .003a 0.304 ± .004a 0.348 ± .004a

[mg g-1 D.W.] 0.1% 0.240 ± .004b 0.083 ± .004b 0.176 ± .003b 0.328 ± .001b 0.386 ± .003b

0.4% 0.256 ± .003c 0.101 ± .001c 0.214 ± .003c 0.371± .002c 0.392 ± .003c

0.7% 0.265 ± .002d 0.118 ± .003d 0.245 ± .001d 0.394 ± .002d 0.408 ± .004c

1.0% 0.364 ± .003e 0.152 ± .002e 0.282 ± .003e 0.403 ± .003e 0.431± .003d

Ascorbic acid Control 1.313 ± .015a 0.383 ± .012a 0.407 ± .015a 1.447 ± .021a 1.717 ± .015a

[mg g-1 F.W.] 0.1% 1.507 ± .021b 0.627 ± .015b 0.660 ± .030b 1.817 ± .012b 1.863 ± .015b

0.4% 2.067 ± .153c 0.753 ± .035c 0.780 ± .020c 2.180 ± .040c 2.317 ± .025c

0.7% 2.200 ± .030d 0.807 ± .021d 1.257 ± .040d 2.663 ± .021d 3.170 ± .040d

1.0% 2.617 ± .035e 0.973 ± .015e 1.413 ± .006e 3.050 ± .017e 3.663 ± .021e

Total phenols Control 3.043 ± .006a 2.320 ± .010a 2.460 ± .010a 3.160 ± .030a 3.840 ± .010a

[mg g-1 F.W.] 0.1% 4.163 ± .012b 2.680 ± .020b 3.580 ± .030b 5.200 ± .040b 5.880 ± .020b

0.4% 5.653 ± .031c 3.480 ± .030c 5.400 ± .020c 6.360 ± .020c 6.920 ± .040c

0.7% 5.957 ± .031d 4.680 ± .020d 5.960  ± .010d 7.280 ± .010d 8.867 ± .058d

1.0% 8.437 ± .015e 8.240 ± .040e 8.280 ± .020e 9.440 ± .030e 10.440 ± .030e

ANOVA significance at p<0.05; Mean values in a given column bearing the same letter notation are not statistically different, ± indicates Standard Deviation,

D.W. and F.W. denote dry and fresh weight respectively
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extract of the cotyledons, leaf and stem parts of the plants might be

due to their hydrogen donating ability which contains higher amount

of reductone that could react with free radicals to stabilize and

terminate the radical reactions (Shimada et al., 1992).

The ascorbic acid content was found to be higher in the

cotyledons, leaf and stem tissues of both the plant varieties at the

higher concentrations of endosulfan. The Asha showed enhanced

content of ascorbic acid in all the plant parts than Maruti over all the

test concentrations except for the cotyledons and 60 days old stem

at 0.7 and 1.0% of endosulfan. The DMRT results for both the

varieties of Cajanus cajan showed accordingly an enhancement in

the ascorbic acid content with increasing concentrations of

endosulfan. The increased Ascorbic acid content in the plant parts

could be postulated as a key factor to control the oxidation and limit

the production of H
2
O

2
. However, Prasad et al. (2005) have reported

a decrease in the Ascorbate content with increase in the endosulfan

in the cyanobacterium Plectonema boryanum.

The total phenolic content increased with higher

concentrations of endosulfan in all the test plant materials with maximum

being in the leaves (Table 1,2). Asha showed minimum content of

total phenols at the endosulfan concentration of 0.4 and 1.0% in

cotyledons; at 0.4% in 60 days old stem: and at 1.0% in 60 days

old leaves. The results of DMRT for both the varieties of plants

showed that all the concentrations of endosulfan employed in the

experiment were found effective on the phenolic contents. The total

phenolic content increased gradually with higher levels of

endosulfan. An enhanced total phenolic content in the plants might

be due to the conversion of superoxide radicals (O
2
.-) into H

2
O

2
 by

the oxidation of phenolic compounds catalysed by peroxidase in

the presence of endosulfan stress.(Takahama and Oniki, 1994).

 The present results thus reveal that the effect of the oxidative

stress induced by the varying concentrations of endosulfan was

mitigated by enhancement of the antioxidant enzymes and the

antioxidant contents in the two varieties of Cajanus cajan. The

increase in antioxidant capacity, in fact, was higher in leaves than in

stem and cotyledons. This could be due to the photosynthetic role of

leaves, which results in higher production of ROS and hence a

higher demand for the antioxidant contents in the leaves. Further

the higher antioxidant capacity in both Asha and Maruti, in 60 days

old leaves could be due to the synergistic effect of aging and the

insecticide stress. Thus, our results indicate that the endosulfan evokes

oxidative stress in Cajanus cajan and that both the varieties viz. Asha

and Maruti show comparable responses to the endosulfan stress.
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