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Abstract: In the present study, effect of cadmium (Cd) metal on antioxidant potential of Brassica juncea plants was observed. Seeds of 

Brassica juncea var. RLC-1 were given the treatment of three different concentrations (0.2, 0.4 and 0.6mM) of Cd. Activities of 

antioxidative enzymes (dehydroascorbate reductase, monodehydroascorbate reductase and glutathione peroxidase) and level of 

antioxidants (tocopherol and flavonoid) of 90-days old plants was analyzed. Results revealed that antioxidant potential of B. juncea 

plants were found to improve in terms of enhanced activities of enzymes and antioxidant content under Cd stress. Therefore, present 

piece of work suggested that treatment of Cd activated defence strategies in Brassica juncea plants to overcome the stress. 
 
Keywords: Brassica juncea, heavy metal stress, antioxidants, antioxidative enzymes 
 
1. Introduction 
 
In the agricultural soils, metals naturally found in low 
concentrations as infrequent element. Among metals, 
cadmium (Cd) is generally released into the environment 
from farming practices and industrial processes [1, 2]. Cd is 
easily uptaken by plant roots due to its highly toxic nature 
and transported through xylem into above aerial parts [3, 4]. 
It may cause serious threats to human health by entering into 
the food chain [5, 6]. Although it is a nonredox metal, but 
also considered as a strong phytotoxic metal leads to growth 
inhibition and plant death [1]. Sensitivity of plants varies 
towards Cd doses. As most of the plants are sensitive to low 
concentrations of Cd which further cause alteration in the 
chloroplast ultrastructure, antioxidant enzymes, disturbs the 
calvin cycle, photosynthesis and uptake and distribution of 
macro and micronutrients [7, 8]. Through the overproduction 
of reactive oxygen species (ROS), Cd produces oxidative 
stress in plants, further leads to oxidative burst. To protect 
themselves from ROS, plants possess a wide range of 
defence strategies which includes efficient antioxidative 
enzymes and low molecular weight antioxidants [9].  
 
Brassica juncea is an oilseed crop, mainly acts as a food 
crop and also used for its medicinal purposes. The 
components of this crop include antioxidants like carotenes, 
flavonoids, lutein, indoles, and zea-xanthin10, which help in 
the motivation of cellular defence system and biological 
system against oxidative damage. Therefore, present 
investigation was designed to study the effect of Cd stress on 
antioxidative defence system of Brassica juncea plants. 
 

2. Materials and Methods 
 
To study the effects of Cd metal on Brassica juncea plants, a 
field experiment was conducted in Botanical Garden of Guru 
Nanak Dev University, Amritsar. 20 X 20 feet area was 
taken for the experimentation and soil: manure in a ratio of 
3:1 was added into it. The certified and disease free seeds of 
Brassica juncea L. var. RLC-1 were purchased from Punjab 
Agricultural University, Ludhiana, Punjab and surface 
sterilized with 0.01% mercuric chloride solution, followed 

by the repeated washing of sterile double distilled water 
(DDW). Different treatments of Cd metal were given (0, 0.2, 
0.4 and 0.6 mM Cd). Plants were then harvested after 90-
days of germination to study following parameters: 
 
2.1 Antioxidants 

 

2.1.1 Total flavonoid Content 

Total flavonoid content was estimated by method given by 
Kim et al. [11]. 
 

2.1.2 Tocopherol content 

Vitamin E was estimated by the method given by Martinek 

[12]. 0.5 ml of plant extract was mixed with 0.5 ml of 
absolute ethanol and 0.5 ml double distilled water. 0.5 ml of 
xylene was added to it and mixture was centrifuged at 3,000 
rpm for 10 minutes. 0.5 ml xylene (top) was mixed with 0.5 
ml of TPTZ reagent and added to the mixture and 
absorbance was taken at 600nm. 1 mg 100ml-1 concentration 
was used as a standard for tocopherol content determination. 
 
2.2 Estimation of activities of antioxidative enzymes 

 

2.2.1 Dehydroascorbate Reductase (DHAR) Activity 

DHAR activity was measured by the method of Dalton et al. 
[13]. The reaction mixture consists of 1.5 ml phosphate 
buffer, 300 μL glutathione reduced, 300 μL 
dehydroascorbate and 400 μL enzyme extract. Increase in 
absorbance was recorded at 265 nm and enzyme activity was 
determined by extinction coefficient 14 mM-1 cm-1. 
 

2.2.2 Monodehydroascorbate reductase (MDHAR) 

activity 

MDHAR activity was estimated by Hossain et al. [14] 

method. Reaction mixture was followed by 1.8 ml of 
phosphate buffer, 300 μL EDTA, 200 μL NADH, 250 μL 
ascorbate oxidase and 300 μL enzymes extract. Enzyme 
activity was determined by extinction coefficient 6.22 mM-1 
cm-1. Decrease in absorbance was measured at 340 nm. 
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2.2.3 Glutathione Peroxidase (GPOX) activity 

GPOX activity was analyzed according to the method of 
Flohe and Gunzlar [15]. GPOX stimulates the production of 
GSSG from GSH and H2O2. GR cause reduction of GSSH 
and NADPH oxidation is measured at 340 nm. In 1 ml of 
reaction mixture 500 μl PPB, 100 μl EDTA, 100 μl NADPH 
and 100 μl H2O2 was added in a test tube. Then 50 μl of 
enzyme extract was added in it. Decrease in absorbance due 
to oxidation of NADPH was measured after 1 minute. 
 

Statistical analysis 

All data were subjected to one-way analysis of variance 
(ANOVA) for scrutinizing the effect of Cd metal on various 
experiments. The Fisher LSD post hoc test (p≤ 0.05) was 
applied for the comparisons against control values using 
Assistat version 7.7 beta. 
 
3. Results and Discussion 
 
Flavonoid content decreased with Cd metal treatment from 
0.2mM to 0.4mM Cd (3.88 to 2.87mg g-1 FW) (Fig 1). In 
0.6mM Cd stressed plants, flavonoid content was further 
increased (2.97mg g-1 FW). With increasing Cd toxicity, 
tocopherol content enhanced in dose dependent manner. 
Maximum value of tocopherol was seen in 0.6mM Cd 
stressed plants (9.39mg g-1 FW) (Fig 2). In 0.2mM and 
0.4mM Cd stress vit-E content got enhanced (8.18 and 
8.81mg g-1 FW respectively), which was lower than 0.6mM 
Cd treatment. The non-enzymatic radical-scavengers have 
been considered as the major antioxidants for the removal of 
H2O2 in plant cells and consequently reducing the 
accumulation of the free radicals16. The results are supported 
by the findings of Yusuf et al. [17], where tocopherol was 
noticed to enhance due to Cd and NaCl toxicity in Brassica 

juncea plants.  
 
A continuous increase in the activity of dehydroascorbate 
reductase (DHAR) was recorded with the increasing doses 
of Cd as compared to control plants (Fig 3). Maximum 
DHAR activity was observed in 0.6mM Cd treated plants 
(15.67UA mg-1 protein). Activity of monodehydroascorbate 
reductase (MDHAR) was altered slightly differently by Cd 
toxicity (Fig 4). Control plants showed minimum enzyme 
activity as compared to metal treated plants (11.51UA mg-1 

protein). Activity of MDHAR first enhanced from 11.51 to 
13.34UA mg-1 protein in 0.2mM Cd treated plants. 
Maximum enzyme activity was noticed in 0.6mM Cd 
treatment, where it got enhanced from from 11.51 to 
14.19UA mg-1 protein. Activity of glutathione peroxidase 
(GPOX) was increased due to Cd toxicity as compared to 
control (Fig 5). Enzyme activity was found to enhance with 
the metal treatment from 5.72 to 8.63UA mg-1 protein in 90 
days old plants exposed to 0.4mM Cd stress. MDHAR helps 
in regeneration of ascorbic acid and DHAR reproduces it by 
utilizing glutathione reduced (GSH) to form glutathione 
oxidised (GSSG) at the cost of nicotinamide adenine 
dinucleotide phosphate (NAD(P)H) and scavenge the 
reactive oxygen species. Similarly a rise in the activities of 
antioxidant enzymes was reported in Nasturtium officinale 

subjected to Ni stress [18].  
 

 

 

4. Conclusions  
 
This study confirms that under Cd toxicity activate the 
antioxidant potential of Brassica juncea plants in terms of 
activities of antioxidative enzymes and level of antioxidants, 
which protect the plants from heavy metal stress by 
scavenging free radicals. 
 
5. Future Scope of Study 
 

The present study will contribute in understanding the 
physiological mechanisms of plants and give rise to 
development of stress-tolerant varieties in response to 
various environmental stresses. 
 

References 
 
[1] L. Sanità di Toppi, “Response to cadmium in higher 

plants,’ Environmental and Experimental Botany, 41, 
pp. 105-130, 1999. 

[2] G. DalCorso, S. Farinati and A. Furini, “Regulatory 
networks of cadmium stress in plants,” Plant Signaling 
Behaviour, 5, pp. 663–667, 2010. 

[3] D.G.Mendoza-Cozatl, E. Butko, F. Springer, J.W. 
Torpey, E.A. Komives,J. Kehr and J.I. Schroeder, 
“Identification of high levels of phytochelatins, 
glutathione and cadmium in the phloem sap of Brassica 
napus. A role for thiol-peptides in the long-distance 
transport of cadmium and the effect of cadmium on iron 
translocation. ”Plant Journal, 54, pp. 249–259, 2008. 

[4] A. Lux, M. Martinka, M. Vaculík and P.J. White, “Root 
responses to cadmium in the rhizosphere–a 
review,”Journal of Experimental Botany, 62, pp. 21–37, 
2011. 

[5] J.L. Hall, Journal of Experimental Botany, “Cellular 
mechanisms for heavy metal detoxification in plants,” 
53, pp. 1–11, 2002. 

[6] S.S. Gill, N.A. Khan, N.A. Anjum and N. Tuteja, 
“Amelioration of cadmium stress in crop plants by 
nutrients,” Plant Stress 5, pp.1–23, 2011. 

[7] N. Iqbal, A. Masood, R. Nazar, S. Syeed and N.A. 
Khan, “Photosynthesis, growth and antioxidant 
metabolism in mustard (Brassica juncea L.) cultivars 
differing in cadmium tolerance,”Agricultural Science, 9, 
pp. 519–527, 2011. 

[8] B. Márquez-García, N. Horemans, A. Cuypers, Y. 
Guisez and F. Córdob, “Effects of Cadmium on 
Phenolic Composition and Antioxidant Activities of 
Erica andevalensis” Plant Physiology and Biochemistry, 
4(9), pp. 110–115, 2010. 

[9] S.S. Gill and N. Tuteja, Plant Physiology and 
Biochemistry, “Reactive oxygen species and antioxidant 
machinery in abiotic stress tolerance in crop plants,” 48, 
pp.909–930, 2010.  

[10] K. Shekhawat, S.S. Rathore, O.P. Premi, B.K. Kandpal 
and J.S. Chauhan, “Advances in agronomic 
management of indian mustard (Brassica juncea (L.) 
Czernj. Cosson): an overview” International Journal of 
Agronomy, doi:10.1155/2012/408284, 2012.  

[11] M.S. Kim, C. Kim, D.H. Jo and Y.W. Ryu, “Effect of 
fungal elicitor and heavy metals on the production of 
flavonol glycosides in cell cultures of Ginkgo biloba” 

Paper ID: SUB158584 1974



International Journal of Science and Research (IJSR) 
ISSN (Online): 2319-7064 

Index Copernicus Value (2013): 6.14 | Impact Factor (2013): 4.438 

Volume 4 Issue 9, September 2015 

www.ijsr.net 
Licensed Under Creative Commons Attribution CC BY 

Journal of Micrbiology and Biotechnology, 9, pp. 661-
667, 1999. 

[12] R.G.Martinek, “Method for the Determination of 
Vitamin E (Total Tocopherols) in Serum” Clinical 
Chemistry 10, pp. 1078-1086, 1964.  

[13] D.A. Dalton, S.A. Russell, F.J. Hanus, G.A. Pascoe and 
H.J. Evans, “Enzymatic reactions of ascorbate and 
glutathione that prevent peroxide damage in soyabean 
root nodules” Proceedings of National Academy of 
Science, 83, pp. 3811-3815, 1986. 

[14] M.A. Hossain, Y. Nakano and K. Asada, “Purification 
of dehydroascorbate reductase in spinach and its 
characterization as a thiol enzyme” Plant Cell 
Physiology, 25, pp. 385-395, 1984.  

[15] L. Flohe and W.A. Gunzler, “Assays of glutathione 
peroxidase. In: Methods of Enzymology” 105, pp. 114-
121, 1984. 

[16] M. Gupta, A. Cuypers, J. Vangronsveld and H. Clijsters, 
“Copper affects the enzymes of the ascorbate-
glutathione cycle and its related metabolites in the roots 
of Phaseolus vulgaris” Physiologia Plantarum, 106, pp. 
262-267, 1999.  

[17] M. Yusuf, S.A. Hasan, B. Ali, S. Hayat, Q. Fariduddin 
and A. Ahmad, “ Effect of 28-homobrassinolide on 
antioxidant capacity and photosynthesis in Brassica 
juncea plants exposed to different environmental stress” 
Journal of Integral Plant Biology 50, pp. 1-7, 2008.  

[18] F. Duman and F. Ozturk, “Nickel accumulation and its 
effect on biomass, protein content and antioxidative 
enzymes in roots and leaves of watercress” Journal of 
Environmental Science, 22, pp. 526-532, 2010. 

 

 
Figure 1: Effect of Cd metal on Flavonoid content (mg g-1 

FW) in 90 days plants of Brassica juncea. 
 

 
Figure 2: Effect of Cd metal on Tocopherol content (mg g-1 

FW) in 90-days old Plants of Brassica juncea. 
 

 
Figure 3: Effect of Cd metal on DHAR activity (UA mg-1 

protein) in 90-days old Plants of Brassica juncea. 
 

 
Figure 4: Effect of Cd metal on MDHAR activity (UA mg-1 

protein) in 90-days old Plants of Brassica juncea. 
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Figure 5: Effect of Cd metal on GPOX activity (UA mg-1 

protein) in 90-days old Plants of Brassica juncea. 
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