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Heavy  metal  contamination  is  becoming  a  major  threat  to  plants  due  to  increasing  
industrialization. Copper is one of essential element required in trace amounts for the regular  
development  of  plants.  Its  excessive  concentration  alters  the  metabolism  of  plants. 
Brassinosteroids are polyhydoxylated steroidal plant hormone found to alleviate the various 
abiotic stresses including heavy metal stress. In the present study, effect of 24-EBL was studied 
in Brassica juncea plants under Cu stress. The B. juncea was grown in Cu (0, 0.25mM, 0.50mM 
and 0.75mM) treated soil. The seeds was soaked in the solution of 24-EBL (0, 10 -7, 10-9 and 10-11 

M) for 8 hours. The plants were harvested on 45 th DAS. The harvested plants were used for the 
protein quantification and analysis of antioxidative enzymes (CAT, SOD, POD, GR, APOX, DHAR 
and MDHAR). The results revealed that Cu treatment lowered the protein content, while at the  
same  time,  application  of  24-EBL  improved  the  protein  content.  The  activity  of  various  
enzymes increased under the Cu stress. The application of 24-EBl had further enhanced the  
activity of enzymes indicating that it may relieve the oxidative stress caused by the copper  
metal.
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Increasing levels of heavy metals in soil, water 

and  air,  are  becoming  one  of  the  major 

environmental  problems  posed  to  the  present 

world.  Even  in  trace  concentrations,  they  pose 

serious  problem  to  the  entire  organisms.  Among 

various  heavy  metals,  copper  (Cu)  comes  in 

essential  micronutrient  required  for  the  plant 

growth and metabolism. This metal is required in 

various biochemical processes as these are part of 

many  enzymes  and  proteins.  Cu  is  present  as  a 

cofactor of various enzymes such as plastocyanin, 

cytochrome c, and Cu/Zn superoxide dismutase. But 
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the excess amounts of Cu adversely affect the plant 

growth  and  metabolism.  As  Cu  is  a  redox  active 

metal,  it  catalyzes  the  production  of  reactive 

oxygen  species  (ROS)  like  superoxide,  hydrogen 

peroxide and hydroxyl  radicals (Aust  et al.,  1985). 

ROS  formation  lead  to  oxidative  stress  and  it 

damages  the  essential  cellular  components  like 

DNA, proteins and lipids, further it affects the plant 

growth and alters the antioxidant system (Song-Hua 

et  al.,  2004).  Plants  have  evolved  antioxidant 

mechanisms to combat the oxidative stress induced 

by  heavy  metal  stress.  These  include  numerous 

ROS-scavenging  enzymes  for  example  superoxide 

dismutase  (SOD),  catalase  (CAT),  guaiacol 

peroxidase  (POD),  ascorbate  peroxidase  (APOX), 

glutathione  reductase  (GR), 

Monodehydroascorbate  reductase  (MDHAR)  and 

dehydroascorbate  reductase  (DHAR).  There  are 

reports  available  which  suggest  the  Cu-induced 

antioxidative  defence  in  the  roots  of  Brassica  

juncea and in Arabidopsis (Baker, 1987).

Brassinosteroids  (BRs)  are  group  of  steroidal 

plant hormones, structurally similar to animal and 

insect  steroid  hormones.  Clouse  and  Sasse,  1998 

suggested  that  BRs  play  essential  roles  in  broad 

spectrum  of  developmental  and  physiological 

processes such as cell elongation and cell division, 

photomorphogenesis,  xylem  differentiation,  seed 

germination  and  fruit  ripening.  Various  studies 

point  out  that  BRs  have  ability  to  enhance  the 

capacity of plants to cope with various stresses like 

heavy metal stress, water stress, salt stress etc. (Ali 

et al., 2008; Bajguz and Hayat, 2009).

The present study is designed with the objective 

to  find  the  ability  of  24-Epibrassinolide  (EBL)  to 

enhance  the  antioxidative  defence  system  on 

Brassica juncea plants under Cu stress. 

MATERIALS AND METHODS

On the 45th DAS, the plants were harvested from 

the  pots  very  carefully.  Roots  and  shoots  of  the 

plants  were  separated.  For  antioxidative  enzyme 

analysis, leaves were harvested and frozen at -20o C 

temperature till further analysis.

Preparation of plant extract: The plant extract 

was prepared by homogenizing 1g of plant sample 

in  3  ml  of  chilled  50  mM  potassium  phosphate 

buffer (pH 7.0) in a pre-chilled mortar and pestle. 

For  estimation  of  superoxide  dismutase  enzyme, 

the  extraction  was  done  using  sodium carbonate 

buffer. This obtained homogenate was centrifuged 

at 12000×g for 20 minutes at 4o C. The supernatant 

was used for the estimation of proteins and various 

antioxidative enzymes.

Protein Quantification: Total protein content of 

different samples of Cu (0, 0.25, 0.5 and 0.75 mM) 

and 24-EBL (0, 10-7, 10-9 and 10-11  M) alone and in 

combination was determined using Lowery (1951). 

The bovine serum albumin was used as standard.

Catalase  assay: Catalase  (CAT,  EC  1.11.1.6) 

activity  was  measured  using  the  method  of  Aebi 

(1984).  The  decrease  in  H2O2 was  followed  as 

decrease in absorbance at 240nm for 1 minute at 

25oC.  The  reaction  mixture  (3.0  ml)  contains 

potassium  phosphate  buffer  (50mM,  pH  7.0),  15 

mM H2O2 and 100 µl enzyme extract. The extinction 

coefficient  39.48  mM-1cm-1 was  used  for  the 

calculations.

Superoxide  dismutase:  Superoxide  dismutase 

(SOD,  EC  1.15.1.1)  activity  was  measured 

spectrophotometrically  using the method of  Kono 

(1978)  in  which  ability  of  enzyme  extract  was 

measured to inhibit the photochemical reduction of 

nitroblue tetrazolium (NBT).  The reaction mixture 

(3.0 ml) contained 50mM sodium carbonate buffer 
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(pH  10.2),  24µM  NBT,  0.1  mM  EDTA,  1mM 

hydroxylamine, 0.03% (v/v) triton X-100 and 70 µl 

enzyme extract.  The absorbance at  560 nm for 2 

minutes was recorded.

Ascorbate  peroxidase  assay: The  activity  of 

ascorbate  peroxidise  (APOX,  EC  1.11.1.11)  was 

determined by using spectrophotometer following 

the  method  of  Nakano  and  Asada  (1981).  The 

reaction  mixture  (3.0  ml)  contained  50  mM 

potassium  phosphate  buffer  (pH  7.0),  0.5  mM 

ascorbate, 1.0 mM H2O2 and 100 µl enzyme extract. 

The oxidation of ascorbate which depends on H2O2 

was  followed  by  monitoring  the  decrease  in 

absorbance at  290  nm with  extinction  coefficient 

2.8mM-1cm-1.

Guaiacol peroxidase: Guaiacol peroxidase (POD, 

EC  1.11.1.7)  activity  was  measured  using  the 

method  of  Sànchez  et  al. (1995).  The  reaction 

mixture  of  3.0  ml  contained  50  mM  potassium 

phosphate buffer (pH 7.0), 20 mM guiacol, 12.3 mM 

H2O2 and  and  100  µl  enzyme  extract.  The  POD 

activity was assayed by measuring the absorbance 

at 436 nm and 26.6 mM-1cm-was used as extinction 

coefficient.

Glutathione  reductase  assay: Glutathione 

reductase (GR, EC 1.6.4.2) activity was assayed by 

following  the method  of  Carlberg  and  Mannervik 

(1975). The reaction mixture of 3.0 ml contained 50 

mM  potassium phosphate buffer  (pH 7.6),  1  mM 

GSSG, 0.5 mM EDTA, 0.1 mM NADPH and 100 µl 

enzyme  extract.  The  reaction  started  with  the 

addition  of  NADPH  and  oxidation  of  NADPH  was 

followed  and  noted  at  340  nm  with  extinction 

coefficient of 6.22 mM-1cm-1. 

Dehydroascorbate  reductase: 

Dehydroascorbate  reductase  (DHAR,  EC  1.8.5.1) 

activity  was  estimated  following  the  method  of 

Dalton  et al. (1986). The reaction mixture (3.0 ml) 

contained 50 mM potassium phosphate buffer (pH 

7.0), 1mM EDTA, 15 mM reduced glutathione and 2 

mM  dehydroascorbate.  The  enzyme  activity  was 

measured by following the increase in absorbance 

at 265 nm due to ascorbate formation.

Monodehydroascorbate  reductase: 

Monodehydroascorbate  reductase  (MDHAR,  EC 

1.1.5.4) activity was estimated using the method of 

Hossain et al. (1984). The reaction mixture (3.0 ml) 

contained 50 mM potassium phosphate buffer (pH 

7.5), 0.1 mM EDTA, 0.25% (v/v) triton X-100, 30 mM 

ascorbate,  3 mM NADH and 0.25 units  ascorbate 

oxidase.  The  enzyme  activity  was  measured  by 

following  the decrease  in  absorbance  due  to  the 

oxidation of NADH at 340 nm.

RESULTS

The observations on Cu stressed shoots revealed 

that  protein  content  decreased  with  increasing 

concentration  of  metal  and  at  the  highest 

concentration of metal that is 0.75mM, the protein 

content was observed lowest (7.97±0.46 mg g-1 FW) 

as compared to control (13.285 ± 0.59 mg g-1 FW) 

(Fig-1). The application of 24-EBL has increased the 

protein content in Brassica plants. The treatment of 

shoots  with  the  24-EBL  with  Cu  supplementation 

was  higher  in  the  concentration  0.25mM 

(14.39±0.65  mg  g-1 FW)  when  compared  to  the 

treatment of 0.25mM Cu alone (11.36±0.11 mg g-1 

FW).  Catalase  activity  was  increased  with  the 

increase in Cu concentration as compared to control 

(Fig-2).  It  was  observed  highest  in  0.75mM  Cu 

treated plants (16.78±0.94 mol UA mg protein-1) as 

compared  to  control  (16.07±1.33  mol  UA  mg 

protein-1).  It  was maximum in shoots treated with 

10-9 M  24-EBL  supplemented  with  0.5mM  Cu 

solution  (20.70±0.67  mol  UA  mg  protein-1)  when 
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compared  to  control  0.25mM  Cu  treated  shoots 

(16.32  ±1.05  mol  UA mg protein-1).  Similarly  SOD 

activity  (Fig-3)  increased  significantly  under 

0.25mM (5.03±0.31 mol UA mg protein-1),  0.5mM 

(5.39±0.0.27  mol  UA  mg  protein-1)  and  0.75  mM 

(5.09±0.05  mol  UA  mg  protein-1)  Cu  metal 

concentrations in  Brassica  shoots  as compared to 

untreated control (4.69±0.34 mol UA mg protein-1). 

24-EBL  alone  was  also  able  to  increase  the  SOD 

activity.  SOD  activity  was  enhanced  by  Cu-metal 

supplemented with 24-EBL treatment.  The activity 

was recorded to be maximum in case of  Brassica 

shoots treated with Cu 0.75 mM supplemented 10-7 

M (6.22±0.31 mol UA mg protein-1) when compared 

to only 0.75 mM Cu treatment (5.09±0.05 mol UA 

mg protein-1). Similarly, APOX activity has observed 

to increase with the increasing concentration of Cu 

metal  in  Brassica  shoots (Fig-4).  The 0.75 mM Cu 

has  been  observed  to  have  maximum  enzyme 

activity  (6.31±0.28  mol  UA  mg  protein-1)  when 

compared to control (4.62±0.18 mol UA mg protein -

1). The application of 24-EBL had further enhanced 

the activity of APOX where maximum activity was 

observed  in  the  0.75mM  Cu  treated  plants 

supplemented with 10-7 M 24-EBL. POD activity was 

increased with Cu treatment. The 24-EBL treatment 

has showed significant effect on this parameter in 

combination  to  metal  concentration  (Fig-5). 

Similarly, GR activity was increased under Cu stress 

(Fig-6) and it was found to increase significantly by 

application  of  different  concentration  of  24-EBL 

under  Cu  stress.  Maximum  concentration  was 

recorded in the 0.75 mM (11.28±0.34 mol UA mg 

protein-1) when compared to the control (6.89±0.29 

mol UA mg protein-1). 

 

Figure 1.  Effect of 24-EBL on Protein content of 45 days old plants of Brassica juncea under copper stress
Treatment (Cu): F-Ratio (3x47) = 25.768 (Significant at p≤ 0.05); Dose (24-EBL): F-Ratio (3x47) = 23.204 (Significant at p≤ 0.05); Cu 
x 24-EBL: F-Ratio (9x47) = 10.89255835 (Significant at p≤ 0.05)
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Figure 2.  Effect of 24-EBL on Catalase activity of 45 days old plants of Brassica juncea under copper stress
Treatment (Cu): F-Ratio (3x47) = 9.3066 (Significant at p ≤ 0.05); Dose (24-EBL): F-Ratio (3x47) = 12.73216836
(Significant at p ≤ 0.05); Cu x 24-EBL: F-Ratio (9x47) = 1.218513328 (Significant at p ≤ 0.05)

 
Figure 3.  Effect of 24-EBL on SOD activity of 45 days old plants of Brassica juncea under copper stress
Treatment (Cu): F-Ratio (3x47) = 21.881 (Significant at p ≤ 0.05); Dose (24-EBL): F-Ratio (3x47) = 3.455 (Significant at p ≤ 0.05); Cu 
x 24-EBL: F-Ratio (9x47) =  1.546 (Significant at p ≤ 0.05)
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Figure 4.  Effect of 24-EBL on APOX activity of 45 days old plants of Brassica juncea under copper stress
Treatment (Cu): F-Ratio (3x47) = 39.42397639 (Significant at p ≤ 0.05); Dose (24-EBL): F-Ratio (3x47) = 5.894432658  (Significant at 
p ≤ 0.05); Cu x 24-EBL: F-Ratio (9x47) =  0.818055454 (Non- Significant at p ≤ 0.05)

 
Figure 5.  Effect of 24-EBL on POD activity of 45 days old plants of Brassica juncea under copper stress
Treatment (Cu): F-Ratio (3x47) = 54.47912861 (Significant at p ≤ 0.05); Dose (24-EBL): F-Ratio (3x47) = 4.659566276  (Significant at 
p ≤ 0.05); Cu x 24-EBL: F-Ratio (9x47) =  6.88511634 (Significant at p ≤ 0.05)
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Figure 6.  Effect of 24-EBL on GR activity of 45 days old plants of Brassica juncea under copper stress
Treatment (Cu): F-Ratio (3x47) = 123.7078954 (Significant at p ≤ 0.05); Dose (24-EBL): F-Ratio (3x47) = 30.68424926  (Significant at 
p ≤ 0.05); Cu x 24-EBL: F-Ratio (9x47) =  5.069628786 (Significant at p ≤ 0.05)

 
Figure 7.  Effect of 24-EBL on DHAR activity of 45 days old plants of Brassica juncea under copper stress
Treatment (Cu): F-Ratio (3x47) = 0.125259754 (Non-Significant at p ≤ 0.05); Dose (24-EBL): F-Ratio (3x47) = 0.515226351  Non-
Significant at p ≤ 0.05); Cu x 24-EBL: F-Ratio (9x47) =  0.740487086 (Non-Significant at p ≤ 0.05)
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Figure 8.  Effect of 24-EBL on MDHAR activity of 45 days old plants of Brassica juncea under copper stress
Treatment (Cu): F-Ratio (3x47) = 3.72172588 (Significant at p ≤ 0.05); Dose (24-EBL): F-Ratio (3x47) = 5.192876399 (Significant at 
p ≤ 0.05); Cu x 24-EBL: F-Ratio (9x47)  =  0.580927367 (Non-Significant at p ≤ 0.05)

The supplementation of 24-EBL with Cu has also 

increased  the  GR  activity  where  the  maximum 

activity  was  recorded  in  the  0.75mM  Cu 

supplemented with the 10-9 M EBL (14.21±0.57 mol 

UA  mg  protein-1)  in  comparison  to  the  control 

(11.28±0.34  mol  UA  mg  protein-1).  DHAR  activity 

was increased with the increasing concentration of 

Cu  (Fig-7).  It  was  highest  in  0.75  mM  Cu  treated 

Brassica shoots (16.68±0.55 mol UA mg protein-1) as 

compared to control (16.53±1.6 mol UA mg protein -

1).  DHAR  activity  was  further  enhanced  by  the 

application  of  different  concentrations  of  24-EBL 

under Cu stress but this increase was not significant. 

Its maximum activity was observed in the 0.25 mM 

Cu  solution  supplemented  with  10-11 M  EBL 

(17.48±1.6 mol UA mg protein-1).

The activity of MDHAR was increased with the 

increasing concentration of Cu metal (Fig-8),  while 

0.5mM Cu metal treatment showed the maximum 

activity  (6.78±0.33  mol  UA  mg  protein-1)  as 

compared  to  the  control  (5.66±0.76  mol  UA  mg 

protein-1). The application of 24-EBL has significantly 

increased  the  MDHAR  activity.  The  maximum 

activity  was  recorded  at  0.5mM  Cu  when 

supplemented with the 10-9 M EBL. 

DISCUSSION

It  is  well  established  fact  that,  heavy  metal 

phytotoxic  expression  include  production  of 

reactive  oxygen  species  (ROS),  ionic  transport 

imbalance, inhibition of antioxidative enzymes and 

protein  degradation (Aravind  et  al., 2009;  Ann  et  

al., 2011; Gangwar et al., 2012). Under heavy metal 

stress,  reduction  of  molecular  oxygen  occurs. 

Various  intermediates  such as  superoxide radicals 

(O2), hydroxyl radicals (OH- ) and hydrogen peroxide 

(H2O2)  which  are  more  toxic  and  reactive  than 

oxygen. These active molecules participate in free 

radical  chain  reactions  of  membrane  lipids  and 

proteins  thus  cause  oxidative  decomposition 
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(Kanoun-Boule et al., 2009; Ann et al., 2011). These 

ROS  are  hazardous  molecules  for  cell  but  it  has 

been discovered that  ROS  also  play an  important 

role  in  plant  defence  against  oxidative  burst 

(Schützendübel  and  Polle  2002).  Because  of  toxic 

nature of ROS their level must be regulated in the 

cells.  This  controlling  system  comprise  of 

antioxidants including enzymes such as SOD, POD, 

CAT, GR, APOX, GPX, DHAR and MDHAR and non-

enzymatic  antioxidants  such  as  ascorbic  acid, 

glutathione content and tocopherol to suppress the 

ROS  (Mittler  2002;  Munne-Bosch  2005;  Kanoun-

Boulé et al., 2009; Maleva et al., 2009; Kumar et al., 

2012).  To  suppress  the  effect  of  metal  toxicity, 

production  of  antioxidative  enzymes  and 

antioxidants increases in the plants (Alscher  et al., 

2002).   As  the  ROS  directly  harm the  membrane 

proteins, the decrease in the protein content was 

observed with increasing metal concentrations (Fig-

1).  This decrease in the protein content might  be 

possibly  due  to  decrease  in  the  metabolism  of 

amino  acids  (El-Shintinawy  and  El-Ansari  2000). 

While the 24-EBL favors plant basic processes and 

thus  found  to  increase  the  protein  content  as 

obtained in our results (Fig-1). This increase can be 

explained on the basis of well documented effect of 

BRs  on  translation  and  transcription  (Mandava 

1988; Bajguz 2002; Fariduddin et al., 2004) Similarly 

increase in the protein content was observed by the 

exogenous application of EBL under various metal 

stress (Ahammad et al., 2013; Alam et al., 2007). 

Antioxidative enzymes like SOD, POD, CAT and 

APOX  are  important  enzymes  involved  in  the 

detoxification  of  ROS.  SOD  belongs  to  the 

metallozymes family which catalyzes the superoxide 

radicals  to  O2 and  H2O2.  CAT  further  remove  the 

H2O2 in  the  peroxisomes  or  H2O2 is  removed  by 

membrane  enzyme  POD  or  by  APOX  in  the 

chloroplast (Foyer  et al., 1997). GR belongs to the 

flavoenzymes  which  reduces  the  glutathione 

disulphide (GSSG) which is NADPH dependent into 

glutathione (GSH) and maintain the reduced form of 

glutathione,  which  in  turn  reduces 

dehydroascorbate to ascorbate (Noctor and Foyer 

1998). Because the reduced form of ascorbic acid is 

necessary  for  ROS  scavenging  and  DHAR  and 

MDAHR  help  in  maintain  its  cellular  pool  using 

NADPH  as  reducing  power.  Our  results  indicated 

that  treatment  of  Brassica  juncea plants  with  24- 

EBL has effectively encouraged the activity of these 

enzymes in plants.  Various findings have reported 

that  BRs  can  persuade  the  expression  of  some 

antioxidant genes and also enhances the activity of 

antioxidant enzymes like SOD, CAT, APOX and POD 

(Mazorra  et  al.,  2002;  Cao  et  al.,  2005).  The 

enhanced level of GR activity might reduce GSSG to 

GSH  and  supply  more  GSH  to  increase  the 

detoxification  process  (Ahammad  et  al., 2012). 

Increase in GR activity was recorded in our results 

under Cu stress. Moreover the supplementation of 

24-EBL  has  further  enhanced  the  level  of  GR  in 

shoots.  These  results  are  favoured  by  various 

reports which suggest that EBL treatment improve 

xenobiotic metabolism by enhancing the activities 

of POD and GR (Xia  et al., 2009; Ahammad  et al., 

2012). Enhanced activity of GR increases tolerance 

to  oxidative  stress  (Nocter  and  Foyer  1998). 

Behnamnia  et  al.,  (2009)  has  also  found  that 

treatment of EBL in drought stressed tomato plants 

increases the expression of  antioxidative  enzymes 

such  as  POD,  SOD,  CAT  and  GR.  Sharma  et  al., 

(2011) has reported the increase in the DHAR and 

MDHAR  activity  in  Raphanus  plants  under 

chromium  stress  where  exogenous  application  of 

28-HBL was used. Enhanced activities of DHAR and 

MDHAR were recorded in our observations also.
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CONCLUSION

To  conclude  with,  treatment  of  24-EBL  to  B.  

juncea   plants under Cu metal stress is involved in 

amelioration of toxic effects to plants with special 

reference to activity of antioxidative enzymes.
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