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Abstract The present work was undertaken to study the
effects of 24-epibrassinolide (24-EBL) on percent germi-
nation, growth (root length, shoot length, fresh weight and
dry weight), lipid peroxidation, sodium and potassium ion
concentrations, proline content, total osmolyte content, level
of antioxidants (ascorbic acid, tocopherol and glutathione) in
7-day old seedlings of Raphanus sativus exposed to cadmi-
um and mercury toxicity. Results of present study revealed
that growth of seedlings was enhanced with the treatment of
24-EBL. In addition, 24-EBL was proved effective to over-
come cadmium and mercury stress by altering the level of
ions, osmoprotectants and antioxidants of plant.

Keywords 24-Epibrassinolide - Osmolyte - Ion uptake -
Antioxidants - Heavy metal stress -
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Introduction

Heavy metal toxicity has become a crucial environmental
concern due to their potential adverse ecological effects.
Certain heavy metals are required for the cellular functions,
so these are considered as essential metals. Their doses
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beyond tolerable limits cause the production of reactive
oxygen species (ROS). Because of many human activities,
their concentration is exceeding in the environment [1].
Among various heavy metals cadmium and mercury are
considered as very toxic to plants and animals. Cadmium is
present as free hydrated ions or complexed by organic or
inorganic ligands in the soil solution. Plants exposed to
high concentrations of cadmium inhibit photosynthesis,
nutrient and water uptake. Cadmium toxicity causes visible
symptoms of injury which appear in terms of chlorosis,
inhibition in growth, browning of root tips and finally the
death of the plants [2]. Mercury is toxic to plants at very
low concentrations [3]. It is a unique metal because of its
existence in various forms like HgS, Hg?*, Hg’ and
methyl-Hg. Evidences have shown that Hg®™ form of
mercury can easily accumulate in higher and aquatic plants
[4]. Visible injuries and physiological disorders are in-
duced by high level of Hg*" in plants [5]. It destroys the
photosystem II, which further triggers the blockage in
oxygen evolution. Hg gives rise to the production of ROS
in the cells and also affects the cell growth and cell divi-
sion. Usually it disturbs the reactivity with sulphydryl
group of proteins, competence of ATP binding and cell
permeability. It leads to the alteration in glutathione
metabolism, which has major role in metal homeostasis [6].

In response to various abiotic stresses, plants possess
various strategies to combat them like exogenous applica-
tion of plant hormones overcome their deleterious effects.
Brassinosteroids (BRs) are natural polyhydroxy steroids
that are ubiquitously distributed phytohormones [7]. They
have major influence on vegetative and reproductive de-
velopment, seed germination and stress protection [8]. BRs
promote photosynthetic capacity, cell elongation and fis-
sion at cellular level [9, 10]. BRs also play significant role
as a stress protectant hormone [11].
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Raphanus sativus is considered to be a hyperaccumu-
lator of heavy metals. This plant is having economic as
well as medicinal values [12]. Anthropogenic pollution
caused due to heavy metals lead to entry of these metals
into food chain through plants grown in the polluted
environment.

The objective of present study was to examine the stress
protective role of 24-epibrassinolide on growth, level of
ions, osmoprotectants, photosynthetic pigments and an-
tioxidant defence system of R. sativus L. exposed to cad-
mium and mercury.

Material and Methods

Disease free seeds of R. sativus L. var. Pusa chetaki were
procured from Punjab Agricultural University, Ludhiana,
Punjab. Surface sterilized seeds were given treatment of 0,
1071, 107°, 1077 M concentrations of 24-EBL for 8 h,
which was purchased from Sigma Aldrich, Ltd., New
Delhi. 25 seeds were germinated in Whatman No.1 filter
paper lined glass petriplates containing the 0.25 mM
Cd 4+ 0.25 mM Hg metal solution. Cd and Hg were given
in the form of cadmium chloride (CdCl,) and mercury
acetate (C4HcHgO,) respectively. Each petriplate was
supplied with 3 ml of test solution on 1 day and 2 ml of
test solution on alternate days, up to 7 days. Control
seedlings were supplied with distilled water only. The
experiment was conducted under controlled conditions
(25 £ 0.5 °C, 16 h photoperiod). Three replicates of each
sample were taken for analysis. These seedlings were
harvested on 7th day to study the following parameters:

Percentage Germination

Percentage germination was calculated by placing the
values in the following formula:

Number of dli
umber of seedlings 100

Percentage germination =
g Total number of seeds

Growth Parameters

Fifteen seedlings were taken for the analysis of growth
parameters. Root length, shoot length, fresh weight and
dry weight were determined on 7 days old seedlings of
R. sativus L. The seedlings were then placed in oven
maintained at 80 °C for 24 h for taking its dry weight.

Lipid Peroxidation

Malondialdehyde (MDA) content was estimated by fol-
lowing the method of Heath and Packer [13].
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The harvested plants of R. sativus were homogenized in
1 % trichloroacetic acid and centrifuged at 13,000 rpm for
20 min. Supernatant was collected and heated with thio-
barbituric acid for 30 min at 95 °C. The absorbance was
taken spectrophotometrically at 532 and 600 nm.

Sodium (Na) and Potassium (K) Ion Concentration

Determination of sodium and potassium ion concentra-
tion was done by flame photometre. Standards of sodium
and potassium were prepared by using salts of sodium
chloride (NaCl) and potassium chloride (KCl) respec-
tively. Standardization of flame emission photometer was
done by running standards and calibration curve was
prepared.

Proline and Total Osmolyte Content

Proline was estimated by Bates et al. [14] method. The
plant samples were homogenized in 3 % sulfosalicylic acid
and then centrifuged at 10,000 rpm for 10 min. 2 ml of
ninhydrin was added with 2 ml glacial acetic acid into 2 ml
of supernatant and incubation was given at boiling tem-
perature for 1 h. Extraction of mixture was done with
toluene and proline was analyzed spectrophotometrically at
520 nm. Total osmolyte content was analyzed by using
vapour pressure osmometer (Vapro 5600).

Antioxidants

One gram of fresh plant tissue was homogenized in pre-
chilled pestle and mortar using 3 ml of tris buffer (50 mM,
pH 10.0). The crushed material was then subjected to
centrifugation using Eltek cooling centrifuge for 20 min at
13,000 rpm at a temperature of 4 °C. The supernatant from
seedling extract was collected for the further analysis of
antioxidants.

Ascorbic Acid (Vitamin C) Content

Ascorbic acid content was determined by following the
method of Roe and Kuether [15]. 100 mg charcoal was
added in the mixture containing 4 ml of double distilled
water, 0.5 ml of plant extract and 0.5 ml of 50 % tri-
chloroacetic acid (TCA). It was mixed well and filtered
with Whatmann filter paper 1 .04 ml of 2,4-dinitro-
phenylhydrazine (DNPH) was added to filterate and mix-
ture was incubated at 37 °C for 3 h by chilling on ice bath.
1.6 ml of cold H,SO,4 (65 %) was added to it and kept at
room temperature for 30 min. Absorbance was taken at
520 nm.
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Ascorbic acid content =
Absorbance of test x Conc. of standard x total volume

Absorbance of standard x volume of sample taken
Tocopherol (Vitamin E) Content

Vitamin E was estimated by the method given by Martinek
[16]. 0.5 ml of plant extract was mixed with 0.5 ml of
absolute ethanol and 0.5 ml double distilled water and
mixture was shaken to obtain divided protein precipitates.
0.5 ml of xylene was added to it and centrifugation tubes
were shaken vigorously for 30 s followed by centrifugation
at 3,000 rpm for 10 min. 0.5 ml xylene was mixed with
0.5 ml of 2.4,6-tripyridyl-S-triazine (TPTZ) reagent and
absorbance was taken at 600 nm.

Tocopherol content =
Absorbance of test x Conc. of standard x total volume

Absorbance of standard x volume of sample taken

Glutathione (GSH) Content

The glutathione content was determined by the method
given by Sedlak and Lindsay [17]. For glutathione esti-
mation, 100 pl of plant extract was added to 1 ml of tris
buffer. To it, 50 ul of 5,5'-dithiobis-2-nitrobenzoic acid
(DTNB) and 4 ml of absolute methanol were added and
mixture was kept at room temperature for 15 min for in-
cubation followed by centrifugation at 3,000 rpm for
15 min. The absorbance of supernatant was read at
412 nm.

GSH content =
Absorbance of test x Conc. of standard x total volume

Absorbance of standard x volume of sample taken
Statistical Analysis

Results were analyzed by using two way ANOVA. Data
was presented as mean £ SE.

Results and Discussion

Percent germination enhanced with the treatment of EBL as
compared to untreated control seedlings. Treatment of cad-
mium and mercury metals caused reduction in the percent
germination (70 % =+ 2.887) in comparison to control
(75 % + 0.001). Treatment of EBL alone enhanced the
percent germination of seedlings. It was further significantly
enhanced by 107’ M EBL (83.33 % + 1.667) along with
metal in comparison to its control (70 % + 2.887).

In the present study, root length and dry weight of 7-day
old seedlings was enhanced due to treatment of EBL alone
with respect to untreated control, whereas, shoot length and
fresh weight were not significantly affected by EBL sup-
plementation. Growth of radish was inhibited when sub-
jected to metal stress (Table 1) in comparison to untreated
control. Further, EBL supplementation enhanced the root
length and shoot length (cm). 10~° M EBL was the most
effective concentration in improving the root length
(2.97 £ 0.21) as compared to its respective control
(2.1 £ 0.2). Similar trend was observed in shoot length,
where 1077 M EBL stimulated the length of shoot to the
maximum (3.19 + 0.17). Growth and development of
plants are often affected by the different environmental
challenges caused by biotic and abiotic stresses [18].
Heavy metal toxicity leads to adverse biological effects due
to its non-biodegradable nature [19]. Heavy metals de-
crease soil fertility, induce toxicity in plants and infect the
food chains, when accumulate in the soil [20]. In the pre-
sent work, growth of radish seedlings was inhibited due to
cadmium and mercury treatment which was improved by
EBL supplementation. Sharma and Bhardwaj [21] reported
that growth of mustard plant was enhanced under Cu stress,
when seeds were given EBL treatment. It has been found
that EBL blocked the metal uptake and accumulation in
these plants. Radish seedings exposed to Cu toxicity also
showed increased growth with EBL supplementation [22].
Ozdemir et al. [23] reported the similar results in barley
seedlings, where BRs showed their stress ameliorative ef-
fects. Thus, treatment of EBL helped in promoting the
growth in metal stressed seedlings in the present study.

Table 1 Effect of 24-EBL on percent germination of 7 days old seedlings of Raphanus sativus L. under Cd and Hg stress

Treatments % Germination Treatments % Germination
0 (control) 75 4+ 0.001 0.25 mM Cd + 0.25 mM Hg 70 £ 2.887
10~'"" EBL 82 +25 107" M EBL + 0.25 mM Cd + 0.25 mM Hg 75 + 0.001
10~° EBL 95+ 3 10~° M EBL + 0.25 mM Cd + 0.25 mM Hg 78.33 £+ 3.33

10~7 EBL 90 £ 0.001 107" M EBL + 0.25 mM Cd + 0.25 mM Hg 83.33 £ 1.667

F-ratio- treatment = 67.789*, dose = 69.356*, treatment X dose = 12.878*
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Table 2 Effect of 24-EBL on growth of 7 days old seedlings of Raphanus sativus L. under Cd and Hg stress

S. no. Treatments Root length (cm) Shoot length (cm) Fresh weight (g) Dry weight (g)
1. 0 (Control) 4.14 4+ 0.001 4.48 + 0.001 1.45 £+ 0.002 0.13 4+ 0.001
2. 107" M EBL 475 + 0.61 34 +0.03 1.33 £ 0.221 0.13 4+ 0.001
3. 10~° M EBL 6.2 £ 0.16 2.87 £ 0.07 1.33 £ 0.18 0.15 4+ 0.003
4. 1077 M EBL 3.64 £+ 0.001 3.6 =+ 0.001 1.37 £+ 0.001 0.14 4+ 0.001
5. 0.25 mM Cd + 2.1 £0.2 227 +0.18 1.31 £ 0.096 0.12 + 0.004
0.25 mM Hg
6. 107" M 291 £ 0.04 3.09 £ 0.3 1.25 £ 0.1 0.15 + 0.006
EBL + 0.25 mM
Cd + 025 mM
Hg
7. 107° M 297 £0.21 246 £ 0.2 1.98 £+ 0.02 0.12 4+ 0.005
EBL + 0.25
Cd + 0.25 mM
Hg
8. 107" M 2.6 £0.11 3.19 £ 0.17 1.18 £+ 0.007 0.13 + 0.006
EBL + 0.25
Cd + 025 mM
Hg
F-ratio- F-ratio- F-ratio- T treatment = F-ratio- treatment =

treatment = 270.031%,
dose = 35.582%*,
treatment X

dose = 12.842*

treatment = 61.121%*,
dose = 3.988,
treatment

X dose = 17.078*

4.841%, dose = 10.783%*,
treatment X
dose = 16.611*

5.967*, dose = 19.359%,
treatment X
dose = 17.548*

Lipid peroxidation (1 mol g~' FW) was significantly
enhanced in the seedlings exposed to cadmium and mer-
cury metals (13.97 £ 1.68) and treatment of EBL alone or
in combination with metals reduced the MDA content
(Table 2). Therefore, EBL supplementation helped in in-
hibiting the oxidative stress in terms of decreasing the lipid
peroxidation.

Sodium and potassium ion concentration (ppm) was
enhanced slightly in seedlings treated with EBL and de-
creased with metal treatment in comparison to untreated
control. Further EBL supplementation enhanced the ion
level in the metal stressed seedlings (Table 3). 107° M
EBL was proved as most effective treatment in increasing
the ion concentration in seedlings (5.83 £ 0.86 and
4.44 £ 0.43 respectively). Proline (i mol g~' FW) and
total osmolyte content (m mol/Kg) was observed to in-
crease with metal stress. EBL treatment alone or in com-
bination with metals enhanced total osmolyte content, but
proline content was not much affected (Table 2), however,
107° M EBL enhanced their content up to maximum
(27.76 £ 2.74 and 183 £ 3.43). Lipid peroxidation was
reduced by EBL along with accumulation of ions and
certain osmoprotectants like proline or total osmolytes as
they act as stress protectant [24] and scavenge the free
radicals generated during the oxidative stress. Similar re-
sults were observed by Alaoui-Sosse et al. [25] in cu-
cumber plant. Thus, in the present investigation EBL
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treatment helped in membrane stabilization, reduction of
ion leakage and enhanced the level of osmoprotectants.
Decrease in antioxidant contents (mg/g FW) was ob-
served in the seedlings treated with cadmium and mercury
(Table 4). Supplementation of EBL alone enhanced ascorbic
acid and tocopherol content, but glutathione content de-
creased. Seedlings subjected to metal stress showed reduc-
tion in antioxidant level. EBL when supplemented along
with metal enhanced its level. 10~° M EBL was found to be
the most effective concentration for increasing the ascorbic
acid and tocopherol level in the seedlings (3.07 £ 0.01 and
5.47 £ 0.14 respectively). However, glutathione content
was enhanced to the maximum when 1077 M EBL was
supplemented along with the metals (5.53 £ 0.1). In the
present study, level of antioxidant was altered by BRs under
metal stress condition. These reports are in coherence with
the findings of Pietrini et al. [26], in Phragmites australis
under Cd metal stress. In the present work, there was an
increase in glutathione, ascorbic acid and tocopherol content
by the application of 24-EBL. The results are in coherence
with the findings of Bajguz [27]. Similarly in R. sativus
plants, Cr stress was mitigated with application of EBL by
enhancing the level of antioxidants [28]. Bajguz [27] ana-
lyzed that BRs and its derivatives acted as a stimulator of
phytochelatins under lead metal stress in Chlorella vulgaris
which are derived from glutathione pool. Thus these an-
tioxidants may help in detoxification of metal stress.
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Table 3 Effect of 24-EBL on the lipid peroxidation, level of ions and osmoprotectants of 7 days old seedlings of Raphanus sativus L. under Cd
and Hg stress

S. no. Treatments MDA content Na ion K ion Proline content Total osmolyte

(n mol g~! FW) concentration (ppm) concentration (ppm) (1 mol g~ FW) content (m mol/Kg)
1. 0 (Control) 7.81 + 0.87 5.22 £ 0.07 2.71 £ 0.095 15.89 £ 2.70 156 £ 3.00
2. 107" M EBL 6.72 £ 0.91 5.15 £ 0.03 3.03 £ 0.04 14.05 + 1.4 150 + 2.66
3. 10~° M EBL 7.80 + 0.49 5.88 £ 0.05 3.49 + 0.02 15.43 £ 0.34 162.5 + 4.33
4, 1077 M EBL 6.67 + 0.93 5.35 + 0.04 3.05 + 0.06 16.76 £ 1.79 166.5 £ 0.33
5. 0.25 mM 13.97 £ 1.68 3.94 £ 0.55 1.15 £ 0.72 20.09 £ 2.17 177.2 + 3.88
Cd + 0.25 mM
Hg
6. 107" M 11.15 £ 1.01 4.62 £ 0.57 441 £ 0.89 22.57 £ 1.97 180 £+ 2.78
EBL + 0.25 mM
Cd + 0.25 mM
Hg
7. 107° M 9.74 + 1.31 5.83 + 0.86 444 + 043 27.76 £ 2.74 183 £ 3.43
EBL + 0.25 mM
Cd + 0.25 mM
Hg
8. 107" M 10.73 £ 1.98 5.04 + 0.24 3.64 + 0.76 26.86 £ 2.35 178.5 £ 4.58
EBL + 0.25 mM
Cd + 0.25 mM
Hg
F-ratio- F-ratio- F-ratio- F-ratio- F-ratio-
treatment = 98.157%, treatment = 10.21%, treatment = 7.41%, treatment = 175.171%, treatment = 93.541%,
dose = 4.928%, dose = 15.52%, dose = 11.55%, dose = 46.192%, dose = 32.27%,
Treatment X treatment X treatment X treatment X treatment X
dose = 12.085* dose = 5.42%* dose = 3.811 dose = 26.343* dose = 21.821*

Table 4 Effect of 24-EBL on Antioxidants of 7 days old seedlings of Raphanus sativus L. under Cd and Hg stress

S. No. Treatments Ascorbic acid content Tocopherol content Glutathione content (mg/g FW)
(mg/g FW) (mg/g FW)
1. 0 (Control) 2.60 £ 0.005 5.87 £ 0.01 9.19 £ 0.2
2. 107" M EBL 2.77 £ 0.01 6.21 + 0.02 9.59 £ 0.1
3. 107° M EBL 4.63 £+ 0.01 5.39 £ 0.08 7.77 £ 03
4. 107" M EBL 178 £ 0.2 6.34 £ 03 8.94 £ 03
5. 0.25 mM 1.82 £ 0.008 4.51 £+ 0.002 4.85 £ 0.04
Cd + 0.25 mM Hg
6. 107" M 1.99 + 0.05 3.45 £ 0.03 5.24 £ 0.04
EBL + 0.25 mM
Cd 4 0.25 mM Hg
7. 107°M 3.07 £ 0.01 547 £ 0.14 5.48 £ 0.09
EBL + 0.25 mM
Cd + 0.25 mM Hg
8. 107’ M 2.15 £ 0.03 5.19 £ 0.04 553 £0.1

EBL + 0.25 mM
Cd + 0.25 mM Hg

F-ratio- treatment = 18.23%,
dose = 4.95*, treatment X
dose = 2.05

F-ratio- treatment = 9.76%,
dose = 14.245%*, treatment X
dose = 12.341*

F-ratio- treatment = 8.195%,
dose = 11.48%, treatment X
dose = 7.277*

Data shown are mean + SE. Each treatment consisted of three replicates
* Statistically significant at p d” 0.05

@ Springer



666

D. Kapoor et al.

Conclusion

Cadmium and mercury toxicity retarded the growth and
also caused alteration in the level of ions, osmoprotectants
and antioxidants of radish seedlings, which is ameliorated
by EBL supplementation. As 24-EBL stimulated the ac-
cumulation of antioxidants and osmoprotectants in plants,
which further scavenged the free radicals generated during
stressed conditions. They also helped in stabilization of
membrane and prevented ion leakage and provided essen-
tial nutrients to plants necessary for their growth and other
metabolic processes. Treatment of EBL also helped in in-
hibiting MDA content, which is the indicator of oxidative
stress and thus overcome the oxidative stress generated by
the heavy metals.
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