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Biochemical and physiological responses
in in vitro germinated seedlings of
Brassica juncea exposed to metal stress
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Abstract

Background: Effects of cadmium (Cd) metal on growth, photosynthetic pigments, level of osmolytes and
elements, and antioxidant potential of Brassica juncea seedlings were evaluated. Materials and Methods: Seeds
were exposed to different concentrations of metal, i.e., 0, 0.2, 0.4, and 0.6 mM Cd. To investigate the metal
influence on biochemical and physiological factors, observations were made on growth (fresh, dry weights,
and percent germination), photosynthetic pigments (carotenoid and xanthophyll), osmolytes (proline and
glycinebetaine), elements (carbon, hydrogen, nitrogen, and sulfur), antioxidative enzymes, antioxidants, radical
scavenging activities, and polyphenols in 7-day old seedlings. Results: The findings of this study revealed that
retardation was observed in fresh and dry weights and percent germination in comparison to control seedlings.
A level of osmolytes and antioxidant potential of B. juncea seedlings were found to improve with Cd toxicity.
Metal stress altered the level of photosynthetic pigments and ultra-performance liquid chromatography studies
showed variations in the polyphenol content in comparison to untreated seedlings. Conclusion: The current
investigation revealed that the treatment of Cd generated various defense responses in the seedlings of B. juncea
to overcome the adverse effects of metal due to their hyperaccumulating response.

Key words: Antioxidative defence system, Brassica juncea, cadmium stress, osmolytes, photosynthetic pigments,
polyphenols

INTRODUCTION

( jadmium (Cd) is one of the highly toxic

trace pollutants for all living organisms.

It occurs naturally in soils in the form
of complexes, but the anthropogenic emissions,
mainly due to metallurgical industries, mining
activities, intensive use of phosphate fertilizers,
and burning of fossil fuels are main sources of
soil contamination.! It does not bind strongly
to organic matter and has relative high mobility
in soils. Cd stress leads to a battery of stress
symptoms in plants which include chlorosis,
necrotic lesions, disturbances in mineral
nutrition, carbohydrate metabolism, wilting
and thus sturdily inhibit the production of
biomass.”! A reduction of photosynthesis is a
common response in plants exposed to Cd as
the photosynthetic apparatus is on the whole
susceptible to Cd. The risk of uptake of Cd by the
crops is followed by its transfer in the food chain
that is the matter of elevated concern currently.”!

Brassica juncea belongs to family Brassicaceae
and is an important oil crop. Mustard oil is one

International Journal of Green Pharmacy ¢ Jul-Sep 2016 (Suppl) ¢ 10 (3) | S149

of the chief edible oils in India. It also possesses medicinal
importance. Residual part of seeds is used in fertilizer and
also as cattle feed. B. juncea L. (Indian mustard) is a fast
growing plant that produces a high biomass even in heavy
metal polluted soils. Thus, this plant might be a probable
candidate for phytofiltration and phytostabilization of heavy
metal contamination. So far this plant species has been used in
studies of the effects of heavy metals stresses like arsenic on
plants. The present experiment was undertaken to investigate
a change in the growth, photosynthetic pigment content, level
of osmolytes, elements and antioxidative defense system in
B. juncea treated with Cd to contribute to an understanding
of B. juncea tolerance mechanism to environmental stress
especially heavy metal.
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MATERIALS AND METHODS

Certified and disease-free seeds of B. juncea L. cv. “RLC-1”
used for this study were grown in the autoclaved Petri dishes
lined with Whatman No. 1 filter paper after at 25°C with 16 h
photoperiod in a seed germinator. Seeds were treated with 0,
0.2, 0.4, and 0.6 mM Cd doses in the form of CdCl, solution.
Seedlings were harvested on the 7% day for the analysis of
following parameters.

Measurements of fresh weight, dry weight, and percentage
germination of 7-day seedlings of B. juncea were taken.
Carotenoid content was estimated by the method given by
Maclachlan and Zalik,"! xanthophylls content was measured
by following the method of Lawrence,’® proline content
was analyzed by Bates et al.”! method, and glycine betaine
content was measured by Grieve and Grattan®! method.
The percentage of carbon, hydrogen, nitrogen, and sulfur
(CHNS) in 7-day old plants were determined with the help
of CHNS Analyzer (Elementar Vario ELIII). Activities of
antioxidative enzymes were determined by the standard
methods of Putter for guaiacol peroxidase (POD), Nakano
and Asadal'” for ascorbate peroxidase (APOX), Kumar
and Khan!"! method for polyphenol oxidase (PPO), Habig
et al™ method for glutathione-S-transferase (GST), and
Flohé and Giinzler™ method for glutathione peroxidase
(GPOX) activity. Tocopherol and glutathione content were
estimated by the method of Martinek!"* and Sedlak and
Lindsay,!™ respectively. 2,2-diphenylpicrylhydrazyl (DPPH)
assay was analyzed by following the method of Blois,!®
3-ethylbenzothiazoline-6-sulfonic acid (ABTS) radical
scavenging assay by the method of Re et al.,l'”" molybdate
ion reduction assay in accordance with the method of
Prieto et al. '8 and reducing power assay was performed
by the method given by Oyaizu.'”! Qualitative estimation
of polyphenols was carried out by ultra-performance liquid
chromatography.

Statistical Analysis

Each experiment was conducted in three replicates. Data
were expressed in mean + standard error. To check the
statistical significant difference between the treatments,
one-way ANOVA was carried out using Assistat
version 7.7 beta.

RESULTS

With increasing metal concentration, fresh weight was found
to reduce and in 0.6 mM Cd-treated seedlings, maximum
reduction (0.9 g) was observed. Reduction in dry weight
was found from 0.2 to 0.6 mM Cd, i.e.,0.93 to 0.76 g,
respectively. Percent germination of 7-day old seedlings was
decreased from control seedlings to 0.6 mM Cd-stressed
seedlings, i.e., from 95% to 87.33%, respectively [Table 1].
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Carotenoid content was found to decrease with the Cd metal
treatment with respect to control (7.17 mg/g FW). The
results revealed that 1.78-folds decline in carotenoid content
(4.03 mg/g FW) was recorded in the seedlings in exposure to
0.6 mM Cd stress. Similarly, at 0.4 mM Cd treatment raised
the level of carotenoid from 4.9 (0.2 mM Cd) to 5.8 mg/g FW
and further reduced it to 4.03 mg/g FW [Figure 1]. A sharp
increase in xanthophylls content was seen in 7-day old
seedlings of B. juncea. The level of xanthophylls increased
1.85-folds in 0.6 mM Cd-treated seedlings (8.07 mg/g DW)
against control (4.35 mg/g DW) [Figure 2].

Table 1: Effect of Cd on fresh weight, dry weight and

percentage germination of 7-day old seedlings of
Brassica juncea

Treatments (mM)  Fresh Dry Percentage
weight (g) weight (g) germination
0.0 1.35+0.06% 1.01+0.012  95+0.582
0.2 1.23+0.03% 0.93+0.05*°  91+0.58°
0.4 0.98+0.03° 0.85+0.03°¢ 89.67+0.33"¢
0.6 0.9+0.04*> 0.76+0.02° 87.33+0.88°

Data presented in mean+SE. Different letters (a, b, ¢ and d)
within various concentrations of Cd (0, 0.2, 0.4 and 0.6 mM) are
significantly different (Fisher LSD post-hoc test, P<0.05) and
signify the effect of Cd metal on various growth parameters.
SE: Standard error, LSD: Least significant difference,

Cd: Cadmium

10

a
b
b a
] . I |
0 0.2 0.4 0.6

Concentration (mM)

o N B~ O ®©
1

Carotenoid (mg g* FW)

Figure 1: Effect of cadmium on carotenoid content (mg/g FW)
in 7-day seedlings of Brassica juncea.
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Figure 2: Effect of cadmium on xanthophyll content (mg/g FW)
in 7-day seedlings of Brassica juncea. Bars presented in mean
+ standard error. Different letters (a, b, ¢ and d) within various
concentrations of cadmium (Cd) (0, 0.2, 0.4 and 0.6 mM) are
significantly different (Fisher least significant difference post-hoc
test, P < 0.05) and signify the effect of Cd metal on pigments




er stress

With increasing metal concentration, proline content was
noticed to enhance from control to 0.6 mM [Figure 3].
A maximum content was found in the seedlings treated with
0.6 mM Cd (22.61 pmol/g FW), followed by 0.4 mM Cd
(22.31 umol/g FW) and 0.2 mM Cd (18.46 umol/g FW) in
comparison to control seedlings (15.86 umol/g FW). Similarly,
asignificant increase in glycine-betaine was noticed in 0.6 mM
Cd-stressed seedlings (15.04 pmol/g FW) as compared to
control (9.58 pmol/g FW) [Figure 4]. The increase in carbon
and hydrogen values was recorded in the seedlings exposed to
Cd. The highest values of C and H were 62.68% and 9.98%,
respectively [Table 2]. The percentage of S also enhanced in
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Figure 3: Effect of cadmium on proline content (umol/g FW)
in 7-day seedlings of Brassica juncea.
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Figure 4: Effect of cadmium (Cd) metal on glycine-betaine
content (umol/g FW) in 7-day seedlings of Brassica juncea.
Bars presented in mean + standard error. Different letters
(a, b, ¢ and d) within various concentrations of Cd (0, 0.2, 0.4
and 0.6 mM) are significantly different (Fisher least significant
difference post-hoctest, P < 0.05) and signify the effect of Cd
metal on osmoprotectants

dose-dependent manner. Decrease in N percentage was found
with Cd treatment in 7-day old seedlings. The highest value
was found in control (4.61%) and lowest value was recorded
as 2.13% in 0.6 mM Cd-treated seedlings.

The activity of POD enzyme was enhanced from control
(4.67 UA/mg protein) to 0.6 mM Cd-treated seedlings
(7.81 UA/mg protein). Increase in activity was observed
from 4.67 to 5.39 and 5.94 UA/mg protein at 0.2 and
0.4 mM Cd, respectively. Similarly, with increasing the
doses of Cd, APOX activity was also increased. Maximum
activity of enzyme was found in 0.6 mM Cd-treated seedlings
(15.86 UA/mg protein). PPO activity enhanced from control
to 0.2mM Cd (from 5.39to 6.07 UA/mg protein) and
0.4 mM treated seedlings (from 5.39 to 8.13 UA/mg protein)
treated seedlings. Cd stress also increased the activity
of GST enzyme from control (4.32 UA/mg protein) to
0.6 mM Cd-stressed seedlings (7.28 UA/mg protein) by
1.68-folds increase in enzyme activity. Similarly, highest
GPOX activity was noticed at 0.6 mM Cd-treated seedlings,
i.e., 5.83 UA/mg protein [Table 3].

Further increase in tocopherol content was found from 7.64
to 8.3 mg/g FW, i.e., from control to 0.4 mM Cd treatment.
Maximum tocopherol was possessed by the seedlings treated
with 0.6 mM Cd (9.22 mg/g FW). A sharp rise in glutathione
level was reported in 7-day old seedlings of B. juncea during
stress [Table 4].

In 7-day old seedlings, percentage inhibition of DPPH radical
was found to increase with increasing Cd doses [Table 5] as
compared to control seedlings (70.99%). DPPH scavenging
capacity was noticed maximum at 0.4 mM Cd-treated
seedlings (86.08%). A continuous increase in reduction
of molybdate ion was observed from 46.36 to 61.7% at
0.2mM Cd and from 46.36 to 76.85% at 0.6 mM Cd
treatment. Cd toxicity caused increase in the reduction
of ferric ions. At 0.2 mM Cd stress, maximum decrease
(82.71%) in FRAP ions was found as compared to 0.4 mM
(62.67%) and 0.6 mM Cd-treated seedlings (72.56%). It was
observed that increase in scavenging of ABTS radical was
found with the Cd stress. Rise in the scavenging capacity
was noted from 56.65 to 68.75% at 0.2 mM Cd, from 56.65
to 79.14% at 0.4 mM Cd, and from 56.65 to 74.5% at

Table 2: Effect of Cd on carbon, hydrogen, nitrogen and sulphur content in 7-day old seedlings of

Brassica juncea

Treatments (mM) Carbon (%)

Hydrogen (%)

Nitrogen (%) Sulphur (%)

0.0 32.79+1.73b 4.99+0.03° 4.61+0.52 0.20+0.05°
0.2 29.97+2 320 4.59+0.07° 3.86+0.01° 0.28+0.001°
0.4 37.23+4.1° 9.98+0.52 3.6+0.12b 0.31+0.01°
0.6 62.68+1.52 5.64+1.0° 2.13+0.1° 0.67+0.022

Data presented in mean+SE. Different letters (a, b, ¢ and d) within various concentrations of Cd (0, 0.2, 0.4 and 0.6 mM) are significantly
different (Fisher LSD post-hoc test, P<0.05) and signify the effect of Cd metal on elemental analysis. SE: Standard error, LSD: Least

significant difference, Cd: Cadmium
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Table 3: Effect of Cd on specific activities of POD, APOX, PPO, GST and GPOX in 7-day old seedlings of

B. juncea

Treatments (mM) POD APOX PPO GST GPOX
(UA/mg protein) (UA/mg protein) (UA/mg protein) (UA/mg protein) (UA/mg protein)
0.0 4.67+0.14° 11.23+0.28° 5.39+0.58° 4.32+0.2° 3.77+0.17¢
0.2 5.39+0.09° 12.37+0.42°° 6.07+0.22° 4.89+0.42°¢ 4.55+0.19°
0.4 5.94+0.18° 13.78+0.27° 8.13+0.112 6.26+0.332° 4.65+0.762°
0.6 7.81+0.132 15.86+0.232 7.11+0.45° 7.28+0.482 5.83+0.572

Data presented in mean+SE. Different letters (a, b, ¢ and d) within various concentrations of Cd (0, 0.2, 0.4 and 0.6 mM) are
significantly different (Fisher LSD post-hoc test, P <0.05) and signify the effect of Cd metal on enzyme activities. SE: Standard error,
LSD: Least significant difference, Cd: Cadmium, POD: Guaiacol peroxidase, APOX: Ascorbate peroxidase, PPO: Polyphenol oxidase,

GST: Glutathione-S-transferase, GPOX: Glutathione peroxidase

Table 4: Effect of Cd on tocopherol and glutathione
content in 7-day old seedlings of Brassica juncea

Treatments (mM) Tocopherol Glutathione
(mg/g FW) (mg/g FW)
0.0 7.64+0.352° 10.82+0.31°
0.2 7.07+0.44° 14.03+0.37°
04 8.3+0.372° 15.89+0.652°
0.6 9.22+0.332 17.18+0.47¢2

Data presented in mean+SE. Different letters (a, b, ¢ and d)
within various concentrations of Cd (0, 0.2, 0.4 and 0.6 mM) are
significantly different (Fisher LSD post-hoc test, P<0.05) and
signify the effect of Cd metal on antioxidants. SE: Standard error,
LSD: Least significant difference, Cd: Cadmium

0.6 mM Cd treatment [Table 6]. Polyphenols such as gallic
acid, catechin, chlorogenic acid, caffeic acid, coumaric
acid, ellagic acid, quercetin, and kaempferol were observed
in 7-day old seedlings of B. juncea seedlings. At 0.2 mM
additional polyphenols such as epicatechin, umbelliferone,
and rutin were expressed in comparison to control. With
increasing Cd stress (0.4 and 0.6 mM), the activity of
epicatechin and rutin, respectively, were noticed against
untreated seedlings [Figures 5-8 and Table 6].

DISCUSSION

Uptake of Cd at toxic level causes mineral deficiency,
desiccation and cellular metabolic disturbances in plants.
Present investigation revealed the decrease in reduction
in fresh and dry biomass and percent germination of
B. juncea seedlings exposed to Cd stress. The increased
uptake and accumulation of heavy metal in plants cause
osmotic shift, metabolic alterations and also ROS induced
damages.”?” Cd-induced restricted uptake of water
hampers turgor mediated wall extensibility that reduces
cell division.?"! Cd mediated collective influence of these
factors caused an inhibition in fresh and dry biomass. These
observations are supported by the findings of Kalaikandhan
et al.,” where Cu and Zn toxicity inhibited the growth of
Sesuvium portulacastrum plants. Accumulation of ROS
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due to metal stress imbalances the PSII by degrading
D1 protein, and therefore, causes decline in carotenoid
content.”! Triticum aestivum plants when subjected to Cu
and Zn toxicity revealed the decrease in carotenoids level.
24 Whereas, increase in xanthophyll content was reported in
B. juncea seedlings under Cd stress. This might be due to
the fact that xanthophylls act as antioxidant and protect the
photosynthetic system of plants against oxidative stress.”*
Accumulation of osmolytes hydrate the enzymes to restore
their activity, neutralize reactive oxygen/nitrogen species
and help in the protection of membranes and subcellular
structures.’! Besides, in maintaining cellular redox status
and stress-induced tolerance, osmolytes, antioxidant enzymes
and antioxidants are major players.?® Although the enhanced
activity of antioxidant enzymes and that of osmolytes
apparently stabilize the membranes to prevent water loss,
protects metabolic machinery and support nutrient uptake to
the plants.?” These compatible solutes act as reservoir for
the elements such as carbon and hydrogen as they are the
important structural elements of carbohydrates and proteins,
which play an important role in stress amelioration.”! In the
present investigation, antioxidant potential of B. juncea was
found to improve in terms of antioxidative enzyme activities,
level of antioxidants and free radicals scavenging capacity.
Enhanced activities of antioxidative enzymes cause rise in
detoxification efficiency to a greater extent, which provides
better resistance to plants against heavy metal induced
oxidative stress.?! Similarly, various antioxidants such as
GSH, tocopherol, and polyphenols play a key role in the
antioxidant system and trigger the scavenging of free radicals
generated during stress.B It is also reported by Singh and
MalikP" that phenolic compounds possess strong antioxidant
activity as they are oxidized by peroxidase and contribute in
scavenging H,O, in plants like Brassica treated with heavy
metal.

CONCLUSION

From the present investigations, it is concluded that heavy
metal stress alters the physiological and biochemical processes
resulting in altered metabolism, and therefore, retards growth
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Figure 6: Analysis of polyphenols in 0.2 mM cadmium treated 7-day old seedlings of Brassica juncea
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Figure 8: Analysis of polyphenols in 0.6 mM cadmium treated 7-day seedlings of Brassica juncea

in B. juncea. Plants employ different strategies to cope with organic osmolytes, selective uptake of ions and increased
stress including excess production and accumulation of  expression of the antioxidative defense system.
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Table 5: Effect of Cd on scavenging activities of DPPH, FRAP, molybdate ion and ABTS in 7-day old seedlings

of Brassica juncea

Treatments (mM) DPPH (%) FRAP (%) Molybdateion (%) ABTS (%)
0.0 70.99+4.16° 53.7+2.44° 46.36+2.27° 56.65+6.2°
0.2 81.26+1.343P 82.71+£3.752 61.7+4.312° 68.75+3.19%P
0.4 86.08+2.062 62.67+4.42°¢ 56.28+5.97° 79.14+2.742
0.6 82.99+1.642 72.56+1.56° 76.85+2.322 74.5+2.63%

Data presented in mean+SE. Different letters (a, b, ¢ and d) within various concentrations of Cd (0, 0.2, 0.4 and 0.6 mM) are
significantly different (Fisher LSD post-hoc test, P<0.05) and signify the effect of Cd metal on antioxidant assays. SE: Standard
error, LSD: Least significant difference, Cd: Cadmium, DPPH: 2,2-diphenylpicrylhydrazyl, FRAP: Ferric reducing ability of plasma,

ABTS: 3-ethylbenzothiazoline-6-sulfonic acid

Table 6: Concentrations of phenolic compounds in 7-day old Brassica juncea seedlings treated with Cd stress

Polyphenolic compound Percentage
Control 0.2 mM Cd 0.4 mM Cd 0.6 mM Cd

Gallic acid 0.390 0.211 0.240 0.484
Catechin 4.194 10.639 14.989 5.030
Chlorogenic acid 4.950 3.679 4.638 6.772
Caffeic acid 1.075 0.774 0.088 1.017
Coumaric acid 0.058 0.243 0.244 0.041
Ellagic acid 43.462 0.964 0.588 8.759
Quercetin 9.807 0.088 0.082 0.123
Kaempferol 6.601 1.958 - 1.770
Epicatechin - 0.951 0.703 0.539
Umbelliferone - 0.260 - -
Rutin - 1.319 - 0.376
Cd: Cadmium
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