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Physiological and biochemical changes as well as the activities of anti-oxidative enzymes under lead
(Pb2+) phytotoxicity were investigated in 20 days old soybean (Glycine max L.) seedlings grown
hydroponically in the laboratory under different pH conditions. The rapid uptake of Pb 2+ was
observed immediately after the start of treatment. The quantity of accumulation of Pb 2+ was much
higher in roots than in shoots, its level rising with increasing pH from 3.0 to 8.0. Not only that, an
oxidative stress conditions were observed due to increased level of superoxide anion radical and
hydrogen peroxide in shoots and root cells of 20 days old seedlings when treated with Pb(NO 3)2 at
a concentration of 0, 500, 1000 and 2000 μM. Spectrometric assays of seedlings showed increased
level of activities of antioxidant enzymes like catalase, peroxidase and glutathione reductase. The
presence of thiobarbituric acid reacting substances (TBARS) indicates the enhanced lipid
peroxidation compared to controls. The alteration in the activities of the antioxidant enzymes and
the induction of lipid peroxidation reflects the presence of Pb2+, which may cause oxidative stress.
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Lead (Pb2+), a heavy metal, is a potent

has reported from mining, smelting activities, Pb-

environmental pollutant (Sharma and Dubey, 2005)

containing paints, gasoline, explosives, as well as

and

is

from the disposal of municipal sewage sludge

synonymous with civilization. Pb2+ contamination

(Levine et al., 1989). Although it is not essential for

lead

pollution

of

the

environment
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plants; it is absorbed and accumulated in different

However, hydrogen peroxide is also toxic to cells

plant tissues (Kabata-Pendias and Pendias, 1999)

and has to be further detoxified by catalase and

with the highest amount in the root tissues (Verma

peroxidases to water and oxygen.

and Dubey, 2003). It can cause multiple direct and

Glycine max belongs to family fabaceae is a fast

indirect effects on plant’s physiological and

growing plant which produces a high biomass even

biochemical activities like growth and metabolism,

in heavy metal polluted soils. Thus this plant might

membrane

reduced

be a potential candidate for phytofiltration and /or

photosynthesis (Ahmad et al., 2008) along with

phytostabilization of heavy metal contaminated

visible symptoms including stunted growth and

waste waters. So far this plant species has been

small leaves. It is generally accepted that toxic

used in studies of the effects of heavy metals like

levels of heavy metal can affect a variety of

(De Oliveira et al., 1994) stress on plants. Hence the

physiological processes in plants. Sauve et al. (1997)

present study was aimed to understand the effects

found that the equilibrium between metal spatial

of lead toxicity on metabolic homeostasis and

pattern, solubility, adsorption and exchange on

changes of SOD, GPOD, CAT and GR activity of in

solid phase sites is intimately connected to solution

vitro cultured Glycine max seedlings treated with

pH. Hence, soil pH affects metal speciation,

different concentration of Pb2+ to better understand

solubility, complexation and adsorption of metal

the defensive mechanisms under different pH levels.

disorganization

and

ions (Reddy et al., 1995). Similarly, numerous
studies have fond that soil pH have a large effect on
metal bioavailability (Mesquita et al., 2002).
One of the major consequences is the
production of large quantities of reactive oxygen
species (ROS), react with lipids, proteins, pigments,
and nucleic acids and cause lipid peroxidation,
membrane damage, and inactivation of enzymes,
thus affecting cell viability (Schutzendubel and
Polle, 2002). The deleterious effects resulting from
the cellular oxidative state may be alleviated by
enzymatic and nonenzymatic antioxidant machinery
of the plant that vary at various cellular and
subcellular levels in different plants. Plants use a
diverse array of enzymes as well as low molecular
weight antioxidants to scavenge different types of
reactive ROS, thereby protecting potential cell
injury against tissue dysfunction (Halliwell, 1987).
SOD is a key enzyme in protecting cells against
oxidative stress and dismutates superoxide radical
(O2˙-) to H2O2 and oxygen (Alscher et al., 2002).

MATERIALS AND METHODS
Plant material and growth conditions
Seeds of Glycine max L. cv. Merrill (family:
Fabaceae) were sterilized with 1% NaClO for 5 min,
then washed twice with distilled water and
germinated in the dark in petri dishes. Four-days old
seedlings were grown hydroponically on 1/4
strength modified Hoagland nutrient solution
(Pickering et al., 2000). Seedlings were grown at
24˚C, with a light intensity of 300 μMm -2s-1 and a 14h photoperiod. After

growing for

10

days

(appearance of four true leaves), they were treated
with 0, 500, 1000 and 2000 μM Pb2+ as Pb(NO3)2 for
5 days continuously. The pH was adjusted 3.0, 6.0
and 8.0 for both culture and treatment solution and
renewed everyday to avoid fungal infection. The
shoots and roots of 20 days old seedlings were
collected and washed in 10 mM CaCl 2 to remove
Pb2+ accumulated on their surface and stored in an
-80˚C freezer for further experiments.
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Determination of production rate of superoxide
.2

anion radical (O )

centrifuged at 3000 × g. Afterwards, the extract
obtained was analyzed in two steps. At the first

Shoots and roots were taken in a test tube and

step, 1 volume of 20% (w/v) trichloroacetic acid

mixed with the 10 ml of solution containing 0.05 M

(TCA) and 1 volume of 0.01% BHT (buthylated

phosphate buffer solution (PBS) maintained at pH

hydroxytoluene) were added to 1 volume of

7.8, 0.05% nitroblue tetrazolium (NBT), and 10 mM

supernatant. At the second step, 1 volume of 20%

NaN3. After 5 min incubation in the dark, 2 ml of the

TCA (contained 1 volume of 0.65% (2-thiobarbituric

solution was taken up from the tubes and heated at

acid) TBA and 1 volume 0.01% BHT) were added to

85˚C for 15 min. Then, the samples were cooled and

1 volume extract taken from the supernatant. After

absorbance was measured at 580 nm (Doke, 1983).

vortexing both of the two samples for 10 sec, they
were incubated in a hot water bath adjusted to 95 oC

Determination of production rate of H2O2
The content of H2O2 was measured according to
the

modified

method

of

Patterson

(1984).

Harvested tissues preserved in freezer were ground
in 6 ml of ice-cold acetone. The homogenate was
centrifuged at 8,000g at 4°C for 30 min. The
supernatant was collected and out of which only 0.5
ml of supernatant was mixed with 1.5 ml mixture of
CHCl3 and CCl4 (1:3, v/v). Then, 2.5 ml of distilled
water was added to the solution to make the

for 25 min followed immediately by a shock
treatment in an ice bath. The cooled samples were
centrifuged at 3000g and absorbance values of
samples were measured in spectrophotometer.
First step samples were measured at 532 and 600
nm, whereas second samples at 440, 532 and 600
nm.
Results were obtained using the following
formulas

volume 4.5 ml. The mixture was centrifuged at

[(Ab532 + TBA) – (Ab600 + TBA) – (Ab532 - TBA) –

1,000g for 1 min, and the water phase was

(Ab600 - TBA)] = A

collected for H2O2 determination. To set control, 0.1

[(Ab440 + TBA – Ab600 + TBA) ×0.0571] = B

ml of CAT (0.3 unit) was added to the 1 ml of

nmol MDA/ml = (A-B/157000) × 106

subsequent supernatant to remove the H2O2.
For the treatments, CAT solution was replaced
by 0.1 ml MQ water (QTUM 0001 X; Millipore Co.).
The mixtures were incubated at 37°C for 10 min.
The sample treatments as well as the control were

[Ab=absorbance]
[MDA = malondialdehyde]
Assays of antioxidative enzymes
Preparation of enzyme aliquot

mixed with 1 ml of PBS (0.2 M, pH 7.8) and 1 ml of

Approximately 0.5 gram preserved samples

4-(2-pyridylazo) resorcinol (200 mM) solution. The

were homogenized in 8 ml of solution containing 50

reaction mixtures were incubated at 45°C for 20

mM PBS (pH 7.6) and 0.1 mM Na-EDTA and then

min, and the absorbance was read at 508 nm.

centrifuged for 15 min at 20,000 × g at 4°C.

Determination of lipid peroxidation

Ascorbate peroxidase (APX)

Lipid peroxidation was measured as described

Activity of APX was measured according to

by Hedges et al. (1999) Approximately 0.5 gram

Cakmak (1994) by monitoring the rate of H 2O2-

plant tissues was homogenized in 80% ethanol and

dependent oxidation of ascorbic acid (AsA) at 290
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nm. A reaction mixture (1 ml) was prepared

Glutathione reductase (GR)

containing 0.1 ml of 50 mM of PBS (pH 7.6), 0.1 ml

The activity of Glutathione reductase (GR) was

of 0.1 mM EDTA, 0.1 ml of 12 mM H 2O2, 0.1 ml of

assayed using the method as described by Cakmak

0.25 mM AsA and 0.6 ml of enzyme aliquot.

and Marschner, (1992) and Cakmak (1994). The

Guaiacol peroxidase (GPOD)

reaction mixture (1.0 ml) was prepared by adding

Activity of GPOD was measured according to

0.1 ml of 50 mM PBS (pH 7.6), 0.1 ml of 0.1 mM

Hammerschmidt et al. (1982). To assay the activity

EDTA, 0.1 ml of 0.5 mM GSSG, 0.1 ml of 0.12 mM

of GPOD 3.0 ml of guaiacol solution, 3.0 ml of PBS,

NADPH and 0.6 ml of enzyme aliquot. The reaction

0.4 ml of enzyme aliquot and 0.1 ml H 2O2 solution

mixture showed the decrease in absorbance at 340

was added and assayed spectrophotometrically at

nm due to NADPH oxidation.

436 nm. The time required to show the difference

Measurement of lead accumulation

in reading due to oxidation of guaiacol was

Roots and shoots of treated seedlings were

recorded.

thoroughly rinsed with deionized water and blotted

Catalase (CAT)

dry. Samples were dried at 70°C in a forced-air

Activity of catalase (CAT) was measured as

oven, weight, and digested with 1:1 nitric to

described by Cakmak and Marschner (1992). The

perchloric acid. Lead was determined by atomic

assay was based on the degradation of H 2O2 at 240

absorption spectrometry (Yang et al., 2001).

nm. The reaction mixture (1.0 ml) was prepared by

Statistical Analysis

adding 0.1 ml of 50 mM PBS (pH 7.6), 0.1 ml of 0.1

Each result shown in tables was the mean of five

mM EDTA, 0.1 ml of 100 mM H2O2 and 0.7 ml of

replicated

enzyme aliquot. The degradation of H 2O2 was

differences (p<0.05) between treatments and pH

monitored at 240 nm.

levels was statistically evaluated by standard

treatments.

The

significance

of

Superoxide dismutase (SOD)

deviation and three way classification of “Analysis

For the assay of SOD, 5.0 ml of reaction mixture

of Variance” technique were based on the

was prepared in glass vials by adding the

appropriate F-tests.

constituents in the following order; 50 mM

RESULTS

phosphate buffer (pH 7.6), 0.1 mM Na-EDTA,

Effect of Pb2+ on ROS accumulation

enzyme aliquots (50-150 μM), 50 mM Na 2CO3 (pH
10.2), 12 mM L-methionine, 75 μM NBT and at last
2 μM riboflavin was added. The glass vials were
kept under a light intensity of about 400 μM m -2 s-1
in normal room temperature to carry out the
reaction. One unit of SOD activity was defined as
the amount of enzyme required to cause 50%
inhibition of the rate of NBT reduction measured at
560 nm (Cakmak and Marschner, 1992).

It is well known that ROS accumulation due to
heavy

metal

absorption

cause

damages

on

organism. At pH 3.0 in shoot cells of G. max, the
radical produced two fold at 1000 μM and four fold
at 2000 μM concentration (Fig. 1) with the recorded
values 32.651 and 68.342 mol min -1 per mg protein
fresh weight (FW) with the respect of 500 μM. In
root cells of G. max the pH difference possesses
similar impact on radical production rate at all
metal concentrations at pH 8.0. The O 2.- production
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levels in root cells at pH 8.0 were observed 38.644,
-1

Antioxidant enzymes

88.776, 170.452 mol min per mg protein FW at

A crucial function of antioxidative enzymes is to

500, 1000 and 2000 μM concentration respectively

remove excess reactive oxygen species (ROS), which

(Table 1).

can be toxic to plant cells. In the present study the

H2O2 was measured to determine whether

effect of Pb2+ stress on specific activity of

application of excessive Pb 2+ caused oxidative stress

antioxidant enzyme APX in shoot and root cells of G.

in shoots and roots of G. max. In metal

max at pH 3.0, 6.0 and 8.0 is depicted in Table 2.

concentrations

manner

The increases in specific activity of APX in shoot and

experiment, the H2O2 content increased markedly in

root cells also measured in percent numeric.

the 2000 μM exposure and this stimulation reached

Activity of APX at pH 8.0 was recorded 41.22%,

a peak on 8.0 pH. The changes in H 2O2 levels were

96.70% and 124.90% to 500, 1000 and 2000 μM

examined during the course of study and observed

respectively as compared to control (Fig. 4). In root

that application of Pb2+ at 500 to 2000 μM

cells of seedlings it was followed at same aspect but

significantly increased the production of H 2O2

in remarkable concern than shoot cells.

and

pH

dependent

compared with over control in shoot and root cells

Table 3 shows the increased activity of GPOD

(Table 1, Fig. 2). These results suggested a close

and CAT under Pb2+ stress condition in all different

relation between the reduced glutathione (GSH)

pH concentration. Heavy metal treated plants

and H2O2 content in G. max. However, the

showed statistically significant increase activity of

production of H2O2 may not have toxic effect, but

GPOD compared with control. At 2000 μM highest

acts as a positive signal for the hyperaccumulation

value of GPOD activity recorded in shoot cells, with

2+

of Pb .

the mean values 238.057, 295.143 and 341.413 unit
2+

mg-1 protein FW at pH 3.0, 6.0 and 8.0 respectively.

Effect of Pb on lipid peroxidation
Lipid peroxidation is a free radical mediated

Plants exposed to Pb2+ in the nutrient solution

process. The level of lipid peroxidaion was

showed significantly higher GPOD activity in root

measured in terms of MDA (malondialdehyde)

cells with all given pH as compared over control

concentration. The striking increase in lipid

(Fig. 5). Similarly, the over expression of CAT activity

peroxidation in Pb(NO3)2 treated seedlings of G.

in shoot cells of hydroponically grown seedlings at

max demonstrated in shoot and root cells at various

various pH was recorded. With the concentration

pH levels. The observed value at pH 8.0 and 2000

rises, a progressive increase in CAT activity was

μM concentration was 109.193 nmol g -1 FW in shoot

observed. CAT activity in shoot cells of G. max was

cells of G. max with three fold increase (Table 2).

increased two fold at 2000 μM Pb2+ at pH 8.0 over

The similar trends were followed in the root cells of

control (Fig. 6) which was comparatively lower than

experimental

lipid

the activity observed in root at same concentration

peroxidation were slightly influenced by pH for

of Pb2+. Similar trend was observed with all

2000 μM in root cells as reported the percent value

experimental H+ concentrations and the highest

147.22%, 171.63% and 166.72% at pH 3.0, 6.0 and

activity of enzyme in both shoot and root cells was

8.0 (Fig. 3).

observed at 2000 μM Pb2+ concentration and at pH

seedlings.

The

levels

of

8.0.
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The maximum activity of SOD was recorded at
highest concentration of Pb

2+

137

2000 μM concentration (Fig. 8). This indicated a

at pH 8.0. As

non-specific effect of pH on ascorbate glutathione

compared to control (Fig. 7), a significant percent

cycle. The results are all consistent with the role of

increment of SOD activity in shoot cells was

ROS in the resistance response and the control of

recorded by gradually increasing concentration of

their levels to minimize toxic effects.

metals but not in dose dependent manner. In root

Lead accumulation in shoot and root cells

cells of soybean the activity of SOD measured at
500, 1000 and 2000 μM were 101.342, 167.101,
-1

199.030 unit mg protein FW at pH 3.0; 108.143,
178.340, 212.143 unit mg-1 protein FW at pH 6.0
and 112.056, 213.346, 273.941 unit mg -1 protein FW
at pH 8.0 (Table 4).

Table 5 showed the effect of pH on Pb2+
accumulation in shoots and root cells of G. max.
Metal accumulation was significantly increased
under rising pH levels range from 3.0 to 8.0 as well
as with the metal supply. The mean values recorded
at 500 μM were 42.514, 78.341 and 121.459 mg kg -1

Applied Pb2+ have positive correlation with

(dry weight) DW at pH 3.0, 6.0 and 8.0 respectively

specific activity of GR in shoots and roots of treated

in shoots and this trend was also followed in root

plant seedlings with consideration of pH values. The

cells but with higher content at each treatment

maximum

μM

compared to shoots. The accumulation rates of Pb 2+

concentration of metal; its level rose from 3.0 to 8.0

in root cells were remarkably enhanced 1271.90%,

pH in shoot cells (Table 4). Similar patterns for root

1581.00% and 2255.25% as compared to control at

cells have been observed. The percent values in

pH 8.0 concentration 500 μM, 1000 μM and 2000

shoot cells compared to control at pH 3.0, 6.0, 8.0

μM respectively (Fig. 9).

activity

was found

at

2000

were estimated 73.00%, 82.25% and 105.75% at

Figure 1: Generation of superoxide anion radical (O 2.-) in Glycine max exposed to various
concentrations (μM) of Pb2+ and at different pH.
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Figure 2: Endogenous levels of hydrogen peroxide (H2O2) of Glycine max exposed to various
concentrations (μM) of Pb2+ and at different pH.

Figure 3: % increment of Lipid peroxidation (LP) in Glycine max at different pH and various
concentrations (μM) of Pb2+.

Figure 4: Ascorbate peroxidase (APX) activity of Glycine max to various concentrations (μM) of Pb2+
and at different pH.
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Figure 5: Guaiacol peroxidase (GPOD) activity in Glycine max at different pH and various
concentrations (μM) of Pb2+.

Figure 6: % increment of Catalase (CAT) activity of Glycine max at different concentrations (μM) of
Pb2+ and various pH.

Figure 7: Superoxide dismutase (SOD) activity of Glycine max exposed to various concentrations (μM)
of Pb2+ and at different pH.
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Figure 8: Glutathione reductase (GR) activity of Glycine max to various concentrations (μM) of Pb2+
and at different pH.

Figure 9: Accumulation of lead (mg kg-1) in Glycine max at different pH.
Table 1. Endogenous levels of superoxide anion radicals (O 2.-) and hydrogen peroxide (H 2O2) of Glycine
max exposed to various concentrations of Pb2+.
O2.-

Treatments
-1

(μM)
In shoots
Control
Pb2+

H2O2

-1

(μM g-1)

(Mmin mg protein)
pH 3.0

pH 6.0

8.114±0.35

pH 8.0

pH 3.0

pH 6.0

pH 8.0

11.250±0.70

16.549±1.03

0.143±0.01

0.151±0.01 0.158±0.01

500
1000

14.520±2.56 25.031±1.64
32.651±3.94 60.213±4.05

40.542±1.57
91.421±3.75

0.272±0.03
0.439±0.04

0.289±0.02 0.299±0.03
0.497±0.03 0.523±0.04

2000

68.342±4.21 124.563±4.05 168.056±3.96

0.552±0.04

0.566±0.52 0.580±0.04

7.115±0.25

9.512±0.34 10.532±0.75

0.124±0.01

0.128±0.01 0.132±0.02

500
1000

14.791±0.94 27.524±1.49 38.644±2.01
38.420±2.01 59.234±2.96 88.776±4.95

0.142±0.03
0.175±0.05

0.144±0.02 0.143±0.03
0.182±0.04 0.191±0.06

2000

74.396±4.12 138.250±4.95 170.452±7.05

0.179±0.05

0.189±0.05 0.222±0.05

In roots
Control
Pb2+

Values are means ± SE (n=5). Means within the column with the same letter are not significantly different
(p<0.05).
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Table 2 Lipid peroxidation (LP) and ascorbate peroxidase (APX) activity of Glycine max exposed to
various concentrations of Pb2+.
Treatments
(μM)
In shoots
Control
Pb

2+

LP
(nM g-1)
pH 3.0

pH 6.0

APX
(μM min-1 mg-1 protein)
pH 8.0

pH 3.0

pH 6.0

pH 8.0

11.821±2.26

15.551±1.07 17.510±2.53

190.538±7.18 195.345±6.34 200.347±4.34

500

21.519±0.18

29.409±1.81 37.150±2.74

249.046±9.31 271.593±8.43 282.942±3.04

1000
2000

40.066±3.74 62.051±0.97 78.105±3.59
71.741±1.39 97.173±4.23 109.193±2.74

364.946±11.03 367.994±11.43 394.091±7.04
412.334±8.94 434.341±8.94 450.591±8.14

68.041±2.03

69.594±3.04 72.112±2.94

183.054±9.51 187.543±11.59 192.045±7.34

500

79.920±3.40

86.943±3.90 92.552±3.96

242.527±5.34 265.331±8.54 290.454±9.01

1000
2000

104.927±5.62 139.243±6.09 149.012±6.74
168.214±7.51 189.041±8.04 192.344±8.22

In roots
Control
Pb

2+

299.257±8.49 319.554±11.03 340.014±7.00
368.345±7.04 398.331±13.54 410.413±4.34

Values are means ± SE (n=5). Means within the column with the same letter are not significantly different
(p<0.05).

Table 3 Guaiacol peroxidase (GPOD) and catalase (CAT) activity of Glycine max exposed to various
concentrations of Pb2+.
Treatments
(μM)
In shoots

GPOD
(Unit mg-1 protein)
pH 3.0

pH 6.0

pH 8.0

CAT
(Unit mg protein)
-1

pH 3.0

pH 6.0

pH 8.0

Control

172.346±8.34

181.590±3.34 185.018±4.78

125.304±4.50 131.054±8.53 135.511±9.34

500

220.863±5.93

235.134±7.41 238.057±9.53

145.225±11.53 158.339±4.23 162.345±6.13

1000
2000

262.054±11.39 285.941±8.13 295.143±11.43
310.413±13.42 325.157±6.41 341.413±8.47

205.392±7.01 211.412±2.59 239.405±8.59
248.430±6.39 270.592±7.43 289.848±6.43

173.624±14.51 180.424±9.34 184.431±3.41

132.410±6.04 139.042±11.09 140.594±7.77

224.516±7.43

239.444±7.59 284.512±9.94

160.843±3.51 170.943±3.59 184.390±3.59

1000 298.334±8.01 320.564±8.96 338.412±11.34
2000 354.974±11.51 372.014±4.90 427.341±7.39

188.724±6.44 198.043±2.41 213.643±4.94
239.113±3.51 250.514±8.44 268.110±6.94

2+

Pb

In roots
Control
500
Pb

2+

Values are means ± SE (n=5). Means within the column with the same letter are not significantly different
(p<0.05).
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Table 4 Superoxide dismutase (SOD) and glutathione reductase (GR) activity of Glycine max exposed
to various concentrations of Pb2+.
Treatments
(μM)
In shoots
Control
500
2+

Pb

SOD
(Unit mg-1 protein)
pH 3.0

pH 6.0

72.401±2.38 75.092±4.22

GR
(Unit mg-1 protein)

pH 8.0

pH 3.0

79.010±8.54

pH 6.0

pH 8.0

164.345±8.53 170.399±8.03 175.134±11.34

92.056±4.31 98.003±11.51 104.342±7.34

192.113±6.03 204.346±11.34 220.004±6.03

1000 136.534±6.48 148.301±4.53 148.941±2.34
2000 198.397±5.45 222.443±6.94 243.724±8.01

234.668±9.44 255.414±8.43 258.434±8.41
284.332±7.30 310.555±4.075 360.341±3.52

In roots
Control
2+

Pb

81.530±6.34

85.940±8.93

89.014±3.05

172.430±8.43 180.341±6.44 182.124±3.40

500 101.342±8.05 108.143±6.34 112.056±11

194.346±7.34 198.034±4.33

218.437±8.43

1000 167.101±10.37 178.340±8.07 213.346±4.91
2000 199.030±6.01 212.143±3.07 273.941±3.05

241.834±6.97 248.524±11.23 278.310±6.04
442.627±5.33 464.342±7.01 464.592±3.40

Values are means ± SE (n=5). Means within the column with the same letter are not significantly different
(p<0.05).

Table 5 Accumulation of lead (mg kg-1) in Glycine max exposed to various concentrations of Pb2+.
Treatments

Roots

(μM)

pH 3.0

Control

9.251±1.24

9.034±3.55

9.830±1.09

10.034±1.04 10.341±1.94

11.249±3.49

500

42.514±4.53

49.346±3.51

54.552±6.05

88.594±3.76 92.916±6.05

154.326±4.97

1000
2000

78.341±5.34 84.561±4.56 90.234±7.05
121.459±11.03 136.092±10.03 148.453±5.11

2+

Pb

Shoots
pH6.0

pH 8.0

pH 3.0

pH 6.0

pH 8.0

164.397±8.04 174.310±7.51 189.141±7.44
238.314±9.41 255.110±9.34 264.943±9.34

Values are means ± SE (n=5). Means within the column with the same letter are not significantly different
(p<0.05).

DISCUSSION

non-redox-reactive metals are known to cause

Present findings suggest that the toxic effect of

oxidative stress, as indicated by lipid peroxidation

Pb2+ was probable exerted through free radical

and

chlorophyll

degradation

generation. In higher plants Pb2+ ions induce

(Schutzendubel et al., 2001).

in

the

cells

generation of O2.-, H2O2, HO- and 1O2, collectively

Hydrogen peroxide (H2O2), a kind of natural ROS,

termed ROS, and exert a variety of damaging

is generated with various environmental and

effects, also called oxidative stress (Jiang et al.,

developmental stimuli. It has been approved to act

2010). The O2.- can rapidly attack all types of

as a new signal molecule and played important

biomolecules such as nucleic acids, proteins, lipids,

roles in many physiological processes such as cell

and amino acids leading to irreparable metabolic

expansion, development, stomatal closure and

dysfunction and cell death. Many redox-active and

programmed cell death (Cheng and Song, 2006). As
a signal in plants, the H2O2 could be induced by
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many environmental stresses and was also an

and heavy metals were recorded in present

important reactor in the resistance of plants to

investigation. Such correlations are known from

environmental stresses (Moloi and van der

many literature data, like Paczkowska et al. (2007)

Westhuizen, 2006). The action of H 2O2 in stress

who worked with Cd2+. GPOD is an induced protein,

resistance of plants was involved in many

its high activity showed that the plants can resist,

regulation processes (Baysal, 2007). Not only this,

tolerate and clear the oxidative stress caused by

the accumulation of H2O2 could reflect the oxidative

Pb2+. As GPOD are located in cytosol, cell wall,

stress and brings the changes in the action of

vacuole and in extracellular spaces, increased

antioxidants in different compartments of plant.

peroxidase activity in Pb2+ stressed seedlings might

Lipid peroxidation is a biochemical marker for

be possibly due to increased release of peroxidases

the free radical mediated injury. Our results show

localized in the cell walls. Similar situation under

an increase in the level of MDA content with

sublethal salinity and metal toxicity conditions, level

increasing concentrations of Pb2+, indicating that

of peroxidase activity has been used as potential

Pb2+ induces oxidative stress in soybean. Present

biomarker to evaluate the intensity of stress (Shah

results are in conformity with the observations of

et al., 2001).

Malecka and coworkers (2001) who reported Pb-

Catalase help in eliminating H2O2 produced

induced oxidative stress in pea root cells. Similar to

during the photorespiration in peroxisomes. The

present observations, enhanced lipid oxidations

elevation of H2O2 content in shoots and roots of

have been reported under Cd 2+ and Zn2+ toxicity in

treated plants after 500 to 2000 µM Pb 2+ treatment

different plant species (Shah et al., 2001).

suggested that some H2O2-scavening enzymes

Recent studies have focused on the changes in

would work effectively for the removal of H 2O2. For

activity of APX in higher plants subjected to several

this reason the activity of CAT was examined as one

environmental stresses such as ozone, high lights,

of the major antioxidant enzyme that eliminates

extremes of temperature, salts, heavy metals, etc.

H2O2 by converting it into oxygen and water (Noctor

APX activities generally increase along with

and Foyer, 1998). The present experiment shows

behavior of other antioxidants like CAT, SOD, GPOD

the similar effects and matches with the findings of

and GR in response to heavy metal stress factors,

Hegedus et al. (2001) who observed in barley

suggesting that the components of ROS scavengers

plants.

are co-regulated. APX is a component of ascorbate-

Increased SOD activity in the shoot and root

glutathione pathway and plays a role in scavenging

tissues of the seedling is due to the generation of

H2O2 However; it is a systemic signal for the

active oxygen species under Pb2+ toxicity. Scandalios

induction of APX (Morita et al., 1999). In well

(1997) obtained similar result under oxidative stress

conformity with the results presented in this work,

which could cause increased turnover and re-

Hegedus and coworkers (2001) found that activities

synthesis of SOD with no net change in its

of APX were increased in roots and leaves of barley

concentration (Prakash et al., 2009). Within a cell,

and bean plants which are in well conformity with

SOD constitutes the first line of defense against

the results presented in this work.

ROS. O2.- radical is produced at any location where

A positive correlation between GPOD activities

an electron transport chain is present and hence
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oxygen

activation

may

occur

in

different

Blaylock et al. (1997) reported that in soil with a pH

compartments of the cell. The phospholipids

between 5.5 and 7.5 Pb 2+ solubility is controlled by

membranes are impermeable to charged O 2.-, and

phosphate or carbonate precipitates and very little

therefore, it is crucial that SOD is present for the

Pb2+ is available to plants even if they have the

removal of oxygen in the compartments where O 2.-

genetic capacity to accumulate it. The heavy metal

radicals are formed.

toxicity may be observed by changes in growth

GR activity has been observed to increase in
various plant species under different types of
stresses (Fornazier et al., 2002). Di-Baccio et al.

conditions.
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