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ABSTRACT: Lead is a toxic heavy-metal pollutant which is hazardous to human health and the environment. Sodium
nitroprusside is commonly used as a nitric oxide donor in plants. Nitric oxide is a bioactive molecule playing an
important role in response to stress in plants. Weight, chlorophyll content, and the activity of catalase (EC 1.11.1. 6)
and peroxidase (EC 1.11.1. 7) antioxidant enzymes of canola (Brassica napus L.) Hyola 401 in lead stress were
investigated. This study tested the hypothesis that sodium nitroprusside plays an ameliorating role under lead-toxicity
in canola. For seven days, thirteen-day plants were exposed to two levels of sodium nitroprusside (0 and 100 pM) and
three levels of lead (0, 100, and 200 uM). Dry and fresh weight and chlorophyll content were decreased in lead stress,
while sodium nitroprusside treatment increased weight and chlorophyll b in the same conditions. Lead stress increased
the activity of antioxidant enzymes, and sodium nitroprusside treatment reduced their activity. The results showed that
the use of sodium nitroprusside reduces lead toxicity.

INTRODUCTION

There are several varieties in the Brassicaceae species
[1]. Canola (Brassica napus L.) can be cultivated in
different regions of Iran and is used to produce plant oil
[2]. Canola seeds contain 40% oil and 17 to 26 % protein.
Most of its proteins include Napin, Cruciferin, and
Oleosin. Therefore, canola oil is very useful for human
and much effort is needed to cultivate it [3-4].

Heavy metals have a lot of negative effects on canola
production [5]. The increasing pollution of the
environment with hazardous chemicals, including lead, is
extremely dangerous for animals and plants, and as the
soil is contaminated, the production decreases [6-7].
Lead has a negative effect on plants, and plants do not
need this heavy element. Lead toxicity causes to
blockage of enzymes, disturbance in mineral nutrition,

disturbance of water balance, changes in hormonal status

and permeability of the membrane. The need for more
crops, and the use of polluted environment is an
important issue [8]. Reactive oxygen species (ROS) and
hydrogen peroxide produced in lead stress cause
oxidative damage [9-11]. ROS can be very harmful to
organisms at high concentrations, although some of them
may play a role in regulating gene expression. According
to the research report of the geographic region of
Golestan province in the Islamic Republic of Iran, heavy
metals have an adverse effect and serious environmental
consequences [12]. When the lead concentration
increased in the shoot of rice, it increased oxidative stress
and enhanced lead concentration and time, causing higher
levels of stress [13].

High concentrations of heavy metals cause toxic effects

such as the reduced height, shoot, and root growth, and
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even death of plants [14]. The dangerous concentration of
lead in the soil will have serious consequences for plant
life and growth [7]. Typically,
chlorophyll content investigate the stress of heavy metals

measurements of

[15-16]. These metals can have a negative and dangerous
effect on the plants' growth and the amount of
photosynthesis [17]. Photosynthesis breakdown occurs in
the stressed substitution of magnesium atoms in the
center of chlorophyll by heavy metals such as lead, nickel
and mercury, [18].

Under stress conditions, plants use their antioxidant
system to neutralize and remove ROS in order to reduce
the effects of oxidative stress, with its non-enzymatic
defense system using compounds such as the reduced
glutathione, vitamin C (ascorbate) and vitamin E (alpha-
tocopherol), and the includes
superoxide dismutase (SOD, EC 1.15.1. 1), catalase
(CAT, EC 1.11.1. 6) and peroxidases (POD, EC 1.11.1.
7) [19]. Catalase is an intracellular antioxidant enzyme,

enzymatic portion

which is predominantly present in cell peroxisomes and
to some extent, cytosol, and undergoes two stages of
hydrogen peroxide reduction to water, and molecular
oxygen and catalase are effective in high-intensity
stresses. Another part of the hydrogen peroxide removal
by peroxidases is located in the cytosol, vacuoles, and
cell wall [20]. By increasing or decreasing the activity of
antioxidant enzymes in different plants due to a variety of
non-biological stresses the oxidative stress levels can be
determined [21]. The increased activity of CAT and POD
enzymes in lead stress has been reported [22].

In plants, there is a signaling molecule called nitric oxide
(NO), which causes various biological functions due to
its high diffusibility [23]. NO is a gas-free radical, and its
chemistry is intermediate between three species. Sodium
nitroprusside (SNP) is used as an antioxidant and plant
growth regulator in order to reduce the negative effects
caused by various stresses. The effects of SNP (nitric
oxide donor) in a variety of abiotic stress in plants, such
as salinity and heavy metals, have been shown [24-25].
NO treatment in heavy-metal stress conditions protects
the destruction of DNA, prevents cell death, and reduces
the effect of oxidative stress [26]. It has been reported
that the use of NO causes the plant to be more resistant to
lead stress [27].
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Considering that even low levels of lead are toxic and
dangerous, conducting research in this area is important
and necessary [28]. This study was carried out due to the
positive effect of SNP on proving the usefulness of SNP
in lead contamination conditions to improve chlorophyll
content and plant growth by decreasing the activity of

antioxidant enzymes.
MATERIAL AND METHODS
Plant growth conditions

Canola seeds of Hyola 401 cultivars used in this study,
were obtained from Golestan University of Gorgan,
Islamic Republic of Iran. A total of 2.5% sodium
hypochlorite solution was used for sterilization of the
selected seeds for 20 minutes. The seeds were then
washed with distilled water 5-8 times to remove the
solution. Seed germination of petri dishes was carried out
on a double layer of wet filter paper and inside the
incubator in the dark at 25 ° C. The seven-day seedlings
were transferred to Hoagland solution containers of 0.5%.
The seedlings were exposed to 14-hour light and 10-hour
darkness per day and night in the growth chamber in the
containers. The temperature within the chamber was 25 °
C, and its humidity was 55% at day and 20 ° C and 70%
humidity at night. The reconstitution of the nutrient
solution was performed after six days, so that the
Hoagland solution with different concentrations of NO
from the source of SNP (control and 100 micromoles per
liter) and lead from the lead nitrate source (Pb(NOs),)
(control, 100 and 200 micromoles per liter) [29] were
added to the containers. The collection was done one
week later and then the samples were transferred to the

laboratory.
Morphological Parameters

Aerial parts and roots were separated and washed. It was
kept at 90 ° C for one day and night, and the weight of
dried samples was determined.

The leaves of plants exposed to different concentrations
of lead, and NO were carefully separated to be used for
research. The samples were mixed and crushed with 80%
acetone, kept in the dark overnight and then passed
through the filter. Using the spectrophotometer, the

absorbance was read at 645, 652, and 663 nanometer
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wavelengths. Finally, the levels of chlorophyll a and b
was measured under different treatments using the
following formula [30]:

Cxaxv
FW

C = Concentration of chlorophyll

Mg. g~ Fw

a = Dilution factor

V' = The volume of chlorophyll extracts

Fw = Fresh weight

Enzyme Assay

Enzyme extraction

First, extraction solution was prepared with the necessary
compounds, including 50 g polyethylene glycol 2000, 2g
ascorbic acid, 2 g EDTA-Na,, 3.8 g borax and 1.2 g tris,
and then, distilled water was added to reach a final
volume of 100 ml. In the next step, 1g of fresh organ was
weighed separately, and the mixture was ground for 30
minutes with the extracted solution. The resulting
solution was maintained for one day and night at 4°C.
After that, the solution was centrifuged at 4000 g for half
an hour. Then the upper clear solution (enzymatic
extract) was maintained at 4°C to measure antioxidant

enzyme's activity.
Activity of POD

To measure the enzymatic activity, one ml of acetate
buffer 0.2 molar at pH = 5 with 0.2 ml of benzidine,
soluble in 50 % alcohol 0.01 molar and 0.4 ml of
hydrogen peroxide 3% was mixed. 0.1 ml enzyme
extracts were added to the mixture. The absorbance
changes were measured at 530 nanometer wavelength
against the control device, and the enzyme activity was

also calculated based on the unit (OD g™* Fw min™) [31].
Activity of CAT

Five ml of the mixture containing 1ml of enzymatic
extracts was diluted twice for 60 s at 25°C. 300 pM
phosphate buffer and 100 uM hydrogen peroxide was
incubated. To stop the reaction, 10 ml sulfuric acid 2%
was added, and then, the remaining hydrogen peroxide
was titrated with potassium permanganate solution (0.01
N) for 15 seconds until turned pale purple. Enzyme
activity was stopped during control. The enzyme activity
was 1 uM degradation of hydrogen peroxide in 1 minute
[32].
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Statistical analysis

The canola plant with three replications and random
sampling was studied. The mean data were compared
using the Duncan method and SPSS software, and the
graphs were plotted using Excel. Text results are

probable (P), and a significance criterion is p < 0.05.
RESULTS AND DISCUSSION

The Earth and its soil, and the daily produced crops are
threatened by the increased risk of heavy-metal inputs
that endanger the health and life of creatures [33-34].
Lead reduces the quality of agricultural soils [35]. As
ROS is caused by the contamination of land with heavy
metals, which are harmful to the plant, the production of
antioxidants can help the plant withstand oxidative stress
[7]. NO has been introduced over the past two decades as
an important contributor to plant resistance to toxic
metals and other stresses [36]. The duality feature of NO
is that it has different toxic or defensive behaviors under
various stresses and is also ROS [37].

According to Tables 1 and 2, after changes in chlorophyll
content, dry weight of the aerial parts, and the antioxidant
enzyme activity were measured and recorded, no
significant effect on SNP treatments was observed, but in
other treatments, the results were significant.

Comparison of mean values of fresh and dry weight data
(Figures 1-a, 1-b, 1-c, and 1-d) showed that lead toxicity
had a high and significant effect on plant weight. As
plants are not able to have their normal activity and
cannot absorb soil nutrients, there is a decrease in the
activity of root and various parts of the plant, which may
be due to the toxicity of lead and its damaging effects on
the root [5].
concentrations of heavy metals has shown that a lower

Investigating the effect of different

concentration has a positive effect on the plant and can
even help to improve growth, but higher concentrations
will damage the growth, and the plant's resistance to
toxicity will be reduced [38]. It was observed that SNP
could prevent the degradation of the canola plant during
lead stress and disrupt its toxicity, and it was found that
SNP could have inhibitory effects against the negative
effects of lead; and the significant and potent role of NO
in plant growth versus lead stress has been proven

(Figures 1-a, 1-h, 1-c, and 1-d). Since the seed germinates
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until it becomes a complete plant, NO has positive effects
on plant growth [39].

As the figures 1-e and 1-f show, lead toxicity reduces
chlorophyll content. Producing free radicals, lead stress
may cause to chlorophyll degradation in the plant, and
thus reduce its levels [40]. This reduction has a negative
effect on carbon assimilation [41]. As shown in figure 1-
e, chlorophyll a content is not increased in stresses with
SNP treatment. In case of chlorophyll b, it was observed
that NO treatment at a concentration of 100 uM lead
causes an increase in its content (Figure 1-f). Therefore,
the result was the positive effect of NO on biosynthesis
and its beneficial role in preventing chlorophyll
degradation in lead stress [42]. Usually, the low and high
levels of chlorophyll content are directly associated with
the amount of iron in the leaves [43]. Due to this
relationship, NO increases the transfer of internal iron
and homeostasis and thus increases the production of
chlorophyll in the chloroplast [44].

It has been said that the activity of antioxidant enzyme
increases in plants in lead stress [45]. It has been proved
that when lead contamination affected the plant, it
increased the activity of POD and higher activity of POD
in the shoot control was observed (Figures 2-a and 2-b).
One of the known mechanisms of plant protection against
stress of heavy metals may be the induction of POD in
contaminated plants [46]. It figures 2-a and 2-b shows
that the SNP treatment has significantly reduced the POD
activity of plants, which have been exposed to lead stress.
The reduction of POD percentage to CAT in the root can
be considered as one of the possible mechanisms for
combating oxidative stress [47]. It is recommended that

heavy-metal stress resistant cultivars are used to produce

more and better canola and increase plant yield against
contamination [48]. The results show that CAT activity
of the plant has increased due to the effect of lead stress
(Figures 2-c and 2-d). Lead stress significantly increased
the activity of CAT compared to canola control. We
found that the intensity of CAT activity in lead stress
with a concentration of 200 UM was more than 100 uM,
and a significant difference were observed. Previously,
there has been a report on changes in the activity of CAT
enzymes in the shoot rice of seedlings, so that high
concentration inhibits and increases its activity [11]. To
increase plant compatibility by keeping the concentration
of hydrogen peroxide constant, CAT activity is a factor in
increasing stress tolerance [9]. The intensity of stress is
effective on plant resistance and antioxidant enzyme's
performance. The more severe the stress, the lower the
activity of the enzymes, and the more the stress is
increased by the enzyme's activity, and the further
enhance in the plant's adaptability and growth [38]. CAT
activity in control plants did not change significantly with
sodium nitroprusside treatment. However, in the shoot,
plants under the stress of lead reduced the activity of this
enzyme (Figures 2-c and 2-d). The application of SNP
had no significant effect on the canola root. Recently, the
effect of lead and SNP treatment on antioxidant enzyme's
activity has been reported [42]. Considering the positive
effect of NO on plant resistance after heavy-metal
contamination and its protective role, it decreases the
amount of hydrogen peroxide and hence decreases the
enzymatic activity [49-51]. It is suggested that NO
treatment be used to increase the resistance of the plant to

the stress of lead and other heavy metals.

Table 1. Variance analyses on the data of canola morphological parameters under different lead and SNP treatments as well as their interactions.

Fresh weight Dry weight chlorophyll
Shoot Root Shoot Root a b
df 2 2 2 2 2 2
Lead Mean squares 0.114™ 0.001™ 0.001™ 0.000” 0.001™ 0.000”
cv 0.192 0.126 0.191 0.110 0.109 0.084
df 1 1 1 1 1 1
SNP Mean squares 0.001"™ 0.000™ 0.029™ 0.000" 0.000™ 0.000
cv 0.097 0.017 0.068 0.046 0.089 0.063
Lead df 2 2 2 2 2 2
& Mean squares 0.097” 0.001" 0.000” 0.000™ 0.001™ 0.001™
SNP cv 0.171 0.100 0.151 0.115 0.122 0.097
Notes: ns, not significant. 60

*P <0.05, **P <0.01.
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Table 2. Variance analyses on the data of the activities of two antioxidant enzymes of canola under different
lead and SNP treatments as well as their interactions.

CAT POD
Shoot Root Shoot Root
Lead df 2 2 2 2
Mean squares 1799.389™ 664.667" 0.000” 0.000”
cv 0.197 0.295 0.112 0.217
SNP df 1 1 1 1
Mean squares 4.083"™ 0.141™ 0.000™ 0.000™
cv 0.101 0.057 0.087 0.132
Lead df 2 2 2 2
& Mean squares 636.222" 658.667" 0.000" 0.000™
SNP cv 0.138 0.286 0.102 0.171
Notes: ns, not significant.
*P < 0.05, **P < 0.01.
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Figure 1. Shoots (a, c, e and f) and roots (b and d) morphological parameters of canola (Brassica napus L.) cultivar applied with SNP under lead
stress conditions (mean * S.E.). Letters (a—d) show the least significant difference between mean values.
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Figure 2. Shoots (a and c) and roots (b and d) the activities of two antioxidant enzymes of canola (Brassica napus L.) cultivar applied with SNP under
lead stress conditions (mean + S.E.). Letters (a—d) show the least significant difference between mean values.

CONCLUSIONS

Lead stress significantly decreased fresh and dry weights.
The effects of SNP on canola grown under the lead stress
conditions were positive as shown by the increased
weights.

Chl a and Chl b content reduced in response to lead
stress. The addition of SNP (100 pM), significantly
enhanced the chlorophyll b contents in canola plants
under 100 uM lead concentration.
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Antioxidant enzyme activities were enhanced by the
increase of the lead concentration, and the use of SNP
caused a reduction in these activities.

Application of exogenous SNP increased the plant
growth by decreasing antioxidative enzyme activities.
Thus, it can be concluded that SNP has ameliorative
effects on canola plants grown under lead stress

conditions.
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