
Vol.:(0123456789)

SN Applied Sciences (2019) 1:143 | https://doi.org/10.1007/s42452-018-0150-4

Research Article

Alleviation of heavy metal stress in Nyctanthes arbor‑tristis 
under the treatment of lead

Ajay Kumar1 · Shubhi Mishra1 · Meetu Chaudhary1

© Springer Nature Switzerland AG 2019

Abstract
The plant release or maintain the level of antioxidants in their response toward heavy metal toxicity which is also a part 
of plant defense mechanism. Apart from this, the presence of antioxidants and antiradical properties is the principle 
reason for the popularity of medicinal plants. Nyctanthes arbor-tristis or Parijat is one of them. In the present study, various 
morphological, biochemical and physiochemical parameters of Parijat were analyzed under the condition of lead stress 
of varying strengths. An increment was recorded in the concentration of superoxide dismutase (SOD), lipid peroxidase, 
guaiacol peroxidase and non-protein thiols content with the increasing concentration of lead stress, indicating that they 
have an essential role in coping the heavy metal stress, whereas the exogenous lead stress treatment imparted a nega-
tive effect on the content of chlorophyll and protein in the plant. It can be concluded through the present study that 
the plant N. arbor-tristis can be potentially used as phytoremediator for heavy metal stress due to its hyperaccumulation 
and antioxidant properties.
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1  Introduction

Metal ions have important role as trace elements in many 
physiological, biochemical activities of both flora and 
fauna, whereas they are also significant environmental 
pollutants [1]. Lead (Pb) is one of those naturally occur-
ring metals. Its concentration is increasing in the environ-
ment due to the human anthropogenic activities such as 
mining, coal burning, industrial, agricultural and domes-
tic uses [2]. Human is exposed to this lead contamina-
tion via inhalation of aerosols, paint, etc. One of the most 
important sources of lead ingestion is lead contaminated 
food because of its increasing concentration in our agri-
cultural fields [3]. According to Environmental Protection 
Agency (EPA), lead is considered as a carcinogen. Not only 
humans, plants too are affected by the contamination of 

heavy metals which accumulate in plants due to its higher 
exogenous level that results in dysfunction of several 
physiological and biochemical activities of plant such as 
chlorophyll synthesis, plant growth and seed germination 
[4]. Contrary to this, plants also play an important role in 
alleviating these imperishable heavy metal pollutants. Use 
of plants and other living organisms for coping up with 
heavy metal stress is widely known as bioremediation.

Plants are known as solar pumps. Plants have a ten-
dency to absorb micronutrients from soil for their growth 
and have the ability to concentrate and accumulate these 
heavy metals from environment in an eco-friendly man-
ner [5]. Some of the plants possess very high tendency of 
accumulation which led to the absorption of significant 
amounts of essential elements as well as non-essential 
metals such as lead. An increased lead (Pb) level results 
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in the retardation of enzyme activities, water imbalance, 
alterations in membrane permeability as well as it also dis-
turbs mineral nutrition [4].

High Pb concentration induces oxidative stress due to 
increase in reactive oxygen species (ROS) in plants. Super-
oxide, peroxide, singlet oxygen and the hydroxyl radical 
are some of ROS compounds [6]. They may also cause pro-
tein, membrane as well as DNA damage which may even 
cause cell death if present in excess amount [7]. This oxida-
tive damage is an especially critical etiological factor impli-
cated in several chronic human diseases. Same as human, 
plants also experience oxidative stress when exposed 
to heavy metal stresses [7]. Antioxidant enzymes act as 
defense system of plants in order to protect them from the 
damage produced by oxygen-derived radical including 
oxidative stress induced by heavy metals. These enzymes 
have the ability to scavenge ROS and prevent themselves 
from oxidative damage. This system is composed of anti-
oxidant enzymes: ascorbate peroxidase (APOX), superox-
ide dismutase (SOD), catalase (CAT) and non-enzymatic 
compounds (ascorbic acid, glutathione, carotenoids, toco-
pherols) [8]. The presence of heavy metals, such as lead, 
imparts their toxic effects on plants, animals and other 
living organisms. Keeping the above points in the mind, 
the present research is carried out to increase the under-
standing of heavy metal toxicity on plants and allied areas 
to maintain the ecological harmony of the globe. In this 
study, the exogenous lead treatment was given to N. arbor-
tristis and its effects on plant were observed. The increase 
in the antioxidant compounds and decay in the morpho-
logical and physiochemical parameters of the plant were 
measured as the indicator of heavy metal toxicity.

2 � Materials and methods

The present study was carried out in the research labora-
tory of Saaii College of Medical Science and Technology, 
Kanpur. For this experiment, eighteen pots were taken and 
each was filled with approximately 2 kg of soil. The plants 
were collected from a nursery of Kanpur and grown with 
the five different concentrations of lead nitrate, i.e., 50, 
100, 150, 200 and 250 mg/kg of soil which were labeled 
as A, B, C, D and E, respectively. Only one plant was planted 
in each pot. Three replicates, namely, 1, 2 and 3, were taken 
for each of the treatment along with a control X which 
was without any treatment. After growing the plants in 
the greenhouse for 3 months, following assays were per-
formed. For analyzing the effect of lead toxicity, morpho-
logical, biochemical and physiochemical parameters were 
measured. The plant height was measured as morphologi-
cal parameters. Antioxidant assays, superoxide dismutase 
(SOD), non-protein thiols (NPTs), lipid peroxidase (LPX) and 

guaiacol peroxidase (GPX) were measured as biochemical 
parameters, and protein and chlorophyll contents were 
estimated as physiochemical parameters.

2.1 � Measurement of plant height

The height of the plant N. arbor-tristis was measured after 
90 days of the lead treatment. The measurement was taken 
for each of the replicates of stress-treated plant along with 
their control.

2.2 � Chlorophyll content estimation

The content of the chlorophyll in the sample was esti-
mated with standard protocol [9] with some modifica-
tions. 0.5 g of leaves was ground with 80% acetone. The 
mixture was later centrifuged at 5000 rpm for 5 min, and 
supernatant was transferred to 100-mL volumetric flask. 
The procedure was repeated until the residue became 
brown. The volume was maintained up to 20 mL with 80% 
acetone. The absorbance of the solution was read at 645 
and 663 nm.

2.3 � Protein content estimation

Protein content estimation was done by the method given 
previously [10] with slight modifications. 1 g of leaves was 
homogenized using 5 mL distilled water. The resultant was 
centrifuged at 5000 rpm for 10 min, and the supernatant 
was transferred and used for protein estimation. 5 mL of 
alkaline copper solution was added to 1 mL of superna-
tant. The solution was mixed well and incubated at room 
temperature for 10 min. Later, 0.25 mL of Folin–Ciocalteu 
reagent (FCR) was added in the mixture and was again 
incubated in dark for 30 min and the absorbance was 
measured at 660 nm against blank. The standards were 
prepared using different concentrations of bovine serum 
albumin (BSA). 0.2, 0.4, 0.6, 0.8 and 1 mL concentration 
of BSA was taken in the test tubes, and 0.8, 0.6, 0.4 and 
0.2 mL distilled water was added into it, respectively. After 
that, 5 mL of alkaline copper sulfate was added to each 
tube and mixed well. The prepared mixture of BSA was also 
incubated at room temperature for 10 min. Finally, 0.12 mL 
of FCR was added and incubated in dark for 30 min. After 
incubation, the absorbance was measured through spec-
trophotometry at 660 nm.

2.4 � Assay of superoxide dismutase (SOD)

SOD activity was assayed through the modified previously 
given method [11] which was followed by the photo-
reduction of nitro-blue tetrazolium (NBT). In this method, 
0.2 g of leaves were ground with 3 mL lead sulfide (PbS) 
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and centrifuged at 4 °C for 20 min at 3000 rpm. The super-
natant was removed, which was used as enzyme extract 
in the reaction. Then, 6 mL of reaction mixture was pre-
pared which contained 0.2 mL of enzyme extract, 0.4 mL 
of methionine, 0.2 mL of NBT, 0.2 mL of ethylene diamine 
tetra-acetic acid (EDTA), 0.2 mL of Na2CO3 and 4.8 mL of 
distilled water. The reaction of the reaction mixture was 
started by adding 2.0 µM riboflavin and placing the tubes 
in 1500 mm fluorescent lamp for 15 min. A complete reac-
tion mixture without enzyme extract was used as control 
which gave maximum color. The reaction was stopped by 
switching off the light. A non-irradiated complete reac-
tion mixture was used as the blank. The absorbance was 
read at 560 nm, and one unit of SOD was defined as the 
enzyme activity that inhibited the photo-reduction of NBT 
to blue formazan by 50% and SOD activity of the extracts 
was expressed as SOD units per mg of protein.

2.5 � Assay of guaiacol peroxidase (GPX)

Guaiacol peroxidase was estimated according to the pre-
viously described method [12]. 0.2 g of leaf samples were 
homogenized in 5 mL of cold 50 mM sodium phosphate 
buffer (pH 7.0). The homogenates were centrifuged at 
22,000 rpm for 10 min. The enzyme extract was dialyzed 
for the assay. 5 mL of assay mixture was prepared contain-
ing 40 mM sodium phosphate buffer (pH 6.1), 2 mM hydro-
gen peroxide (H2O2), 9 mM guaiacol and 50 µl enzyme 
extract. Increase in absorbance was measured at 420 nm 
(extinction coefficient of 26.6 mM−1 cm−1) at 30 s intervals 
up to 2 min, using a spectrophotometer. Enzyme-specific 
activity is expressed as µmol of H2O2 reduced min−1 mg−1 
protein.

2.6 � Assay of lipid peroxidase (LPX)

The level of lipid peroxidation products was estimated 
following the previously given method [13]. 0.2 g of leaf 
samples were ground in 0.25% thiobarbituric acid (TBA) 
in 10% trichloroacetic acid (TCA) using mortar and pes-
tle. The mixture was kept in boiling water bath for 30 min 
and then quickly cooled and centrifuged at 10,000 rpm 
for 10 min. A total of 0.25% TBA in 10% TCA served as 
blank. The thiobarbituric reactive substances (TBARS) thus 
formed were measured at 532 nm after adjusting for non-
specific absorbance at 600 nm. TBARS are an index of lipid 
peroxidation.

2.7 � Assay of non‑protein thiols (NPTs)

The estimation of NPTs content was done by using the 
previously given protocol [14]. In this procedure, 0.2 g 
of leaves were homogenized in 600 µL of 1 M NaOH and 

1 mg mL−1 NaBH4. The homogenate was centrifuged at 
13,000 rpm for 15 min at 4 °C. Four hundred microliters 
of supernatant was collected, and 66 µL of 37% HCl was 
added into it. It was again centrifuged at 13,000 rpm for 
10 min at 4 °C. For the quantification, 200 µL of the super-
natant was collected and mixed with 800 µL of 1 M K-Pi 
buffer (pH 7.5) containing or not 0.6 mM Ellman’s reagent 
{[5,5’-dithiobis(2-nitrobenzoic acid); DTNB]}. The absorb-
ance of the samples was measured at 412 nm.

2.8 � Statistical analysis

The significance level of generated data was determined 
through t test. P < 0.05 was considered as the level of 
significance.

3 � Results and discussion

Heavy metals cause multiple effects in the plant cyto-
plasm. Primarily, there is enhancement in the generation 
of ROS such as O2−, OH−, H2O2 and 1O2 cells. These ROS are 
generated directly through Haber–Weiss reactions. Their 
over-production may result in an indirect consequence of 
heavy metal toxicity [15]. The catalysis activity of function-
ally essential thiol(S)-groups is inactivated in enzyme due 
to the binding of ROS [16]. Effect of Pb contamination has 
been reported in several plants such as eggplant seedlings 
[17], capsicum [18], urad [19], mungbean [20] and wheat 
and spinach seedling [4] in various reports along with the 
reports of other heavy metal contaminants [21–23] in pre-
vious findings. This study was carried out to analyze the 
effect of lead contamination on the plant N. arbor-tristis 
(Parijat) which is widely known for its medicinal and anti-
oxidant properties.

3.1 � Effect of Pb‑induced stress on plant height

It was observed in the present study that the inhibition 
of plant height, a parameter of plant growth, was directly 
proportional to the increasing Pb concentration due to 
the excess Pb contamination in root environment. Under 
Pb-induced stress condition, plant height was observed 
to be significantly affected in adverse manner as the treat-
ment of Pb increased which is clearly represented in Fig. 1. 
The average height of the plant under controlled condi-
tion was 23 cm. After treating the plant with 50 ppm for 
90 days, an increase of 19 cm was recorded in the plant 
height which was about 19% (P = 0.006) short from the 
plant under controlled condition. Under the Pb concen-
tration of 100 ppm, the height increased only 15 cm which 
was about 36% (P = 0.01) shorter than the plant under con-
trolled condition. After 150 ppm, 200 ppm and 250 ppm 
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of lead treatment, 57% (P = 0.01), 66% (P = 0.001) and 72% 
(P = 0.006) decrement was recorded in the plant height as 
the increased height was only 10, 8 and 6, respectively. 
Pb-induced simulation of indole-3 acetic acid (IAA) oxida-
tion may be the primary cause of growth inhibition [1]. 
This result is amply supported by the reports of previous 
results indicating the inhibition of plant growth under the 
heavy metal stress [4, 24].

3.2 � Effect of Pb‑induced stress on chlorophyll 
content

A negative effect of heavy metal stress was observed in 
the chlorophyll content of the plant (Fig. 2). The concentra-
tion of chlorophyll content in the plant under controlled 

condition was 4.34 µg/g fresh weight. A reduction of 26% 
was observed in the chlorophyll content after the treat-
ment of plant with 50 ppm of Pb condition as before the 
treatment, the chlorophyll content was 3.30 µg/g fresh 
weight. The reduction reached up to 2.66  µg/g fresh 
weight which was 40% (P = 0.02) lower when the con-
centration of Pb contamination was 100 ppm. Following 
the pattern, the significant reduction of about 1.8-fold 
(P = 0.009), 2.3-fold (P = 0.006) and 3.4-fold (P = 0.003) was 
recorded when the extent of contamination was increased 
up to 150 ppm, 200 ppm and 250 ppm as the concentra-
tion of chlorophyll content was 2.45 µg/g fresh weight, 
1.89 µg/g fresh weight and 1.29 µg/g fresh weight, respec-
tively. It was recorded to be directly affected in terms of 
heavy reduction which may be due to replacement of key 
nutrients (Mg, Fe and Cu) by Pb which ultimately result 
in several consequences as disorganization and struc-
tural distortion of chloroplast, inhibition in the synthesis 
of chlorophyll as well as diminution in the amount of thy-
lakoids and grana [4, 25]. Effect of heavy metal contami-
nation on the chlorophyll content of the plant has also 
been reported earlier in sunflower [26] and almond [27], 
strawberry [28], spinach [29] and mungbean [20].

3.3 � Effect of Pb‑induced stress condition on protein 
content

Protein content also showed a similar trend of reduction 
on increasing the treatment of Pb concentration which 
indicates the negative correlation between protein con-
tent and the Pb concentration in plant. About 0.89 µg/g 
fresh weight of protein content was recorded in con-
trolled condition, and it was the highest protein content 
in the plant as compared to the treated condition (Fig. 3). 
The content of protein was 0.79 µg/g fresh weight and 
0.687 µg/g fresh weight, showing decrement of 11% and 
23% when the treatment of 50 ppm and 100 ppm of Pb 

Fig. 1   Effect of different lead 
concentrations on plant height 
of N. arbor-tristis plants. Note: 
*, **, *** indicate significant at 
0.01 < P <0.05, 0.001 < P < 0.01, 
and 0 < P < 0.001, respectively
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Fig. 2   Effect of different lead concentrations on chlorophyll con-
tent of N. arbor-tristis plants. Note: *, **, *** indicate significant at 
0.01 < P < 0.05, 0.001 < P < 0.01, and 0 < P < 0.001, respectively
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was given to the plants, respectively. A significant decrease 
of 43% (P = 0.03), 44% (P = 0.01) and 61% (P = 0.01) was 
observed when the contamination of Pb increased up to 
150 ppm, 200 ppm, 250 ppm as the concentration of pro-
tein decreased up to 0.51 µg/g, 0.5 µg/g and 0.35 µg/g 
of fresh weight, respectively. These results coincide with 
the previous findings [30] in which a decrease in soluble 
protein content in Lemnapolyrrhiza L. was observed when 
grown on various treatments of lead and calcium. Differ-
ent types of proteins synthesize under heavy metal stress 
resulting in an overall increase in protein content [31]. 
There may be some protease activity due to increased 
heavy metal stress conditions which is causing the 
decrease in protein content [32] as well as inducing lipid 
peroxidation and fragmentation of proteins due to toxic 
effects of reactive oxygen species which ultimately led to 
reduced protein content.

3.4 � Effect on SOD activity under Pb‑induced stress

A positive correlation was observed between SOD activity 
and increase in lead concentration (Fig. 4). After 90 days of 
lead treatment, the SOD activity of the plant treated with 
50 ppm and 100 ppm of Pb condition was about 120 U/
mg protein and 158 U/mg protein which was approxi-
mately 40% and 85% (P = 0.03) higher than the controlled 
condition, respectively. When the lead concentration was 
increased up to 150 ppm, 200 ppm and 250 ppm, signifi-
cantly higher SOD activity was observed by its twofold 
increment (P = 0.01) as it reached up to 165 U/mg protein, 

173 U/mg protein and 180 U/mg protein, respectively, 
whereas the SOD activity of the plant under controlled 
condition was 86 U/mg protein. In plants, environmental 
adversities often led to the higher generation of ROS, and 
consequently, production of SOD has been proposed to be 
an important mechanism in plant stress tolerance [18] as 
it has an important role in ROS detoxification process as it 
converts O−2 to H2O2 [33]. Our findings are in agreement 
with these observations as the increased lead stress led 
to the significantly enhanced SOD activity confirming the 
oxidative stress tolerance.

3.5 � Effect on GPX level under Pd induced stress

The H2O2 produced due to SOD activity is detoxified into 
H2O and O2 by other oxidative enzymes such as guaiacol 
peroxidase [33, 34]. Guaiacol peroxidase has role in sev-
eral processes such as cell growth, auxin catabolism, lig-
nifications as well as abiotic and biotic stress responses 
[35]. In this study, the plant under controlled condition 
was observed with a specific activity of 297 U/mg protein. 
After treating the plant with 50 ppm of Pb, the level of 
GPX increased up to 313 U/mg protein which was only 5%, 
whereas after 100 ppm and 150 ppm of Pb treatment, the 
activity of GPX activity significantly increased up to 397 U/
mg protein and 408 U/mg protein which was about 33% 
(P = 0.005) and 37% (P = 0.007) higher, respectively. The 
activity of GPX was significantly much higher in the plant 
grown in soil with 200 ppm and 250 ppm of Pb concentra-
tion as it reached up to the extent of 517 U/mg protein and 
561 U/mg protein which was about 74% (P = 0.001) and 
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Fig. 3   Effect of different lead concentrations on protein con-
tent of N. arbor-tristis plants. Note: *, **, *** indicate significant at 
0.01 < P < 0.05, 0.001 < P < 0.01, and 0 < P < 0.001, respectively
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89% (P = 0.001) higher, respectively. A significant increase 
in GPX activity under lead-induced stress condition sup-
ports its essential role in detoxifying H2O2, produced due 
to enhanced SOD activity. The enhancement in the level 
of guaiacol peroxidase is considered as useful markers 
for environmental stress since their activity is affected 
by heavy metals and other environmental stress [35, 36] 
(Fig. 5).

3.6 � Effect on LPX level under Pb‑induced stress

Plasma membrane is composed of mainly lipids, and dis-
ruption in its integrity is also a response of heavy metal 
toxicity in plants. Malondialdehyde (MDA) is a product of 
lipid peroxidation which is also an indicator of oxidative 
stress after heavy metal stress, and it is correlated with the 
increase in concentration of heavy metal [37] that is why 
the extent of lipid peroxidation in the Pb-treated plants 
was observed through MDA assay. The specific activity of 
LPX of the plant under controlled condition was 12 U/mg 
proteins (Fig. 6). It was recorded that the lipid peroxida-
tion increased up to 46% when the plant was treated with 
50 ppm of Pb as its specific activity was about 17 U/mg 
protein. The significant increase in the specific activity of 
LPX was recorded from the exogenous Pd treatment of 
100 ppm and above. The increment reached up to 64% 
(P = 0.01) when the treatment of plant increased about 
100 ppm of lead concentration as it raised the level of 
specific activity up to 19 U/mg protein. At 200 ppm and 
250 ppm of lead concentration, the level of LPX activ-
ity was 36 U/mg protein and 40 U/mg protein showing 

approximate increase of threefold (P = 0.003) and 3.5-
fold (P = 0.002), respectively, that is highly significant. 
According to these findings, peroxidation of lipid greatly 
increases with the increasing concentration of Pb in plants 
as complex interaction between heavy metals and func-
tional groups of membrane results in disruption of mem-
brane integrity. More concentration of MDA symbolizes 
the higher level of lipid peroxidation which is a response 
of greater extent of heavy metal toxicity.

3.7 � Effect on NPTs level under Pb‑induced stress

Similar to other antioxidants, NPT level was also observed 
to be increased with the increasing lead concentration 
indicating a strong correlation between heavy metals 
toxicity and the level of NPTs [38]. The concentration of 
NPTs in the plant under controlled condition was about 
7 nmol/g fresh weight. It increased up to 8 nmol/g fresh 
weight in the plant treated with 50 ppm of Pb which was 
only about 20% higher but as the concentration of Pb 
increased to 100 ppm and 150 ppm, the content of NPTs 
increased about twofold (P = 0.04) and 2.2-fold (P = 0.04) 
significantly as the concentration was 13.8 nmol/g and 
15.6 nmol/g fresh weight, respectively. The level of NPTs 
reached up to 20 nmol/g fresh weight showing a signifi-
cant increment of about threefold (P = 0.04) in plants after 
the treatment of 250 ppm of Pb (Fig. 7). These results are 
amply supported by the report [39] in which an increase 
was noticed in the NPT content in the leaves of V. myrtillus 
grown at a heavy metal polluted sites. High elevation in 
NPTs content was also reported in leaves of Silene vulgaris 
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populations on the substrate with the Cd and combination 
of metal (Zn, Cd and Pb) [40].

4 � Conclusion

The present study investigates the changes in height, anti-
oxidant as well as physiochemical properties of N. arbor-
tristis plant due to exogenous lead treatment. Plants are 
widely used to alleviate the heavy metal stress from soil to 
improve the quality of soil as a bioremediator or phytore-
mediator. In this study, soil was treated with different con-
centrations of lead nitrate in order to observe its effect on 
the plant in terms of its morphological, biochemical and 
physiochemical properties. As per the obtained results, 
N. arbor-tristis is observed as an efficient Pb accumulator. 
The height of the plant was observed to be affected with 
increasing lead concentration of the soil. The levels of SOD, 
LPX, GPX and NPTs along with chlorophyll and protein con-
tents were estimated in the present study. A significant 
increase was recorded in the concentration of SOD, LPX, 
GPX and NPTs content with the increasing concentration 
of Pb stress. Enhanced level of these antioxidants indi-
cates that they have an essential role in coping up with 
the heavy metal stresses. Apart from this, Pb stress was 
observed to impart a negative effect on the content of 
chlorophyll and protein. It can be concluded through the 
significant increase in the level of antioxidants under exog-
enous lead treatment of N. arbor-tristis that the plant is 
capable for the remediation of heavy metal stress by virtue 

of good hyperaccumulation as well as its antioxidant prop-
erties. Planting of the Nyctanthes in contaminated soil with 
metals such as near industrial area may result in a possible 
approach for reducing soil pollution as well as its differ-
ent parts have various medicinal properties which may be 
commercialized.
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