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Abstract: Jatropha curcas L. commonly known as physic nut or purging nut, is a drought resistant shrub 

belonging to the family Euphorbiaceae, was analyzed for its accumulation capacity of  heavy metals such as 
lead (Pb), cadmium (Cd)  and chromium (Cr). Bioassay was conducted by raising the plant by vegetative 

propagating the stem cutting in varying concentration of respective heavy metals. The metal concentration in 

the bioparts of experimental plant revealed that the treated plants accumulated enormous quantity of lead, 

cadmium and chromium as compared to control plant. The effect of heavy metal stress on antioxidant activity in 

of J. curcas was investigated. The activity of enzymatic antioxidant such as superoxide dismutase (SOD; E.C. 

1.15.1.1) catalase (CAT: EC 1.11.1.6) polyphenol oxidase (PPO; EC 1.14.18.1), peroxidase (POX; E.C. 

1.11.1.7) and, phenylalanine ammonia lyase (PAL; E.C.4.3.1.5) were estimated and showed profound variations 

in response to heavy metal stress from the control plants. Non enzymatic antioxidants such as proline increased 

with heavy metal concentration and phenol concentration fluctuates. Carotenoids and chlorophyll content found 

to be reduced with increasing heavy metal concentration. Jatropha curcas L. was capable of self protection 

against multi-metal stress through activation of various enzymatic and non enzymatic antioxidants. 

Keywords: Jatropha curcas; Antioxidant enzymes; non-enzymatic antioxidants; Heavy metal stress; Metal 

accumulation. 

 

I. Introduction 
The metallic elements with atomic weight more than twenty and those with a relative density greater 

than 5 g cm–3 and specific gravity greater than 4 are considered as heavy metals. Heavy metals occur naturally in 

the ecosystem with large variations in concentration. Anthropogenic activities cause introduction of heavy 

metals to ecosystem and cause pollution [1]. Heavy metals that have been identified in the polluted environment 

include As, Cu, Cd, Pb, Cr, Ni, Hg and Zn. Heavy metal Cr, Cd and Pb are selected for present study. Lead is 

phytotoxic at higher concentrations and induces chlorosis, necrosis, stunted root/shoot growth and less biomass 
production.  Chromium is one of the most  widely used metals in industry, such as steel production,  alloy 

preparation, wood preservation, leather tanning, paints, pigments, metal plating, tanning, electroplating, steel 

manufacture and other  industrial applications. Cadmium is not an essential metal for plant growth as it can be 

strongly phytotoxic, causing rapid death. It is known to disturb enzyme activities and inhibit DNA mediated 

transformation in microbes [2]. 

 To overcome heavy metal toxicity, plant cells are equipped with enzymatic mechanisms to 

eliminate or reduce their damaging effects. The anti-oxidant enzymes system, mainly including superoxide 

dismutase (SOD, EC 1.15.1.1), catalase (CAT, EC 1.11.1.6), and  peroxidase (POD, EC 1.11.1.7), has the ability 

to scavenge reactive oxygen species and, thereby, prevent oxidative damage. The function of SOD is to convert 

superoxide radicals to H2O2 and the accumulation of H2O2 is prevented by CAT and G-POX. Thus, the balance 

between ROS generation and eradication determines the survival of the system. The Ascorbate Peroxidase 
(APX: EC 1.11.1.11) and Peroxidase (POD; E.C. 1.11.1.7) protects the cell against oxidative damage by H2O2 

toxicity.  Non enzymatic compounds like phenolics have free radical scavenging activity that protect membrane 

lipids from oxidation [3], [4] 

Jatropha curcas L. is cultivated as a medicinal plant in many tropical and subtropical countries. It is 

suitable for preventing soil erosion and shifting of sand dunes. Various parts of the plant hold potential for use 

as a source of oil, animal feed or medicinal preparations. Recently, their seeds were investigated mainly as a 

potential source of oil that was recognized as an adequate substitute motor fuel [5]. The goal of the present study 

was to examine the accumulation of heavy metal and its effect on antioxidant defense enzymes in this plant. 

 

II. Materials And Methods 
2.1 Bioassay: Pot culture method was adopted for the bioassay. Healthy plants of Jatropha curcas were 

collected from its natural habit. Threshold level of each metal was estimated and three different treatment 

concentration (T1, T2, T3) of each metal salt was applied to soil. Garden soil was collected and uniformly 
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saturated with varying concentrations of cadmium sulphate (20, 30 and 50 mg Kg-1), lead nitrate (50, 100 and 

150 mg Kg-1), Potassium dichromate (50, 75 and 100 mg Kg-1). The test plants were grown in pots containing 2 

kg garden soil saturated with corresponding concentrations of metal. Untreated soil was used to raise control 
plants. After one month, plants were harvested, washed with double distilled water, blotted and separated leaves 

and roots were used for the study.  

2.2 Heavy elements: Estimation of the heavy metals (cadmium, lead, and chromium) was carried out following 

the method of APHA[6]. A known quantity of the sample was subjected to wet digestion using the mixture of 

concentrated nitric acid and perchloric acid (4:1) for eight hours and made up to a known volume and the 

solution was aspirated in to Atomic absorption spectrophotometer. The concentration of various heavy metals 

were computed and expressed as mg Kg-1. 

2.3 Enzymatic antioxidants- The activity of Superoxide dismutase (SOD; E.C. 1.15.1.1) was assayed 

spectrophotometrically by measuring its ability to inhibit the photochemical reduction of Nitro blue Tetrazoilum 

[7] One unit of SOD is the amount of extracts that gives 50% inhibition in the rate of NBT reduction. Catalase 

activity (CAT; EC 1.11.1.6) was determined by consumption of H2O2 and was monitored 
spectrophotometrically at 240 nm for 3 min [8]. For Polyphenol oxidase (EC 1.14.18.1) activity, catechol was 

used and the activity was expressed as changes in absorbance at 495 nm min-1 g-1 fresh weight of tissue [9], For 

Peroxidase assay (POX; E.C. 1.11.1.7) the increase in absorbance due to oxidation of guaiacol (extinction 

coefficient 26.6 mM−1 cm−1) was monitored at 470 nm [10]. Phenylalanine ammonia lyase activity was 

estimated by the method of Brueske et al, [11]. 

 

2.4Non- enzymaicantioxidants- Proline was analysed spectrophotometerically at 520 nm using toluene for a 

blank as per Bates et al [12]. Chlorophyll Content was measured by Arnon’s method [13], total carotenoids as 

per the procedure of Zakaria et al [14]., and total phenols by  Folin-Ciocalteau method [15]. 

2.5 Statistical analysis: The data concerning the antioxidant activity and metal content were analysed by 

statistical software SAS (version 9.1) 

 

III. Result And Discussion 
3.1 Accumulation of heavy metals- The bioassay revealed the concentration of chromium varied from 34 to 

171, 150 to 288 and 469 to 242 µg g-1 in leaves, stem and roots respectively after giving heavy metal treatment. 

Under normal conditions, concentration of Cr in plants is less than 1μgg⁻¹ [16].  From the data, concentration of 

chromium was high in the roots followed by stem and leaves (Fig. 1). The cadmium content in the control plants 

were below detectable levels. Phytoaccumulation of cadmium in the roots (249 to 839 µg g-1) were 

comparatively higher than leaf (52 to 350 µg g-1) and stem (249 to 839 µg g-1). The Jatropha curcas L. plants 

survived under high concentration of cadmium in the soil with slight variation in the morphological and 
biochemical parameters. Accumulation of lead was high in the roots followed by stem and leaves. The 

concentration of lead increased from 359 to 897.33, 731.6 to 767.01and 975.6 to 1673.3 µg g-1 in the leaf, stem 

and root respectively under lead stress. In the present investigation the greatest accumulation of heavy metal like 

chromium and cadmium taken up from the soil was found in roots as compared to shoot and leaf. The roots of 

Jatropha curcas L. was found to be suitable for the uptake of heavy metals in sewage sludge [17]. But in the 

case of lead greatest accumulation was found in shoot. Thus, Jatropha Curcas L. can be proposed as a 

phytoremediator and also a hyperaccumulator, especially in the case of lead. 

 

3.2 Superoxide Dismutase: SOD activity of control plant in Jatropha curcas L. (Fig.2) were recorded as 8, 9.2 

and 4.3 Ug⁻¹ in leaf, stem and root respectively. Cr stressed plant show increased SOD activity in all bioparts. 

The SOD activity in stem of Cr treated plant recorded higher concentration (26, 54, and 57 Ug⁻¹). The enzyme 

was distributed almost in equal amount in all biopart of Cd stressed plant, but SOD activity increased in 

increased Cd concentration. Pb stress enhanced SOD activity in all biopart. Comparatively higher concentration 

was recorded in leaf (81 Ug⁻¹) of Jatropha curcas L on treatment with 150 mgKg⁻1 lead. The increase of SOD 

activity can be considered as an indirect evidence for enhanced production of free radicals. From the above 

study Jatropha curcas L. showed increased enzyme activity in all treatment. It has been reported that excess Cr- 

and Al- increased the activity of SOD in higher plants during oxidative damage [18]; [19]. Cd‐induced 

enhancement in superoxide dismutase (SOD) activity also reported in Pea (Pisum sativum L.) plants [20]. 

 

3.3 Catalase: Catalase activity in control plants in Jatropha curcas L. (Fig.3) were 2.5, 0.9 and 1.55 Ug⁻¹ in leaf 

stem and root respectively. As compared to control, Catalase activity was increased in all biopart of heavy metal 

stressed plant. The leaf of Cr treated plant showed more catalase activity than stem and root, that follow same 

trend (4.1, 8.4, 9.1 in Ug⁻¹ stem and 5.28, 8.15 and 9.31 Ug⁻¹in root). Cd and Pb treated plant showed increased 

enzyme activity in leaf as compared to root and stem. Comparatively higher concentration was recorded in leaf 

(50.1 Ug⁻¹) of Jatropha curcas L on treatment with 50 mgKg⁻1cadmium. Cadmium treated Jatropha curcas.L 
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recorded more catalase activity than other treatment. In mustard (Sinapis arvensis L.) at the highest 

concentration of heavy metals, the activity of CAT was higher in Cd treatment than Pb treatment [21]. A 

possible component of a systemic signal is H₂O₂ which sets up an acclimatory response in unstressed regions of 

plants. Lead treated Jatropha curcas.L also showed increasing catalase activity, which may be due to the 

scavenging role of CAT to H₂O₂ [22]. 

 

3.4 Peroxidase: The Peroxidase content in control plant of Jatropha curcas L. (Fig.4) ranged from 0.5 ug⁻¹ to 

1.5 ug⁻¹. As compared to control, peroxidase activity increased in all biopart under heavy metal stress. The root 

of cadmium and lead treated plant showed decreased enzyme activity as treatment concentration increased (50 

mgKg⁻1cadmium, 150 mgKg⁻1lead). In Jatropha curcas L peroxidase activity is increased in all biopart under 

heavy metal stress. POD activity was also shown to increase under heavy metal stress during late germination 
and early seedling growth in some annual herbaceous species like Chenopodium rubrum [23]and tomato [24] 

POD participating in lignin biosynthesis could build up a physical barrier against toxic heavy metals [25]. 

 

3.5 Phenylalanine Ammonia Lyase: Phenylalanine Ammonia Lyase (Fig.5) activity in control plant Jatropha 

curcas L were recorded as 0.0049, 0.024 and 0.002 in stem root and leaf respectively. Chromium stress 

increases PAL activity in stem and root but reverse trend was noted in leaf. Root of cadmium and lead stressed 

plant recorded increasing enzyme activity but slight decrease was noted in leaf and stem. Phenylalanine 

ammonia lyase (PAL) is the first committed enzyme involved in the plant phenylpropanoid pathway [26]. The 

PAL activity increased in Jatropha curcas L. under heavy metal stress in all bioparts. 

 

3.6 Polyphenol Oxidase: Polyphenol Oxidase activity (Fig.6) recorded in control plant of Jatropha curcas.L 

were 0.3, 0.1. 0.3 ug⁻¹ 1n leaf, stem and root respectively. As compared to control Polyphenol Oxidase activity 

was increased in all biopart under heavy metal stress. Chromium stress increased Polyphenol Oxidase activity in 

all bio part as stress increased. In chromium stressed plant higher concentration was recorded on treatment with 

100 mgKg⁻1 (1.39, 1.25, 2.4 ug⁻¹). In cadmium and lead treated plant, enzyme activity was increased in root as 

compared to leaf and stem.  In general heavy metals like chromium cadmium and lead increase PPO activity in 

Jatropha curcas L. especially in root. Saffar [27] reported that in Arabidopsis thaliana PPO activity might be 

the result from prolonged heavy metal stress. 

 

3.7 Proline- Proline content in control plant (Fig.7) of Jatropha curcas L was 11.927, 5.165 and 2.55 mg g-1   in 

the leaf stem and root respectively. Cr stress enhanced proline content in leaf while stem and root showed slight 

decrease and then slight increase with increasing stress (50, 75,100 mg kg⁻¹). The leaf and stem of Cd treated 

plant showed increasing proline content up to 24.9 mg g-1   in leaf and 13.2 mg g-1   stem, while no change was 

visible in root. Pb toxicity enhanced proline content in leaf (19.87 to 24.96 mg g-1) and stem but root showed 

slight decreasing trend. Cr, Cd and Pb stress increased proline content in leaf of Jatropha curcas L. but the 

toxicity did not affect stem and root. Proline can play an important protective role against heavy metal stress. 

Free proline accumulation under heavy metal exposure seems to be widespread among plants [28]. 

 

3.8 Pigment profile.The distribution of photosynthetic pigments  displayed variation not only in response to 

concentration of treatment but among biopartsof Jatropha curcas.L.The finding of variation in chlorophyll 

content may be due to alteration of chloroplast structure and thylakoid membrane composition under heavy 

metal stress conditions. 

 
3.9 Chlorophyll-a - Chlorophyll acontent of control (Fig.8) plant were recorded as 0.0071 and 0.00111 mg g1 in 

the leaf and stem respectively. As compared to control, chlorophyll- a content is increased in stem and leaf as 

treatment with 50 and 100 mg Kg ⁻¹ Cr while decreased in treatment with 75 mg Kg ⁻¹ Cr. Cd stress decrease 

chlorophyll- a content in leaf while it failed to establish a definite trend in chlorophyll- a content in stem. Pb 

toxicity decrease chlorophyll- a content in both stem and leaf. 

 

3.10 Chlorophyll- b- Chlorophyll- b content of control (Fig.9) plant was recorded as 0.005 and 0.0034 mg g-1 in 

the leaf and stem respectively. The amount of chlorophyll -b increased in leaf (0.009 to 0.0155 mg g-1) and stem 

(0.00638 to0.0081 mg g-1) under Cr stress. Chlorophyll-b also recorded decrease in leaf (0.0011 to 0.004 mg g-1) 

as well as stem (0.00013 to 0.00058 mg g-1) and remained lower than control under cadmium and lead stress. 

  
3.11Total chlorophyll - Total chlorophyll content in control (Fig.10) plant was recorded as 0.0201 and 0.0064 

mg g⁻1 in the leaf and stem respectively. Total chlorophyll content increased slightly and then decreased in the 

leaf after treatment irrespective of the concentration of Chromium (50, 75,100 mg kg⁻¹) while an increasing 
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trend was noticed in the stem. Significant decrease was observed in total chlorophyll in stem (0.0010 to 0.0017 

mg g-1) and leaf (0.005 to 0.019 mg g-1) under cadmium and lead stress.   

 
3.12Carotenoids- Carotinoid content of control (Fig.11) plant of was recorded as 0.431 and 0.515 mg g-1 in the 

leaf and stem respectively. Cadmium and chromium enhanced carotenoid content in leaves and stem as 

compared to control. Carotenoids exhibited slight increasing trend irrespective of the biopart under lead stress.  

 

Heavy metals inhibit chlorophyll and carotenoid biosynthesis, and retard the incorporation of these 

pigments in photosystems. In this study lead and cadmium stress reduced almost all parameters except 

carotenoids irrespective of the biopart of Jatropha curcas L. while slight increase was evident under chromium 

treatment. Cr-treated green gram leaves showed a reduction in contents of Chl -a, Chl –b and total chlorophyll. 

Under heavy metal stress condition, rye seedlings showed relatively increasing degradation in the content of 

Chlorophyll- a and b in the detached leaves [29]. Chromium induced disorganization of the chloroplast ultra 

structure and inhibition of electron transport processes [30]. However, cadmium recorded a decline in 
photosynthetic pigments in leaf and stem of Jatropha curcas L as compared to control. The reduction of 

biomass by Cd toxicity could be the direct consequence of the inhibition of chlorophyll synthesis and 

photosynthesis [31]. 

       In this study, at higher Pb concentration, the chlorophyll and carotenoid content decreased with the 

increasing concentrations of externally supplied Pb in Jatropha curcas L. This reduction in chlorophyll and 

carotenoid content of plant under high concentration of Pb stress can be regarded as a specific response of the 

plants to metal stress, which resulted in chlorophyll degradation and inhibition of photosynthesis, it was 

probably caused by interaction of Pb to –SH group of enzymes of chlorophyll biosynthesis as well as lipid 

peroxidation-mediated degradation as indicated by Singh [32]. A similar type of result was reported by 

Tanyolac [33] with Zea mays L .stressed by Cu. 

 

3.13 Phenol- The concentration of phenol (Fig.12) in the control plants recorded a trend of leaf>stem>root and 
values were 0.134, 0.02 and 0.013 mg g-1 respectively. As compared to control plants phenolic content in 

Jatropha curcas L increased in all bioparts of Cr and Pb treated plant. Initial increase followed by decrease was 

displayed in all biopart of Jatropha curcas L as treatment concentration (50, 75,100 mg kg⁻¹) of Cr increased. 

Cd stress up to 30 mg kg⁻¹ decreased phenol content of leaf at 0.088 mg g-1 and root at 0.007 mg g-1, but reverse 

trend was noted in stem. In general Cd in higher concentration (50 mg kg⁻¹) affects phenolic content of plant. In 

Jatropha curcas L increased phenolic content was visible under all heavy metal stress but Phaseolus vulgaris 

when exposed to Cd, reported to accumulate soluble and insoluble phenolics [34] and Phyllantus tenellus leaves 

reported to have more phenolics than control plants.  

   In plants as in other organisms, heavy metals can severely impair central metabolic processes. One 
primary target in plants is the photosynthetic apparatus. Heavy metals can inhibit photosynthesis at several 

structural and metabolic levels. The plant showed both positive and negative co-relation between heavy metal 

uptake and antioxidant activity shown in fig 13 and 14. Heavy metals cause severe damages in plants and that 

there are multiple molecular targets of heavy metal damage. But in Jatropha curcas L. lead and cadmium stress 

reduced pigment content except carotenoids while slight increase was recorded under chromium treatment. 

In Jatropha curcas L enzymatic and non-enzymatic antioxidant defense systems played a significant role 

against heavy metal stress. Jatropha curcas L was able to protect against multi-metal stress through activation 

of various enzymatic and non enzymatic antioxidants that serves as an important component in antioxidant 

defense mechanisms.  

 

IV. Conclusion 
Present study supported the hypothesis that Jatropha curcas L had ability to cope with metal stress 

depends on oxidative stress defense mechanisms. Changes in, SOD, CAT, POX, PPO and PAL showed a clear 

correlation with heavy metal concentrations. It can be concluded that heavy metal causes oxidative stress as 

evidenced by the decrease in the chlorophyll and carotenoid content. The data demonstrated a significant 

increment in the activities of major antioxidant enzymes, which are involved in the detoxification of ROS. Cr, 

Cd and Pb stress increased proline content in leaf of Jatropha curcas.L. Cadmium and chromium enhanced 

carotenoid content in leaves and stem as compared to control. The distribution of photosynthetic pigments 

displayed variation not only in response to concentration of treatment but among bioparts. Jatropha curcas L 

was able to protect against multi-metal stress through activation of various enzymatic antioxidants that serves as 

an important component in antioxidant defense mechanisms. Jatropha curcas L. proposed as a suitable plant to 
use as a phytoremediator due to its high tolerance and hyperaccumulation. 

. 
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under heavy metal stress. 
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Fig.8 Chlorophyll a content of Jatropha 
curcas L. under heavy metal stress in leaf.
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Fig.9 Chlorophyll b content of Jatropha 
curcasL. under heavy metal stress in stem.
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Fig.10 Total chlorophyll content of Jatropha 
curcas L. under heavy metal stress 

leaf

stem

0
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

t₁ t₂ t₃ t₁ t₂ t₃ t₁ t₂ t₃

Cr Cd Pb c

C
o

n
ce

n
tr

at
io

n
 in

 m
g 

g⁻
¹ 

Treatment in mg kg⁻¹

Fig.11 Carotenoids content of Jatropha curcas
.L under heavy metal stress.
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Fig. 12 Phenol content in Jatropha curcas L.  
under heavy metal stress. 
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Fig 13 The correlation coefficient between metal 
accumulation and non enzymatic  antioxidant in 

Jatropha curcas L.
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Fig 14 The correlation coefficient between metal 
accumulation and non enzymatic  antioxidant in 

Jatropha curcas L.
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