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Abstract: Phytoremediation is a cost effective, environment friendly technology for the reclamation of habitats impregnated 
with heavy metals. Eichhornia crassipes (Mart.) Solms is an aquatic macrophyte well known for its capacity to accumulate 
heavy metals viz. Cd, Cu, Mn, Ni, Pb, Eu(III) and Hg. The present study focuses on understanding the mechanism of 
mercury uptake by E. crassipes, its effects on the antioxidative defence system of the plant and to evaluate the 
phytoremediation potential of E. crassipes. For different concentrations of mercury treatment given to the plants, the mercury 
uptake has been observed to follow a dose and time dependent increase. Oxidative stress occurred in E. crassipes plants due 
to mercury treatment as observed by increase in MDA content with the increase in mercury concentration. To remove the 
reactive oxygen species generated as a result of mercury exposure, the antioxidative defence system of E. crassipes was 
triggered and its components interacted in a coordinated way. Despite the increase in MDA content up to 1000 µg l-1, the 
stimulation of most of the components of antioxidative defence system was limited to 100 µg l-1 concentration. CAT and 
ascorbic acid played a role in detoxifying the effects of mercury being produced at highest concentration by showing the 
enhancement up to 1000 µg l-1. The results of the present investigation thus suggest E. crassipes to be an accumulator of 
mercury that can be used for  reclamation of polluted aquatic habitats by periodic removal of the spent plants. 
 
Keywords: phytoremediation, antioxidative defence, superoxide dismutase, catalase, ascorbate peroxidase, glutathione 
reductase, DHAR, MDHAR, tocopherol, E. crassipes 
 
I. INTRODUCTION 
 
Waterways have long been used as sewers, assuming 
that they have an infinite capacity of neutralizing the 
pollution based on the operative rule, “the solution to 
pollution is dilution”. This principle holds good till 
the quantity of pollutants discharged into an 
ecosystem is not high and that the pollutants can be 
degraded naturally. But the discharge of heavy metals 
into the aquatic ecosystems poses a major 
environmental hazard owing to their non-degradable 
nature and hence persistence in the environment that 
results in the uptake by living organisms and 
bioaccumulation along the food chain [1].  
 
Mercury is one of the most toxic heavy metals. It is a 
pollutant of primary importance because of its global 
dispersion [2], [3] and direct uptake by plants and 
animals [4].The Minamata disease in Japan brought 
into sharp focus the far-reaching public health and 
ecological implications of environmental pollution by 
mercury. Mercury exists in various forms in the 
atmosphere but the most hazardous is the organic 
methyl mercury. Organo-mercurials cause nerve 
damage, cancer, mental retardation, deafness, 
erythrism and even death [5].  
 
Methyl mercury along with other ionic forms of 
mercury as well as heavy metals like lead, zinc and 
copper bind to the sulphydryl group (-SH) of certain 
enzymes or disrupt the disulphide bridge (-S-S-) 
between the protein molecules [6]. Due to the 
effective binding to –SH group (e.g. of cysteine) and 
nitrogen containing groups (e.g. of lysine and  

 
histidine), the heavy metal ions exhibit a broad 
spectrum of toxicity mechanisms [7] including: 
blocking of essential biological functional groups of 
enzymes, modification of the active conformation of 
biomolecules, and  displacement of essential metal 
ions in the biomolecules. When the toxic effects of 
heavy metals cause the impairment of the metabolic 
functions related with energy metabolism i.e., 
respiration and photosynthesis, then the oxidative 
damage of the cells and tissues might occur due to 
the accumulation of reactive oxygen species [8].  
 
Under stress conditions, the metabolism of plants is 
disrupted, with the system responding to altered 
conditions to minimize stress by activating the 
antistress machinery of the plants to achieve 
homeostasis [9] as shown in Fig. 1. The antistress 
mechanism of plants comprises of antioxidative 
enzymes and antioxidants. The activities of various 
enzymes like superoxide dismutase (SOD), catalase 
(CAT), guaiacol peroxidase (GPX), glutathione 
reductase (GR) etc. have been reported to increase in 
response to heavy metal stress [10]. The levels of 
cellular antioxidants like ascorbic acid, glutathione 
and vitamin E are also altered by the heavy metal 
exposure in the plants. Exposure to heavy metals 
provokes pronounced responses of antioxidative 
system, but the direction of the response depends on 
the plant species and tissue analyzed, the metal used 
for the treatment and the intensity of stress [11]. 
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The capacity of plants to tolerate, sequester or 
destroy the heavy metals enables them to thrive well 
in the soils and waters contaminated to levels that are 
often several orders of magnitude higher than the 
regulatory limits. For aquatic systems, the 
phytoremediation, i.e., the use of plants for pollution 
abatement has come out as a natural extension of the 
historical use of plants to treat wastewaters [13]. 
Wetland plants are being successfully used for the 
phytoremediation of heavy metals in natural and 
constructed wetlands. E. crassipes, a free floating 
aquatic macrophyte is well established 
phytoremediator [14], [15]. Its capacity to 
accumulate various heavy metals like Pb, Ni, Cr, Hg, 
Cd, Zn and As is well documented [16] - [18], but the 
information regarding the adaptive mechanisms is 
rather scant. Hence, the present work has been 
planned to study the accumulation of mercury and 
determine the expression of antioxidative defense 
system in plants exposed to mercury stress  in order 
to describe the mechanism underlying the 
phytoremediation potential of E. crassipes.   
 
II. MATERIALS & METHODS 
 
The plants were cultured in 10% Hoagland’s nutrient 
medium containing different concentrations (0 
(control), 1, 10, 100, 1000 and 10,000 g l-1) of 
mercury. E. crassipes plants were harvested after 7 
and 14 days of mercury treatment. The extracts of 
plant samples were subjected to estimation of 
mercury using mercury analyzer. The oxidative stress 
caused by mercury in plants was estimated from the 
MDA content [19]. To study the response of 
antioxidative defence system to the stress, the activity 
levels of the antioxidative enzymes viz. Superoxide 
dismutase [20], Guaiacol peroxidase [21], Catalase 
activity [22], Ascorbate peroxidase [23], Glutathione 
reductase [24], Dehydroascorbate reductase [25], 
Monodehydroascorbate reductase [26], and contents 
of antioxidants like Ascorbic acid [27], Glutathione 
[28] and Vitamin E content [29] were estimated. The 
changes in the levels of protein were also estimated 

[30]. All the physicochemical parameters were 
statistically analyzed by calculating mean, standard 
deviation, standard error, regression (linear, 
logarithmic and exponential), and one-way and two-
way analysis of variance.  
 
III. RESULTS & DISCUSSION 
 
Phytoremediation is a cost effective, environment 
friendly technology for the reclamation of habitats 
impregnated with heavy metals. For achieving the 
best results from this technique, the response of 
plants to pollution needs to be understood at 
physiological and biochemical levels in terms of 
factors that determine resistance and susceptibility of 
plants to such factors [31]. Among the significant 
observations made on the mercury uptake in E. 
crassipes plants treated with different concentrations 
of mercury, it was found that the mercury content 
increased in all plant parts with increasing time and 
concentration. Roots happened to accumulate the 
maximum content of mercury followed by leaf 
laminae and petioles. Though the control plants had 
the mean mercury contents of 0.123, 0.065 and 0.095 
g g-1 dry wt in roots, petioles and leaf laminae 
respectively, the contents increased to 92.21, 8.075 
and 16.81 g g-1 dry wt in roots, petioles and leaf 
laminae respectively of mercury treated plants. The 
observations of the accumulation of mercury in 
different plant parts show that the uptake of mercury 
followed dual pattern of ion uptake (Fig. 2). Uptake 
of mercury from solutions with concentrations up to 
100 µg l-1 followed Type 1 mechanism as per simple 
Michaelis-Menten kinetics whereas at concentration 
1000µg l-1 Type 2 mechanism of Hg uptake occurred.  

 
The accumulated mercury evoked an oxidative stress 
in the plants as evident from the enhanced levels of 
MDA. There was a significant increase in MDA 
content in all plant parts with time and increase in 
concentration. MDA content increased by 100% in 
leaf laminae and by 350 to 370% in petioles and roots 
respectively at 1000 g l-1 concentration of mercury 
in the solution (Fig. 3).  

 

 

Fig. 1: Multicomponent model of defence response of plant system to heavy metal stress. 
(Modified after Sanita di Toppi and Gabrielli, 1999 [12]) 
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Fig 2: Double reciprocal plot showing mercury uptake by roots of E. crassipes 
plants treated with mercury. 
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An oxidative burst is an intrinsic feature of the 
plant’s response to biotic and abiotic stresses. 
Adaptation to oxidative stress involves the regulation 
of the synthesis and repair of proteins and enhance 
antioxidant protection. The antioxidant defence 
system of plants comprises of enzymatic components 
like SOD, CAT, POX, GR etc. and non-enzymatic 
components like ascorbic acid and glutathione etc. 
Among the antioxidative enzymes, SOD converts 
superoxide radicals to hydrogen peroxide, which is 
further scavenged by catalase independently or by 
peroxidase using substrates like guaiacol and 
ascorbate. In plants, ascorbate peroxidase is the 
predominant peroxidase that uses ascorbic acid as 
substrate. Ascorbic acid is regenerated in plant cells 
via ascorbate-glutathione cycle through various redox 
reactions using enzymes like dehydroascorbate 
reductase, monodehydroascorbate reductase and 
glutathione reductase [32]. In the present study, 
enhancement of various components of antioxidative 
defence system was observed. SOD activity was 
highest in the roots followed by petioles and leaf 
laminaeas shown in Fig. 4. The activity increased by 
83% in leaf laminae, 38% in roots and 43% in 
petioles at 100 g l-1 concentration after 14 days of 
treatment.  

 
GPX activity (Table I)showed a concentration 
dependent increase up to 100 g l-1 concentration of 
mercury in the medium for all treatments. Roots had 
higher activity of the enzyme with respect to other 
plant parts. The enzyme activity in roots achieved the 
maximum value of 0.312 - 0.497 units mg-1 protein 
(395 - 689% of the control respectively) on 14th day 
of treatment at 100 µg l-1. The enhanced activity of 

GPX is indicative of the efficient system for peroxide 
scavenging inside the plant cells.  

 
Catalase activity increased in response to mercury in 
all the concentrations and plant parts. The trend of 
variation was generally roots > petioles > leaf 
laminae (Fig. 5). The relative increase was maximum 
in leaf laminae on 14 days of treatment. On the other 
hand, in case of roots and petioles a sharp increase 
was observed for low concentrations. The catalase 
activity showed maximum enhancement compared to 
the other components of the defense system (25 to 30 
fold in leaf laminae, 13 to 19 fold in petioles and 5 to 
6 fold in roots). Such a sharp increase in catalase 
activity indicates the enhanced production of H2O2, 
which needs to be reduced in order to save the plant 
system from its harmful effects.  
 

 
The APX activity increased by 3 to 3.7 fold in 
petioles and leaf laminae, whereas an enhancement of 
only 1 to 1.5 fold was observed in the roots. APX 
utilizes ascorbic acid for the reduction of H2O2, 
which results in the production of dehydroascorbate 
or monodehydroascorbate. The 
monodehydroascorbate is converted back to 
ascorbate with the help of MDHAR whereas DHAR 
catalyses the recovery of ascorbic acid from 
dehydroascorbate involving the oxidation of GSH to 
GSSG. So, an enhancement in the activity of 
ascorbate peroxidase must in turn induce DHAR and 
MDHAR as well, as observed in the present 
study.The MDHAR catalyzed reduction of 
monodehydroascorbate to ascorbate involves the 
oxidation of NADPH. The maximum relative enzyme 
activities for monodehydroascorbate reductase were 
observed to be 246 - 307% in roots, 334 - 340 % in 
petioles and 531 - 623% in leaf laminae. DHAR 
activity increased by 23 to 408% in roots, 43 to 656% 
in petioles and 58 to 682% in leaf laminae of mercury 
treated plants over the control values. As glutathione 
is converted to GSSG during the reduction of 
dehydroascorbate, its concentration decreases and 
needs to be recovered. The reduction of glutathione 

 

 

Fig 3: MDA content (µmoles g-1 fresh wt) of different parts of E. crassipes 
plants after 14 days of treatment. 
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Fig 4: SOD activity (units mg-1 protein) of different parts of E. crassipes 
plants after 14 days of treatment. 
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Table I: Two way anova for effect of different salts (treatment) and 
different concentrations (dose) on GPX activity (units mg-1 protein) in roots 
of E. crassipes after 14 days of treatment. 
 

Source of variation SS df MSS F-ratio HSD 

Treatment  
0.086 1 0.086 276.59* 

 

Dose 
0.477 4 0.119 380.51* 

 

Treatment x Dose 
0.028 4 0.007 22.70* 

0.050 

Error 
0.006 20 0.0003   

 

Total 
0.599 29     

  
* Significant at p= 0 .05. 
 

 
Fig. 5: CAT activity (units mg-1 protein) of E. crassipes  on treatment with 
mercury. 
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disulphide (GSSG) to glutathione (GSH) is catalyzed 
by the enzyme glutathione reductase. The activity of 
GR showed a maximum increase of up to 6.4 and 9 
fold in roots, 1.9 and 2.4 fold in petioles and 7.8 and 
10.5 fold in the leaf laminae (Table II).  

 
The enhanced GR activity suggests an enhanced 
production of glutathione, but the content was 
maintained at lower levels after showing an 
enhancement of 114% in roots, 43% in petioles and 
50% in leaf laminae for 1 µgl-1 concentration on 7th 
day of treatment. It can be said that besides a balance 
between the production and consumption of GSH by 
GR and DHAR, an active induction of GSH occurred 
at low concentration of mercury for a short time 
period of 7 days.  GSH is oxidized during the 
reduction of dehydroascorbate to ascorbate. Hence, 
the lower levels of GSH indicate the enhanced 
production of ascorbate. An increase of 3.7 to 7 folds 
in roots, 1.1 to 2.4 folds in petioles and 0.9 to 1.3 fold 
in leaf laminae was observed. But this enhancement 
was limited 7 days treatment after which i.e., on 14th 
day, the stimulation was of the order of 20 to 80% 
only. This suggests the simultaneous utilization of 
ascorbic acid in the scavenging of free radicals and 
hydrogen peroxide. Another molecular antioxidant 
vitamin E, which is lipid soluble and membrane 
associated, was also observed to get stimulated in 
response to the stress caused by mercury exposure. 
The vitamin E content was found to be in the range of 
0.029 to 0.095 mg g-1 FW in roots, 0.02 to 0.065 mg 
g-1 FW in petioles and 0.032 to 0.185 mg g-1 FW in 
leaf laminae of E. crassipes plants treated with 
various concentrations of mercury. A maximum of 
3.7 to 4.2-fold increase in vitamin E content was 
observed for a concentration of 100 µg l-1 on 14th day 
of treatment.  
 

 

The present investigation confirms that all the 
components of ascorbate – glutathione pathway 
interact in a coordinated manner to detoxify the 
effects of mercury(Table III). Thus a balanced 
increase of all or some components of the defense 
system is required and maximum efficiency cannot 
be achieved by the enhancement of any single 
component alone (Fig. 6). 

 
 
CONCLUSIONS 
 
It is therefore concluded from the study that the 
uptake of mercury follows Michaelis-Menten 
kinetics, and a dose and time dependent relationship 
exists between the mercury concentration in the 
medium and antioxidative defense system comprising 
of antioxidative enzymes (guaiacol peroxidase, 
ascorbate peroxidase, catalase, superoxide dismutase, 
glutathione reductase, dehydroascorbate reductase 
and monodehydoascorbate reductase) and molecular 
antioxidants (ascorbic acid, glutathione and vitamin 
E) of E. crassipes to combat the onslaught of 
mercury. The results of the present investigation thus 
suggest E. crassipes to be an accumulator of mercury 
that can be used for reclamation of polluted aquatic 
habitats by periodic removal of the spent plants. The 
findings open a future line of study towards gene-
expression indicating the genes which are up/down-
regulated under mercury stress. This study can be 
extended using genetic engineering to generate 
transgenic plants to enhance the levels of stress 
tolerance by reinforcing the plant defence system 
with new genes.  
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