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ABSTRACT The efects of cadmium, arsenic and lead (1, 5 and 10ppm) on the content of chlorophyll, amino acid, proline,
and ascorbic acid were investigated in ten month old sal seedimyedrobusta) grown in nursery with various treatment of
different concentration of Cadmium, Pb, &sdControl and heavy metal-treated plants were grown for a period of six months

in natural conditionTotal chlorophyll, amino acid, proline and ascorbic acid content were measured in the leaves of the six
month old seedling with the help of U8pectrophotometerhe result showed that the total chlorophyll and amino acid content
decreased with increased concentrations of heavy nfetdmificant increase of proline and ascorbic acid content was observed

in leaves after a four month exposure to heavy méataésstrongest é&fct of cadmium, followed by PbandAs**was observed

on total chlorophyll, amino acid, proline and ascorbic acid content of plants.

INTRODUCTION sulting in oxidative stress (Dietz et al. 1999).
The lifetime of active oxygen species within the
Heavy metals and metalloids make a signifi- cellular environment is determined by the anti-
cant contribution to environmental pollution as oxidant system, which provides crucial protec-
a result of human activities such as emissiongion against oxidative damagghe anti-oxida-
from automobile, mining, smelting, electroplat- tive system comprises numerous enzymes and
ing, enegy and fuel production, power trans- compounds of low molecular weight (Noctor and
mission, intensive agriculture, sludge dumpingFoyer 1998).The antioxidant properties of
and military operations (Nedelkoska and Doranplants exposed to various stress factors have been
2000).They present a risk for primary and sec- studied (Havaux and Kloppstech 2001), but stud-
ondary consumers and ultimately humansies related to the fefct of heavy metal-induced
(Zeller and Feller 1999). stress on vitamin levels in plants are limited.
Heavy metals such as Cu and Zn are esseri-ead and mercury were reported to cause an
tial for normal plant growth and development increase in ascorbic acid levels in tWoyza
since they are constituents of many enzymes anshtiva cultivars (Mishra and Choudhuri 1999).
other proteins. Howevgglevated concentrations Detailed studies indicate that heavy metals
of both essential and non-essential heavy metand metalloids have fetcts on chlorophyll and
als in the soil can lead to toxicity symptoms andamino acid content in plants. Heavy metals are
growth inhibition in most plants (Hall 2002). known to interfere with chlorophyll synthesis
Toxicity may result from the binding of metals either through direct inhibition of an enzymatic
to sulphydryl groups in proteins, leading to in- step or by inducing deficiency of an essential
hibition of activity or disruption of structure, or nutrient (vanAssche and Clijsters 1990 he
from displacement of an essential element, reeffect of different concentrations of lead and
sulting in deficiency décts (vanAssche and cadmium on seed germination and seedling
Clijsters 1990). In addition, a heavy metal ex-growth ofLeucaena leucocephala was done by
cess may stimulate the formation of free radi-Shafiq et al. (2008).
cals and reactive oxygen species, perhaps re- Proline accumulation, accepted as an indi-
cator of environmental stress, is also considered
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in proline biosynthesis, (c) a decrease in pro- Free amino acid was measured by the method
tein synthesis or proline utilization, and (d) hy- prescribed by of Moore andei (1948) also
drolysis of proteins (Charest and Phan 1990). called as ninhydrin method and is widely used.
This experiment has been carried out for find-Absorbance was recorded at 570 nm using Spec-
ing the phytoremediation capacities and capatrophotometer (Spectrascan UV 2700). Leucine
bilities of the selected plant species, with thewas used as the standard.
intention of applying these findings to reduce Proline was extracted from the leaves and
the heavy metal contamination from environ- estimated by the methods of Bates et al. (1973).
ment.We have examined thefe€ts of heavy Homogenates of the leaf samples were prepared
metal cations, namely lead, cadmium and metin 3% sulphosalicylic acid. Pink colour was de-
alloid arsenic, on total chlorophyll, amino acid, veloped by a reaction with glacial acid and nin-
proline, and ascorbic acid content in seedlinghydrin.The colour was separated in toluene layer
sal Shorea robusta). The results obtained from and intensity of the colour was measured at 529
the experiment have indicated tisatobustais  nm., spectrophotometrically
effective and could be used in toxic metal Fresh leaf sample (0.5gm) was homogenised
remediationTherefore, proposed technique may in 20ml of extracting media of 0.5gm oxalic acid
solve the disposal problem of various heavyand 0.075gm EDA in 100ml distilled water
metals producing industrieghis kind of study  After centrifuging the homogenate for 15min-
is beneficial for saving the environment from utes, 1.0 ml of the homogenate was mixed with
heavy metals. It is also important that public 5.0 ml of Dichlorophenol indophenols (20 pg/
awareness about this technology is considerednl). After shaking well, its optical density was
and clear and precise information is made availimeasured at 520nm (Sadasivam and Balasub-
able to the general public to enhance its acceptramaniam 1987). Calibration curve for ascor
ability as a global sustainable technology to bebic acid was prepared using chemically pure as-

widely used. corbic acid.
Statistical analysis employed SPSS windows
MATERIALS AND METHODS version 15.0.The significance of dierences

between variables @&<0.01 orP<0.05 was
Species were selected on the basis of surveghecked with a multiple comparison on (LSD)
in different sites/locations, which are highly af- test. All values are means =SE. Increases or
fected by industrial #zents.The species which decreases are expressed as percentages versus
are commonly available in Dehradun, werethe control.
taken for the experimental set up. Six month

old sal seedlingsshorea robusta) were selected RESULTS
to conduct the studyHeavy metal treatment of
CadmiumCJ As,0,and Pb (CH,0,),.3H,0 with Table 1 and Figure 1 summarize the results

three diferent concentrations of 1mg/l, 5mg/l, for the efects of selected heavy metals (Cad-
10mg/l were prepared in the laboratoffhe  mium, Pb) and metalloid (As) on total chloro-
treatments were given to the species after siphyll, amino acid, ascorbic acid, proline con-
months of establishment of seedlififpese tre- tent in leaves of the sal seedlingetal chloro-
atments were given every week for next fourphyll and amino acid content decreased with
months.Three replicates of each plant along increased concentrations of the heavy metal.
with control were treated with dérent concen-  Significant increases of proline, and ascorbic
trations. Plants were treated with the doses ofcid content in the leaf were detected after ex-
different concentrations vis-a-vis 1mg/l, 5mg/l, posure to heavy metdihe result oAnalysis of
and 10mg/l of each heavy metal to the p&nt’ Variance (ANOY) shows that, for chlorophyll,
root. the interactions among the metal were found to
The chlorophyll contents (mg/g fresh leaf), have significant dferences at 0.1%4P0.001)
were analysed by followindrnon (1949) level while between metals and treatment of dif-
method. Leaf samples were homogenized inferent concentration at 5%<€0.05) significant
80% acetone and optical densities were mealevel. For proline and ascorbic acid, interactions
sured at 645 and 663 nm with Spectrophotom-among metal and treatment were found highly
eter (Spectra scan UV 2700). significant at a level of 0.019%47€0.001), and
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between metal and treatment offeiient con-
centration at 5%H<0.05) significant level.
However for amino acids, dédrence was not
significant for the interactions among the met-decreased significantly with increased concen-
als, and the diérence of interactions between tration of doses by 25.4%, 43.5% and 63.8%,

metal and treatment were found to have signifi-respectively P < 0.05) (Fig. 1a) and amino acid
cant at 0.1%HR<0.001) level.

Table 1: Data showing the impact of dierent treatments
of heavy metals on biochemical constituents shl

Treatment Metals
(mg/L) Cadmium As Pb
Chloro-
phyll
(mg/g)
freshwt.
Control 0.295 + 0.003 0.295 + 0.003 0.300 * 0.006
1 0.220 + 0.006 0.230 +0.006 0.243 + 0.009
5 0.167 £ 0.017 0.180 +£0.006 0.170 £ 0.006
10 0.107 £ 0.007 0.140 +£0.012 0.095 £ 0.003
Proline
(mo/g)
Control  0.088 + 0.00030.078 £ 0.003 0.089 + 0.004
1 0.072 + 0.00030.011 + 0.003 0.088 + 0.003
5 0.087 + 0.00030.099 + 0.00030.114 + 0.003
10 0.115 + 0.003 0.180 +0.001 0.119 £ 0.003
Ascorbic
acid
(mg/g)
Control 2.000 + 0.104 1.820 + 0.003 2.000 + 0.104
1 2.730 £ 0.104 3.185+0.055 4.190 £ 0.104
5 3.915+0.159 2.365+0.107 3.640 £ 0.002
10 3.368 + 0.579 4.365 + 0.003 4.360 £ 0.006
Total free
amino acid
(mg/g)
Control 4.650 + 0.673 5.430 +0.035 5.271 +0.001
1 3.580 + 0.098 3.315+0.001 3.245 £ 0.020
5 2.140 £ 0.017 2.140+£0.017 2.335+0.014
10 1.630 £ 0.006 1.350 +£0.017 1.525 + 0.009
Interac- Chloro- Pro- Ascorbic Amino
tions phyll line acid acid
Metals Cadmium 0.0080 0.0029 0.2580

at 5%

significance * ook ook NS
Treat- Cadmium 0.0092 0.0034 0.2979 0.3146
ments at 5%

significance *** ok ok ok
Metals* Cadmium  0.0160 0.0059 0.5160-
Treat- at5%
ments  significance * ** il NS

Values are mean of three replicates. + standard &rrpt*,

* Significant at the 0.001, 0.01 and 0.05 probability level

respectivelyNS = non significant

The impact of individual metal on f&fent
parameters of safiorea robusta) discussed in
the following sections.

Cadmium

47

bic acid and amino acid content of the leaves of
seedling after cadmium treatmefithe data
shows that total chlorophyll content of leaves

decrease by 23%, 54% and 64.%¥#ile ascor

bic acid increased by 36.5%, and 95.7% and
68.4% in 1, 5 and 10ppm respectively in the
leaves of seedlings treated withfeient con-
centration of cadmium, Proline content de-
creased at 1 mg/l (18%) and 5mg/l (1.13%)
treatment while increased by treating with
10mg/l at 30.6%.

Lead

It was observed that 1mg/l Pb treatment
caused a significant reduction of 19% in total
chlorophyll content and 43.3% and 68% reduc-
tion at 5 and 10mg/l treatment respectively (Fig.
1a) and amino acid content (34.4 -71.1%) (Fig.
1b). Exposure of seedlings to lead doses resulted
increase in ascorbic acid and proline content of
the leaves (Fig. 1c and 1d). In leaf treated with
concentrations of 1, 5 and 10 mg/l lead doses,
exhibit percent enhancement of ascorbic acid
109%, 82% and1iB% respectively as compared
to control values. It was observed that after Pb
treatment exhibit reduction of 1.12% at 1mg/I
in proline content while enhancement at 5mg/I
and 10mg/l (28.1% and 25.2%) enhancement
was observed in proline content as compared
with control.

Arsenic

As observed, at 1, 5 and 10mg¥s,0, con-
centrations, total chlorophyll content in leaves
decreased significantly by 22%, 39% and 52%,
respectively P< 0.05) (Fig. 1a)Amino acid
content was also decreased by 39%, 60.6%
and 75.1% at 1, 5 and 10mg/lI as compared to
control values. For proline it was observed that,
at 1mg/l treatment exhibit reduction (85.8%)
while at 5 and 10mg/I treatments, proline con-
tent was increased by 26.9% and 130.7% re-
spectively For 1mg/l treatment ascorbic acid
content increased by 75%, at 5mg/l treatment
concentration it was 29.9% and 10mg/l ascor

Figure 1 summarizes the results of percentbic acid increased by 139.8% as compared to
age variation in total chlopiyll, proline, ascor

control values.
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DISCUSSION detoxification of toxic metal ions (Singh and
Sinha 2005)Ascorbate is a ubiquitous soluble
In the present stuggxposure to heavy met- antioxidant in photosyntheticgeinisms, and the
als afected diferent parameters of sal viz. total most important reducing substrate foy
chlorophyll content, proline content, ascorbic detoxification (Singh et al. 2005). It has been
acid content and amino acid content. Exposuresuggested that pollutants produce oxy-radicals
of six month old sal seedlings to cadmium, ar in plants by Sakaki et al. (1983)hese radicals
senic and lead decreased the total chlorophylicause widespread damage to membranes and
amino acid and increased the proline and ascorassociated molecules, including chlorophyll
bic acid slightly Increased cadmium, arsenic pigments (Sakaki et al. 1983). Several authors
and lead concentrations significantly enhancechave reported that ascorbic acid can serve as a
proline accumulation and ascorbic acid in salfree radical scavenger against(@n Hove and
seedlings. others 2001; El-Khatib 2003)scorbate occurs
Chlorophyll content is often measured in in the cell wall, where it is a first-line defense
plants in order to assess the impact of environagainst ozone. Cell wall ascorbate and cell wall-
mental stress, as changes in pigment conterbcalized ascorbate oxidase (AO) have been
are linked to visual symptoms of plant illness implicated in control of growth. HighO ac-
and photosynthetic activity (Parekh 1990). Re-tivity is associated with rapidly expanding cells
searchers have reported decreased chlorophyéind a model linking wall ascorbate and ascor
in several diferent plant species under the im- bate oxidase to cell wall extensibility has been
pact of heavy metals. In two wheat varieties topresented (SmirndfL996).Ascorbate has also
which cadmium and Pb were applied, total chlo-been implicated in regulation of cell division,
rophyll decreased 50%1iticum aestivum cv.  through its influence on regulation of cell divi-
Gerek 79) and 70% (Bolal 2973; Oncel et al.sion, through its influence on progression from
2000). Heavy metals inhibit metabolic processeghe G1 to S phases of the cell cycle
by inhibiting the action of enzymes, and this In our study it was determined that all two
may be the most important cause of inhibition.metals and metalloid (As++, Pb++, Cad-
Decreased chlorophyll content associated withmium++) caused a significant increase in pro-
heavy metal stress may be the result of inhibidine and ascorbic acid levels. Exposuréitizia
tion of the enzymes responsible for chlorophyll procera to various concentrations of nickel,
biosynthesis. Cadmium was reported tfeetf chromium and mercury caused increase in ascor
chlorophyll biosynthesis and inhibit proto-chlo- bic acid and proline levels (ipathi andTripathi
rophyll reductase and aminolevulinic acid 1998). Our results for decrease in chlorophyll
(ALA) synthesis by fbart et al. (1985). content are corroborated with the findings of
Free radical generation is one the initial re-Siedlecka and Krupa (1996) who have also
sponses of plants to stress. Generation of frebound a decrease in chlorophyll content with
radicals and reactive oxygen species is stimuheavy metal stress #ea maysandAcer rubrum.
lated in the presence of metals (Halliwell andAmino acids play a pivotal role in plant pri-
Gutteridge 1993), and this can seriously disruptmary metabolism. Being early products of pho-
normal metabolism through oxidative damagetosynthesis and nitrogen assimilation, they rep-
to cellular component§o mitigate and repair resent an important link between nitrogen and
the damage initiated by active oxygen, plantscarbon metabolism. Since their biosynthesis is
have developed a complex antioxidant systemconnected to processes that are dependent on
These antioxidants play an important role in theenvironmental factors, the latter influence the
cellular defence strategy against oxidative stressyariability of the pool of free amino acid (Dur
inducing resistance to metals by protecting la-zan and &ward 1983). Plants have shown pro-
bile macromolecule reported by Zhang andline accumulation under environmental stress
Kirkham (1994) and Galli et al. (1996). It is (Ahmad and Jhon 200%shmad et al. 2006;
widely accepted that detoxification of metal ions Ahmad et al. 2008).
within plant tissues usually depends on chela- For over 40 years, plant physiologists have
tion by appropriate ligandéntioxidants like  studied the accumulation of free proline in a
systeine, proline, ascorbic acid and non-proteimumber of species subjected to hyperosmotic
thiol (sulfhydryl) play an important role in stressAccumulation of free proline in response
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to heavy metal accumulation of free proline in metals and morphological and biochemical re-
response to heavy metal exposure seems widesponses of plants and chemical characteristics
spread among plants (Costa and Morel 1994)of soil. Physiological and biochemical responses
Exposure seems widespread among plantsf plants to heavy metal concentration can be
(Costa and Morel 1994). Exposure to heavyviewed as potentially adaptive changes that
metals, especially cadmium (Barcelo and oth-decline the operation of metabolic regulatory
ers 1986), is known to disturb the plant watermechanisms which favours the functioning of
balance. Proline accumulation in plants underthe plants during or after stresghus, these
cadmium stress is induced by a cadmium-im-parameters can serve as indicators of heavy
posed decrease of the plant water potential, anthetal pollution. Finallydata which is gener
the functional significance of this accumulation ated through this study will be very helpful in
would lie in its contribution to water balance detecting the lethal levels of heavy metals for
maintenance; proline-mediated alleviation of particular plant species, its tolerance and
water deficit stress could substantially contrib-remediation capacityfolerant species with high
ute to cadmium tolerance (Costa and Morelremediation capacities showing least adverse
1994). Proline increases the stress tolerance dmpact would be proposed for the phytoreme-
plants through such mechanisms as osmo-regudiation of industrial waste disposal sites or soil
lation, protection of enzymes against denatur affected by those particular heavy metdlsis
ation, and stabilization of protein synthesisis recommended th& robusta could be used
(Kuznetsov and Shevyakova 1997). Similar re-for phytoremediation of arsenic because of it
sults were observed biripathi andTripathi  shows less adverse impact on plant seedlings.
(1998 and 2006) and John et al. (2008 and
2009). REFERENCES
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