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ABSTRACT

In this work, the changing effect of different cemizations (0, 0.01, 0.1, 1, 10mM) of hexavalend &ivalent
chromium on different biochemical parameters alavith antioxidant enzymes was investigated on wigttuce
(Pistia stratiotes L.) in order to know the possillvolvement of this metal in oxidative injurysides the activities
of antioxidant enzymes leading to biochemical axidaiive aberration induced by elevated concentradi Both in
roots and shoots, Cr produced a significant incee@s enzymic and non-enzymic antioxidants, excepafialase
(CAT) activity where a strong accumulation of hygkn peroxide was indicated, suggesting an impasitd
oxidative stress. The observation showed an uptbkbromium by P. stratiotes L. as well as incre@msactivity of
antioxidants, as the concentrations and their dioratof treatment increased. The activity of antilative enzymes
determined the steady-state levels of ROS in theTée augmentation of antioxidative defense pay®y role in
regulating the oxidative stress. This pointed te gwossibility in induction of oxidative stress, lwihe increasing
lipid peroxidation, followed by a differential path in antioxidant metabolisms by chromium ionPBirstratiotes L.

Key words: Biochemical alterations, Chromium stress, Lipierqxidation, Oxidative stres®jstia stratiotesL.,
Reactive oxygen species.

INTRODUCTION for the organisms such as nutrients, and its
deficiency may result in several disorders, leading
In natural environment, trace amounts of heavyo the inhibition of growth, thereby inducing the
metals are essential, but become toxic when the@xidative damage and several biochemical lesions
concentration exceeds certain levels. The aquatin plant cell (Upadhyay and Panda, 2005).
plants absorb metals from the air, water and soiChromium in +3 oxidative state remains non-
The uptake depends upon the soil pH, drainagexic; in +6 oxidative state, it is highly toxicoth
status, plant species, chemical form and locatiom) soil and aquatic environment. Both forms of Cr
Amongst them, chromium is one of the mosdiffer in terms of mobility, bioavailability and
widely distributed heavy metals in the earth’stoxicity (Panda and Choudhury, 2005). Cr in the
crust. It is usually released into the environmenplants causes deleterious effects on gas exchange,
through industrial effluents and other humarchlorophyll a fluorescence, photosynthetic
activities (WHO, 1998), besides being importanpigment contents and alterations in thylakoid
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stacking (Paiva et al., 2009). Chromium alsavithout damaging the tissue. Five plants were
involves in the activation as well as regulation otransferred to sterile petri plates. Chromium was
enzymes related to the plant defense systeradministered as @D; and KCrO; at
which has already been reported from diverseoncentrations ranging from 0-10mM with three
groups of plants by Upadhyay and Panda (2004jeplicates each. Petri plates were incubated under
Studies carried out in different plant species haveool and white fluorescent tube lights (Philips 36
revealed that Cr is strongly phytotoxic, and caused/, TLD, India), giving a photon flux density
growth inhibition and even death, although thgPFD) of 52u mol m?s* for 24 and 48h at 25 2
mechanisms involved in its toxicity are still not°C. After the treatments, the roots and shoots of
completely understood. The active oxygen specigsiants were separated out, soaked dry in Whatman
(AOS) cause lipid peroxidation, bringing aboutNo.1 blotting paper and sampled for various
membrane injury, protein degradation, enzymdiochemical and enzymic investigations.
inactivation, pigment bleaching and disruption ofThe level of lipid peroxidation was measured in
DNA strands (Razinger et al., 2007; Panda anterms of malondialdehyde (MDA), a product of
Upadhyay, 2008). The detoxifications of thesdipid peroxidation in the samples estimated by
active oxygen species are of prime importance ithiobarbituric acid (TBA) reaction (Zhang, 1992).
any defense mechanism. These active oxygeDorrection of non-specific turbidity was made by
species produced excessively under stressfglbtracting the absorbance value taken at 600 nm
conditions are removed by the complex non-using UV-visible spectrophotometer (Systronics,
enzymic (AsA, ascorbate, GSH, glutathiome- Gujarat, India). The level of lipid peroxidation sva
tocopherol) and enzymic (CAT, Catalase; GPxexpressed gs mol of malondialdehyde (MDA) by
guaiacol peroxidase; SOD, superoxide dismutasesing an extinction coefficient 155mM &mThe
GR, glutathione reductase, etc.) antioxidanH,0, level was expressed gs mol of HO,
systems (Gratdo et al.,, 2005). Modulation in th‘%lestroyed mifg fr. wt " at 25+ 2 °C. (Sagisaka,
activities of these enzymic and non-enzymici97e).
antioxidant systems may be important in plant'sthe tissues of roots and shoots were homogenized
resistance to environmental stress. in ice cold 0.1M. Tris — HCI buffer (pH 7.8)
Chromium is an important water contaminant Witr’bontaining 0.1mM EDTA. The homogenate was
an ability to induce the cellular damages in theentrifuged at 12 000 rpm at (?@ for 20 min and
plant and animal organisms. It can easily penetratfie supernatant was used as enzyme extract. CAT
into the biological membranes and is relativelyactivity was estimated as per the method of
stable in water over a largel range (Fasulo et al., chance and Maehly (1955), expressediasole
1992). _ _ of oxygen destroyed mi. fr. wt~*at 252 °C.
In this work,P. stratiotes.. was chosen being one Gpx activity was measured according to Chance
of the important components of the naturabnd maehly (1955). The rate of absorbance at
ecosystem on a food source for fishes and2onm was measured by using UV — visible
mammals (Arber, 1963; Culley et al., 1981). Thespectrophotometer (Systronics, India), expressed
study was undertaken to know the possiblgg ynits g* FW at 25+ 2°C.
differential participation as well as effect of The measurement of SOD activity was assayed as
chromium on antioxidant status so as to analyzger the method of Giannopolitis and Ries (1977).
the significance of these antioxidant status ifrpe reaction was initiated by placing the glass tes
imparting chromium stress tolerance to freshlypes in between two fluorescent tub&hilips,
grown aquatic macrophyte, stratiotesl.. 20W). Switching the light on and off, the reaction
mixture was illuminated and terminated. The
increase in absorbance due to the formation of
MATERIALS AND METHODS formazan was read at 560 nm. Under the above
conditions, the increase in absorbancy in the
P.stratiotesL. were collected from the local pond. ghsence of enzyme was initially taken 100% and
The collected plants were washed with doublggo, as an equivalent to 1 unit of SOD activity.
distilled water several times besides soaking drgstimation of GR was done as per the method of
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Smith et al. (1988). Increase in the absorbance athromium ions. The }D, content increased
412 nm was recorded at 28 over a period of maximum by 32% after 48 h of 10mM €r
5min spectrophotometrically and the activity wagreatments in comparison to control (Fig. 1A).
expressed as absorbancy changyedfi,) per gm Hydrogen peroxide is a toxic compound produced
fresh mass per sec. as a result of scavenging of superoxide radical, an
GSH+GSSG contents were determined according higher concentration in injurious to cell/plant,
to the method of Griffith (1980). Two grams tissueresulting in lipid peroxidation and membrane
was homogenized in 5 % (m/v) sulfosalicylic acidinjury (Gratdo et al., 2008; Upadhyay and Panda,
and the homogenate was centrifuged at 10 0Q®009). After 48h, the MDA content resulted in
rom for 10 min. The supernatant (1ml) wasincrease in the root cells. The content increaged b
neutralized with 0.5 ml of potassium phosphatd82 and 140% in comparison to control at 10mM
buffer (pH 7.5). Total glutathione (GSH+GSSG)Cr® in the roots and shoots. (Fig.1B). TheOsl
content was measured by adding 1 ml neutralizelévels increased with the increase in concentration
supernatant to a standard solution mixturéevel as well as duration of the treatmentOH
consisting of 0.5 ml of 0.1 M sodium phosphateacts as a secondary messenger, which is capable of
buffer (pH 7.5) containing 1 ml EDTA, 0.2 ml of 6 activating various responses in plants (Vranova et
mM 5, 5'dithiobis (2-nitrobenzoic acid), 0.1 ml of al., 2002). Similar results in @, production rates
2 mM NADPH and 0.1 ml of 1 U yeast GR Type-were also reported in previous investigations
Il (Sigma ChemicalSt. Louis, USA). The change (Upadhyay and Panda, 2005). Lipid peroxidation
in the absorbance was measured at 412 nm arglconsidered to be an induction of oxidative stres
followed at 25 + 2 °C until the absorbance reachett was measured in terms of TBARS, chiefly MDA
0.5 units. The ascorbate (AsA) extraction andncreased with the increase in dose of metal
estimation was done by the method of Osetreatment, in the roots and shootdPadtratiotesl.
(1979). The reaction mixture contained 2 ml 2 %rhis could be due to the generation of free radical
Na-molybdate, 2 ml 0.15 M 430, 1 ml 1.5 mM that might distort the membrane architecture,
Na2HPO4 and 1 ml root tissue extract. It wasvhich caused an oxidative damage as reported in
mixed and incubated at 60 °C in water bath for 4@ther higher plants (Sinha et al., 2005; Hou et al
min, then cooled, centrifuged at 3,000 rfon 10 2007).
min and absorbance was measured at 660 nm. The level of non-enzymic antioxidant, AsA and
All the observations were done in triplicate, GSH+GSSG, is shown in Figs. 1C and D. As
repeated thrice and the data represented meanshown in Fig. 1C, the AsA and GSH+GSSG in
standard error of mean (SEM). The results werghoots were higher after 48h of ‘Ctreatments.
subjected to ANOVA using GLM factorial model The analysis of AsA contents after 48h of Cr
for all the parameters. Turkey test was used fdreatment showed an increase by 295 and 78% at
comparison between the control and treated plant$0mM, in root and shoot, respectively. The
The data analyses were carried out using SPSSSH+GSSG level, on the other hand, was not
7.5. In figures, the values are marked as * (astric significantly affected by CP, after 24 or 48h of
for the significance level (R 0.05) as compared the treatment. But the 48h €ttreatment resulted
to control. in 168% increase in GSH+GSSG level at 10mM
concentration (Fig. 1D) in shoot. However, a
gradual increase in GSH+GSSG and AsA levels as
RESULTS AND DISCUSSION well, could suggest an induction of oxidative sires
(Gallego et al., 1996) as well as its participafion
The effect of different doses with different detoxification of ROS (Upadhyay and Panda 2005;
durations of trivalent and hexavalent chromiumPanda and Upadhyay, 2008). The antioxidant
showed that increasing Cr concentrations initiateenzymes showed variation in their response 8 Cr
an increase in the capacity of antioxidative dedensand Cit® (Figs. 2A and D). In order to repair the
system in the plants. Oxidative stress resulteah fro damage initiated by the ROS, plants have evolved
the increased levels of ROS in cells were exposedcomplex antioxidant defense system that included
to heavy metals CF, prompting the production of both enzymic and non-enzymic antioxidants. ROS
H,0O, and MDA. An increase in D, contents was Steady-state levels depend on the balance between
observed with the increase in concentration of
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ROS synthesis and their destruction by bothreatment in comparison to control that played an
enzymatic and non-enzymatic scavengers. SODnportant role in preventing the oxidative stress
comprising a family of metalloenzymes occur in(Weckx and Clijster, 1997; Panda and Upadhyay,
different isoforms as Cu—Zn SOD, Mn SOD and2008).

Fe SOD, catalyse the dismutation reaction ofcO The observed changes for the generation £43,H
H,0, and Q (Alscher et al., 2002) and is regardedipid peroxidation, concentration of the non-
as first line of defense against free radicabnzymatic compounds and the activity of
mediated injury (Scandalio et al., 2001). The SO@xntioxidant enzymes could also be a result of
activity increased maximum by 44% after 24 h ofchromium accumulating to distinct concentrations
1mM Cr? treatments. However, in response tan the roots and shoots, resulting in differenelev
Cr'® a gradual decline at 10mM ‘Erafter 48h of oxidative stress as observed for other toxic
treatment (Fig. 2A) was observed. These enzymeasetals (Vitoria et al., 2001; Wahid and Ghani,
were located at different cellular sites, which ha®008). The distribution of chromium within the
different resistances to the metals and thelant system is a key factor to be considered and
deterioration of cellular systems, affecting thealthough was not analyzed such an aspect,
SOD genes and resulting in their inactivationchromium could be expected to have entered the
(Mitller, 2002; Hou et al., 2007). CAT activities, plant system inducing the oxidative stress as
on the other hand, decreased by 299% the shootratasured by WD, and lipid peroxidation. The
10mM C#°® after 48h treatment along with theincrease in GPx activity in treated plant was
increase in the concentration and duration oprobably related to the oxidative reactions,
treatment (Fig. 2B). The gradual increase in theorresponding an increase in peroxides and free
treatment in SOD activity had a simultaneougadicals in the plant cells. The response of
decline in CAT activity, with the increase in P.stratiotes L. with different concentrations of
concentration and duration of treatmentRistia, chromium could induce a concentration-dependent
indicated strong accumulation of hydrogenoxidative stress in the leaves as well as roof8. of
peroxide (Srivastava et al, 2006). Perhapsstratiotes L, since it was found to be more
hydrogen peroxide acted as an oxidative stressensitive to hexavalent chromium. The induction
signal molecule under the condition of metalof antioxidative enzymes could be one of the
induced deactivation of @, detoxifying processes, implicated in the regulation of
enzymes, i.e., CAT that showed a gradual loss @hromium ion concentration iRistia plant. The
stress protection if.stratiotesL. The activity of present results showed that, at the initial stéges
GPx, on the other hand, was stimulated irCr concentrations did not cause significant
response to Ctafter 48h treatment in the root andchanges in  the oxidative metabolism when
shoot. Besides, it was observed that with theneasured by the induced enzymatic activity like
increase in 128% in the roots at 10mM Cafter that of GPx. Cr-concentration (1-10mM) caused
48h treatment (Fig. 2C), the GR activity initially more increase in the free radicals that induced the
remained unchanged with minor increase in thexidative damage. These findings supported the
root and shoot after 24 and 48 h treatment. But theoncept that monitoring of the oxidative
activity was stimulated by increasing inmetabolism parameters in various plant species
concentration due to significant increase in thahould be an integral part of evaluation as well as
root and shoots at 10mM Crafter 24 h treatment accumulation of the effect of metal stress in the
with respect to control. On the other hand, the GPplants.

and GR activities increased by an hour of

Braz. Arch. Biol. Technol. v.53 n.5: pp. 1137-1184pt/Oct2010



CONTENTS [umol g~ (f. m.)]

Influence of Chromium Salts on Increased Lipid Retation

Root (Cr **and Cr *®)

0 00101 1 10

(@) 24 48t

0 00101 1 10

Shoot (Cr **and Cr *®)

150

100

50

0 00101 1 10 0 00101 1 10
24r 48F

Root (Cr **and Cr *®)

*
* %

1

Shoot (Cr **and Cr *®)

3 x %

0
0 00101 1 10 0 00101 1 10 0 00101 1 10 0 00101 1 10
b
(b) 24t 48+ 24t 48¢
Root (Cr **and Cr *¢) Shoot (Cr ** and Cr *®)
35 *

*

il

0 00101 1 10

0 00101 1 10

0 00101 1 10

C
© 24h 48F 24 48f
2 Root (Cr ** and Cr *®) Shoot (Cr **and Cr *®)
2
15 .
Kx kT o KK kK 15
1 * * **
 x 1
0.5 ’_EI FI 05 I—I
oiﬂY—Y—Y—Y—Y—YﬂY—Y—Y—Yi 0
0 00101 1 10 0 00101 1 10 0 00101 1 10 0 00101 1 10
(d)

24h 48fF

24t 48F

CONCENTRATION [ mM ]

1141

Figure 1- Effects of Ct* ([J ) and C¥ ([ ) on H05 (a), MDA (b), ascorbate (AsA) (c) and glutathione
(GSH+GSSG) (D) contents in roots and shootRisfia stratiotes LThe data presented are
means of three replicates. * represents the sggmifie level at P<0.005 when compared
with control.
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