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ABSTRACT :The aim of this study was to compare the effect of different doses of 

chromium on antioxidant system of the coriander. A total of the coriander seeds were 

divided among 3 groups. The cultivation of plants was occurred and treated with 

different concentrations of sulfate (0.4, 0.8 &1.6 mM magnesium sulfate) for 6 weeks 

until completely growth and ensure for healthy. Each treatment group was divided into 

three subgroups to handle treatment concentration of 0 µM, 50 µM and 100 µM 

chromium. Antioxidants (peroxidase, GSH, Ascorbic acid, ASPX, SOD and Catalase( and 

lipid peroxidation were recorded. All level of Cr treatments lead to numerically 

decreased in peroxidase, GSH, Ascorbic acid, ASPX, SOD of the coriander than the 

control. Furthermore, 100 µM of Cr treatments lead to numerically decreased in catalase 

of the coriander than the control. However, all level of Cr treatments led to numerically 

increase in lipid peroxidation of the coriander plant than the control. These adverse 

effects of chromium were encountered with increasing sulfur supply in the irrigation 

solution. Sulfur decreases the uptake of chromium in coriander plant. Sulfur also 

alleviates most harmful effect of chromium by enhancement of the antioxidative system 

(especially GSH content) in the coriander plant. The effect of sulfur was more effective at 

50 µM Cr than 100 µM Cr. The two concentration of sulfur were both effective. 
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INTRODUCTION  

 

Heavy metal contamination of soil is one of the world’s major environmental problems, 

posing significant risks to ecosystems; therefore, development of a remediation strategy 

for metal contaminated soil is necessary for environmental conservation and human 

health. 

 

Chromium (Cr) is a naturally occurring element and it is one of the components of the 

earth’s crust. Chromium compounds are among the most dangerous environmental 

pollutants due to their high toxicity and wide use in numerous industrial processes. They 

are extensively employed in leather processing and finishing (Nriagu and pacyna, 1988) 

in the production of refractory steel, drilling muds, electroplating cleaning agents, 

catalytic manufacture, in the production of chromic acid and specialty chemicals. 

Hexavalent chromium compounds are used in industry for metal plating, cooling tower 

water treatment, hide tanning and, until recently, wood preservation. 
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It is assumed that chromium plays an important role in the metabolism of all living cells. 

However, at high concentrations it is toxic, mutagenic, and carcinogenic, especially in Cr 

(VI) form, which causes oxidative stress, DNA damage, and modulates the activity of 

regulatory apoptotic gene p53. The stable forms of Cr are the trivalent Cr (III) and the 

hexavalent Cr (VI) species, although there are various other valence states which are 

unstable and short-lived in biological systems. Cr (VI) is considered the most toxic form 

of Cr, which usually occurs associated with oxygen as chromate (CrO4 
2_

) or dichromate 

(Cr2 O7 
2_

) oxyanions. Cr (III) is less mobile, less toxic and is mainly found bound to 

organic matter in soil and aquatic environments (Becquer et al., 2003). 

 

Being a heavy metal Cr is a potential agent of oxidative stress inducing oxidative damage 

to lipids, proteins and DNA-like biomolecules (Shanker and pathmanabahn, 2004). Cr 

changes in activity of antioxidant enzymes as well as of other enzymes in order to disrupt 

the nutrients and water balance (Pandey and Sharma, 2003). It is also reported that Cr 

could stimulate the formation of free radicals and reactive oxygen species (ROS) such as 

superoxide radicals (O2
-
), hydrogen peroxide (H2O2) and the hydroxyl radical (OH

-
). 

Furthermore, under natural growth conditions, plants are adapted to minimize the 

damages induced by ROS (Jinhua et al., 2009).  

 

Chromium is easily absorbed by the plants from the soil and atmosphere, accumulate in 

the organs of the plants and show their cytotoxic and phytotoxic effects (Parmar and 

Chanda, 2005). 

 

An important response to Cr stress by aerobic cells is the production of reactive oxygen 

species (ROS), like superoxide radical , (O2
-
)hydroxyl radical (OH˙), alkoxy radical 

(RO˙), singlet oxygen (
1
O2), and toxic hydrogen peroxide (H2O2) molecules (Breusegem 

et al.,2001). 
 

Many methods have been tried for the removal of Cr (VI) from wastewaters, including 

ion-exchange resins, filtration and chemical treatment (Singh and Tiwari, 1997). 

However, none of these methods are completely satisfactory and all feature the following 

disadvantages: (a) generation of a large amount of secondary waste products due to 

various reagents used in a series of treatments such as reduction of Cr (VI), neutralization 

of acidic solution and precipitation, and (b) instability of ion-exchange resins due to 

serious oxidation by hexavalent chromium. Thus, the development of new, cost-effective, 

more environmentally friendly methods is needed (Bijay et al,.2010). 

 

Due to Cr application the activity of iron porphyrin enzyme catalase was improved in 

bean plants (Samantary, 2003) The Cr exposure decreased the activity of catalase which 

coincides with the findings of (Panda et al., 2003) who reported depression in catalase 

activity due to borderline elements.( Panda et al., 2003) found improved activity of 

catalase due to Cr in leaves of wheat 

 

In plants, glutathione (GSH) is involved in cellular processes, including defense against 

reactive oxygen species (ROS). Glutathione exists in two form reduced glutathione 
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(GSH) and oxidized glutathione (GSSG). The reduction potential of glutathione depends 

on the intracellular GSH/GSSG ratio (Pekker et al. , 2002). Change in the redox ratio of 

glutathione mainly depends on the pH, total GSH concentration, GSH biosynthesis and 

GSH catabolism. Ammonium ion, derived either from nitrogen assimilation or from 

photorespiration, is incorporated into glutamine by a reaction catalyzed by glutamine 

synthase (GS), and glutamine is further converted into glutamate catalyzed by glutamate 

synthase (GOGAT). The conjugation of GSH with such molecules is governed by 

glutathione S-transferase (GST). GST catalyze the conjugation of GSH with metal ions 

and help them to sequester into vacuole (Shanker et al. , 2004; Hossein et al. , 2006).  

 

The enzymatic mechanism of detoxification involves GPX, GR and other enzymes. The 

oxidized glutathione (GSSG) formed is converted back to GSH by NAD(P)Hdependent 

glutathione reductase (GR) glutathione peroxidation (GPX) and its regenerating cycle 

(Shanker and pathmanabhan. , 2004). Moreover, Sies (1999) provided evidence that 

GR is the rate limiting enzyme in the ascorbate dependen H2O2t destruction.  

 

One of the most deleterious effects induced by heavy metal exposure in plants is lipid 

peroxidation, which can directly cause biomembrane deterioration. Malondialdehyde 

(MDA), one of the decomposition products of polyunsaturated fatty acids of membrane, 

is regarded as a reliable indicator of oxidative stress (Dey et al. , 2007).  

 

Chromate ion is accumulated intra-cellularly by the sulfate transport system. The dual 

role of chromium in cell metabolism foresees the presence of effective mechanisms of 

controlling its entry into the cells, accumulation, and detoxification. 

 

It has been suggested that the entrance of Cr (VI) into the yeast cells in an oxy-anionic 

form occurs via sulphate- specific transport systems. Genes involved in sulphate and 

chromate transport has been identified. Uptake of Cr (VI) by intact barley seedlings was 

inhibited by sulphate (Cherest et al., 1997 and Smith et al., 1995). Increasing sulphate 

concentration in the medium may compete with chromium and decrease its entrance to 

the cell. 

 

Apart from the role of sulfate transporters in Cr uptake, S metabolism may affect Cr 

tolerance and accumulation due to the capacity of certain reduced S compounds to bind 

and detoxify metals and metalloids (Freeman et al., 2004; Pilon-Smits et al., 1999; Zhu 

et al., 1999a, 1999b).To investigate the potential role of plant S metabolism in Cr 

accumulation and tolerance, the interactions between sulfur (S) nutrition and Cr tolerance 

and accumulation were considered in this study. 

 

MATERIALS AND METHODS 

 

The coriander seeds were obtained from market. Seeds were surface sterilized with 70% 

ethyl alcohol then washed with dist water several times. The seeds were tested for 

germination percentage and it was 98%. Seeds were cultivated in pot 20 cm diameter half 

filled with beatmoos. Cultivated seeds were divided into 3 groups depending on sulfur 
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(Mg sulfate) concentration (0.4 mM (control), 0.8 mM and 1.6 mM). Each group consists 

of 45 pots and each pot contains 20 seeds. Seeds were irrigated with Hoagland' solution 

containing the different concentrations of sulfur for two weeks until suitable growth and 

ensure for healthy and safety. Each group was subdivided into 3 subgroups and supplied 

with 0.0, 50 and 100 µM Cr (potassium dichromate K2Cr2O7). Plants were harvested 2, 4 

and 6 weeks post chromium treatments. 

 

Estimation of antioxidants 

 Preparation of enzyme extract 

 Extract of fresh plant tissue in 0.1M phosphate buffer pH 7 by grinding with a 

pre-cooled mortar and pestle. Centrifuge the homogenate at 18000g at 5 C for 15mim. 

Use the supernatant as enzyme source within 2-4hr. Store on ice till the assay is carried 

out. 

 Peroxidase activity (POD) 

 Peroxidase (POD) activity was determined by following the dehydrogenation of 

guaiacol at 436 nm (Malik and Singh, 1980).  

 Catalase activity (CAT) 

 Catalase activity was assayed in a method following (Aebi, 1983). 

 Determination of Glutathione (GSH) content  

 

Total glutathione content was determined spectrophotometrically following the method 

described by Griffith (1980). Two milliliters of the leaf extract were added to 8 ml of 

phosphate solution. One milliliters of DTNB reagent was added. The optical density of 

the solution was measured at 412 nm. Blank was prepared using 2 ml of phosphate buffer 

solution, and 1 ml DTNB reagent. Standard curve was used to calculate the glutathione 

level. 

 Ascorbic acid content (Free Ascorbate)  
Free ascorbate was assayed photometrically following Frank (1955) through the 

reduction of 2, 4-dichlorophenolindophenol (DCPIP). Leaf segments were homogenized 

and extracted in 5mL ice cold 2% (w/v) metaphosphoric acid. The homogenate was 

filtered through a paper filter. An aliquot of 0.3mL of the filtrate was mixed with 0.2mL 

of 45% (w/v) K2HPO4 and 0.1mL distilled water. After incubation for 15 minutes at 

25°C, 1mL of 2kmol m
-3

 citrate buffer (pH 2.3) and 1mL of 0.003% (w/v) DCPIP were 

added. The absorbance was measured at 524nm immediately. The content of ascorbate 

was calculated by referring to a standard curve. 

 Ascorbic acid peroxidase (ASPX) activity 

ASPX was determined using the method of Nakano & Asada (1987). Activity was 

determined by following the H2O2- dependent decomposition of ascorbate at 290 nm. 

One milliliter of the reaction mixture contained 50 mM potassium phosphate (pH=7), 0.5 

mM ascorbate, 0.1 mM EDTA and 0.1 mM hydrogen peroxide. The reaction was 

initiated by addition of hydrogen peroxide, and oxidation of ascorbate was followed by 

the decrease in absorbance at 290 nm at 30 seconds interval for 5 min. One unit of APX 

activity is defined as the amount of enzyme that oxidizes 1 µmol of ascorbate per min at 

room temperature.  
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 One enzyme unit = 0.358 absorbance change/min.  

 Superoxide dismutase (SOD) activity  

 SOD was measured by the photochemical method as described by Winter et al. 

(1975). Assays were carried out under illumination. One unit SOD activity is defined as 

the amount of enzyme required to cause 50% inhibition of the rate of p-nitro blue 

tetrazolium chloride reaction at 560 nm. 

 

Cu/Zn-SOD was measured by the photochemical method as described by Giannopolitis 

and Ries (1977). Assays were carried out under illumination. One unit of SOD activity 

was defined as the amount of enzyme required to cause 50% inhibition of the rate of p-

nitro blue tetrazolium chloride reduction at 560 nm. 

 

Lipid peroxidation measurement as malondialdehyde     (MDA) accumulation 

Estimation of lipid peroxidation was assayed spectrophotometrically using TBA-MDA 

assay. Lipid peroxides were extracted using 0.5g fresh tissue with 0.3 ml of 1 %  meta-

phosphoric acid (PH =  2 ) and 1 ml of 0.6 %  thiobarbituric acid (TBA) in air tight tube 

and kept in aboiling water bath for 45 min . The samples were cooled room temperature 

and 5ml butanol was added along with stirring of mixture. The butanol phase was 

separated by centrifugation at 1000 rpm for10min and transferred to glass cuvettes. The 

color of TBA chromogen was measured at 532 nm (Hodges et al, 1999). 

 MDA level = (A 532 * 100) / 1.56. st.coffienient 

 

RESULTS 

 

 Peroxidase:  

 The results in fig. (1) showed that peroxidase content declined with increasing Cr 

concentration. The result also showed that increasing sulfate induced decreases in 

peroxidase content when it is applied alone. 

 The combination between S and Cr significantly increased peroxidase content 

after 6 weeks of treatment. The concentration 0.8 mM S was the most effective. 

 Catalase (fig. 2):  

 Increasing Cr concentration induced a sharp decline in catalase content after 2 and 

4 weeks when compared to control. While after 6 weeks there was a slight decline in 

catalase content. 

 Increasing S concentration encountered the adverse effect of Cr and increased 

catalase content all over the experimental period. The effect was dose dependent. 

 GSH (table 1):  

 The results showed that GSH increased with increasing plant age. Increasing 

sulfur concentration significantly increased GSH concentration in both Cr treated or 

untreated plants. It was also shown that increasing Cr concentration significantly 

decreased glutathione concentration when compared to control. 

 Increasing S concentration significantly increased GSH levels in Cr treated plants. 

The most effective concentration was 1.6 mM S. the highest value was at 1.6 mM S with 

50 µM Cr. 
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 Ascorbic acid:  

 The data in figure (3) showed that ascorbic acid increased with increasing plant 

age. The data showed also a non-significant difference in ascorbic acid concentration 

with increasing either Cr or S concentration. 

 Superoxide dismutase (SOD):                    

 Increasing Cr decreased SOD content in coriander leaves. On the other hand, 

increasing sulfur concentration induced a highly significant increase in SOD content 

when compared to control.(figure 4) 

 Application of sulfur to Cr treated plants significantly increased SOD content. 

 ASPX:  

 Increasing Cr induced a significant decrease in ASPX content when compared to 

control. The most effective concentration was 100 µM Cr.(figure 5) 

 Treatment with sulfur alleviates the adverse effect of Cr by increasing ASPX 

content. The effect was more pronounced at 50 µM Cr. 

 Lipid peroxidation (table 2):  

 Lipid peroxidation significantly increased with increasing Cr concentration. The 

highest value was after 2 weeks at 100 µM Cr. It was shown that increasing sulfur 

concentration alleviated the adverse effect of Cr by decreasing lipid peroxidation. 

 The lowest values were obtained at 1.6 mM S with 50 µM Cr and 0.8 mM S with 

100 µM Cr after 6 weeks of treatment. 

 

DISCUSSION 

 

Heavy metals like Zn, Fe, Cu and Mn are essential for plant growth and important 

constituent of many enzymes of metabolic importance. Other metals like Pb, Cd, As, Se 

Al and Cr are biologically non-essential and toxic above certain threshold levels. Cr is 

toxic to plants and does not play any role in plant metabolism (Dixit et al., 2002). 

Accumulation of Cr by plants can reduce growth, induce chlorosis in young leaves, 

reduce pigment content, alter enzymatic function, damage root cells and cause 

ultrastructural modifications of the chloroplast and cell membrane (Panda, 2003; 

Choudhury and Panda, 2004 and Hu et al., 2004). 

 

The results in the present investigation indicated that all level of Cr treatments lead to 

numerically decreased in peroxidase, GSH, ASPX, SOD of the Coriander than the control 

group. Furthermore, the results indicated that 100 µM of Cr treatments lead to 

numerically decreased in catalase of the Coriander than the control group. However, the 

results indicated that all level of Cr treatments lead to numerically increased in lipid 

peroxidation of the Coriander than the control group. These results are in agreement with 

those reported by Maiti et al. (2012) reported that the antioxidative responses of enzymes 

like SOD, guaiacol peroxidase (GPX), and  APX showed significant variation to Cr. 

However, lipid peroxidation and protein oxidation were increased under Cr stress. This 

indicates that Cr-induced oxidative damage in green gram leaves are linked to lipid 

peroxidation. The increase in lipid peroxidation in Cr-treated green gram leaves may be a 

reflection of the decline of antioxidative enzymes. Similar results were earlier obtained in 
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our laboratory with Al and Cr (Karuppanapandian et al., 2000). Verkleij and Schat 

(1990) and Gallengo et al. (1996) reported a similar increase in lipid peroxidation when 

plants were treated with Cr. It has been shown that Cr can react with O2˙
-
 radical to form 

more reactive OH˙ radical. Since lipid peroxidation is generally considered to be induced 

by free radicals, it is possible that the effect of Cr on the oxidative damage in green gram 

leaves is mediated through earlier, especially OH˙ radical. If this suggestion is correct, 

then the promotive effect of Cr on the oxidative damage in green gram leaves should be 

prevented by the addition of free radical scavengers. 

 

Plant tolerance mechanisms require the coordination of complex physiological and 

biochemical processes, including changes in global gene expression (Dalcorso et al., 

2010). Plants employ various strategies to cope with the toxic effects of metals or 

metalloids. Resistance to HM stress can be achieved by “avoidance” when plants are able 

to restrict metal uptake or by “tolerance” when plants survive in the presence of high 

internal metal concentration. Avoidance involves reducing the concentration of metal 

entering the cell by extracellular precipitation, biosorption to cell walls, reduced uptake 

or increased efflux. In a second type of situation, HMs are intracellularly chelated 

through the synthesis of amino acids, organic acids, GSH, or HM-binding ligands such as 

metallothioneins (MTs), phytochelatins (PCs), compartmentation within vacuoles and up 

regulation of the antioxidant defense and glyoxalase systems to counter the deleterious 

effects caused by ROS and MG (Leyval et al., 1997 and Seth et al., 2012). 

 

The antioxidative enzymes tolerant to Cr induced oxidative stress recorded a similar 

response. Peroxidases in plants are commonly referred as monomeric heme containing 

enzymes which are able to catalyze the reactions with phenolic moieties as electron donor 

to reduce H2O2 into H2O. The hyperactivity of peroxidase under Cr contaminated waste 

water in many aquatic plants has been implicated as constant detoxification of H2O2. Our 

results are in conformity with earlier studies on upregulation of antioxidative enzymes 

under heavy metal (Shanker et al., 2005). Peroxidase is attributed to lignifications by the 

cross linking of phenolic residues in the cell wall matrix. This is probably forwarded for 

the rigidity of cell wall or shielding the membrane from peroxidation under the condition 

of metal stress (Bhattacharjee, 2005).  

 

Likewise, ASPX enzyme is displayed with its variable isozymic forms for antioxidation 

processes. In H2O2 most cases, ASPX is responsible for such activities with cytosolic, 

chloroplastic, mitochondrial and other organelle under various metal stresses (Hu et al., 

2004). To be more specific, ASPX is supposed to be less involved in H2O2 detoxification 

rather than the regulation of H2O2 as a signaling molecule (Cuypers et al., 2011). SOD is 

furnished with first line of defense, where O2. - is dismuted in H2O2 and O2. The 

accumulation of O2
. -

 or other free radicals in general could be detoxified by SOD.  

 

Cr, like other heavy metals, is quite efficient to induce SOD to detoxify the effect of O2. -

. However, a discriminatory pattern is also reported in many studies. Those findings are 

coordinated with variation of metal concentrations, duration of exposure, tissue types and 

even the valence of metals (Tanaka et al., 1996). Whatever the cases might be, the 
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elevation of SOD activity in general is a clear indication to detoxify the O2
-
 and, other 

ROS in downstream pathways in different cell organelle under metal stress.  

 A decrease in enzymatic activity may be due to formation of protein complex 

with Cr (III) changing the conformation and solubility of the protein.  

 The results of present study clearly revealed an induction of the antioxidant 

enzymes (Peroxidase, ASPX, Catalase and SOD) upon exposure to different Cr 

concentrations. The increase of POD activity as indicator of heavy metal stress was 

reported by many studies (MacFarlance and Burchett, 2001; Markkola et al. , 2002; 

Baycu et al. , 2006; Wang et al. , 2010). In this work, the changes in antioxidant enzyme 

activities in response to heavy metal stress appeared to be dependent on metal 

concentration. Activities of these enzymes might increase in order to cope with the 

oxidative stress imposed by heavy metals on plants, as was repeatedly found in other 

experiments (Thomas et al. , 1999; Radotic et al. , 2000; Shah et al. , 2001; Iannelli et 

al. , 2002; El-Khatib et al. , 2004; Baycu, et al. , 2006).  
 

As a general response of plants to heavy metal stress, activity of antioxidant enzymes, 

such as PRX, APX, SOD and GR, increase at lower concentrations, whereas their activity 

decrease at higher concentrations. According to (Shanker et al.,2004) the increase in 

antioxidant enzymes observed might have been in direct response to the generation of 

superoxide radical by Cr-induced blockage of the electron transport chain in the 

mitochondria. In addition, the decrease in the activity of the enzymes as the concentration 

of the external Cr increased might be because of the inhibitory effect of Cr ions on the 

enzyme system itself. On the other hand Sen et al.,(1994) reported a decrease in CAT 

activity at higher Cr (VI) concentrations in Salvinia natans L. plants; which is parallel to 

our results. It was also reported by Dhir et al.,(2009) that the activities of APX and GR 

were enhanced under Cr stress except CAT in Salvinia natans L.  

 

The excess production of ROS by Cr (VI) inactivated CAT activity through inactivating 

enzyme-bound heme group, which was reported by Arvind and Prasad (2005) in 

cadmium-induced oxidative stress. Pereira et al. (2008) showed that chromate causes a 

strong decrease of sulfur assimilation flux and of sulfur metabolite pools including GSH. 

It is tempting to consider that this sulfur depletion can be a direct consequence of the 

inhibition of sulfate uptake by chromate. According to literature, three main hypotheses 

have been proposed for chromate toxicity: (1) its reduction to Cr(V)/ Cr(IV) leading to 

Fenton reactions and oxidative damages, (2) the formation of Cr(III)-DNA-L adducts, 

and (3) protein oxidation and aggregation. The three hypotheses are not exclusive. 

 

The addition of methionine relieves chromate toxicity (Pereira et al. ,2008)  Molecular 

characterization of sulfate transport has been reported for different microorganisms. The 

sulfate transport in E. coli and in a cyanobacterium (synechococcus sp) has been shown 

to be composed of five polypeptides: the thiosulfate and the sulfate binding proteins, two 

inner membrane transport proteins and a hydrophilic membrane associated ATP binding 

protein, probably an energy-couphg component (Sirko et al., 1990). In N. rrnssn, two 

sulfate transporters are encoded by two unlinked genes. The Cy14 gene encoding 

permease I1 has been cloned and sequenced. The analysis of the sequence of the Cy-I4 
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gene has shown that sulfate permease I1 is probably a carrier protein with 12 putative 

helical membrane spanning domains (Ketter et al. 1991). The two sulfate permeases 

from A crnssa are expressed at different developmental stages of the fungus and are 

under the control of a complex regulatory system (Marzlcf 1994). In S. crrmisiat', they 

have also found two different sulfate transporters, (Sandai and Marcker 1994). 

 

High levels of Cr were detected in roots of Brassica juncea accumulated more Cr when 

chromate was offered in the absence of sulfate. This suggests inhibition of chromate 

uptake and accumulation by sulfate when both anions are present in the growth medium, 

likely due to competition for the active binding site of the same sulfate transporters. 

Interaction between sulfate and chromate uptake is also supported by the results obtained 

from the sulfate uptake experiment, which showed a markedly diminished ability of 

plants exposed to chromate to take up sulfate from the nutrient solution (Michela et al., 

2008). Concomitant with the reduction in sulfate uptake rates, a significant decrease of 

transcript accumulation for the low-affinity sulfate transporter BjST1 was observed in 

plants grown in the presence of Cr under –S and +S conditions. Therefore, other than the 

probable competition with sulfate for the binding to the same carriers, chromate had an 

additional way to interfere with sulfate absorption (i.e., the inhibition of low affinity 

sulfate transporters transcription). 

 

Earlier studies reported a down regulation of BjST1 associated with the activation of the 

first steps of sulfate reduction and the concomitant enhanced accumulation of thiols in B. 

juncea in response to cadmium stress (Heiss et al., 1999). Similar to these results, in 

Brassica plants exposed to chromate, the observed down regulation of BjST1 was 

concomitant with an induction of three genes encoding components of the sulfate 

assimilation pathway and GSH biosynthesis. The expression of atps6, apsr2, and gsh2 

seemed to be regulated in a coordinated way: all were induced on chromate treatment in –

S and +S plants. Similar coordinated changes in transcript amounts of BjST1, ATP-

sulfurylase, and APS reductase, together with variations in contents of Oacetylserine 

(thiol)lyase and thiols observed in B. juncea plants in response to Cd, were hypothesized 

by Heiss et al. (1999) to represent an essential part of the cellular response in countering 

Cd toxicity. Consequently, the higher sulfate uptake at root level and the enhanced sulfate 

assimilation were thought by the authors to be necessary for providing metal-chelating S 

compounds, such as GSH and phytochelatins (PCs). 

 

A similar explanation could in part be extended to Cr stress. We found the levels of GSH 

considerably increased in plants of Cr-treated S-supplied plants (Heiss et al. 1999) found 

a depression of GSH levels in plants supplied with Cd, which was parallel with the 

increased synthesis of PCs, in our study GSH was accumulated more in Cr-treated plants, 

in agreement with observations by (Sanità di Toppi et al. 2002) in B. oleracea.  

o Therefore, there may be a coordinated regulation of the sulfur assimilation 

enzymes in response to an augmented demand for GSH, as already hypothesized for Cd 

Heiss et al., (1999).  
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Rather than being a substrate for PCs biosynthesis during Cr stress, GSH may play a 

major role in the reduction of Cr(VI) to the less toxic trivalent form. In such a reaction, 

the transfer of three electrons is required, and only few biological compounds in cells 

function as efficient reductant for Cr(VI), including GSH and ascorbate (Kaim and 

Schwedersky, 1994). 
 

The oxidation of GSH by Cr(VI) has been previously reported by McAuley and 

Olatunji (1977). Furthermore, during Cr(VI) to Cr(III) reduction, reactive oxygen 

species can be produced, and in this view the ascorbate/glutathione cycle might represent 

a fundamental mechanism regulating the cellular oxidative balance (Noctor and Foyer, 

1998). 
 

 

CONCLUSION 

 

It could be concluded that Cr increased lipid peroxidation and decreased most 

antioxidants (enzymatic and non-enzymatic). These adverse effects of chromium were 

encountered with increasing sulfur supply in the irrigation solution. Sulfur decreases the 

uptake of chromium in coriander plant. Sulfur also alleviates most harmful effect of 

chromium by enhancement of the antioxidative system (specially GSH content) in the 

coriander plant. 

 

The effect of sulfur was more effective at 50 µM Cr than 100 µM Cr. The two 

concentration of sulfur were both effective. 
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Figure (1) Data of peroxidase of the Coriander Plant, irrigated with 0.0,50 and 100 µM 

Cr with or without application of 3 sulfur concentrations 0.4 mM(control) ,0.8 mM and 

1.6 mM S. Plants were harvested after 2,4 and 6 weeks. Data presented are mean of 5 

replicas ±SE 

 

 

     
 

Figure (2) Data of catalase of the Coriander Plant, irrigated with 0.0,50 and 100 µM Cr 

with or without application of 3 sulfur concentrations 0.4 mM(control) ,0.8 mM and 1.6 

mM S. Plants were harvested after 2,4 and 6 weeks. Data presented are mean of 5 

replicas ±S
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Table (1) Data of GSH of the Coriander Plant, irrigated with 0.0,50 and 100 µM Cr with 

or without application of 3 sulfur concentrations 0.4 mM(control) ,0.8 mM and 1.6 mM 

S. Plants were harvested after 2,4 and 6 weeks. Data presented are mean of 5 replicas 

±SE 
 Plan

t age 
 GSH ug/g fresh weight(mean ±SE) 


 

2
 w

ee
k

s 

 Treatment

s  
 0.0 µM  Cr  50 µM  Cr  100 µM  Cr 

 0.4 mM S   1.46±.006  1.27±.009  1.11±.143 

 0.8 mM S  2.23±.010  2.31±.011  2.29±.013 

 1.6 mM S  2.30±.011  2.38±.014  2.36±.005 

 F ratio  112.4 

 P value  .000 


 

4
 w

ee
k

s 

 0.4 mM S   2.46±.011  1.75±.024  1.04±.005 

 0.8 mM S  2.81±.015  2.39±.025  2.88±.017 

 1.6 mM S  2.97±.046  2.66±.014  2.29±.018 

 F ratio  613.0 

 P value  .000 


 

6
 w

ee
k

s 

 0.4 mM S   2.72±.091  1.84±.004  1.34±.078 

 0.8 mM S  3.46±.053  2.89±.169  1.78±.026 

 1.6 mM S  3.74±.108  2.92±.694  2.62±.057 

 F ratio  5.7 

 P value  .001 
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Figure (3) Data of Ascorbic acid of the Coriander Plant, irrigated with 0.0,50 and 100 µM 

Cr with or without application of 3 sulfur concentrations 0.4 mM(control) ,0.8 mM and 

1.6 mM S. Plants were harvested after 2,4 and 6 weeks. Data presented are mean of 5 

replicas ±SE 

 

 
 

Figure (4) Data of SOD of the Plant, irrigated with 0.0,50 and 100 µM Cr with or without 

application of 3 sulfur concentrations 0.4 mM(control) ,0.8 mM and 1.6 mM S. Plants 

were harvested after 2,4 and 6 weeks. Data presented are mean of 5 replicas ±SE 

 

 
 

Figure (5) Data of ASPX of the Coriander Plant, irrigated with 0.0,50 and 100 µM Cr 

with or without application of 3 sulfur concentrations 0.4 mM(control) ,0.8 mM and 1.6 

mM S. Plants were harvested after 2,4 and 6 weeks. Data presented are mean of 5 

replicas ±SE 
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Table (2) Data of lipid peroxidation of the Coriander Plant, irrigated with 0.0,50 and 100 

µM Cr with or without application of 3 sulfur concentrations 0.4 mM(control) ,0.8 mM 

and 1.6 mM S. Plants were harvested after 2,4 and 6 weeks. Data presented are mean of 5 

replicas ±S 

 
 Plan

t age 
 Lipid peroxidation (unit mole/g fresh wt) (mean ±SE) 

 
2

 w
ee

k
s 

 Treatment

s  
 0.0 µM  Cr  50 µM  Cr  100 µM  Cr 

 0.4 mM S   3.20±.098  6.30±.110  14.55±.037 

 0.8 mM S  5.17±.057  6.05±.043  6.15±.064 

 1.6 mM S  4.85±.021  6.37±.022  7.70±.037 

 F ratio  1770.4 

 P value  .000 

 
4

 w
ee

k
s 

 0.4 mM S   3.11±.021  5.88±.056  6.89±.021 

 0.8 mM S  5.02±.021  5.40±.037  5.75±.064 

 1.6 mM S  4.79±.074  7.35±.140  6.87±.037 

 F ratio  265.7 

 P value  .000 

 
6

 w
ee

k
s 

 0.4 mM S   3.18±.082  4.40±.043  5.93±.056 

 0.8 mM S  5.28±.077  5.94±.077  4.25±.056 

 1.6 mM S  4.38±.056  4.12±.043  4.55±.064 

 F ratio  117.0 

 P value  .000 
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Table (2) Data of lipid peroxidation of the Coriander Plant, irrigated with 0.0,50 and 100 

µM Cr with or without application of 3 sulfur concentrations 0.4 mM(control) ,0.8 mM 

and 1.6 mM S. Plants were harvested after 2,4 and 6 weeks. Data presented are mean of 5 

replicas ±SE 

 

 Pla

nt age 
 Lipid peroxidation (unit mole/g fresh wt) (mean ±SE) 


 

2
 w

ee
k
s 

 Treatmen

ts  

 0.0 µM  

Cr 

 50 µM  

Cr 

 100 µM  

Cr 

 0.4 mM 

S  

 3.20±.09

8 

 6.30±.11

0 

 14.55±.0

37 

 0.8 mM 

S 

 5.17±.05

7 

 6.05±.04

3 

 6.15±.06

4 

 1.6 mM 

S 

 4.85±.02

1 

 6.37±.02

2 

 7.70±.03

7 

 F ratio  1770.4 

 P value  .000 


 

4
 w

ee
k
s  0.4 mM 

S  

 3.11±.02

1 

 5.88±.05

6 

 6.89±.02

1 

 0.8 mM 

S 

 5.02±.02

1 

 5.40±.03

7 

 5.75±.06

4 

 1.6 mM 

S 

 4.79±.07

4 

 7.35±.14

0 

 6.87±.03

7 

 F ratio  265.7 

 P value  .000 


 

6
 w

ee
k
s  0.4 mM 

S  

 3.18±.08

2 

 4.40±.04

3 

 5.93±.05

6 

 0.8 mM 

S 

 5.28±.07

7 

 5.94±.07

7 

 4.25±.05

6 

 1.6 mM 

S 

 4.38±.05

6 

 4.12±.04

3 

 4.55±.06

4 

 F ratio  117.0 

 P value  .000 
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