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In order to determine the toxic effect of chromium Cr(VI) on the seed germination, the root and shoot 
length, the root-cotyledonary leaves, the fresh and dry weight in eight-day-old seedlings Brassica olera-
cea L. var. acephala DC (kale) were treated with various concentrations of Cr in the growth medium. The 
accumulation of chromium in the tissues was determined in the cotyledons and the roots of the kale 
seedlings. High rate of Cr uptake was observed in the roots. But the organs could not accumulate large 
amount Cr. The effect of Cr on B. oleracea var. acephala was evaluated by changes in chlorophyll a, b, 
lipid peroxidation, proline, ascorbate, protein carbonyl groups, non-protein thiols and peroxidase activity. 
There were significant decreases in chlorophylls a, b content of the plants treated with Cr. Chromium 
treated kale seedlings had higher lipid peroxidation and the protein carbonyl groups in cotyledonary 
leaves than the roots. The changes refer to toxic effects of Cr. There were increases in the non-protein 
thiol, the total ascorbate, and proline content in the cotyledons and the roots of the seedlings grown on 
the media containing 0.1 and 0.15 mM Cr. The guaiacol peroxidase activity was higher in the roots of the 
seedlings than their cotyledons.

Keywords: Brassica oleracea var. acephala – chlorophyll – chromium – guaiacol peroxidase activity – 
malondialdehyde (MDA) – proline

INTRODUCTION

Heavy metals are basically environmental concern due to the fact that they are harm-
ful to nearly all living things even in trace amounts. They can be accumulated in 
plants grown in agricultural lands contaminated with metals. Due to its widespread 
industrial use, chromium has become a serious pollutant of environment. It is relased 
to the environment from industrial activities such as electroplating, production of 
paints, pigments, and tanning [40]. Chromium, in contrast to other toxic trace metals 
like cadmium, lead, mercury and aluminum, has received little attention from plant 
scientists. Its complex electronic chemistry has been a major topic in unraveling its 
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toxicity mechanism in plants. The impact of Cr contamination in the physiology of 
plants depends on the metal speciation, which is responsible for its mobilization, 
subsequent uptake and resultant toxicity in the plant system. Chromium toxicity in 
plants is observed at multiple levels, from reduced crop yield, through effects on leaf 
and root growth, to inhibition on enzymatic activities and mutagenesis [6]. Metals 
may directly or indirectly interfere with the metabolic activities by altering the  
conformation of proteins for example enzymes, proteins and carboxylic groups  
[11, 26].

Trivalent and hexavalent Cr are the major stable chemical forms of chromium. 
Cr(VI) is the most hazardous because of its mutagenic and carcinogenic properties 
[18]. It occurs in soil as chromic (Cr3+) or (Cr6+) ions. Cr(VI) has been found to be 
more toxic than Cr(III). It remains stable for several months in the soil without chang-
ing its oxidation state [26]. The toxic property of chromium arised from the behavior 
of this form itself as an oxidizing agent, as well as from the formation of free radicals 
during the reduction of Cr(VI) to Cr(III). 

Firstly, Cr affects the stage of seed germination. The ability of seed to germinate 
in a medium containing Cr would be indicative of its level of tolerance to it [4, 10, 
28, 32]. High concentrations of Cr(VI) reduce the seed germination, the elongation of 
shoot and roots significantly [4, 10].

Chromium stress is one of the most important factors affecting photosynthesis. At 
high concentration of Cr, photosynthesis decrease drastically [38, 39]. Chromium ion 
induces the inactivation of mitochondrial electron transport. It also causes superoxide 
generation in the higher plants [32]. High concentrations of reactive oxygen species 
(ROS) such as singlet oxygen, hydroxyl radicals and hydrogen peroxide at cellular 
level causes oxidative stress; and this explain most of the Cr toxicity symptoms [26, 
35]. Oxidative stress is known to cause the generation of reactive aldehydes as prod-
ucts of lipid peroxidation and oxidative protein modification characterized by the 
production of carbonyl groups in the molecule. The presence of these reactive groups 
has been considered as a good index of the oxidative stress resulted from the oxida-
tive protein modification characterized by the production of carbonyl groups in the 
molecules [42]. Phytotoxicity of Cr(VI) has been studied in many plants; some of the 
symptoms have been reported to be observed such as chlorosis in young leaves, 
reduction of seed germination and plant growth [31, 38, 39], variations of enzymati-
cal (SOD, CAT, POX), non-enzymatical antioxidants (non-protein SH, ascorbate and 
glutathione) and soluble proteins [22, 29, 34], induction of malondialdehyde forma-
tion [32] and root injury [29].

Black cabbage, kale (Brassica oleraceae L. var. acephala DC.) are the major cab-
bages consumed in Black Sea Region of Turkey. Leaves of kale are used as edible 
vegetables. The aims of this study have been to search the effects of Cr(VI) on the 
levels of protein, non-protein thiol, ascorbate and the protein carbonyl groups and the 
activity of POX in the roots and the leaves of B. oleracea var. acephala; and to deter-
mine the tolerance level of this species to Cr toxicity.
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MATERIALS AND METHODS

Plant material, growth conditions and treatments

The seedlings of Brassica oleracea L. var. acephala DC (kale) were grown on Heller 
medium [13]. The growth medium was supplemented with 10% Fe-EDTA (Ferric 
Ethylenediamine tetraacetic acid), 10% sucrose and 0.7% agar with 0.00 (control), 
0.01, 0.1, 0.15, 0.25, 0.5 and 1 mM Cr (Potassium dichromate- K2Cr2O7). Because 
the seedlings did not grow in the presence of Cr concentrations higher than 0.15 mM, 
the biochemical and physiological parameters of the seedlings were determined at 
0.00, 0.01, 0.1 and 0.15 mM Cr concentrations.

Determination of seed germination, plant growth and Cr content

The seeds of kale (Brassica oleracea L. var. acephala) were sterilized in a 1.5% 
NaOCl (sodium hypochloride) and 0.25% Tween-20 for 15 min and then rinsed three 
times with sterile water. Fifteen sterilized seeds were placed in a glass jar containing 
Heller medium [13]. The seeds had been allowed to germinate at 25 ± 2 °C in the dark 
for three days in a growth chamber. When the radicles were visible then they were 
scored as germinated. The germination experiments were repeated three times.

The order to determine of the physiological and biochemical parameters, the seeds 
were sown on Heller medium and incubated at 25 ± 2 °C in the dark for one day. Then 
the glass jars containing the seeds were transferred into a growth chamber with a 
photoperiod of 12 h light, 12 h dark at 25 ± 2 °C, 150 μmol m2 s1 photosynthetically 
active radiation (PAR). After eight days, the seedlings were harvested. Gently shaken, 
the roots of each seedling were washed in the distillated water. The roots and leaves 
were separated, weighed and stored at –80 °C in a deep freeze for analyses.

The roots and cotyledonary leaves samples of forty-five plants were separated and 
fresh weights and lengths were determined. The roots were washed in the 0.1 mM 
EDTA solution to eliminate Cr on the root surface and then rinsed with distilled water 
for three times. Then the samples were dried in an oven at 80 °C 48 h and their dry 
weights were determined. The dried plant tissues (roots and cotyledonary leaves) of 
treated Cr and the control were digested in HNO3 : HClO4 (5 : 2 v/v) mixture at 80 °C. 
Cr contents of them were determined using UNICAM 929 model Atomic Absorbtion 
Spectrometer (UNICAM UK) [1].

Determination of biochemical parameters

The proline content

The proline contents of the leaf and roots of the sample seedlings were determined 
according to the method of Claussen [7]. The absorbance of the mixture at 546 nm 
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were obtained with a spectrophotometer. The proline concentration was determined 
from a calibration curve obtained with proline and calculated as a fresh weight basis 
(μmol proline (g FW)–1).

The determination of chlorophyll content

Chlorophyll content in cotyledonary leaves treated with Cr and control plants were 
extracted in 80% acetone and estimated by the method described at Arnon [2].

Measurement of lipid peroxidation

The level of lipid peroxidation was measured in terms of malondialdehyde (MDA) 
content by thiobarbituric acid (TBA) reaction. Malondialdehyde content in roots and 
leaves (both, 500 mg each) was measured according to the method of Heath and 
Packer [12]. MDAconcentration was calculated by using an extinction coefficient of 
155 mM–1 cm–1 at 532 nm.

Measurement of peroxidase activity

The roots and cotyledonary leaf samples (0.4 g) were placed into liquid nitrogen and 
then homogenized in 4 mL 50 mM K-phosphate buffer (pH 7.0) containing 1 mM 
ethylene diamine tetraacetic acid (EDTA) and 0.1% (w/v) insoluble polyvinyl 
polypyrrolidone (PVPP), by using glass powder and prechilled a mortar and a pestle. 
The homogenate was centrifuged at 15,000 g for 20 min at +4 °C. The supernatant 
was used for the assay of guaiacol peroxidase. 

Guaiacol peroxidase (EC 1.11.1.7) was measured by following the change of 
absorption at 470 nm due to guaiacol oxidation (extinction coefficent 25.5 mM–1 
cm–1). The activity was assayed for 1 min in a reaction solution (3 mL). Enzyme 
specific activity is expressed as μmol of H2O2 reduced min–1 mg–1 protein [24].

The estimation of total protein content

The total protein contents in the roots and cotyledonary leaves were measured by the 
method of Lowry et al. [17] using bovine serum albumin as the standard protein.

Non-protein thiols and ascorbic acid measurement

Soluble non-protein SH groups and total ascorbic acid content in leaves and roots 
(500 mg) were measured as described in Cakmak and Marsehner [5]. 
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Ascorbate assay used in this study is based on the reduction of Fe3+ to Fe2+ by 
ascorbate in an acidic solution [19]. The Fe2+ forms complexes with bipyridyl, pro-
ducing a pink colour that exhibit a maximum absorbance at 525 nm. Total ascorbate 
was measured after reduction of oxidized ascorbate to reduced ascorbate with dithio-
threitol (DTT). The excess DTT was removed by N-ethylmaleimide and the total 
ascorbic acid was determined. Dehydroascorbate concentrations were estimated from 
the difference of total ascorbate and reduced ascorbate concentration. A calibration 
curve in the range 0–100 μmol–1 ml–1 ascorbic acid was used.

The soluble non-protein thiols contents of the samples were measured with 
Ellman’s reagent [8]. The level of non-protein SH groups was calculated using 
ε = 13,600 mM–1 cm–1 for the reaction product 2-nitro-5-benzoic acid. 

Protein carbonylation assay

Protein carbonylation was assayed according to Reznick and Packer [27] by using 
2,4-dinitrophenylhydrazine (DNPH) with some modifications. Two grams of sample 
(leaf or root) were homogenized with 5 ml of 0.05 M HEPES-KOH buffer (pH 7.2), 
containing 10 mM EDTA, 2 mM phenylmethane sulfonyl fluoride (PMSF), 0.1 mM 
ρ-chloromercuribenzoic acid, 0.1 mM DL-norleucine and 100 mg polyvinylpolypyr-
rolidone (PVPP). The samples containing at least 0.5 mg protein were incubated with 
1% (w/v) streptomycin sulphate for 20 min to remove the nucleic acids. After remov-
al of nucleic acids, proteins were precipitated with 10% (w/v) trichloroacetic acid and 
resuspended in 10 mM DNPH (in 2N HCI). After 1 h incubating at room temperature, 
the pellets were washed with ethanol/ethyl acetate 1 : 1 (v/v) three times. The pellets 
were finally dissolved in 6 M guanidine hydrochloride in 20 mM potassiumphosphate 
buffer (pH 2.3) and the absorption at 370 nm was measured with a spectrophotometer. 
The carbonyl content of the samples was calculated using a molar absorption coeffi-
cient for aliphatic hydrozones of 22,000 M–1 cm–1. The carbonyl groups were 
expressed as nmol–1 mg–1 protein.

The centrifugation processes were carried out with a Kubota 5500 model (Kubota 
Corporation TOKYO) centrifuge.

The spectrophotometric measurements were made with T70 model UV/VIS spec-
trometer (PG Instruments Ltd. UK).

Statistical analysis

The data of seed germination, the root and leaves lengths, dry and fresh weights of 
kale seedlings were based on three independent experiments (the average values of 
forty-five plants). The results of the biochemical parameters were based on at least 
eight replicates from two independent experiments. The data obtained by the methods 
described above were subjected to one-way analysis of variance (ANOVA). Levene 
test was used to determine the homogeneity of data. The differences between groups 
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were determined with the Tukey’s HSD test. These analyses were performed using 
the program SPSS 15.0. Asteriks were used to identify the levels of significance in 
the difference between the control and the treatments: *p < 0.05, **p < 0.01 and 
***p < 0.001.

RESULTS

The effects of Cr on the germination of the seeds of kale were given in Figure 1. At 
the chromium concentrations between 0–0.1 mM seed germination did not signifi-
cantly decrease. However the germination of seeds were reduced considerably at the 
higher Cr concentrations (0.15, 0.25, 0.5, 1 mM). It was observed that the Cr contents 
in the roots and leaves were increased dramatically depending on the increase in the 
Cr concentration of the growth medium. It was determined that Cr accumulated in the 
roots 9–10 times more than the cotyledonary leaves (Table 1).

The effect of Cr on the root and shoot length, the fresh and dry weight of the coty-
ledonary leaf and root are given in Table 2. The roots and seedlings growth were 
completely inhibited in 0.25, 0.5 and 1 mM Cr. For this reason, the lengths, the bio-
mass and the biochemical parameters were not determined at these concentrations. 
The root and shoot lengths, the fresh and dried weights were decreased with the 
increasing Cr concentrations of growth medium. It was observed that the root lengths 
of the seedlings were significantly decreased at 0.01 mM and 0.15 mM Cr in com-
parison with control. The shoot lengths of the seedlings were significantly decreased 
at 0.15 mM Cr. The roots and cotyledon fresh and dried weights were significantly 
decreased at 0.1 and 0.15 mM Cr.

The chlorophyll a and b contents were severely affected by the chromium treat-
ment (Table 1). Chl contents were higher in the control plants and it was decreased 
gradually with increasing Cr.

Table 1
The effect of chromium (0.00, 0.01, 0.1, 0.15 mM) on chlorophyll content (chl a, b) and 

bioaccumulation of Cr in roots and cotyledonary leaves of B. oleracea var. acephala

Cr (mM) Chl a
(mg g–1 FW)

Chl b
(mg g–1 FW)

Root Cr content
(μg g–1 DW)

Cotyledonary leaf Cr 
content (μg g–1 DW)

0.00 1.14±0.006 0.49±0.007 0.00±0.00 0.00±0.00

0.01 0.95±0.005*** 0.42±0.008*** 0.055±0.003 0.00±0.00

0.10 0.94±0.005*** 0.45±0.009* 5.30±0.94* 0.37±0.05*

0.15 0.75±0.010*** 0.36±0.037*** 11.25±1.50* 1.42±0.19*

* p < 0.05, ** p < 0.01, *** p < 0.001. (± Standard deviation)
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Table 2
Effect of chromium (0.01, 0.1, 0.15 mM) on shoot and root elongation and fresh and dry weight of 

cotyledonary leaves and root of B. oleracea var. acephala

Cr (mM) Shoot length 
(cm)

Root length 
(cm)

Cotyledonary 
leaf FW (mg) Root FW (mg)

Cotyledonary 
leaf DW 

(mg)

Root DW 
(mg)

0.00 3.07±0.8 5.12±0.9 49.06±7.8 33.0±5.1 3.5±0.7 2.06±0.26

0.01 3.39±1.0 5.35±1.2 44.02± 8.1* 30.0±7.5 3.2±0.6 1.93±0.23

0.10 2.71±0.7 4.44±1.2* 21.53±7.7*** 10.2±2.7*** 2.8±0.3*** 1.36±1.09***

0.15 1.77±0.5*** 2.015±0.9*** 15.88±6.8*** 5.2±2.1*** 2.9±0.1*** 0.77±0.23***

* p < 0.05, ** p < 0.01, *** p < 0.001. (± Standard deviation)

Fig. 1. Germination of seeds of B. oleracea var. oleracea 3d after Cr treatment. Asteriks were used to 
identify the levels of significance in the difference between control and treatments: * P < 0.05; ** P < 0.01; 

*** P < 0.001. Vertical bars indicate ±SE

Fig. 2. The content of MDA in roots and cotyledonary leaves of B. oleracea var. oleracea. Asteriks were 
used to identify the levels of significance in the difference between control and treatments: * P < 0.05; 

** P < 0.01; *** P < 0.001. Vertical bars indicate ± SE
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Fig. 3. The content of carbonyl groups in roots and cotyledonary leaves of B. oleracea var. oleracea. 
Asteriks were used to identify the levels of significance in the difference between control and treatments: 

** P < 0.01; *** P < 0.001. Vertical bars indicate ± SE

Fig. 4. The content of proline in roots and cotyledonary leaves of B. oleracea var. oleracea. Asteriks were 
used to identify the levels of significance in the difference between control and treatments: ** P < 0.01; 

*** P < 0.001. Vertical bars indicate ± SE

Fig. 5. The content of non-protein thiols in roots and cotyledonary leaves of B. oleracea var. oleracea. 
Asteriks were used to identify the levels of significance in the difference between control and treatments: 

*** P < 0.001. Vertical bars indicate ± SE
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Lipid peroxidation was measured as malondialdehyde (product of lipid peroxida-
tion) to confirm oxidative damage. Levels of malondialdehyde (MDA) are shown in 
Figure 2.

Lipid peroxidation was significantly increased at all Cr concentrations in cotyle-
donary leaves. However, in the roots it was increased at only 0.15 mM Cr. In both 
parts of the plants, the MDA contents were found positively correlated with the 
increase of Cr in the growth medium. All Cr concentrations caused a significant 
increase in the amount of carbonyl groups of the roots and leaves (Fig. 3). Both MDA 
content and the carbonyl groups were higher in the leaf samples than the roots. 
Similarly, the proline contents of the leaf samples were higher than those of the roots. 
The proline contents were increased at all Cr concentrations in the leaves signifi-
cantly. However, in the roots, the proline contents were significantly increased at 0.1 

Fig. 6. The content of AsA, DAsA and total ascorbate (AsA + DAsA) in cotyledonary leaves of B. olera-
cea var. oleracea. Asteriks were used to identify the levels of significance in the difference between total 

ascorbate contents of control and treatments: *** P < 0.001. Vertical bars indicate ± SE

Fig. 7. The content of AsA, DAsA and total ascorbate (AsA + DAsA) in roots of B. oleracea var. olera-
cea. Asteriks were used to identify the levels of significance in the difference between total ascorbate 

contents of control and treatments: *** P < 0.001. Vertical bars indicate ± SE
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and 0.15 mM Cr (Fig. 4). Non-protein thiol contents of the samples were proportion-
ally increased in both roots and leaves (Fig. 5). Total ascorbate content were increased 
in both leaves and roots at 0.1 and 0.15 mM significantly (Figs 6, 7 respectively). 
DAsA was calculated in terms of the difference between the total and the reduced 
ascorbate. The increase of the contents of DAsA and the reduced ascorbate (AsA) at 
0.1 and 0.15 mM Cr were statistically significant. The GPX activity, the analysis of 
guaiacol peroxidase activity which was based on the oxidation of guaiacol using 
hydrogen peroxide, were significantly increased at 0.1 and 0.15 mM Cr in leaves. In 
contrast, there is no statistically significant difference in the GPX activity of roots 
(Fig. 8).

DISCUSSION

The results of this study indicate that the Cr concentrations in the growth medium 
higher than 0.15 mM completely inhibited growth of the kale seedlings. The seed 
germination was decreased at higher concentrations than 0.1 mM Cr in the medium, 
however, it was not completely inhibited at these Cr concentrations. It was found that 
Cr-sensitivity at the germination stage of the kale seeds was very low. This resistance 
could be resulted from the protective role of seed coat at early germination stage. In 
general, the results are consistent with the previous reports regarding the effect of this 
metal [23, 28]. Chromium accumulation was higher in the roots than cotyledonary 
leaves in all Cr treatments. It accumulated in roots ten times more than it did in 
leaves. Rai et al. [26] reported that lower accumulation of chromium in leaves than 
roots was probable due to reduction of Cr(VI) to Cr(III). Most have recognized stand-
ard criteria based on metal concentrations in above-ground tissues per dry biomass of 
plant material sampled from the natural habitat [43]. According to the results from the 

Fig. 8. Effect of various Cr concentrations on activity of GPX in roots and leaves of B. oleracea var. 
oleracea. Vertical bars indicate ± SE. Asterisks indicate that mean values are significantly different 

between treatments and control *** P < 0.001
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present investigation, B. oleracea var. aephala cannot be considered an accumulator, 
because the plant accumulates Cr in roots and leaves but could not accumulate large 
amounts of Cr.

In 0.1 and 0.15 mM Cr, the roots and seedling lengths, the fresh and dried weights 
of the roots and cotyledonary leaves of kale were severely decreased. Chromium 
accumulation was lower in the cotyledonary leaves than the roots. But the toxic 
effects of Cr on the biomass and other parameters (lipid peroxidation, protein oxida-
tion) of leaves were more pronounced than in roots. This result indicates that cotyle-
donary leaves are more sensitive than the roots to Cr toxicity. Also, in previous 
researches, the concentrations of chromium higher than 0.1 mM were accompanied 
by different toxic effects in the shoots and the roots [6, 26]. Chromium treatments 
reduced the contents of chlorophylls a and b in kale seedlings. Similar observations 
on the decrease in chlorophyll contents in Pistia stratiotes [9] and Datura innoxia 
[41] were obtained previously. This might be attributed to Cr toxicity on the synthesis 
of photosynthetic pigments. Also, Vajpayee et al. [39] have reported that δ-amino-
laevulinic acid dehydratase activity in Cr-treated plants was reduced.

At the cellular level, lipid peroxidation and protein oxidation are the most signifi-
cant damages caused by ROS. The MDA (product of lipid peroxidation) level is 
regarded as a biochemical marker for injury mediated by ROS [20, 35]. In the roots 
and leaves of kale, the lipid peroxidation rate was significantly increased with 
increasing of Cr concentration in the medium. Our finding supported the results of 
Pandey et al. [22], Sinha et al. [34]. Reactive oxygen species can also catalyze oxida-
tive modification of proteins. The increase of carbonyl groups is taken as evidence of 
oxidative damage in proteins [14]. Basal levels of carbonyl groups are detected in 
plants, as by products of normal physiological processes [20, 36]. However, increas-
es in carbonyl groups contents were observed in several research related to various 
oxidative stress conditions such as heavy metal induced stress, senescence [40]. 

Plant cells are protected against ROS by their antioxidant defence systems, com-
prising both enzymatic systems such as superoxide dismutase (SOD), peroxidases 
(POX) and non-enzymatic systems, such as ascorbate and non-protein thiols. 
Peroxidases are known to play a significant role under oxidative stress conditions and 
it has been shown that peroxidase activity can be used as a potential biomarker for 
sublethal metal toxicity in plants [22, 40]. The GPX activity was found to increase in 
leaves of kale significantly by Cr accumulation. GPX activity increased in the leaves 
of Amaranthus viridis [16] and in water lettuce and soybean [9] exposed to Cr(VI). 
Since peroxidase activity is related to ROS formation, toxic heavy metals may cause 
stimulation in activity of peroxidase [9, 21, 25]. Among the various enzymes, GPX 
has importance in the elimination of H2O2. In the present study GPX activity was 
found to be affected severely by Cr treatment. The increase in GPX activity might be 
due to a direct effect of Cr-induced ROS on the enzyme protein.

Cellular antioxidants and metabolites (thiols, ascorbate, proline etc.) may also play 
an important role in neutralizing the toxicity of ROS. In this study, non-protein thiol, 
the total ascorbate (ascorbate and dehydroascorbate) and the proline levels were 
found to be increased. Antioxidant agents such as ascorbate, non-protein thiol, caro-
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tenoids and some enzymes may play an important protective role against toxic attack 
of heavy metals. 

In this study, the reduced/increased levels of antioxidants were observed in Cr- 
treated kale. The accumulation of proline in many plants was induced by heavy met-
als. In some researches, it was reported that the accumulation capacity of free proline 
was a legend of the self protection ability of plants [30]. Furthermore proline has been 
reported to scavenge free radicals [37]. The contents of proline of roots and leaves of 
kale were increased with increasing Cr concentration. This result shows that the 
detoxification mechanisms were performed activately in response to Cr toxicity in 
kale.

Non-protein thiols, which contain a high percentage of cysteine sulfhydryl residues 
play an important role in heavy metal detoxification process in plants. The content of 
SH groups increased gradually with increasing Cr concentration in Brassica pekinen-
sis and B. chinensis [33]. These results are consistent with our results.

Ascorbate (AsA) is an ubiquitous soluble antioxidant in photosynthetic organisms, 
and the most important reducing substrate for H2O2 detoxification and plays and 
important role in detoxification of toxic metal ions together with other antioxidants 
like non-protein thiols, cysteine and proline [14]. Furthermore ascorbate plays an 
important role in α tocopherol regeneration, which has been reported to act as the 
primary antioxidant [15]. In the roots and leaves of kale, DAsA and total AsA levels 
were increased at 0.1 and 0.15 mM Cr concentrations in the medium significantly. 
These findings support the results of previous researches [3, 32, 34]. 

It may be concluded from our study that kale could respond against harmful effects 
of chromium by changing its physiological and biochemical reactions (fresh and 
dried weights, chlorophyll content, enzymatic and non-enzymatic antioxidant activi-
ties) and accumulate high amount of chromium in the roots comparison to the con-
centrations accumulated in the cotyledonary leaves. The results of this research 
revealed that B. oleracea var. acephala could not tolerate or accumulate Cr. 
Furthermore it may be suggested that the cotyledonary leaves could be more sensitive 
than the roots responding to Cr toxicity. Oxidative stress induced by chromium is 
demonstrated by activating the antioxidative defence system included of GPX, ascor-
bate, non-protein thiols and proline.
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