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ABSTRACT

The aim of the study was to investigate responses of Nasturtium officinale R.Br. (watercress)
under heavy metal stress. RAPD-PCR was used to determine the banding pattern variation in the
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samples influenced by different doses of heavy metals (HMs). After treatment with HMs, catalase

(CAT), superoxide dismutase (SOD), and the level of malondialdehyde (MDA) of samples have
been determined. The maximum enzyme activities were observed at different exposure condi-
tions. The level of MDA increased with increasing heavy metal concentration. Changes in RAPD
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profiles of heavy metal treated samples compared with control. Our results showed that exposed
samples with Cr gave the minimum number of new fragments compared with control. These
results suggest that increase in anti-oxidative enzyme activity may play important roles in allevi-

ating the toxicity of Cr, Cu, and Cd in N. officinale.

1. Introduction

Heavy metals (HMs) are one of the most important
genotoxic environmental pollutants that cause serious
threat to both human and environment. They can
cause hazardous effects on plants by varying the
major plant physiological and metabolic processes
(DalCorso et al. 2008). HMs like lead (Pb), cadmium
(Cd), chromium (Cr), and copper (Cu) may inhibit spe-
cific essential physiological activities (Censi et al. 2006).
Cd has high toxicity on plants, animals, and humans. It
can cause various phytotoxic symptoms that include
chlorosis, growth inhibition, and accelerated senes-
cence in plants (Mishra et al. 2006). Cr is one of the
most abundant and important environmental contam-
inant released into the atmosphere because of its
great industrial use (Nriagu and Nieboer 1988). This
metal causes vigorous damages in plants and animals.
Phytotoxic effects of Cr occurs inhibition of seed ger-
mination, pigment degradation, antioxidant enzymes,
and induction of oxidative stress in plants.

Copper works as cofactor and activators of enzym-
atic reactions like Zn. Some HMs at certain concentra-
tions are critically important in the functional activities
of proteins that are important in grown and develop-
ment of living organisms. However, at extreme con-
centrations, these ions can become destructive to
living things with the inclusion of plants.

General result of HM toxicity is extreme production
and accumulation of reactive oxygen species (ROS)
that disrupt the cellular redox environment causing
oxidative stress (Erdei et al. 2002). The damage that
caused by heavy metal toxicity varies with plant spe-
cies, metal type, concentration, and chemical form.

Antioxidant defense systems protect the living
things from oxidative stress that caused by metals
(Basha and Rani 2003). This system mainly contains
antioxidative enzymes such as superoxide dismutase
(SOD), catalase (CAT), glutathione peroxidase (GPx),
and nonenzymatic antioxidant compounds such as
glutathione (GSH). SOD and CAT remove peroxides
and superoxide radicals; SOD converts superoxide
anion radical to hydrogen peroxide, CAT reduces
hydrogen peroxide to water (Goswami and Das 2016).

Toxicants negatively affect the human health with a
direct and indirect action. While the target of direct
action is germ and somatic cells, indirect action cause
physiological and ecological effects (Koh et al. 1997).
The genetic effects of toxic compounds at the DNA
level are called mutagenic effects. Germ cell mutations
may change the genetic constitution of a population
(Staton et al. 2001) at the same time, may decrease
the viability of gametes, embryos and also affect the
population genetic structure (Hebert and Luiker 1996).
Despite that, somatic mutations are not effecting next
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generation, except in asexual or clonal organisms. But
may give rise to cell death and malignant transform-
ation of normal cell (Bickham et al. 2000).

Determining of population genetic effects of toxi-
cant exposure, recently selective and sensitive assays
developed in ecogenotoxicology. One of these DNA
based techniques is random amplified polymorphic
DNA (RAPD) and can be used effectively to determine
the DNA fingerprints from individual exposed and/or
non-exposed to genotoxic agents (Savva 1998).

This technique is used generally for detecting spe-
cies classification, genetic mapping, and phylogeny,
but, ecotoxicological studies showed that, if RAPD con-
ditions standardized strictly, this technique can be
used effectively to determine toxicological population
genetic effects. At the same time, this technique is
relatively inexpensive and can give information large
number of loci without sequence data for primer
design (De Wolf et al. 2004).

RAPD may potentially uses as a biomarker assay for
detection of DNA damages like rearrangements, point
mutation, small insert, or deletions of DNA in bacteria,
plants, invertebrate, and vertebrate animal cells (Savva
1998, Atienzar et al. 2000). Also, this technique has
proposed as a very reliable, sensitive, and simple
method for genotoxicity studies (Kumar et al. 2015).

DNA banding patterns are showed after agarose gel
electrophoresis by ethidium bromide staining, and
missing bands or appearance of new bands can be
detected by the comparison of profiles generated
from control and treated DNA.

Watercress (Nasturtium officinale), an edible aquatic
herb belonging to the Brassicaceae (cabbage) family, is a
“luxury feeder” that can grow rapidly and take up nitro-
gen in excess of its growth requirements NIWA (2008).
This plant can use phytoremediation of some pollutants
from ecosystem. The properties of N. officinale that entail
metal accumulation were extensively studied in the
past. However, even then the available knowledge
regarding the Cu, Cd, and Cr effects on DNA damage of
watercress exposed to these HMs is not sufficient.

The aim of this study was to detect the DNA dam-
age induced by Cd, Cu, and Cr by using RAPD-PCR
technique in watercress and to determine changes in
the antioxidant enzyme activity including SOD and
CAT the level of malondialdehyde (MDA) after treat-
ments in laboratory conditions.

2. Materials and methods

2.1. Plant material, cultivation, and heavy metal
estimation

Fresh samples of Nasturtium officinale R.Br. were
obtained from ponds in Kayseri, Turkey. Plants were
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grown in a growth chamber at 25+1°C during 16/8
light/dark cycle with 350 umol m? s~ of irradiance by
cold fluorescent lamps. The plants were growth in
Hoagland nutrient solution, and the solution was
renewed every four days. In this study, cadmium
nitrate was used for treatments and were exposed to
various concentrations of cadmium nitrate: 0, 2, 5, 10,
15, and 20 ppb. Plants were exposed to various con-
centrations of CuCl,-2H,0: 200, 500, 1000, 2500 ppb
and K,Cr,07: 1, 3, 10, 25, and 50 ppb. The solution pH
was maintained to 5.8+0.1 by titration with NaOH or
HCl solutions (0.1 M) when required. On the seventh
day, heavy metal treated plants were harvested from
containers. The plants were rinsed twice with distilled
water and subsequently, biochemical parameters were
determined. Dried samples of plant were digested
with 10 ml of concentrated HNOs, using a CEM micro-
wave digestion system. After digestion, the volume of
each sample was adjusted to 25ml using double
deionized water (Demirezen 2007). Determination of
the cadmium, chromium and copper concentrations in
all samples was carried out by inductively coupled
plasma optical emission spectrometry (Varian). The
samples were analyzed in triplicate.

2.2. Estimation of lipid peroxidation (MDA)

Lipid peroxidation level was estimated according to
the method of Razinger et al. (2008) with modifications
(weight of used tissue, time etc.). Fresh tissues (0.5 Q)
were homogenized in 3 ml of 0.3 M trichloroacetic acid
(TCA) and centrifuged at 14,000 g for 15 min. For every
1 ml of the supernatant, 1 ml of 0.3 mM TCA comprised
of 42mM 2-thiobarbituric acid (TBA) was added. The
mixture was incubated at 96°C for 20 min and then
transferred into an ice bath to stop the reaction. The
tubes were centrifuged at 10,000g for 10 min and the
absorbance of the resulting supernatant was measured
at 532 and 600 nm wavelengths. The amount of MDA
(extinction coefficient of 155mM~"'cm™') was calcu-
lated by subtracting the nonspecific absorbance at
600 nm from the absorbance at 532nm (Heath and
Packer 1968).

2.3. Antioxidative enzymes
2.3.1. Enzyme extraction

Fresh tissue (0.2g) was homogenized with 5ml of
100 mM potassium phosphate buffer (pH 7.0) contain-
ing 0.1 mM EDTA and 1% (w/v) polyvinylpyrrolidone in
an ice-cooled mortar. Homogenate was centrifuged at
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15,000 g for 15min at 4°C (Hou et al. 2007). The super-
natant was used for enzyme determination.

2.3.2. Superoxide dismutase (EC 1.15.1.11)

The SOD activity (EC 1.15.1.11) was analyzed by meas-
uring the inhibition of the photochemical reduction of
nitrobluetetrazolium (NBT) (Beauchamp and Fridovich
1971). The assay mixture contained 20 mM phosphate
buffer (pH 7.5), 10mM methionine, 0.1 mM NBT,
0.1 mM EDTA, 0.005 riboflavin, 50 ug mL~" of enzyme
extract and 0.25 ml of deionized H,O in a total volume
of 3ml. Riboflavin was added at the end, and the
tubes were shaken and then illuminated for 15 min.
The absorbance was recorded at 560nm and the
absorbance of the non-irradiated reaction mixture
served as a control. Inhibition of 50% of the reaction
was defined as one unit of enzyme.

2.3.3. Catalase (EC 1.11.1.6)

CAT (EC 1.11.1.6) activity was measured spectrophoto-
metrically by following the consumption of H,0, at
240nm, according to Sheldon and Pelt (2013), in
potassium phosphate buffer (150 mM, pH 7) containing
15mM H,0, and enzyme extract (exactly 50mg of
protein) in a final volume of 1ml. Addition of H,0,
started the reaction.

2.3.4. Total protein content

The protein content was determined by the method of
Lowry et al. (1951) using bovine serum albumin as the
standard protein.

2.4. DNA extraction and RAPD-PCR procedure

DNA isolation was performed by using CTAB method
(Rogers and Bendich 1985) and the concentration of
DNA was estimated with a spectrophotometer at
260 nm. RAPD-PCR was performed in a standard 15 pl
reaction mixture that contains PCR buffer 1.5pul (10x
buffer with (NH,), SO, Fermentas), MgCl, (2.5mM,
Fermentas) 1.2 ul, dNTP (10mM stock solution) 0.5 pl,
BSA (10 mg/ml) 0.6 pl, primers (10 uM, Opc) 1.0 ul, Taq
Polymerase (5u/ul, Fermentas) 0.25ul and filled up
with sterile deionized water to the final volume.
100ng of genomic DNA was also added to each
PCR tube.

The RAPD protocol consisted of an initial denaturat-
ing at 94°C for 2.5 min, followed by 36 cycles at 94°C
for 45s (denaturation), 35°C for 45s (annealing) and
72°C for 2min (extension), with final extension at
72°C for 10min. After amplification process, the

Table 1. Random primers that gave polymorphic
bands in RAPD-PCR.

RAPD primer Sequences of primers (5'—3') GC%
Opc 2 GTG AGG CGT 70
Opc 5 GAT GAC CGC 70
Opc 8 TGG ACC GGT 70
Opc 9 CTC ACC GTC 70
Opc 11 AAA GCT GCG 60
Opc 15 GAC GGA TCA 60

products were electrophoresed in Tris-Acetic Acid-
EDTA (TAE) buffer on a base of 2% agarose gel at 80V
and stained with ethidium bromide. The resultant gels
were visualized under UV on a UV transilluminator and
photographed.

100 bp DNA ladder was used as a standard marker.
Ten oligomers that contain 10 nucleotides were used
for amplification reactions. The sequences of oligomers
that are gave polymorphic bands shown in Table 1.
The amplification reactions were repeated at least
three times to get reproducible results. RAPD pattern
modifications as disappearance of bands and appear-
ance of new bands were given the arbitrary score
of +1.

The primers that showed clear variations were cal-
culated, despite that RAPD profiles of primers with no
specific changes were not considered in the final cal-
culation of genomic template stability (GTS) which was
a qualitative measurement of RAPD banding pattern
changes.

2.5. Estimation of genomic template stability

Genomic template stability (GTS; %) was calculated as
following:

GTS = (1 —a/n) x 100 (1)

where a was the average number of RAPD poly-
morphic profiles detected in each samples treated and
the number of total bands found in the control. The
polymorphism that observed in RAPD banding profiles
included the disappearance of a normal band and
appearances of a new band in comparison to banding
patterns of control. The average polymorphism was
calculated for each experimental group exposed to dif-
ferent doses of different HMs (Cd, Cu, and Cr). For
comparing the sensitivity of each parameter, changes
occurring in these values were calculated as a percent-
age of its control (set to 100%).

2.6. Statistical analysis

In this study, all experiments were repeated in tripli-
cates. Values shown in the figures represent the



average values+standard deviation (SD) for each
heavy metal concentration. Data were subjected to a
two-way analysis of variance (ANOVA) to confirm the
variability of data and validity of results, and Tukey
test was performed to determine the significant differ-
ences between treatments. In figures, the values are
marked as * (asterisk) for the significance level
(p <0.05) as compared to control.

3. Results
3.1. Heavy metal contents

The results related to the contents of Cd, Cr, and Cu in
N. officinale R.Br. are presented in Figure 1. The max-
imum Cd content was found to be 4.7ppb DW at
15ppb Cd. On prolonged exposure to higher concen-
trations of Cd (25 ppb), there was a significant decline
in the Cd rate. According to Figure 1(b), the higher Cr
content was obtained from 4.9ppb Cr application
(25 ppb) and the differences in all treatments were sig-
nificant for N. officinale R.Br. Similarly, the maximum
Cu content was found to be 680 ppb at 2500 ppb

The analysis of one-way ANOVA showed that the
differences in all the treatments were signifi-
cant (p < 0.05).

3.2. Effect of heavy metals on the level of MDA

The effect of Cd, Cu, and Cr on MDA concentration is
presented in Figure 2. In the experiments, increasing
in MDA concentration in N. officinale R.Br. was
observed. However, exposure of highest concentra-
tions of HMs, MDA level was decreased. The analysis
of one way ANOVA showed that the differences of all
treatments were significant (p < 0.05) for plant.

3.3. Effects of heavy metals on SOD and CAT
activity

In this study, the decline in CAT activity was observed
with the highest concentration (25ppb) of Cd in
N. officinale R.Br. The highest concentration of Cd
(25 ppb) proved to be extremely toxic declining CAT
activity (Figure 2). The analysis of one way ANOVA
showed that the differences of all treatments were
significant (p < 0.05) for plant. Similarly, the highest
concentration of Cr (25 and 50 pbb) and Cu
(1500-2500 ppb) proved to be toxic declining CAT
activity (Figure 2).

Figure 2 indicated that SOD activity increased lin-
early with increasing heavy metal levels. The maximum
SOD activity was recorded at 15 ppb Cd (1.18 £0.0085
units g~ ' protein). Results showed, at the highest
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Figure 1. Heavy metal accumulation in N. officinale. Values
represent mean=SE (n=3). Asterisks indicate significant dif-
ferences at p < 0.05.

concentration of Cd, the SOD accumulation decreased.
Additionally, the significant differences were found in
SOD activity among the treatments. At 1500 ppb Cu
(2.14+0.0075 units g~ ' protein), the maximum SOD
activity was recorded. The analysis of one way ANOVA
showed that the differences of all treatments were
not significant (p<0.05) for plant SOD contents.
Similarly, SOD activity increased linearly with increas-
ing Cr levels in N. officinale R.Br. The maximum SOD
activity was recorded at 25 ppb Cr (2.086 + 0.0085 units
g~ ' protein).

3.4. Total protein content

Protein levels indicated a significant negative correl-
ation with heavy metal concentrations in plant tissues
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(p <0.05). At Cd applications of 2 and 5 ppb, the pro-
tein content of plant tissues was found to be signifi-
cantly high, in comparison with the control (Figure
3(a)). Furthermore, the effect of a Cd application of
5ppb on the content of protein was noted to be sig-
nificantly higher than the effect of 2ppb of Cd.
Additionally, the cadmium applications of 10 and
15 ppb did not produce any statistically important dif-
ferences with the control sample. However, at a Cd
application of 25ppb, a decrease was observed to
appear in the protein content in comparison with the
control. Similarly, at Cr applications of 1 and 3ppb,
the protein content was observed high in comparison
with the control (Figure 3(b)). At a Cr application of 25
and 50 ppb, a decrease was observed to appear in the
protein content in comparison with the control.

Observed protein levels in plant tissues treated with
copper was found to be high in compare to the con-
trol (Figure 3(c)). At the copper applications of 200
and 500 ppb, the protein content was observed high
in comparison to other treatments. The analysis of one
way ANOVA indicated that the differences among
treatments were not significant (p <0.05) for plant
protein contents.

3.5. Effects of heavy metals on RAPD profiles

Of the 10 decamer oligonucleotide primers evaluated,
6 of them gave specific and stable results (Table 1).
RAPD fingerprints showed the occurrence of substan-
tial differences among unexposed and exposed plant
materials, with obvious changes in the number, size,
and the intensity of amplified DNA fragments. The
RAPD banding patterns generated by the HMs
exposed plants were evidently different from the con-
trol. Changes in RAPD profiles obtained from treated
plant samples with HMs included variation in band
intensity, appearance of new bands and loss of normal
bands compared with control plants. GTS did not
decrease gradually.

The decrease in band intensity was only apparent
for watercress exposed to 15 ppb Cd for primers Opc 9
and Opc 11, 1500 ppb Cu for primers Opc2 and Opc 9
and 10ppm Cr for primer Opc 15 (Tables 2-4).
However, the increase in band intensity was clearly
obvious for all doses of Cd and Cu treatments except
Opc 8 primer. The disappearance of normal bands was
found at all concentrations of HMs treatments, espe-
cially for primer Opc 8 (Tables 2-4).

Finally, it was defined that maximum number of
extra bands appeared with Opc 8 at 5ppb Cd (four
new bands), Opc 15 at 1000 ppb Cu (four new bands)
and Opc 5 at 25ppb Cr (three new bands). The extra
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Figure 3. Protein level in N. officinale upon Cd (a), Cr (b) and
Cu (c) exposures. Values represent mean +SE (n = 3). Asterisks
indicate significant differences at p < 0.05.

bands that appeared were determined to be of
approximately 800-1100 bp molecular sizes (Figure 4).
The occurrence of polymorphism was due to the loss
and/or gain of the bands in the treated plant with
HMs in comparison with the control. Value of poly-
morphism was found above 35% for all doses of each
heavy metal applications.

4. Discussion

The HMs cause oxidative damage and some reactive
oxygen species (ROS) can affect the signal transduc-
tion pathways. For analyzing of the DNA damages in
eco-genotoxicity studies, PCR-based techniques such
as RAPD, AFLP, SSR, have provided very informative
results (Savva 1996). In general, RAPD reactions are
performed with a single 10bp primer and after
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Table 2. Changes of total bands in control, and of polymorphic bands and varied bands in leaves of N. officinale exposed to dif-
ferent concentrations of Cd.

Cd concentration (ppb)

2 5 10 15 25
Primers 0 a b C d a b C d a b C d a b C d a b C d
Opc 2 6 0 0 0 1 0 0 0 1 0 0 0 2 0 0 0 1 0 0 0 1
Opc 5 4 2 0 0 3 2 0 0 3 2 0 0 3 0 0 0 0 0 0 0 2
Opc 8 4 3 4 0 0 4 4 0 0 2 4 0 0 2 4 0 0 2 4 0 0
Opc 9 2 1 0 0 1 2 0 0 1 1 0 0 1 0 1 1 0 1 0 0 1
Opc 11 2 0 0 0 1 0 0 0 2 0 0 0 2 0 1 1 0 0 0 0 2
Opc 15 3 2 0 0 2 3 0 0 3 3 0 0 3 0 0 0 3 2 0 0 3
Total bands 21 8 4 0 8 11 4 0 10 8 4 0 11 2 6 2 4 5 4 0 9
a+b 12 15 12 8 9
at+b+c+d 20 25 23 14 18

a: indicates appearance of new bands, b: disappearance of normal bands, ¢: decrease in band intensities, and d: increase in band intensities, a + b denote
polymorphic bands, and a + b + c+d, varied band.

Table 3. Changes of total bands in control, and of polymorphic bands and varied bands in leaves of N. officinale exposed to dif-
ferent concentrations of Cu.

Cu concentration (ppb)

200 500 1000 1500 2500

Primers 0 a b C d a b C d a b C d a b C d a b C d
Opc 2 6 0 0 0 2 0 0 0 2 0 0 0 2 0 0 2 0 0 0 0 2
Opc 5 4 1 0 0 3 2 0 0 3 2 0 0 3 0 0 0 1 2 0 0 3
Opc 8 4 2 4 0 0 2 4 0 0 3 4 0 0 2 4 0 0 3 4 0 0
Opc 9 2 1 0 0 1 2 0 0 1 2 0 0 1 0 1 1 0 0 0 0 1
Opc 11 2 0 0 0 2 0 0 0 2 0 0 0 2 0 1 0 1 0 0 0 2
Opc 15 3 2 0 0 3 2 0 0 3 4 0 0 3 3 0 0 3 3 0 0 3
Total bands 21 6 4 0 11 8 4 0 1 1 4 0 11 5 6 3 5 8 4 0 1
a+b 10 12 15 11 12
a+b+c+d 21 23 26 19 23

a: indicates appearance of new bands, b: disappearance of normal bands, c: decrease in band intensities, and d: increase in band intensities, a + b denote
polymorphic bands, and a+b + c+d, varied band.

Table 4. Changes of total bands in control, and of polymorphic bands and varied bands in leaves of N. officinale exposed to dif-
ferent concentrations of Cr.

Cr concentration (ppm)

1 3 10 25 50

Primers 0
Opc 2

Opc 5

Opc 8

Opc 9

Opc 11

Opc 15

Total bands 2

a+b 1 1" 10 13 10
a+b+c+d 14 20 18 25 18

a: indicates appearance of new bands, b: disappearance of normal bands, c: decrease in band intensities, and d: increase in band intensities, a + b denote
polymorphic bands, and a + b + c+d, varied band.
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amplification the fragments are demonstrated by
agarose gel electrophoresis. In genotoxicitiy studies,
RAPD bands are lost or gained when the point
mutations, inversions or deletions affect the pres-
ence/absence of priming sites, their complementary
to primers or the distance between priming sites
(Fritsch and Rieseberg 1996). RAPD is a qualitative
method that clearly used in the detection of

pollutant-induced DNA effects (Atienzar et al. 2001).
In the present study, we detected the genotoxicity
induced by different concentrations of HMs using
RAPD technique.

DNA damages and mutations may alter a primer
binding site and thus genomic template stability
changes and polymorphism occurs within dosede-
pendent treatments and untreated organisms
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Figure 4. RAPD profiles of genomic DNA from watercress exposed to varying heavy metal concentrations with different primers.
(M: DNA marker, 1: Control, 2-16 increasing doses of heavy metal treatments).

Changes in the RAPD banding profiles like loss of
bands and the band intensity modifications may be
occurred by the changes of priming sites and poly-
morphism may occur between treated and control
organisms (Pal 2016). Appearance of new bands could
be occurred due to the mutations, large deletions or
homolog recombination in DNA sequence (Atienzar
et al. 1999). Our results showed that largest number of
new bands obtained from Cu and Cr with 1000 ppb
and 5ppb doses, respectively. Increase in band inten-
sities was observed at all doses of all exposed HMs,
whereas decrease in band intensities was obtained
only at one dose application with each heavy metal.

Atienzar et al. (1999) suggested that genotoxic
application induced alterations in RAPD profiles can be
evaluated as changes in GTS. Abdelmigid (2010)
reported that GTS of exposed plants decreased grad-
ually according to control group. Author also reported
that differences in GTS variation could be attributed to
multiple changes in RAPD profiles. In our study, GTS
did not decreased gradually. This can be explained as
the GTS is not only directly related to the extent of
DNA damage but also related to the performance of
DNA repair and replication. For instance, a high level
of DNA damage does not necessarily decrease the GTS
(in comparison to a low level of DNA alterations)
because DNA repair and replication may be inhibited
due to excessive, lethal actions of the pollutant-
induced adducts. The genomic template stability can-
not be completely affected because the induction of

DNA damage may not increase linearly (plateau effect).
Besides, GTS may be related to different DNA damages
like mutations, rearrangements and it would be really
difficult to guess dose-response relationship (Rocco
et al. 2014).

Our results showed that DNA polymorphisms
detected by RAPD can be used as a biomarker system
for detection of the genotoxic effects of environmental
pollutants like HMs. The effects of DNA damage on
the RAPD profiles can only be speculated when
the amplicons are analyzed and specific methods
are needed to obtain quantitative data
(Abdelmigid 2010).

Changes in the RAPD profile revealed the effect of
HMs on DNA integrity. The RAPD-PCR can be applic-
able to study the effect of genetic contamination on
plants and this technique is fast, reliable, and easy to
detect the genotoxicity induced the HMs.

According to obtained results, an increase in the
total protein content was found to occur at lower
heavy metal concentrations; however, at high concen-
trations of selected HMs a significant decrease
occurred in the protein content. This ultimate decrease
in the protein content may be dependent on an
increase of ROS. In the present study, N. officinale R.Br.
were grown in hydroponic culture in the presence of
increasing Cd, Cu and Cr concentrations to evaluate its
possible defense mechanisms. The results obtained
indicated that at highest levels Cd, Cu and Cr were
toxic to N. officinale R.Br.
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According to Hou et al. (2007), MDA is the decom-
position product of polysaturated fatty acids (PUFA) of
biomembranes and its increase shows plants under
high level antioxidative stress. MDA concentration
obtained from this study was linearly with increased
heavy metal levels in the solution. The main site of
attack by any redox active metal in a plant cell is usu-
ally the cell membrane. Similar results were found
with P. crinitum by Hou et al. (2018).

Metal toxicity is often driven by ROS generation,
directly via the catalytic production of superoxide
(0,°7) by the Haber-Weiss and Fenton reactions, or
indirectly by other mechanisms (Nehnevajova et al.
2012). ROS can damage membrane lipids, proteins,
pigments, and nucleic acids and plant evolves the anti-
oxidant defense system to prevent the adverse effects
of oxidative stress to cells (Kasperczyk et al. 2015).
Inadequate activities of antioxidant defense systems
cause oxidative damage in plants exposed to HMs
(Mittler 2002). The antioxidative enzyme system is one
of the protective mechanisms in a plant. The increased
activity of antioxidative enzymes in a plant indicated
the formation of ROS and the present study indicated
the generation of oxidative stress in L. gibba since all
studied enzymes activity increased at high Cd added
levels (Demirezen Yilmaz and Urug Parlak 2011). In
other words, L. gibba analyzed in this work contains
high Cd concentrations sufficient to activate ROS pro-
duction and then oxidative stress.

According to Sharma and Dietz (2009), antioxidant
enzyme activities in metal-stressed plants are highly
variable, depending on the plant species, metal ion,
concentration and exposure duration, but these proc-
esses reflect the modified redox status of the stressed
cells. Since the primary reduced product of oxygen is
the superoxide anion radical, SOD represents the first
defense against oxidative stress.

Superoxide dismutase, the first enzyme in the
detoxifying process, converts superoxide radicals to
H,O, at a very fast rate. The enhanced SOD activity
observed in the present study is consistent with stud-
ies in which other plant species were treated with
HMs (Sharma and Dubey 2007). The effect of heavy
metal stress on SOD expression is likely to be gov-
erned by the tissue and sub cellular sites at which oxi-
dative stress is generated as supported by the higher
activity of SOD in roots than in leaves of metal
stressed plants (Hou et al. 2007).

Our data showed significant increases in CAT activ-
ity were observed between the treatments. The results
obtained indicated that CAT activity decreased linearly
with increasing Cd, Cu and Cr levels. Contrary to our
results, a decline in the specific activity of CAT with

increase in Cr concentration (20-80 ppm, 0.5 mM) has
been reported by Shankar et al. (2005). According to
Bashir et al. (2015), it is likely that excess production of
ROS by HMs can inactivate CAT probably by inactivat-
ing enzyme-bound heme group. These inconsistent
results regarding CAT activity might be due to differ-
ences in the plant organs studied, the durations and
concentrations of metals utilized, and the plant species
under investigation (Radi¢ et al. 2010).

5. Conclusion

Considering these results, we strongly suggest that N.
officinale R.Br. may not suffer from oxidative stress in
spite of the high levels of Cd, Cu and Cr present in
medium, as would be expected for a species that is
successfully adapted to polluted environments.
Therefore, the data shown here can be considered to
illustrate how N. officinale R.Br. responds to its stressful
environment. N. officinale has the capacity to over-
come the heavy metal-induced stress, especially at a
moderate degree of exposure. Successful adaptation
to the metal stressing environment of aquatic macro-
phyte species is the basis for the proposals of several
authors to use this singular species for the re-vegeta-
tion and recovery of contaminated metal areas.
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