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Exogenous application of salt (NaCl) inhibit antioxidative system
in Cd-treated watercress (Nasturtium officinale R. Br.)
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ABSTRACT

This research simulates conditions found in metal-contaminated sites also affected by a high con-
centration of salt. For these reasons, several exogenous doses of NaCl were used to treat Cd-stressed
Nasturtium officinale R. Br. We have chosen Nasturtium officinale R. Br which is a hyper accumulator
plant of metals (based on literature). Data suggested induction of oxidative stress under Cd treatment
and demonstrated watercress’s capacity to upregulate its antioxidative defense. Superoxide dismutase
(SOD), catalase (CAT), ascorbate peroxidase (APX), and peroxidase (GPX) activities were stimulated
by Cd. Supplementation of (100, 200, 300 mM NaCl) simultaneously with 1 MCd to six weeks aged
Nasturtium officinale R. Br caused growth inhibition, reduction of photosynthetic pigment contents
and a significant increase of Malonyldialdehyde (MDA) and hydrogen peroxide (H,O,) ones in leaves.
Increase of NaCl dose reduced Cd tenor in Nasturtium officinale leaves. Moreover, a dramatic lost of
antioxidant system efficiency was detected in these plants. Rise of salinity concentration significantly
inhibited SOD, CAT, APX and GPX activities in Cd-treated Nasturtium officinale R. Br.
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1. Introduction

Water pollution by heavy metals has become acute in
recent years because metal ions from natural, domestic and
industrial sources tend to concentrate in the organic residue
at the sewage treatment works. Further, toxic metal pollution
of waters constitutes a risk of agricultural soils contamina-
tion through irrigation. The problem is due, in particular,
to the non-degradability of inorganic pollutants like heavy
metals which are hazardous when discharged into a water
body [1]. It is well suggested that excess concentrations of
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heavy metals in soils such as Cd have caused the disruption
of natural aquatic and terrestrial ecosystems [2,3]. Salinity
is another principal abiotic factor that affects crop produc-
tivity. Salt severely limits growth of glycophyte plants and
is becoming more problematic due to the increase in irriga-
tion around the world. Salt exposure also induces numerous
physiological stress reactions in plants that alter the chemical
composition of crops and inactivate plant enzymes [4].

Cd may occur with other abiotic stress factor at the same
ecosystem, which lead to plants suffering from multiple abi-
otic stresses. For these reasons, study of simultaneous appli-
cations of Cd and salinity stress was taken into consideration.

Combination of salinity and Cd stresses resulted in more
severe growth inhibition us suggested by Smykalova et al. [5].
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Soil salinity has been shown to increase Cd concentration in
crops grown on soils treated with phosphorous fertilizers
generally containing Cd [6-8]. Miihling et al. [9] demon-
strated that salt and Cd co-application not only disrupt cell
membrane function and elicit lipid peroxidation, but also
disturb redox homeostasis in plant cells which induce a burst
of reactive oxygen species. The generation of ROS is one of
the main causes of injuries in plants exposed to NaCl and/or
Cd stresses [10,11]. Plants can scavenge ROS by antioxidant
systems consisting of superoxide dismutase (SOD), catalase
(CAT), peroxidase (POD), etc. [12]. It has also been reported
that cross adaptation is an important strategy employed by
plants to resist combined abiotic stresses [13,14]. However,
very little is known about NaCl and Cd interactions.

Research of plants used as phytoremediator in moder-
ately polluted terrestrial and aquatic ecosystems, is one of the
main interest of Scientifics. These plant species have abnor-
mally high capacities of trace element removal from water
[15,16]. Soltan et al. [17] have shown that there was a cor-
relation between metal concentration of hyperaccumulator
plants and the water column. Moreover, the aquatic plants
are often the first link in relation to metal contents of aquatic
environments [18]. Submerged species have been found
to accumulate relatively high heavy metal concentrations
when compared with emergent species in the some area.
Thus recently, there has been growing interest in the use of
metal-accumulating roots and rhizomes of aquatic or semi
aquatic vascular plants for the removal of heavy metals from
contaminated aqueous streams. For example, water hyacinth
(Eichornia crassipes Solms) [19], duckweed (Lemna minor L.),
[20] watercress (Nasturtium officinale) [21], take up Pb, Cu, Fe,
Cd and Ni from contaminated solutions. Metal accumula-
tion properties of Nasturtium officinale have been also studied
extensively [22-24]; however, little attention has been paid
to the ensuing responses and resultant effect of other abiotic
stress factor on metal accumulation. Namdjoyan et al. [25]
suggested that exogenous NO could alleviate negative effects
of arsenic on watercress plants through its ability to the stim-
ulation of reactive oxygen species (ROS)-scavenging enzymes
activity and/or direct scavenging of superoxide onion.

Our present study objective was to investigate effects of
NaCl treatment on Nasturtium officinale ability to accumulate
Cd. Changes of antioxidant compounds to Cd and salt inter-
action were investigated in order to obtain a better under-
standing of Nasturtium officinale growth responses. Effects
of both salinity and Cd stresses simultaneously applied was
also analyzed through several antioxidant enzymes activi-
ties, including superoxide dismutase (SOD), catalase (CAT),
ascorbate peroxidase (APX), guaiacol peroxidase (GPX) and
glutathione reductase (GR).

2. Material and methods
2.1. Plant material and growth conditions

Seeds of Nasturtium officinale R. Br were germinated
in petri dishes in the dark. Seedlings were transferred and
grown under continuous aeration in a nutrient solution con-
taining KH,PO,, 0.5 mM; Ca(NQO,),, 1.25 mM; KNO,, 2 mM;
MgSO,, 0.5 mM; Fe-K-EDTA, 50 uM; MnSO,4H,O, 5 uM;
ZnSO,7H,0, 1 uM; CuSO,5H,0, 1 uM; H,BO,, 30 uM; (NH,),
Mo,O,,4H,0, 1 uM. The growth conditions of the plants were:

hydroponic culture in a growth chamber under controlled
conditions, a 16 h-light (150 umol m= s PAR)/8 h dark cycle,
23°C (light)/18°C (night) and 65% relatively humidity. After
6 weeks, seedlings were grown in control condition or trans-
ferred on modified nutrient solution containing 1 M CdCl, in
absence or in presence of NaCl (100 mM, 200 mM, 300 mM).
After 10-day long treatment, leaves were harvested. Plant tis-
sues were dried for 3 d in an oven at 80°C for further determi-
nation of dry mass or immediately frozen in liquid nitrogen
and stored at -80°C for analysis of enzymatic activity.

2.2. Dry weight determination, Cd, chlorophyll, carotenoid, MDA
and H,O, contents measurement

After 3 d at 80°C, the dry weight (DW) of leaves was
measured for each treatment.

For determination of Cd content, dried plant mate-
rial was powdered using a porcelain mortar and pestle
and wet digested in a mixture of HNO,/HCIO, (4/1 v/v)
at 160°C. The digested material was diluted with deion-
ized water and Cd concentration was determined using
an atomic absorption spectrophotometry (Perkin-Elmer,
AAanalyst 300). Cd contents were expressed on the basis
of DW of leaves.

The content of chlorophylls (Chla) and carotenoids
(Car) was determined spectrophotometrically according to
Lichtenthaler [26]. The pigment concentrations were calcu-
lated by equations allowing a simultaneous determination of
Chla and carotenoids (mg/g FW).

MDA content was determined by measuring the concen-
tration of thiobarbituric acid-reacting substances (TBARS),
as described by Alia et al. [27]. The leaves were homoge-
nized in 5% (w/v) trichloroacetic acid (TCA). After centrifu-
gation, a sample of the supernatant was added to 20% TCA
containing 0.5% (w/v) thiobarbituric acid (TBA). The mix-
ture was incubated at 95°C for 30 min. The amount of MDA-
TBA complex was calculated using an extinction coefficient
of 155 mM'em™.

The content of H,O, in leaves was determined based on
the modified method of, i.e., by a colorimetric method at A
using H,0, (30% Sigma) (5-50 uM) as a standard.

508"

2.3. Antioxydant enzymes assays

Enzyme extractions were carried out at 4°C. The plant
tissues were powdered in liquid nitrogen and extracted at a
ratio 1:3 (w/v) fresh weight in 50 mM potassium phosphate
buffer (pH 7) containing 1 mM EDTA, 3 mM dithiothereitol
(DTT) and 5% (w/v) insoluble polyvinylpoly-pyrrolidone
(PVPP). The homogenate was centrifuged at 14,000 g for
30 min and the resulting supernatant was used for enzyme
activity. Protein content was determined by Bradford [28]
using bovine serum albumin (BSA) as standard.

SOD activity (EC 1.15.1.1) was assayed as the inhibition
of the photochemical reduction of 3-nitroblue-tretrazolium
chloride (NBT). One unit of SOD was defined as the amount
of enzyme, which induced a 50% inhibition of NBT reduc-
tion measured as absorbance decrease at 560 nm [29]. CAT
activity (EC 1.11.1.6) was determined as the decomposition
of H,O, causing the decline in absorbance at 240 nm [30].
APX (EC 1.11.1.11) activity was measured according to
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Chen et al. [31] by monitoring the rate of ascorbate oxida-
tion at 290 nm (E = 2.8 mM™ cm™). One unit of enzyme was
the amount necessary to decompose 1.0 umol of NADPH
per minute at 25°C. GPX activity was measured by the
increase in absorbance at 470 nm caused by guaiacol oxi-
dation (E = 26.6 mM™ cm™) according to Decleire et al.
[32]. GR (EC 1.6.4.2) activity was determined by monitor-
ing the GSH-dependent oxidation of NADPH at 340 nm
(E=6.2 mM™ cm™) according to Rao et al. [33].

2.4. Statistical analysis

All values reported are the means of six replicates per
treatment (+ SE), each experiment being conducted in dupli-
cate. The mean values + SE are reported in figures and tables.
Data were processed by the variance analysis (ANOVA) and
significance levels were accepted at P < 0.05 at all tests.

3. Results and discussion

The present study deals with the effect of cadmium
and salinity on phytoremediation efficiency of water-
cress (N. officinale R. Br) via analysis of plants growth, Cd,
chlorophyll and carotenoid contents as well as several anti-
oxidant enzymes activities in leaves. Pronounced damaging
effects occurred in the watercress plants exposed to the Cd
and high concentration of NaCl in comparison with plants
exposed to Cd alone or Cd + 100 mM NacCl (Table 1). A reduc-
tion in the biomass Cd-treated leaves was observed as a func-
tion of salinity doses (22.51%, 62.12% and 71.8% successively
by 100, 200 and 300 mM NaCl). Several reports are available
and indicate that N. officinale R. Br has good tolerance and
phytoremediation potential for Cd and other heavy metals
[21,34,35]. However, no study was interested to investigate
its effectiveness when salinity also exist with the metal con-
tamination. The combination of NaCl and Cd stresses led to
a significant decline in dry weight of leaves, but a slightly
reduction (6.67%) was found between Cd treatment and con-
trol (Table 1). Same results were obtained in different plants
seedlings growing on hydroponic nutrient solution simulta-
neously contaminated with Cd and NaCl such as, Oryza sativa
[36], Ricinus communis and Brassica juncea [37]. According to
several studies [38—41], growth inhibition was accompanied
with a decrease of leaf protein tenor very pronounced when
multiple abiotic stresses occurred simultaneously. In another
way, growth inhibition caused by combination of NaCl and

Table 1

Cd application, seemed to be the result of mineral nutrition
perturbation. However, rate of uptake and distribution of
certain essential nutrients in plants treated with both Cd and
salt stresses, may be responsible for mineral deficiencies/
imbalance and depression of the plant growth [42-44].

Concerning bioaccumulation of Cd in tissues, results
demonstrated that salinity reduced this parameter reflect-
ing diminution of Cd translocation from soil to plants in
N. officinale. Our data (Table 1) shown that the important
tenor of Cd accumulated in plants was reduced by presence
of salt (7.97%, 15.36% and 23.99% ) successively by 100, 200
and 300 mM NaCl). When NaCl dose reached 300 mM, Cd
tenor was more reduced (23.99%) compared with this in
plants treated with Cd alone. An opposite effects of salinity
on Cd accumulation was found in R. communis and B. juncea.
Bauddh et al. [37] have demonstrated that salt provoke Cd
absorption and accumulation in these species. Moreover, R.
communis and B. juncea were proved still better phytoreme-
diator of Cd than N. officinale when the contaminated soil is
suffering from Cd and salinity stresses. Many other authors
[37,45-47] showed that salinity increased Cd content in plant
tissue and suggested that the formation of chloro-complexes
increases Cd mobility in soils with a subsequent uptake of
complexed Cd by plant roots [6].

In this study, the effect of varying stresses on leaf pho-
tosynthetic pigments (chlorophylla and carotenoid) contents
of N. officinale was shown in Table 1. The total chlorophylla
content as well as carotenoid one significantly decreased
under the Cd+NaCl stresses compared with the controls
(chlorophyll (6.86%, 15.68%, 59.11% and 69.41%); carotenoid
(8.39%, 39.19% and 86.65%)). This decrease has been reported
in many plants growing on salinity, drought or Cd stresses,
alone or in combination. It is well suggested that mineral
nutrition perturbation is in the base of photosynthesis activity
lost resulting in growth inhibition of plants [46]. Moreover,
nutritional disorders and loss of nutrient availability caused
by salinity, resulted in reduction in biosynthesis of photosyn-
thetic pigments [47]. Furthermore, displacement of Cd* by
Na" in cells roots disturbed membrane function by osmotic
stress [48] and created a competition potential between the
two ions. These were possible determinants for the observed
decreased Cd tenor in plant tissue under salt condition [6,49].
Our results obtained in hydroponic conditions were at odds
with those obtained in soil. In hydroponic culture, it might
be possible that injured roots due to high salinity weaken
the capacity of ion uptake or Na' inhibits competitively Cd

Dry weight (DW), cadmium (Cd), Chlorophyll a (Chla), carotenoids and malonyldialdehyde (MDA) contents in leaves of Nasturtium

officinale treated with Cd alone or in combination with NaCl

DW Cd Chla Carotenoids MDA

(mg) (ug/gDW) (mg/g FW) (mg/g FW) (nmol/g FW)
Control 330 +10.02* 0.012 £0.001¢ 1.02 £ 0.01? 0.893 +0.057° 19.52 +£1.01¢
Cd 308 +£9.163° 1.217 £0.122 0.95 £ 0.008° 0.902 + 0.062* 20.07 +2.015¢
Cd+ 100 mM NaCl 255.71 + 15.04>< 1.12+0.153° 0.861 +0.035° 0.818 +0.01° 25.75 +2.03¢
Cd+ 200 mM NaCl 125 £ 6.58¢ 1.03 +0.184° 0.417 +0.012¢ 0.543 + 0.038¢ 29.13 +1.64°
Cd+ 300 mM NaCl 93 +8.71¢ 0.925 + 0.0862b¢ 0.321 +0.11¢ 0.12 +0.01¢ 35.05 £ 2.967

Note: Each point represents the mean + SD of six determinations. Different letters above bars indicate significant differences between

treatments (ANOVA).
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uptake [44]. However, N. officinale R. Br keeps its ability to
take up and accumulate Cd in salinity condition, senescence
symptoms were shown more pronounced compared with in
plants treated with Cd alone.

In literature, it is well demonstrated that ROS increase
engendered mitochondrial membrane lipid peroxidation
characterized by MDA content [6,36,49], which can cause
damage to these organelles. In our data, we showed that
MDA content was not enhanced by treatment of Cd alone
(Table 1). But, when (NaCl + Cd) stresses were applied, an
increase of MDA level was detected with rise of NaCl con-
centration (Table 1). Similar response was detected in wheat
seedlings treated with Cd and arsenate [50]. An increase in
antioxidative activity is frequently an indication of unfavor-
able growth conditions and was found under many kinds of
stress regimes [51,52]. In our study, activities of antioxida-
tive enzymes were increased in the Cd treated plants (Figs. 1
and 2) which is consistent with the observations of Tao et al.
[53]. In contrast, Shafi et al. [54] observed significant decline
in CAT activity when wheat plants were exposed to Cd
stress. Martin et al. [55] reported that SOD activity was unaf-
fected in Thlaspi arvense plants exposed to Cd stress. These
different results may be partly due to variation among spe-
cies, developmental phase, Cd concentration, and exposure
time. In our experiments, the combined Cd+NaCl stresses
caused a marked decrease of the antioxidative activities in
the plants in comparison with Cd alone (Figs. 1, 2). Maybe,
the Cd and NaCl stresses showed antagonistic effects on
oxidative stress. According to Guo et al. [56], combined Cd
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Fig. 1. (a) SOD and (b) CAT activities in leaves of Nasturtium offi-
cinale treated with non-supplemented nutrient solution (0 uM
Cd), Cd alone or in combination with different concentration of
Nacl (100, 200 or 300 mM).

Note: The data are means (SE) from six determinations. Different let-
ters above bars indicate significant differences between treatments
(ANOVA). SOD and CAT activities were expressed in U mg™ protein.

and elevated O3 had a significantly synergic effect on oxi-
dative stress in wheat shoots. However, Welfare et al. [57]
reported that NaCl and ozone in combination had an antag-
onistic effect on two chickpea cultivars. Moreover, Li et al.
[58] showed that higher concentrations of Cd and As resulted
in inhibition of SOD and POD activities. This suggests that
there was insufficient increase in SOD and POD activities to
scavenge excess *O, that accumulated in seedlings at high
Cd and As concentrations. Therefore, further studies are
required to understand the mechanisms of plant responses
to multiple stresses. Concurrently to SOD and CAT activi-
ties decrease after (NaCl+Cd) exposure, the great increase in
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Fig. 2. (a) APX, (b) GPX, and (c) GR activities in leaves of Nastur-
tium officinale treated with non-supplemented nutrient solution
(0 uM Cd), Cd alone or in combination with different concentra-
tion of NaCl (100, 200 or 300 mM).

Note: The data are means (SE) from six determinations. Different
letters above bars indicate significant differences between treat-
ments (ANOVA). APX was expressed in Asc mn™ mg™ protein. GPX
activity was expressed in U mg™ protein. GR was expressed in nmol
NADPH mn™ mg™ protein.
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MDA content and the start of visual toxicity symptoms were
more pronounced in those plants (Table 1 and Fig. 1). These
results confirmed the role of SOD activity in alleviation of
oxidative stress by scavenging ROS from cell compartment.
As (Cd+NaCl) stresses perturbed mineral nutrition, differ-
ent important trace elements were not available. As conse-
quence, there was a deficiency of different prosthetic groups
(Fe, Cu/Zn or Mn) essential for catalytic action of SOD.
Regarding the other enzymes of defense system, the levels
of activities for APX, GPX and GR in different stressed plants
changed in the same allure that SOD one (Fig. 2). Activation
of the all different antioxidant enzymes in Cd-treated plants
was reduced when salt is present simultaneously. In fact,
SOD leads to the overproduction of hydrogen peroxide
in the leaves of N. officinale plants subjected to Cd and salt
stresses. However, the overproduction of hydrogen peroxide
functions as the signal of stresses conditions, affected activ-
ities of the different antioxidant enzymes. These results put
forward the major role of SOD which affected activities of all
defense system enzymes resulting in growth inhibition. Far
from, immobilization, exclusion, chelation and compartmen-
talization of metal ions are mechanisms adopted by plants to
respond to heavy metal toxicity [59,60]. Salt et al. [61] sug-
gested that the efficiency of these mechanisms were import-
ant in developing plants as agents for the phytoremediation
of contaminated sites. However, interesting questions relat-
ing to the effect of antioxidative defense loss on the chelation
of the metal by a ligand and, in some cases, the subsequent
compartmentalization of the ligand-metal complex, remain
to be answered in future studies.

4, Conclusion

Under acute Cd stress condition N. officinale R.Br growth
was inhibited whereas the antioxidant enzymes were up-reg-
ulated compared with control. The combination of Cd and
NaCl stresses showed that leaves Cd tenor was reduced by
salt stress. But, N. officinale R.Br accumulation ability of Cd
was saved in salt condition when NaCl dose was less than
300 mM. Our data demonstrated an antagonistic effect of
stress combination on antioxidative enzyme activities which
were decreased by increasing salt dose. As biomaterial for the
efficient removal of cadmium, N. officinale R. Br may be used
as a phytoremediator in polluted ecosystems by different abi-
otic pollutants (such as, Cd and salinity).
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