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Abstract: NaCl induced  reactive  oxygen  species  generation  and  antioxidative  reactions in the leaves of
Cicer arietinum L. cv. Abrodhi were investigated in concentration-dependent manners. NaCl concentration
was accompanied by a step rise in the superoxide anion radical and hydrogen peroxide. The antioxidant activity
and  free-radical scavenging activity of methanolic extract of leaf was evaluated against linoleic acid
peroxidation and 2, 2-diphenyl-1-picrylhydrazyl radical. The antioxidant activity ranged from 32.80 percent DW
to 74.66 percent DW and free radical scavenging activity varied from 0.30 mg ml DPPH DW to 0.82 mg ml DPPH-1 -1

DW at 3 and 12 mM NaCl stress. The activity of superoxide dismutase and asccorbate peroxidase in leaves was
found to be significantly increased and the catalase activity was always suppressed under NaCl stress.
Treatment of seedlings with NaCl at 3mM to 12 mM induced prominent increase in non-enzymatic antioxidants
such as ascorbic acid, carotenoids, non-protein thiols, total phenols and proline. The present findings were
indicated that the NaCl triggered an antioxidative response in Cicer arietinum and the plant was a good source
of natural antioxidants.
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INTRODUCTION In plants, ROS are produced continuously as by

NaCl stress is a major factor limiting crop production such as photosynthesis, photorespiration and CO
because it affects almost all plant functions, including assimilation. Whether ROS will act as damaging,
oxidative stress and antioxidive defense systems [1]. protective or signaling factor depends on the delicate
Excessive soluble salts in the soil are harmful to most equilibrium between ROS production and scavenging at
plants. In fact, no toxic substance restricts plant growth the proper site and time [5]. Plant cells have developed a
more than does salt on a world scale. Adaptation of the comprehensive array of antioxidant defense to prevent the
plant cell to high salinity involves osmotic adjustment and formation of ROS or to limit their damaging effects. These
the compartmentation of toxic ions, whereas an increasing include enzymes to decompose peroxides, proteins to
body of evidence suggests that high salinity also induces sequester transition metals and a range of compounds to
the generation of reactive oxygen species (ROS) and scavenge free radicals. The most important enzymatic
oxidative stress [2]. The appearance of oxygen in the antioxidant is superoxide dismutase (SOD, EC 1.15.1.1); it
atmosphere enabled respiratory mechanism and electron catalyses dismutation of the O  in to H O , which is then
transport system which use molecular oxygen (O ) as final deactivated to water by catalase (CAT, EC 1.11.1.6) and2

electron acceptor, which led to the formation of ROS in ascorbate peroxidase (APX, EC 1.11.1.11). Non-protein
cells [3]. Although, atmospheric oxygen is relatively non- thiols, ascorbic acid, carotenoids, total phenol, tocopherol
reactive, it can give rise to reactive oxygen intermediates and proline provide antioxidant defenses through their
which include superoxide anion (O ), hydrogen peroxide ability to exist in reversible oxidized and reduced forms.2

.-

(H O ), hydroxyl radicle (OH ) and singlet oxygen ( O ) [4]. The present study evaluates the oxidative stress and2 2 2
° 1

product of various physiological metabolic pathways,
2

2 2 2
.-
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antioxidant defense systems in leaf cells of Cicer was decanted and the residue was macerated two more
arietinum L. during exposure to 3, 6 and 12 mM NaCl days with the same solvent. The pooled solvents were
concentration by assaying the antioxidative scavengers. combined and filtered. The filtrates were concentrated

MATERIALS AND METHODS 12 mM NaCl treated plants.

Plant Material and Treatment: Chickpea (Cicer arietinum Antioxidant Activity (AOA) Determination: The
L. cv. Abrodhi) seeds procured from the authorized seed antioxidant activity (AOA) was assayed by auto-oxidation
centre were surface sterilized with 0.1% (v/v) HgCl and of -carotene and linoleic acid as mentioned by Emmons2

soaked over night in sterile water at room temperature. and Peterson [8]. 10 mg of dried leaf methanolic extract
The seeds were germinated in pots in growth chambers was dissolved in 10 ml of methanol: H O (1:1, v/v). 2 mg of
under  controlled  environmental conditions (temp. 20°C -carotene  was  dissolved in 20 ml of chloroform and its
in the light and 18°C in the dark, 16 h light/8 h dark 3 ml was added 40 mg of linoleic acid and 400 mg of
photoperiod with photon flux density of 380 µmol m s Tween 40. Then 3 ml of aliquots of emulsion were mixed-2 -1

and 60% relative humidity). Salt treatment began when with 40 µl of sample and incubated 1 h at 50°C. The
homogen shoot length reached 70 cm (day 0): the absorption of test mixture was recorded at zero and after
seedlings were watered with 3 mM, 6 mM and 12 mM NaCl 60 min at 470 nm. The AOA was expressed as percent
concentration. Leaf samples were collected at days 2, 4 inhibition relative to control after 60 min.
and 6 from all stressed plants, frozen in liquid nitrogen
and kept at -80°C until use. Determination of Free Radical Scavenging (FRS)

Measurements of ROS Production assessed according to method of Okada and Okada [9].
Determination  of O   Release:  Superoxide  anion An ethanolic solution of 2, 2-diphenyl-1-picrylhydrazyl2

.-

radicle  (O ) production  rate  in leaves were determined (DPPH) (0.05 mM) (300 µl) was added to 40 µl of dry leaf2
.-

by the method utilized by Doke [6] during course of his methanolic extract solution with different concentrations
experiment. One gramme leaves were placed in a test tube (0.02-2 mg/ml). The DPPH solution was freshly prepared
and poured over with a solution containing 0.05 M and kept in the dark at 4°C. Ethanol 96% (2.7 ml) was
potassium phosphate buffer (PBS) (pH 7.8), 0.05% added and the mixture was shaken vigorously. The
nitroblue tetrazolium (NBT) and 10 mM NaN . After 5 min mixture was left to stand for 5 min and the absorbance was3

incubation  in  the  dark,  2  ml  of  the  solution   was measured using a spectrophotometer at 517 nm. Ethanol
taken up from the tubes and heated at 90°C for 10 min. was used to zero the spectrophotometer. A blank sample
Then, the samples were cooled and absorbance was containing the same amount of ethanol and DPPH was
measured at 580 nm. also prepared. The radical scavenging activities of the

Determination of H O  Release: The leaves were calculated according to following equation [10]. 2 2

preincubated for 30 min in 3 ml of PBS (20 mM, pH 6.0) to
remove preform H O  and were then incubated 3 ml of the Percent of DPPH inhibition = [(A  - A )/ A ] × 1002 2

same buffer containing 5 µM scopoletin (Sigma) and 3 µg
ml  horseradish peroxidase (Boehringer Mannheim) in Where A  and A  are the absorbance value of the-1

darkness at 25°C on a shaker [7]. The decrease in test and of the blank sample, respectively. A percent
fluorescence (excitation: 340 nm, emission: 455 nm) in the inhibition versus concentration curve was plotted and the
incubation medium was measured using reagent blanks as concentration of sample required for 50% inhibition was
reference. Fluorescence was transformed into molar H O determined and expressed as IC  value.2 2

concentration using a linear calibration curve.

Measurements of Antioxidant Status gramme fresh leaf samples were homogenized in 50 mM
Extraction: A quantity (50 g) leaves powder from each PBS (pH 7.6) including 0.1 mM Na-EDTA. Samples were
treated plants was soaked in 150 ml of methanol after 1 h generally  homogenized  in  8 ml and then centrifuged for
stirring  at  room  temperature  overnight.  The solvent 15 min at 20,000 g and 4°C.

under reduced pressure and their extracts yields were
recorded  24.0%,  15.8%  and  10.5% for 3 mM, 6 mM and

2

Activity: The free radical scavenging activity (FRS) was

tested sample, expressed as percentage inhibition were

B A B

A B

50

Assays of Antioxidative Enzymes: Approximately 0.5
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Superoxide Dismutase (SOD, EC 1.15.1.1): Superoxide 4,000 g for 30 min. The supernatant was concentrated to
dismutase activity was assayed using the method of dryness. The residue was dissolved in 15 ml of diethyl
Cakmak and Marschner [11] and based on the inhibition ether and after addition of 15 ml of 10% methanolic KOH
of NBT reduction by O  under light intensity. For the the mixture was washed with 5% ice-cold saline water to2

.-

assay  of  SOD,  the  reaction  medium  (5  ml) containing remove alkali. The free ether extract was dried over
50 mM PBS (pH 7.6), 0.1 mM Na-EDTA, enzyme aliquots anhydrous sodium sulphate for 2 h. The ether extracts
(50-150 µl), 50 mM Na CO  (pH 10.2), 12 mM L-methionine, were filtered and its absorbance was measured at 450 nm2 3

75 µM NBT and 2 µM of riboflavin was maintained in by using ether as blank.
glass vials. Reactions were carried out at room
temperature and under a light intensity of about 400 µmol Non-Protein Thiols (NPT): Non-protein thiols were
m s for 10 min. One unit of SOD activity was defined as extracted by grinding 0.5 gramme leaves in 1 ml ice-cold-2 -1

the amount of enzyme required to cause 50% inhibition of 5% (w/v) sulfosalicylic acid solution. After centrifugation
the rate of NBT reduction measured at 560 nm. at 10,000 g at 4°C for 30 min, the supernatant were

Catalase (CAT, EC 1.11.1.6): Catalase activity was with Ellaman’s reagent [14]. Briefly, 300 µl of the
measured as described by Cakmak and Marschner [11]. supernatant was mixed with 1.2 ml of 0.1 M PBS (pH 7.6).
The  assay was  based  on  the  degradation  of  H O   at After a stable absorbance reading of 412 nm was2 2

240 nm and the reaction medium (1 ml) contained 50 mM obtained, 25 µM 5, 5’-dithiobis (2-nitrobenzoic acid)
PBS (pH 7.6), 0.1 mM EDTA, 0.1 ml 100 mM H O  and the (DTNB) solution (6 mM DTNB dissolved in 5 mM EDTA,2 2

enzyme aliquot. The decrease in H O  was monitored at 0.1 M PBS, pH 7.6) was added and the decrease in2 2

240 nm. absorbance at 412 nm was monitored.

Ascorbate Peroxidase (APX, EC 1.11.1.11): Activity of Total Phenol: Total phenols were recorded by Folin
APX was measured according to Cakmak [12] by Ciocalteu reagent [15]. A dilute leaf extract of each treated
monitoring the rate of H O -dependent oxidation of plants (0.5 ml of 1:10 g/ml) or gallic acid used as standard2 2

ascorbate at 290 nm. The reaction mixture (1 ml) contained was mixed with Folin Ciocalteu reagent (5 ml, 1:10 diluted
50 mM PBS (pH 7.6), 0.1 mM EDTA, 12 mM H O , 0.25 mM with distilled water) and aqueous Na CO  (4 ml, 1M). The2 2

ascorbic acid and the enzyme aliquot. mixture was allowed to stand for 10 min and the

Non-Enzymatic Antioxidants The standard curve was prepared using 0, 50, 100, 150,
Ascorbic Acid: The ascorbic acid was determined 200, 250 mg/l solutions of gallic acid in methanol: water
according to Cakmak and Marschner [11] with some (50:50, v/v). Total phenol contents were expressed in
modification. Each dry leaf extract (0.5 ml of 1:10 g/ml) in terms of gallic acid equivalent (mg/g of dry mass), which
methanol was  separately  mixed  with   5   ml   of  5% is used as a reference compound.
meta-phosphoric  acid and  centrifuged  at   4,000   g  for
30 min.  The reaction  mixture  contained   0.2   ml  aliquot Proline: Proline concentration in leaves of chickpea was
of the 4,000 g supernatant, 0.5 ml 150 mM PBS (pH 7.4) determined spectrophotometrically by the method of
containing 5 mM EDTA, 0.1 ml (10 mM) DTT (1,4- Bates et al. [16]. The sample was homogenized in 2.0 ml of
dithiothreitol) and 0.1 ml (0.5%, w/v) N-ethylmaleimide sulphosalicylic acid, centrifuged at 15, 000 g for 30 min.
(NEM) to remove excess DTT. The color was developed The  reaction  mixture  contained  2.0  ml  of  supernatant,
after addition of the following reagents in the reaction 2.0 ml of glacial acetic acid and 2.0 ml of ninhydrin. It was
mixture: 0.4 ml (10%) trichloroacetic acid (TCA), 0.4 ml then heated up to 1 h and change in color was seen. After
(44%) ortho-phosphoric acid, 0.4 ml (4%) 2, 2’-bipyridine cooling, 4.0 ml of acetone was added and shaken
in 70% ethyl alcohol and 0.2 ml (3%) FeCl . The mixture vigorously  for  30  sec  and  absorbance  was  measured3

was then incubated at 40°C for 40 min and the absorbance at 520 nm.
was measured at 525 nm. Ascorbic acid was used as a
standard in the range of 0 to 100 µg/ml. Statistical  Analysis:  Each  result  shown  tables  and

Carotenoids: Total carotenoids were determined by the treatments. The significance of differences between
method of Jensen [13]. One gramme sample was extracted treatments was statistically evaluated by standard
with 100 ml of 80% methanol solution and centrifuged at deviation and Student’s t-test methods.

collected and immediately assayed. NPT was measured

2 3

absorbance  was  measured  by  colorimetry  at  765 nm.

figures was the mean of at least three replicated
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RESULTS decrease in the H O  scavenging enzyme CAT activity

C.  arietinum plants treated with NaCl fraction of 3, decrement values showing consistent retardness in the
6  and  12  mM  showed  significant (p<0.05) increase in level of CAT with gradually increasing the saline level
the level  of  O   and H O  release. AOA and FRS activity (Fig. 2 B). Like in the case of SOD the APX activity2 2 2

.-

also showed prominent increment (p<0.05) when showed significantly (p<0.05) concordant result (Table 2).
compared to control  (Table  1).  There  was  percent The highest percent value has been examined in 12 mM
elevation  in  the O  and H O  release (Fig. 1 A, B). The NaCl stressed seedlings as compare with over control2 2 2

.-

AOA secured 10.32, 31.63 and 45.37% gradually increment (Fig. 2 C).
and  22.44, 48.64 and 62.37% FRS activity increased at 3, The  various   doses   of  NaCl   were   given   to   the
6 and 12 mM NaCl level over control (Fig. 1 C, D). C. arietinum, the changes in ascorbic acid, carotenoids,

In   order    to    investigate    the    role    of  SOD   in NPT, total phenol and proline contents were measured.
C.  arietinum  leaves  under short term saline treatment, An effective significant (p<0.05) rise in ascorbic acid
the maximum activity of SOD were recorded with the value content  was  observed  in  leaves  as  per  NaCl dose
278.64 unit mg proteinFW in the 12 mM NaCl treated (Table  3).  The percentage  increment  value 18.3, 49.56-1

plants (Table 2). The percent increment of SOD activity and 70.85 were recorded at 3 to 12 mM NaCl stress
varied with  the treatment levels as 5.78, 21.28 and 54.56 respectively (Fig. 3 A). The changes in the carotenoids
in 3, 6 and 12 mM NaCl supply (Fig. 2 A). The activity of was measured in chickpea leaves and effective elevation
other activated oxygen-related enzymes was also studied (p<0.05) over control was observed (Table 3). The NaCl
in the four groups of leaves. A strong significant (p<0.05) treatments were showed a positive effect  on carotenoids

2 2

was monitored in the same leaves (Table 2). The percent

Table 1: NaCl dependent changes in superoxide anion release (mol min mg protein FW), hydrogen peroxide release  (mol  FW),  antioxidant  activity-1 -1 -1

(Percent DW) and Free radicle scavenging activity (mg ml DPPH DW) in C. arietinum leaves-1

NaCl Superoxide Hydrogen Antioxidant Free radicle
Treatments (conc.) anion release peroxide release activity scavenging activity
Control 0 16.31±1.11 0.21±0.0 26.66±3.39 0.19±0.00

3 19.20±1.34 0.50±0.02 32.80±3.84 0.30±0.00
NaCl 6 30.11±1.40 0.86±0.03 51.33±1.24 0.55±0.01

12 41.24±1.52 1.42±0.07 74.66±1.29 0.82±0.03
Mean±SE 1.37 0.05 8.64 0.001
CD 3.28 0.18 21.48 0.071
Results are the means of triplicate determinations on a fresh weight basis ± standard deviation

Table 2: NaCl dependent changes in specific activity of superoxide dismutase (unit mg proteinFW), catalase (unit mg proteinFW) and ascorbate peroxidase-1 -1

(unit mg proteinFW) in C. arietinum leaves-1

Treatments NaCl (conc.) Superoxide dismutase Catalase Ascorbate peroxidase
Control 0 81.56±2.70 390.00±9.27 210.53±7.18

3 91.61±2.57 310.33±7.40 255.44±10.94
NaCl 6 125.68±3.54 250.00±6.68 320.77±3.93

12 278.64±9.69 195.00±7.39 389.40±5.97
Mean±SE 5.98 8.77 7.75
CD 14.62 21.46 19.11
Results are the means of triplicate determinations on a fresh weight basis ± standard deviation

Table 3: NaCl dependent changes in concentrations of ascorbic acid (mg 100g FW), carotenoids (µg g FW), non-protein thiols (nmol g FW), total phenol-1 -1 -1

(mg 100g FW) and proline (µmol g FW) C. arietinum leaves-1 -1

Treatments NaCl Ascorbic acid Carotenoids Non-protein thiols Total phenol Proline
Control 0 0.145±0.04 234.21±8.90 12.51±1.40 0.316±0.01 0.296±0.02

3 0.210±0.02 364.50±4.98 19.25±1.88 0.621±0.02 0.342±0.01
NaCl 6 0.430±0.03 577.13±7.93 42.48±2.50 0.892±0.02 0.555±0.02

12 0.850±0.03 824.09±8.62 96.26±4.45 1.062±0.04 1.230±0.12
Mean±SE 0.0084 9.98 1.42 0.026 0.054
CD 0.020 25.14 3.47 0.057 0.135
Results are the means of triplicate determinations on a fresh weight basis ± standard deviation
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(A) (B)

(C) (D)

Fig. 1: Comparative effect of NaCl on superoxide anion release, hydrogen peroxide release, antioxidant activity and free
radical scavenging activity in leaf cells of Cicer arietinum L. Data represent ± SE of value for one control and
three treatment each of three replicate. (A) Superoxide anion release: a percentage increment over control (B)
Hydrogen peroxide release: a percentage increment over control. (C) Antioxidant activity: a percentage increment
over control. (D) Free radical scavenging activity: a percentage increment over control

(A) (B)

(C)

Fig. 2: Comparative effect of NaCl on the activity of superoxide dismutase, catalase and ascorbate peroxidase in leaf cells
of Cicer arietinum L. Data represent ± SE of value for one control and three treatment each of three replicate. (A)
Superoxide dismutase: a percentage increment over control (B) Catalase: a percentage decrement over control.
(C) Ascorbate peroxidase: a percentage increment over control
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(A) (B)

(C) (D)

(E)

Fig. 3: Comparative effect of NaCl on ascorbic acid, carotenoid, non-protein thiol, total phenol and proline content in
leaf cells of Cicer arietinum L. Data represent ± SE of value for one control and three treatment each of three
replicate. (A) Ascorbic acid: a percentage increment over control (B) Carotenoids: a percentage increment over
control. (C) Non-protein thiols: a percentage increment over control. (D) Total phenol: a percentage increment
over control. (E) Proline: a percentage increment over control.

contents which was recorded in percentages 21.76, 42.26 least value of 0.296 µmol g FW at 3 mM (Table 3). With
and 55.73 as compared with the control (Fig. 3 B). With increasing  NaCl  concentration  from  3-12 mM, the
increasing supply of NaCl, the content of NPT were percent  increment (p<0.05) 7.21, 30.43 and 61.21 was
increased significantly (p<0.05) as 21.22, 54.5 and 76.99% found in leaves of C. arietinum as compared to control
over with the control (Fig. 3 C) and the maximum mean (Fig. 3 E).
value was observed 96.26 nmol g FW at 12 mM NaCl-1

(Table 3). The phenol contents were high in all stressed DISCUSSION
plants under salt treatments, the significant increment
(p<0.05) of phenol content in the leaves of chickpea were In the present study, we examined the several
recorded 32.55, 47.68 and 54.13% respectively with biochemical and physiological responses representing the
increasing the NaCl level against control (Fig. 3 D). High oxidative damage and protection in leaves of C. arietinum
quantity  of  proline  was  found to be 1.230 µmol g FW to NaCl uptake. Seedlings of the plant readily took up-1

in 12 mM treating seedlings and recorded to have the NaCl from the soil of pot kept in green house experiment.

-1
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The adverse effect of excess NaCl in the leaves probably antioxidant enzymes CAT that eliminate H O  by
caused the increase level of O  and H O  release, which converting it into oxygen and water. However, CAT2 2 2

.-

caused the oxidative stress to plasma membrane [17]. In activities were always suppressed under NaCl stress.
addition, an oxidative stress has been reported to result There decreases in CAT activity might be the increase in
from exposure of plants to osmotic stress that could also H O  that in turn inactivated the enzymes [27]. The
be responsible for the damage caused to the plants grown activities of APX were progressively activated by NaCl
under high NaCl concentrations [18]. It has been shown exposure. This suggested that the antioxidative capacity
in our findings that the exposition of chickpea to NaCl stimulated NaCl was involved in conversion of H O  to
resulted in an increased O  production. This increase water and O . APX is a component of the ascorbate-2

.-

probably intensified the activity of the antioxidative glutathione pathway, which plays a role in scavenging
system, which leads to a subsequent decrease in the H O  [28]. H O is a systematic signal for the induction of
production of O  [19]. Evidence have to be support that APX [29]. Heavy metal induced H O  accumulation in pine2

.-

O and H O  also function as signaling molecules that seedlings was also found to significantly elevate the APX2 2 2
.-

mediate response to various stimuli [20]. If H O  serves as activity [30]. The low level of APX activity during the2 2

a stress signal, the fluctuation of H O  level in plants initial NaCl treatment suggested that plants appeared to2 2

should spatially and temporally reflect changes in the require several days for induction of the enzyme.
environment. The control of ROS levels can be also obtained by

During the course of our experiment it has been non-enzymatic antioxidants composed of metabolites
reported that C. arietinum possess strong AOA and its such as ascorbate, glutathione or tochopherol [31].
level increased with slight increase the NaCl level but Therefore, we measured the content of ascorbate, the
there is no consistant relation between NaCl and AOA. component for plant cells to dispose of H O  in some
High level of ROS creates oxidative stress, which leads to cellular components. Our results indicated that the
a variety of biochemical and physiological lesions. Such reduced ascorbate content in leaves was significantly
cellular damage often impairs metabolic function and leads increased after the start of NaCl treatment. This increase
to cell death. The antioxidant activity of plants protects possibly reflects an enhanced production of ROS and
themselves from the oxidative damage to biomolecules thus activation of H O  scavenging ascorbate-glutathione
[21]. Therefore the C. arietinum does not show any cycle enzymes (i.e., ascorbate peroxidase and glutathione
prominent damage in the physiology and morphology of reductase) [32]. Carotenoids are the most efficient singlet
leaves. The FRS activity of the plant extracts was oxygen ( O ) quencher in biological systems. One mole of
evaluated based on the ability to scavenge the synthetic -carotene can quench 250-1000 molecules of O  at a rate
DPPH. This assay provided useful information on the of 1.3 × 10  Ms  [33]. -carotene may donate electrons
reactivity of the compound with stable free radicals, instead of hydrogen atom to free radicals and become -
because of the odd number of electrons. DPPH shows a carotene radical cation under the influence of salinity,
strong absorption band at 517 nm in visible spectrum which is act as quencher for O . As presented in results
(deep violet color). As the electron becomes paired of in NPT showed marked increases in leaves of C. arietinum
the presence of free radical scavenging, the absorption with the severity of NaCl toxicity. The NPT represent a
vanishes and the resulting decoloration stoichiometrically major pool of glutathione (GSH) [34]. GSH is a well known
coincides with respect to the number of electrons taken antioxidant playing a prominent role in the defense
up. The bleaching of DPPH absorption is representative against ROS. Our findings suggested that NaCl-induced
of the capacity of the test drugs to scavenge free radicals increase in the level of thiol compounds represented
independently. Hydroxyl radical is the principal another defensive mechanism against oxidative stress.
contributor for tissue injury [22, 23]. In chick pea apoplast, GSH is required in the H O -scavenging ascorbate
values found for SOD activity agree with data for Scots glutathione cycle which is especially located in
pine  (Pinus  sylvestris) needles and barley leaves [24]. chloroplasts [35]. Total phenols were high in all treated
The production of ROS in leaf cells is a normal and chickpea plants with NaCl under controlled conditions.
continuously occurring phenomenon and there is an NaCl and other heavy metals have been found to
intricate balance between H O  and O  production and accumulate in the epidermal glands of the leaves.2 2 2

.-

the activities of the ROS scavenging enzymes [25].. In Polyphenols and peroxidase activity were also co-
present work there are controversial results related to the localized in the glands [36]. Antioxidative properties of
effects of NaCl toxicity on SOD. These increases were phenols arise from their high reactivity as hydrogen or
paralleled with marked increase in SOD [26]. A major electron donors and from the ability of the polyphenol-
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derived residual to stabilize and de-localized the unpaired 9. Okada, Y. and M. Okada. 1998. Scavenging effect of
electrons and from their ability to chelate transition metal soluble  proteins  in  broad  beans  on  free  radicals
ions [37]. NaCl in excess cause the accumulation of and  active  oxygen  species.   J.  Agric.  Food  Chem.,
proline in leaves due to water deficit induced by salinity. 46: 401-406.
Proline could contribute to the maintenance of water 10. Yen, G.C. and. P.D. Duh. 1994. Scavenging effect of
balance and possibly to the scavenging of hydroxyl methanolic  extract  of  peanut  hulls on free-radical
radicals and metal chelation in the cytoplasm reported by and  active-oxygen  species.  J.  Agric.  Food  Chem.,
Tripathi and Gaur [38]. Matysik et al. [39] reported that in 42: 629-632.
many plants under various forms of stress, the 11. Cakmak, I. and H. Marschner, 1992. Magnesium
concentration of proline measured up to 80% of the amino deficiency and high light intensity enhance activities
acid pool. of superoxide dismutase, ascorbate peroxidase and
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