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Abstract Tomato (Lycopersicon esculentum Mill.) becomes
one of the world’s foremost vegetables, and its world produc-
tion and consumption have increased fairly quickly. The ca-
pacity to induce oxidative stress in tomato plant, exposed to
three xenobiotics such as alpha-cypermethrin, chlorpyriphos,
and pirimicarb, was investigated by the evaluation of lipid
peroxidation by measuring malondialdehyde (MDA) rate; al-
so, we studied the response of tomato to this stress by
assessing the response of superoxide dismutase (SOD), cata-
lase (CAT), peroxidase (POD), ascorbate peroxidase (APX),
glutathione-s-transferase (GST), and glutathione reductase
(GR). The effect of the insecticides was observed using four
concentrations (25, 50, 75, and 100 %) for germinating seeds
and only the recommended concentration in agriculture
(100 %) for growing plants. Our results show an important
accumulation of MDA, demonstrating the increase of lipid
peroxidation in consequence of the excessive reactive oxygen
species (ROS) production due to insecticide treatment. In re-
sponse to this oxidative stress in tomato seedlings and plants,
the activities of antioxidant-enzyme system were generally
enhanced. The electrophoretic analysis showed also the appa-
rition of new isoenzymes as the case for CAT and POD.
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Abbreviations
APX Ascorbate peroxidase
CAT Catalase
GR Glutathione reductase
GST Glutathione-s-transferase
MDA Malondialdehyde
POD Peroxidase
SOD Superoxide dismutase

Introduction

Application of pesticides is an important practice for control
of plant growth in modern agriculture. However, the use of
pesticides obtained by chemical synthesis represents the major
cause of the contamination occurring in agriculture. Even if
they are correctly applied, pesticides may present important
risks because of their persistence, bioavailability, and mobility
(Arias-Estévez et al. 2008).

Moreover, there is growing evidence indicating that pollut-
ants such as pesticides and other organic toxic substances in
the environment are able to induce the intracellular overpro-
duction of reactive oxygen species (ROS), damaging then the
plant cells (Peixoto et al. 2006; Song et al. 2006; Wang and
Zhou 2006).

Plants have evolved various protective mechanisms to
eliminate or reduce ROS caused by damages and stresses.
The enzymatic antioxidant system is a protective mechanism,
which operates with the sequential and simultaneous actions
of enzymes including superoxide dismutase (SOD), peroxi-
dase (POD), ascorbate peroxidase (APX), and catalase
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(CAT). Some studies were caring out with some herbicides
such as isoproturon, which induce a delay of growth on wheat
plants, and affect also many physiological process.
Isoproturon induce oxidative stress, and wheat plants activat-
ed a variety of antioxidative enzymes, such as SOD, CAT,
APX, and POD, to diminish the ROS. Additionally, the activ-
ity of glutathione-s-transferase (GST), one of the typical de-
toxifying enzymes, was increased (Yin et al. 2008). In other
hand, Wu et al. (2010) demonstrated that the herbicide
fluroxypyr affected the growth of rice. Fluroxypyr-inhibited
growth was closely linked to the generation of ROS in leaves.
To deal with fluroxypyr-induced oxidative stress, several an-
tioxidative enzymes such as SOD, CAT, APX, and POD were
increased at low concentration of herbicide and decreased at
higher concentrations. These biochemical results can be
interpreted as an internal tolerant mechanism. In another
study, Zhang et al. 2014 demonstrate that the accumulation
of atrazine in rice plants led to toxic responses such as over-
generation of ROS, which activate the plant defense system.
This was best presented by the enhanced activities of several
antioxidant enzymes such as SOD, CAT, and POD, and ex-
pression of genes responsible for the tolerance to atrazine
toxicity.

In this study, we evaluate the response of the enzymatic
antioxidant system in tomato plant (Lycopersicon esculentum
Mill.) to the application of the most used insecticides in the
northern of Morocco, such as alpha-cypermethrin (pyrethroid
insecticide), chlorpyriphos (organophosphorus insecticide),
and pirimicarb (carbamate insecticide), by using the SOD,
CAT, POD, APX, glutathione reductase (GR), and GST
parameters.

Materials and methods

Plant material and germination process

Tomato (L. esculentum Mill.) seeds were surface-sterilized in
10 % commercial bleach with stirring for 5 min, followed by
extensive washing in sterile-distilled water. Batches of 50
seeds of tomato were germinated in Petri dishes (diameter of
9 cm) on top of two layers of filter paper moistened with 6 ml
of either distilled water or insecticide solutions at the concen-
trations of 25, 50, 75, and 100% (100% represents the normal
concentration used in agriculture) and maintained in a growth
chamber in darkness at 25 °C for 6 days. At various stages of
tomato seed germination for 3, 4, and 5 days, seeds of each
replicate were collected for the measurement. Three replicates
were performed. Germination time corresponds to the time of
rupture of the seed coats and the emergence of the radical
through the seed coat; seedlings were grown for up to a max-
imum of 6 days.

For plant study, the seeds were sown in plastic pots for
germination and growth. Each pot was filled with prepared
soils. Seedlings were grown at 24 °C/20 °C (day/night) tem-
perature, and 16 h of light, and watered each day. After growth
for 30 days, the plants were treated by the insecticides at the
concentration of 100%, representing the normal concentration
used in agriculture. The tests were realized in the 2nd, 5th, 8th,
11th, and 14th day after treatment.

Determination of lipid peroxidation

Lipid peroxidation was determined by calculating the rate of
malondialdehyde (MDA) expressed inμmol ofMDA formed/
mg of proteins, according to Health and Packer (1981) who
used the thiobarbituric acid (TBA) as substrate. Of the super-
natant, 100 μl is added with 1 ml of a trichloroacetic acid
solution (TCA) to 0.1 % (p/v). The homogenate was centri-
fuged at 10,000g during 5 min, and 200 μl of supernatant is
mixed with 800 μl of 0.5 % TBA, prepared in 20% TCA. The
mixture was heated at 95 °C for 30 min, chilled on ice, and
centrifuged at 10,000g throughout 5 min. The absorbance of
the supernatant was measured at 532 nm. The value for non-
specific absorbance at 600 nm was subtracted. The amount
rate of MDA formed was calculated by using the extinction
coefficient of 155 mM−1 cm−1.

Chlorophyll analyses

Chlorophyll was measured following Arnon (1949). The ex-
traction and analysis of chlorophyll were performed by ho-
mogenization of 0.1 g fresh leaves in 8 ml of 80 % acetone
(pH 7.8 adjusted with sodium phosphate buffer), followed by
centrifugation at 500g for 10 min. The supernatant was used
for spectrophotometric determination, and the rates of chloro-
phyll A and chlorophyll B were calculated.

Assay of antioxidant enzymes

Of the germinating seeds, 100 mg were homogenized in
100 mM phosphate buffer (pH 7.0) containing 1 mM EDTA,
1 mM PMSF, and 0.5 % PVP. The mixture was centrifuged at
9000g for 20 min. The supernatant was used as enzyme ex-
tract to determine enzyme activity.

SOD activity (EC 1.15.1.1) was assayed by measurement
of its capacity of inhibiting the photochemical reduction of
nitro-blue tetrazolium (NBT) according to Beauchamp and
Fridovich (1971). Three milliliters of reaction mixture
contained 50 mM phosphate buffer (pH 7.8), 10 mM methio-
nine, 1.17 mM riboflavin, 56 mM NBT, and the enzyme ex-
tract. The absorbance of this solution was measured at
560 nm. One unit of SOD was defined as the enzyme activity
that inhibited the photo-reduction of nitro-blue tetrazolium to
blue formazan by 50 %.
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CAT (EC 1.11.1.6) activity was determined by the con-
sumption of H2O2 (extinction coefficient 39.4 mM×cm−1)
at 240 nm for 30 s (Aeobi 1974). The reaction mixture
contained 50 mM potassium phosphate buffer (pH 7.0), 1 M
H2O2, and the enzymatic extract.

POD (EC 1.11.1.7) activity was measured following the
change of absorbance at 436 nm due to guaiacol oxidation
(ε 436=6.39 mM−1×cm−1). The activity was assayed for
1 min in a reaction solution composed of 100 mM potassium
phosphate buffer (pH 7.0), 6 mM guaiacol, 10 mMH2O2, and
the enzymatic extract (Putter 1978).

APX activity was measured by the decrease in absorbance
at 290 nm. The reaction mixture contained 50 mM Hepes-
NaOH (pH 7.6), 0.25 mM ascorbate, 0.1 mM H2O2, and the
enzymatic extract (Hossain and Asada 1984).

GSTactivity was measured in accordance with Habig et al.
(1974), using 1-chloro-2,4-dinitrobenzène (CDNB) as sub-
strate. The reaction mixture contained 0.1 M potassium phos-
phate buffer (pH 6.8), 20 mM CDNB, 10 mM GSH, and the
enzymatic extract. GST activity was measured by the increase
in absorbance at 340 nm due to the reaction of GSH and
CDNB.

GR activity was measured by the decrease in absorbance at
340 nm, due to the NADPH oxidation. The reaction mixture
contained 50 mM Tris buffer (pH 7.8), 1 mMNADPH, 5 mM
GSSG, and the enzymatic extract (Foyer and Halliwell 1976).

Polyacrylamide gel electrophoresis

The isoenzymes of SOD, CAT, and POD were separated on
the discontinuous polyacrylamide gels (stacking gel 4 % and
separating gel 12 %) under the non-denaturing conditions.
Proteins were electrophoresed at 4 °C and under 80 V for 4 h.

SOD activity was determined on the gel as described by
Beauchamp and Fridovich (1971). The gels were rinsed in
water and incubated in darkness for 30 min at room tempera-
ture, in the assay mixture containing 50 mM potassium phos-
phate buffer (pH 7.8), 28 mM riboflavin, 28 μM
tetramethylethylenediamine (TEMED), and 0.1 mM nitro-
blue tetrazolium. Next, the gels were rinsed with water and
exposed in a light box for 10min at room temperature until the
development of colorless bands of SOD activity; a purple-
stained gel was visible.

For POD isoforms, the gels were stained for 20 min in
0.2 M acetate buffer (pH 5.5), 5 mM benzidine, and 5 mM
H2O2 (Zhou et al. 2007).

Concerning the detection of CAT isoenzyme activity, the
gel was soaked in deionized water during 15 min.
Subsequently, the gel was incubated in 0.03 % H2O2 for
25 min and then carefully washed with deionized water to
remove the residual H2O2. Next, the gel was stained in the
solution of 1 % (w/v) potassium ferricyanide and 1 % (w/v)
ferric chloride (Woodbury et al. 1971). This allows the gel to

turn blue except at positions exhibiting CAT activity. When
maximum contrast was achieved, the reaction was stopped by
rinsing the gel with deionized water.

Statistical analysis

Data were subjected to one-way analysis of variance
(ANOVA) using Statistica Software (Statistica 1997). Post
hoc testing was carried out using the Tukey test. A signifi-
cance level of 0.05 was used for all statistical tests.

Results

Evaluation of lipid peroxidation

Table 1 shows a significant increase of MDA rate in treated
seedlings since the 3rd day registered 0.89 μmol of MDA
formed/mg of FW in response to the treatment with alpha-
cypermethrin at the concentration of 100 % for example, com-
pared to the control which was rounding 0.49 μmol of MDA
formed/mg of FW. In the sameway, Table 2 shows an increase
in MDA rate in leafs and roots since the 2nd day after treat-
ment, registered values fluctuating between 0.73 and
1.52 μmol/mg FW for leafs, and between 0.86 and
2.36 μmol/mg FW for roots. These concentrations are signif-
icantly higher than control’s rates which are rounding between
0.24 and 0.52 μmol/mg FW for leafs, and between 0.35 and
0.55 μmol/mg FW for roots.

Evaluation of chlorophyll rate

The application of insecticides influences negatively the rate
of chlorophyll. A decrease in chlorophyll A and chlorophyll B
concentrations has been observed after the treatment by both
insecticides (Table 3).

Response of superoxide dismutase

Table 1 shows a significant increase of SOD rate in treated
seedling since the 3rd day recorded values reaching
5.1 U/min/μg of proteins in response to the treatment with
alpha-cypermethrin at the concentration of 100 % for exam-
ple, compared to the control which was rounding 1.79 U/min/
μg of proteins.

In the same way, Table 2 shows a stimulation of SOD
activity in leaves and roots especially since the 5th day after
treatment registered values fluctuating between 3.65 and
11.96 U/min/μg of proteins for the leaves, and from 2.72 to
4.55 U/min/μg of proteins for roots. These activities are sig-
nificantly higher than control which activity was rounding
between 2.25 and 2.9 U/min/μg of proteins for leafs, and
between 1.39 and 2.01 U/min/μg of proteins for roots.
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The electrophoretic analysis of SOD in seedling (Fig. 1)
showed no qualitative difference between control and treated
samples. In both cases, the study revealed the presence of 3
isoenzymes of SOD, with a quantitative difference between
them; the treated sample bands are more marked. In leaves,
Fig. 2 demonstrates an essentially quantitative difference be-
tween treated samples and the control, presenting both of them
3 isoenzymes of SOD. In roots, the study highlighted a pre-
dominance of a single isozyme in both treated and control
samples, and more marked in the treated ones.

Response of catalase

Table 1 illustrates a significant stimulation of the catalase ac-
tivity in treated seedlings with the application of all insecti-
cides from the 3rd day of monitoring. This stimulation was 2-
to 7-fold greater when compared with control, reaching for
example in the 3rd day 0.075 μmol/min/μg of proteins with
α-cypermethrin (100%) vs. about 0.011 μmol/min/μg of pro-
teins for control.

Table 2 demonstrates an increase in catalase activity in
treated leaves from the first week of test period. Catalase ac-
tivity was generally 2 to 3 times higher in comparison with
control. For example, in the 5th day, the activity of catalase in
leaves treated by chlorpyriphos was 0.094 μmol/min/μg of
proteins vs. 0.033 μmol/min/μg of proteins for control.

Concerning the roots (Table 2), a significant response of
catalase was obtained on the 5th day after treatment, recording
values between 0.046 and 0.056 μmol/min/μg of proteins vs.
control (0.021 μmol/min/μg of proteins).

The electrophoretic analysis of catalase in treated seedlings
(Fig. 1) highlighted more important intensity of bands com-
pared to control, and proportional to the concentration of in
insecticide used. We also noted the emergence of a second
minority isoenzyme in treated samples, especially with the
insecticide concentration of 50, 75, and 100 %.

Figure 2 shows an appearance of two new isozymes in
treated leaves, less important than the 3rd isoenzyme more
marked in both control and treated samples.

Regarding roots, Fig. 2 reveals the presence of a single
isozyme of catalase in both treated samples and control, with
a higher density in the treated roots.

Response of peroxidase

Table 1 shows a significant increase of the POD activity in
treated seedlings with the application of all insecticides from
the 3rd days of test period. This stimulation was 2- to 5-fold
higher by referring to control, reaching for example in the 4th
day 0.07 μmol/min/μg of proteins with α-cypermethrin at
50 % against 0.015 μmol/min/μg of proteins for control.

Table 2 illustrates an increase of POD activity in treated
leaves from the 5th day of test period, marking a maximum onT
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the 8th day, with values between 0.095 and 0.106 μmol/min/
μg of proteins; the control registered only 0.041 μmol/min/μg
of proteins. Otherwise, an increase of the POD activity
was recorded in roots from the 5th day of monitoring,
with a maximum of 0.049 μmol/min/μg of proteins in
roots treated with pirimicarb, vs. 0.016 μmol/min/μg of
proteins for control.

Figure 1 emphasizes from 5 to 6 isoenzymes in treated
seedling vs. one important isoenzyme in control. Moreover,
the intensity of the bands in treated samples was more impor-
tant compared to the control.

Electrophoretic study of SOD (Fig. 2) showed the appari-
tion of 5 new isoenzymes in treated leaves, and a new isoen-
zyme in treated roots, non present in control essay. Moreover,

the intensity of the bands in treated samples was generally
more important compared to the control.

Response of ascorbate peroxidase

Avery important increase in APX activity in treated seedlings
was underlined (Table 1). This stimulation was recorded from
the 1st day of monitoring, and it was generally 1.5- to 5-fold
higher when compared to control. For example, in the seed-
lings treated with chlorpyriphos (100 %) on the 4th day of test
period, the APX activity was of 0.199 μmol/min/μg of pro-
teins vs. control (0.38 μmol/min/μg of proteins).

Table 2 shows that the activity APX increased in treated
leaves from the beginning of the test period, reaching the

Table 3 Insecticide effect on
chlorophyll A and chlorophyll B
concentration in tomato leaves

Control α-Cypermethrin Chlorpyriphos Pirimicarb

Chlorophyll A

2nd day 0.22±0.01 0.15±0.01** 0.22±0.01 0.14±0.01***

5th day 0.29±0.01 0.18±0.03** 0.22±0.03* 0.25±0.02*

8th day 0.29±0 0.20±0.01*** 0.25±0.04 0.25±0.01**

11th day 0.32±0.01 0.13±0.03*** 0.17±0.01*** 0.16±0***

14th day 0.31±0.01 0.2±0.01*** 0.25±0.02** 0.26±0.01**

Chlorophyll B

2nd day 0.12±0.01 0.08±0.02* 0.13±0.01 0.08±0.02*

5th day 0.29±0.01 0.15±0.03** 0.22±0.02* 0.19±0.01***

8th day 0.36±0.01 0.19±0.02*** 0.14±0.02*** 0.14±0.01***

11th day 0.3±0.01 0.07±0.02*** 0.1±0.02*** 0.07±0.01***

14th day 0.32±0.02 0.21±0.02** 0.19±0.03** 0.26±0.02*

Each value represents the mean+SE of 3 replications. The values are represented in mg/mg FW. *, **, and ***
indicate significant at P≤0.05, 0.01, and 0.001 levels, respectively

Fig. 1 Revelation of the different
isoenzymes of SOD (a, b, and d),
CAT (e, f, and g), and POD (h, i,
and j) after exposure to α-
cypermethrin, chlorpyriphos, and
pirimicarb in the same order. C,
control; 25, 50, 75, and 100 %,
insecticide concentration
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maximum on the 8th day (from 0.223 to 0.233 μmol/min/μg
of proteins) compared to control (about 0.083 μmol/min/μg of
proteins).

Concerning the roots (Table 2), a significant response of
APX was obtained on the 5th day after treatment; recording
values between 0.08 and 0.09 μmol/min/μg of proteins, vs.
0.029 μmol/min/μg of proteins for control.

Response of glutathione-s-transferase

Avery important increase of GST activity in treated seedlings
was emphasized (Table 1). This stimulation was registered
from the 1st day of monitoring and was generally 2- to 8-
fold higher in comparison with control. For instance, in seed-
lings treated with chlorpyriphos (100 %) on the 4th day of test
period, the GST activity was of 0.016 μmol/min/μg of pro-
teins (vs. 0.002 μmol/min/μg of proteins for control).

GSTactivity increased in treated leaves from the 5th day of
the test period (Table 2), recording values between a maxi-
mum of 0.03 and 0.07 μmol/min/μg of proteins, compared to
control (from 0.013 to 0.026 μmol/min/μg of proteins).

Regarding roots (Table 2), a significant response of GST
was obtained on the 5th day after treatment, registering values
between 0.0015 and 0.0018 μmol/min/μg of proteins (vs.
0.0008 μmol/min/μg of proteins in control).

Response of glutathione reductase

Table 1 illustrates a significant stimulation of the GR activity
in treated seedlings from the 3rd day of monitoring, when
applying all insecticides. This stimulation was 2- to 7-fold
greater when referring to control, and reaching for example

on the 3rd day 0.087 μmol/min/μg of proteins with α-
cypermethrin (100 %); in control, this activity was rounding
0.012 μmol/min/μg of proteins.

Table 2 shows an increase in GR activity in treated leaves
from the 5th day of test period. GR activity was generally 2 to
3 times higher by considering the control and recording values
between 0.08 and 0.092 μmol/min/μg of proteins, compared
to control (about 0.026 μmol/min/μg of proteins).

In other side, a significant response of GR in treated roots
was obtained from the 5th day after treatment (Table 2), re-
cording values between 0.029 and 0.052 μmol/min/μg of pro-
teins (vs. 0.017 μmol/min/μg of proteins in control).

Discussion

To evaluate lipid peroxidation, we measured changes in MDA
rate as a result of lipid peroxidation reaction. Our results
showed a significant increase inMDA concentration in treated
samples compared to the control ones. Generally, under stress
condition, there is an increase in the rate of the lipid peroxi-
dation, result of an accumulation increase of ROS. In this way,
some compounds such as singlet oxygen, hydroxyl radical,
anion superoxide, or hydrogen peroxides attack the unsaturat-
ed lipids, especially fatty-acids, and cause their peroxidation,
leading to the liberation of an important rate of the MDA
(Elstner 1990). The superoxide radicals are converted into
hydroperoxyl radicals that penetrate the cellular membrane
and interact with the internal lipid membrane, being unattain-
able for the radical superoxide (Bartosz 2003). Mishra et al.
(2008) signaled elsewhere a significant increase in MDA rate
in Momordica charantia L. leafs after treatment by

Fig. 2 Revelation of the different
isoenzymes of SOD (a and b),
CAT (d and e), and POD (f and g)
in leafs and roots respectively,
after exposure to insecticides. C,
control; αC, α-cypermethrin; Ch,
chlorpyriphos; P, pirimicarb
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dimethoate. In the same way, Song et al. (2007) demonstrated
an important increase in lipid peroxidation in Triticum
aestivum following the treatment by chlorsulfuron.

To evaluate a degree of toxicology of the three insecticides
on tomato, chlorophyll rate was evaluated. Our results showed
a significant decrease in both chlorophyll A and chlorophyll B
rates in treated samples, compared to the control ones.
Moreover, these results are also supported by the delay of
growth and a perturbation of reserve substances observed after
treatment by alpha-cypermethrin, chlorpyriphos, and
pirimicarb in our previous studies (Chahid et al. 2013a, b).
These results reflect the serious damages reaching plants after
treatment by insecticides.

SOD is the first enzyme of the detoxification process, op-
erating by catalyzing the conversion of free radicals on mo-
lecular oxygen and peroxide of hydrogen (McCord and
Fridovich 1969). Our study reveals an important stimulation
of SOD activity in treated seedling and plants of tomato. This
stimulation may be a response to the accumulation of ROS
and especially superoxide anion after insecticide use. In
concordance with our results, Bashir et al. (2007) showed a
similar increase of SOD activity after application of delta-
methrin to Glycine max. Moreover, SOD activity increased
in M. charantia after treatment by dimethoate (Mishra et al.
2009). In other side, the electrophoretic analysis revealed the
presence of 3 isoenzymes of SOD in tomato seedlings and
leaves and just one isoenzyme in roots; generally, the isoen-
zymes in treated samples were more active compared to con-
trol. These 3 isoenzymes correspond to Cu/Zn-SOD, Mn-
SOD, and Fe-SOD which are different by their metallic cofac-
tor (Beyer and Fridovich 1987).

In the second episode of the detoxification chain, CAT
catalyzes the decomposition of H2O2, generated after the con-
version of O2

− by SOD into H2O2 and O2 (Aeobi 1974). Our
results showed a high increase of CATactivity in treated seed-
ling and plants of tomato, may be due to H2O2 accumulation,
because catalase is one of the major antioxidant enzymes re-
sponsible for its elimination (Song et al. 2006). Literature
reported that in consequence to exposition to xenobiotics, cat-
alase was generally stimulated to eliminate the H2O2 generat-
ed, as underlined for example in T. aestivum, which displayed
an important increase in CAT activity after exposure to penta-
chlorophenol et 2,4-dichlorophenol (Michałowicz et al.
2009). The electrophoretic study of catalase activity revealed
the apparition of a new isoenzyme in treated seedlings of
tomato when applying a higher concentration of insecticides
and two new isoenzymes in treated leaves; whereas, in roots,
there is no qualitative difference between treated samples and
control. Generally, the isoenzymes in treated samples were
more active compared to control. A study made in Nicotiana
plumbaginifolia has brought out three types of catalase, very
similar in the sequence of their genes, but involved in distinct
cellular processes (Willekens et al. 1994). Cat1 is highly

expressed in photosynthetic cells, where it can play the role
of scavengers of H2O2 produced during the photo-respiration.
Cat2 is distributed uniformly in the plan, with some preference
for the vascular tissue; it would play a role in the elimination
of H2O2 during stress conditions. Cat3 is more abundant in the
seed, and therefore, it is probably associated to glyoxysome
function (Willekens et al. 1994).

POD is implicated in the process of hydrogen peroxide
detoxification, and its activity increased in treated seedling
and plants of tomato. This stimulation may be a response of
H2O2 accumulation. POD catalyzes the oxidation of many
substrates in the presence of hydrogen peroxide, thus allowing
the transformation of a H2O2 molecule into two molecules of
water (Putter 1978). The electrophoretic study of POD activity
showed an apparition of many new isoenzymes in treated
seedlings and plants of tomato. In literature, several studies
support this defensive role of the POD against xenobiotics.
Song et al. (2007) demonstrated that treatment with
chlorotoluron induced a significant stimulation of the POD
in T. aestivum; this stimulation affected the majority of isoen-
zymes both in leaves and roots. The stimulation of POD ac-
tivity, due to exposition to chlorimuron-ethyl, was also report-
ed in T. aestivum (Wang and Zhou 2006).

APX is part of the ascorbate-glutathione cycle and is also
responsible for the elimination of hydrogen peroxide. The
stimulation of the APX activity is reported in literature as a
response of plants to stress conditions; APX activity is in-
duced after treatment of Solenostemon rotundifolius by the
triazole (Kishorekumar et al. 2008). Chagas et al. (2008) re-
ported likewise that the treatment by Parquat (2 mM) induced
stimulation of the APX in Saccharum officinarum. Our results
are in concordance with literature data since a high increase of
APX activity was observed in both treated seedling and plants
of tomato. We suggest that this stimulation may be a response
of H2O2 accumulation and/or related to the activation of the
ascorbate-glutathione cycle.

GST is a multifunctional enzyme playing a very important
part in the detoxification process in plants. Our study illustrat-
ed a high increase of GST activity in treated seedling and
plants of tomato; the GST stimulation supports the activation
of the ascorbate-glutathione cycle as a response to oxidative
stress. GST is responsible of the catalysis of the conjugation of
several substrates including glutathione-pesticides to form a
non-toxic peptide derivative (Dixon et al. 1998). Stimulation
of GST activity is reported in literature in plants as a response
to xenobiotics. Thus, exposure of Arachis hypogaea to glyph-
osate induced stimulation of GST activity and raised the glu-
tathione rate (Mukesh and Bhalla-Sarin 2001). In other side,
the GST stimulation was also observed T. aestivum following
the treatment by the prometryn (Jiang and Yang 2009). In
plants, there are six classes of GST. The phi and tau GST are
plant-specific classes and the most abundant; their role con-
sists on the conjugation of various types of xenobiotics
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including pesticides. The theta GST operates as a glutathione
peroxidase and its role is apparently associated to the reduc-
tion of organic hydroperoxide produced during oxidative
stress. The zeta GST plays the role of glutathione isomerase
catalyzing the conversion of maleylacetoacetate in
fumarylacetoaceta te . The other two classes are
dehydroascorbate reductase (DHARS) and lambda GST; they
play the role of thioltransferase (Edwards and Dixon 2005).

GR, acting in the process of detoxification, catalyzes the
reduction of oxidized glutathione to reduced glutathione. Our
results showed a high increase of GR activity in treated seed-
ling and plants of tomato. This stimulation of GR activity
could be due to (i) high activity of the cycle glutathione-
ascorbate to ensure detoxification of the high rate of ROS
due to oxidative stress or (ii) an important activity of GR
necessary to maintain a high rate of Glutathione reduced, not
limiting then synthesis of the phytochelatins which are oligo-
mers of glutathione involved in the kidnapping ofmetals at the
level of the vacuole, and the inactivation of some pesticides
(Bashir et al. 2007). Similar results were reported in literature
since Diuron application induced GR activity stimulation in
Lemna minor (Teisseire and vernet 2000) and the exposure of
Arabidopsis thaliana to copper at concentrations higher than
50 μM increased significantly GR activity (Drazkiewicz et al.
2003).

In conclusion, the application of insecticides to tomato
plant induces an important accumulation of MDA, demon-
strating an increase of lipid peroxidation in consequence of
the excessive ROS production following the plant treatment
by insecticides. In response to this oxidative stress created in
tomato seedlings and plants, the activities of antioxidant en-
zymes such as SOD, POD, CAT, APX, GST, and GR were
generally enhanced. The electrophoretic analysis showed the
apparition of same new isoenzymes such CAT and POD.
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