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Abstract: Cantharidin and its analog, endothall, are 
known to have phytotoxic effects and their mechanism of action 
involves the inhibition of phosphatases. Enzymes and antioxi-
dant compounds act as barriers against phytotoxic compounds. 
Catalase and peroxidase are among the most important antioxi-
dant enzymes. Cichorium intybus L. has traditionally been used 
for its medicinal properties and contains various phytochemi-
cal and enzymatic compounds. The present study aimed to in-
vestigate the comparative effects of cantharidin and endothall 
with concentration of 2.5, 5.5 and 10 µg ml-1 on the changes 
in the gene expression of catalase and glutathione peroxidase. 
Furthermore, we assess the activities of these enzymes in the 
shoots and roots of Cichorium intybus L.. According to the 
findings, the expression of catalase and glutathione peroxidase 
increased in the samples treated with cantharidin more than 
endothall compared to the controls in both shoot (the most sig-
nificant is in cantharidin with 2.5 µg ml-1 concentration) and 
root samples (the most significant is in cantharidin with 5.5 
µg ml-1 concentration). In addition, the activity of catalase and 
concentrations of cantharidin (2.5 µg ml-1) in shoot samples led 
to the more intense stimulation of catalase and glutathione per-
oxidase compared to root samples. We suggest that cantharidin 
and endothall have negative effect on expression and absorp-
tion of antioxidant enzymes.

Key words: cantharidin; catalase; Cichorium intybus L.; 
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Primerjalni učinki kantaridina in endotala na izražanje genov 
in aktivnost antioksidacijskih encimov pri navadnem potro-
šniku (Cichorium intybus L.)

Izvleček: Kantaridin in njegov analog endotal sta pozna-
na po fitotoksičnih učinkih, pri katerih njun mehanizem de-
lovanja vsebuje inhibicijo fosfataz. Encimi in antioksidacijske 
spojine tvorijo bariero proti fitotoksičnim spojinam. Katalaza 
in peroksidaza sta med najpomembnejšimi antioksidacijskimi 
encimi. Navadni potrošnik (Cichorium intybus L.) se tradici-
onalno uporablja kot zdravilna rastlina zaradi vsebnosti raz-
ličnih fitokemikalij in encimov. V raziskavi so bili preučevani 
primerjalni učinki kantaridina in endotala v koncentracijah 
2,5, 5,5 in 10 µg ml-1 na spremembe v izražanju genov za kata-
lazo in glutation peroksidazo. Aktivnosti teh dveh encimov so 
bile ocenjene v poganjkih in koreninah navadnega potrošnika. 
Izsledki so pokazali, da se je izražanje genov za katalazo in glu-
tation peroksidazo bolj povečalo v vzorcih, ki so bili tretirani s 
kantaridinom kot v tistih tretiranih z endotalom v primerjavi s 
kontrolo, tako v poganjkih (najznačilnejši učinek je imela kon-
centracija kantaridina 2,5 µg ml-1) kot v koreninah (najznačil-
nejši učinek je imela koncentracija kantaridina 5,5 µg ml-1). Do-
datno sta aktivnost katalaze in koncentracija kantaridina (2,5 
µg ml-1) v vzorcih poganjkov vodili k intenzivnejši stimulaciji 
katalaze in glutation peroksidaze v primerjavi z vzorci korenin. 
Predpostavljamo, da imata kantaridin in endotal negativni uči-
nek na izražanje genov antioksidacijskih encimov in na njihovo 
absoprcijo. 

Ključne besede: kantaridin; katalaza; Cichorium intybus 
L.; endotal; glutatione peroksidaza
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1 INTRODUCTION

Cichorium intybus L. belongs to the Asteraceae fam-
ily (Heimler et al., 2009) and Wild chicory or blue daisy 
C.intybus is a diploid plant species (2n = 18) (Funk et 
al., 2005). The shoots of C.intybus could be as high as 
0.5-1.5 meters in the wild state, and they may even ex-
ceed two meters. It is cultivated as an ornamental and 
medicinal plant across Europe. In Iran, C. intybus grows 
in mountainous regions, as well as Khorasan, Guilan, 
Mazandaran and Tehran provinces. 

Chicory is an important medicinal plant which ac-
cumulates various specific organic compounds, such as 
storage polysaccharide inulin, sesquiterpene lactones, 
cumarins, phenolic acids and flavonoids (Bais & Ravis-
hankar, 2001; Senderski, 2009). Flavonoids and terpe-
noids are among the important compounds found in C. 
intybus . Some cultivars of this plant are widely cultivated 
in countries such as the United States, India, and New 
Zealand as a fodder plant to feed livestock. Furthermore, 
C. intybus has been traditionally used as a medicinal herb. 
As such, the phytochemical and enzymatic compounds 
found in C. intybus are of almost importance (Abbas et 
al., 2015). Cantharidin is a toxic terpenoid compound, 
which is found in the beetles of Meloidae and Oedemeri-
dae families. This natural terpenoid is also produced by 
the blister beetle (Epicauta spp.) and Spanish flies (Lytta 
vesicatoria (L., 1758)) as a protection mechanism (Bajsa 
et al., 2011). Cantharidin has been used as a medicine in 
China since 2000 years ago. This compound is of medi-
cal and economic significance due to its medicinal pro-
prieties and severe toxicity in livestock. Nevertheless, its 
usage has recently become restricted in medicine due to 
its high toxicity and adverse effects (Young, 2017). Pre-
vious studies have denoted that cantharidin affects cells 
through inhibiting phosphatases proteins (PPTs) 1 and 2. 
Phosphatases are involved in various cellular functions 
through phosphorylation-dephosphorylation and are 
responsible for conducting phosphorylation-dependent 
signals. The other mechanisms in this regard include ac-
tivating apoptosis and blocking all the apoptosis inhibi-
tors (Ward et al., 2017). In addition, PPTs control several 
plant cell functions, such as pathway crosstalk, light per-
ception, response to pathogens, and hormonal functions 
(Ward et al., 2017a; Rikin & Rubin, 1993). Considering 
the effectiveness of PPTs, they have been applied to ob-
tain various compounds for special purposes. Endothall 
herbicide is one of the analogs of these compounds 
(Duke & Powles, 2008). 

Endothall (7-oxabicyclo heptane-2,3-dicarboxylic 
acid) was introduced in the 1950 with the commercial 
name ACCELERATE (Duke & Powles, 2008a). Despite 
its history, endothall remains one of the several herbi-

cides to be used widely. Considering its mechanism of 
action, endothall inhibits the entrance of leucine amino 
acid into the protein structure in different parts of plants. 
At high concentrations, endothall could even inhibit the 
synthesis of lipids. The plants affected by this toxin die in 
a browned form and decrease the light genes expression. 
According to the WSSA Herbicide Handbook, endothall 
affects the cell membrane, as well as a wide range of mo-
lecular pathways, which are not clearly identified (Dayan 
& Watson, 2011). In addition, previous findings have in-
dicated that cantharidin and endothall are both specific 
inhibitors of phosphatases proteins, and the phosphatase 
protein functioning in plants is inhibited more effectively 
by endothall compared to cantharidin (Bajsa et al., 2012). 

The inhibition of phosphatases proteins in plants 
could damage the plant structure. As such, plants have 
developed various strategies to respond to the herbicide 
toxicity. For instance, the antioxidant system is a consid-
erable defense mechanism in plants, which is activated 
through focused responses with the involvement of vari-
ous enzymes, including superoxide dismutase, catalase, 
peroxidase, ascorbate peroxidase, glutathione reductase, 
and glutathione transferase. Catalase is an important en-
zyme, which is responsible for a major part of the antiox-
idant defense in plants. Moreover, reports have suggested 
that following catalase, peroxidase plays a key role in the 
removal of hydrogen peroxide (Bajsa et al., 2012a).

To date, no studies have evaluated the effects of can-
tharidin and endothall on the gene expression of anti-
oxidant enzymes, as well as the changes in the activities 
of catalase and glutathione peroxidase proteins. Con-
sidering the adverse effects of these herbicides on cell 
physiology (fodder and medicinal plants), the present 
study aimed to investigate the effects of cantharidin and 
endothall on the expression of catalase and glutathione 
peroxidase antioxidant genes in Cichorium intybus (L.).

2 MATERIALS AND METHODS

2.1 CULTIVATION, TREATMENT, AND SAM-
PLING OF CICHORIUM INTYBUS (L.)

In this study, the seeds of Cichorium intybus L. were 
obtained from Pakan Bazr Company in Isfahan, Iran. The 
seeds were placed in suitable pots for germination, and 
daily irrigation was performed for five days with 200 ml 
of water per week. After this period and when the plants 
were in the two-leaf stage, treatment of the samples was 
initiated using 200 ml week-1 of each concentration, and 
plants were water-sprayed every other day. 

In order to determine the proper concentrations 
of cantharidin and endothall, the plants were randomly 
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treated with 10, 50, 100, and 150 µg ml-1, and the results 
of the initial cultivation indicated that the plants had no 
germination at the other concentrations than 10 µg ml-1. 
Therefore, the concentration range of less than 10 µg ml-1 

was selected for the main experiments. After determining 
the proper concentrations, cultivated seeds were treated 
by 2.5, 5.5 and 10 µg ml1- for endothall and cantharidin 
respectively. 

Plant treatments were performed using 400 ml of 
each treatment. Experiments were conducted in con-
trolled laboratory conditions (25 ± 1 C°, 16:8 h (L : D), 
and harvesting was accomplished after two months of 
vegetative growth. At the next stage, separate samples 
were obtained from the roots and shoots of plants. 

2.2 RNA EXTRACTION AND CDNA SYNTHESIS

Changes in the expression of catalase and glutathi-
one peroxidase genes were examined in the shoots and 
roots (2 cm) of the samples. RNA extraction was per-
formed using a Fermentas kit in accordance with the 
instructions of the manufacturer. Nanodrop was used 
to assess the presence and evaluate the purity of the ex-
tracted RNA. To remove the DNA impurities, we applied 
the DNase enzyme (Fermentas DNase I, RNase-free) in 
accordance with the protocol. 

At the next stage, the cDNA was produced from the 
extracted RNA using RevertAid First Strand cDNA kit 
based on the proposed method in its protocol (Accord-
ing to the Fermentas kit ). Eventually, the cDNA was used 
as the model DNA in polymerase chain reaction (PCR).

2.3 EXAMINATION OF THE CHANGES IN THE 
EXPRESSION OF THE CATALASE AND GLU-
TATHIONE PEROXIDES GENES USING QRT-
PCR

Real-time PCR was employed to examine the 
changes in the expression of catalase and glutathione 
peroxidase genes using a PCR device (Light Cycler, Bio 
Rad) and SYBR Green color with the reaction volume of 
20 ml, which consisted of 10 ml of the master mix con-
taining SYBR Green, two ml of the left primers, and two 
ml of the right primers (Table 1). 

The duration of the cycles was set at three minutes 
at the temperature of 95 °C before 40 cycles (10 seconds 
at 95 °C), and the final stage lasted for 30 seconds at the 
temperature of 60 °C in accordance with the protocol of 
the SYBR Green kit (Sanders & Lee, 2013). Eventually, 
the melting curve was drawn, and the changes in the 
expression of catalase and glutathione peroxidase genes 
were compared with the control samples.

2.4 MEASUREMENT OF ENZYMATIC ACTIVITY

To measure the activity of enzymes, 0.5 g of the 
fresh shoot or root tissue of the plant was milled in liq-
uid nitrogen. Afterwards, 50 mM of phosphate buffer 
containing 1 % polyvinyl pyrrolidine and EDTA (1mM) 
were added to the milled tissues, and the mixture was 
centrifuged at the temperature of 4 °C for 20 minutes at 
14,000 g. The supernatant fluid was collected to measure 
the proteins and preserved at the temperature of -20 °C.

2.5 MEASURING THE ACTIVITY OF CATALASE

To measure the activity of catalase, a reaction mix-
ture composed of 20 ml of the extract, 980 ml of phos-
phate buffer (50 mM), and oxygenated water (15 mM) 
was prepared, and the reaction was rapidly initiated by 
adding oxygenated water. Reduced absorption of hydro-
gen peroxide was recorded as the changes in absorption 
over time at the wavelength of 240 nanometers. The en-
zyme activity was expressed in terms of μmol g-1 of fresh 
tissue per minute (Marschner & Cakmak, 1992).

2.6 MEASURING THE ACTIVITY OF GLU-
TATHIONE PEROXIDASE

The activity of glutathione peroxidase was mea-
sured based on the reduction of oxidized glutathione by 
the glutathione reductase enzyme with the consump-
tion of nicotinamide adenine dinucleotide phosphate 
(NADPH). To perform the experiment, the reaction 
mixture containing 250 ml of potassium phosphate buf-
fer (100 mM), 120 ml of NADPH (1 mM), 50 ml of oxi-
dized glutathione (10 mM), and 480 ml of distilled water 

Gene Right Sequence Primer Left Sequence Primer
Catalase CATCTGATTGAAAAAGCTTGCG TTTGAGGGCTTCCAGGTTG
Glutathione Peroxidase GTCACAAGAACACCGCTTT CGCAACAATTCGCCTT

Table 1: Sequence of utilized primers(primers are designed according to the genes used, from the NCBi database)
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was prepared. Following that, 100 ml of the root or shoot 
extract of the plant were added to the reaction mixture 
and assorted. 

At the next stage, the changes in the absorption were 
read at 340 nanometers for 120 s based on the kinetic 
method using a spectrophotometer. The enzyme activ-
ity was expressed based on the changes in the absorption 
min-1 mg-1 protein (Mac Adam, 1992).

2.7 STATISTICAL ANALYSIS

The experiments were run in a fully random design 
format with three replications. Data analysis was per-
formed by SPSS 22.0 software, and the minimum sig-
nificance level of p ≤ 0.05 was considered to compare the 
means. 

3 RESULTS AND DISCUSSION

3.1 EVALUATING THE CHANGES IN THE EX-
PRESSION OF THE CATALASE AND GLU-
TATHIONE PEROXIDASE GENES USING QRT-
PCR

3.1.1 Changes in the expression of the catalase and 
glutathione peroxidase genes in the shoots of 
the samples treated with cantharidin and en-
dothall

According to the investigation of the changes in the 
expression of catalase in the samples treated with en-
dothall, the changes in the expression of this gene were 
significant at the concentration of 5.5 µg ml-1 compared 

to the controls. Furthermore, the changes in the catalase 
gene in the samples treated with cantharidin were con-
sidered significant at the concentrations of 2.5 µg ml-1. In 
the samples treated with cantharidin, the catalase gene 
had a more significant elevated expression compared 
with the samples treated with endothall.

According to the investigation of the changes in the 
glutathione peroxidase gene in the samples treated with 
endothall, the expression of this gene increased in the 
shoots of the samples treated with 2.5 µg ml-1 of endothall 
compared to the control. Moreover, in the shoot samples 
of the plants treated with cantharidin, the elevation of the 
changes in the expression of this gene was observed at the 
concentrations of 2.5 and 10 µg ml-1. Comparison of the 
changes in the expression of the peroxidase gene in the 
samples treated with cantharidin and endothall indicated 
that the increase in the expression of this antioxidant 
gene was more significant with cantharidin.

3.1.2 Changes in the expression of the catalase and 
glutathione peroxidase genes in the roots of the 
samples treated with cantharidin and endothall

According to the investigation of the changes in the 
expression of the catalase gene in the roots of the sam-
ples treated with endothall, the changes in the expres-
sion of this gene were significant at the concentration of 
10 µg ml-1 compared to the controls, while no significant 
changes were denoted at the other concentrations com-
pared to the control. On the other hand, the results of 
the changes in the glutathione peroxidase and catalase 
genes in the samples treated with cantharidin indicated 
that the expression of these genes had a significant dif-
ference compared to the controls. Moreover, the expres-

Figure 1: Changes in the expression of catalase and glutathione peroxidase antioxidant genes in the shoot of Chicorium intybus L. 
treated with endothall and cantharidin (µg ml-1)
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sion of these genes increased in the roots of the samples 
treated with 5.5 µg ml-1 of cantharidin compared to the 
controls. Comparison of the changes in the expression of 
the peroxidase and catalase genes in the samples treated 
with cantharidin and endothall demonstrated that the in-
creased expression of these antioxidant genes was more 
significant with cantharidin.

3.2 THE ACTIVITY OF CATALASE AND GLU-
TATHIONE PEROXIDASE ENZYMES

3.2.1 Measurement of the absorption of catalase and 
glutathione peroxidase in the shoot of the sam-
ples treated with cantharidin and endothall

Comparison of the mean absorption of catalase in 
the shoots of the samples treated with endothall indicat-
ed that the mean absorption of catalase in the shoots had 
a significant difference with the controls at the concen-
trations of 5.5 µg ml-1, while the mean absorption showed 
no significant difference at the concentrations of 2.5 and 
5.5 µg ml-1.

Comparison of catalase absorption in the shoots of 
the samples treated with cantharidin showed a significant 
difference in the mean absorption of this enzyme be-
tween the shoots of the control samples and those treated 
with the concentrations of 2.5 µg ml-1, then 10 µg ml-1. 
As can be observed, changes in the cantharidin con-
centration increased the mean absorption of catalase in 
the shoots of the plants compared to the controls. Ac-
cording to the comparison of the activity of catalase in 
the samples treated with cantharidin and endothall, the 
maximum changes in the activity of this enzyme were 
observed in the samples treated with cantharidin. 

The mean absorption of glutathione peoxidase was 
considered significant in the shoots of the Cichorium in-
tybus L. samples treated with endothall at all the concen-
trations compared to the controls. The maximum chang-
es in the samples treated with endothall were observed in 
the samples treated with 5.5 µg ml-1. Furthermore, the ac-
tivity of glutathione peroxidase increased significantly in 
the shoots of the samples treated with cantharidin com-
pared to the controls. In addition, the maximum enzyme 
activity was observed at the concentration of 2.5 µg ml-1 
in these treatment groups. Comparison of the activity 
of glutathione peroxidase in the samples treated with 
cantharidin and endothall indicated that the maximum 
changes in the activity of this enzyme were observed in 
the samples treated with cantharidin.

3.2.2 Measurement of the absorption of catalase and 
glutathione peroxidase in the roots of the sam-
ples treated with cantharidin and endothall

Comparing the mean absorption of catalase in the 
root treated with endothall indicated that the mean ab-
sorption of catalase in the root indicated a significant dif-
ference with the control at the concentration of 10 µg ml-1 
other concentrations did not show any significant differ-
ence. Cantharidin reveals a significant difference at the 
concentrations of control and the maximum difference 
was in 5.5 µg ml-1 Comparison of the activity of glutathi-
one peroxidase in the samples treated with cantharidin 
and endothall indicated that the maximum changes in 
the activity of this enzyme were observed in the samples 
treated with cantharidin.

In this research, the maximum extent of the in-
creased expression of catalase and glutathione per-

Figure 2: Changes in the expression of catalase and glutathione peroxidase antioxidant genes in the root of Chicorium intybus L. 
treated with endothall and cantharidin (µg ml-1)
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Figure 3: Changes in the activity of catalase enzyme in the shoot samples of Chicorium intybus L. plant treated with different 
concentrations of endothall and cantharidin (A), changes in the activity of glutathione peroxidase enzyme in the shoot samples 
of Chicorium intybus L. with different concentrations of endothall and cantharidin (B) ***Representing significant effects at 0.1 % 
probability level.

Figure 4: Changes in the activity of catalase enzyme in the root samples of Chicorium intybus L. plant treated with different con-
centrations of endothall and cantharidin (A), changes in the activity of glutathione peroxidase enzyme in the shoot samples of 
Chicorium intybus L. with different concentrations of endothall and cantharidin (B) ***Representing significant effects at 0.1 % 
probability level.

oxidase was observed in the treatment groups with the 
endothall concentrations of 5.5 and 2.5 µg ml-1, as well 
as in the shoots of those with the cantharidin concentra-
tions of 2.5 and 2.5 µg ml-1. Furthermore, the maximum 
elevation of the gene expression of catalase in the roots of 
the samples treated with endothall and cantharidin was 
observed at the concentrations of 10 and 5.5 µg ml-1, re-
spectively. As for glutathione peroxidase, the maximum 
elevation was denoted at the concentration of 5.5 µg ml-1.

In the mentioned treatment groups, the activity of 
catalase and glutathione peroxidase increased, suggests 
the onset of damage to the plant and activation of the 
antioxidant defense mechanism. In addition, treatment 
with cantharidin exerted more significant effects on the 

activity of catalase and glutathione peroxidase compared 
to endothall. In other words, the induction of damage to 
the plant initiated at lower concentrations, leading to a 
stronger response in the plant. However, the intensity and 
peak of the catalase and glutathione peroxidase activity 
declined at higher concentrations, which could be due to 
damage to the shoot or root cells since the elevated en-
dothall and cantharidin concentrations may have partly 
eliminated the cellular response. Consistently, the results 
of the present study indicated that the level of antioxidant 
enzymes increased in the plants treated with cantharidin.

In this regard, Bajsa et al. (2012b) examined the ef-
fects of cantharidin on the biology of Arabidopsis. Accord-
ing to the obtained results, most of the protein detected 
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in the chloroplast diminished significantly, especially the 
proteins involved in photosynthesis. Conversely, the spe-
cific enzymes increased 1.5-3.3 times, especially glutathi-
one transferase. Since the main role of glutathione trans-
ferase (antioxidant enzyme) is to induce defense and 
detoxification in plant tissues, this finding suggested that 
cantharidin may stimulate defense responses (Akram, 
2012), and one of the defense modes is the election of 
antioxidant enzymes in the plant. In another study, the 
mechanism of action of endothall was investigated in 
plants. The biological tests for examining the physiologi-
cal effects of endothall demonstrated that this herbicide 
exerted phytotoxic effects. Unlike other detrimental her-
bicides, endothall does not inhibit the polymerization 

of tubulin under experimental conditions. These effects 
have also been observed after treatment with the inhibi-
tors of phosphatase protein, cantharidin, and okadaic 
acid (Tresch, 2011). Peksel (2013) found out that syntetic 
compounds as norcantharidin shows antioxidant activi-
ties in vitro condition.

According to the present study, high concentrations 
of endothall and cantharidin led to the inhibition of plant 
growth, which could be due to the inhibition of the cell 
cycle. At lower concentrations, the enhanced activity and 
expression of these antioxidant genes could be observed 
in plants, which may be due to the activation of the de-
fense mechanism of the plant against harmful effects and 
oxidative stress (Tresch, 2011a). In another research, the 

df Shoot CAT Root CAT
Model 15 0.140n.s 0.100n.s
Endotal 2.5 5 0.120n.s 0.100n.s
Endotal 5.5 5 0.200n.s 0.100n.s
Endotal 10 5 0.170n.s 0.190
Error - 0.140 0.140
C.V. - 7.49 4.39
Model 15 0.140n.s 0.100n.s
Cantaridin 2.5 5 0.515*** 0.420***
Cantaridin 5.5 5 0.300*** 0.560***
Cantaridin 10 5 0.330*** 0.300***
Error - 0.101 0.150
C.V. - 8.14 7.28

Table 2: Analysis of variance for the effect of endothall and cantaridin on shoot and root of Chicorium intybus L. under catalase 
treatment

df Shoot GPX Root GPX
Model 45 0.270n.s 0.340n.s
Endotal 2.5 15 0.380n.s 0.330n.s
Endotal 5.5 15 0.600n.s 0.230n.s
Endotal 10 15 0.350n.s 0.440n.s
Error - 0.071 0.040
C.V. - 12.23 7.01
Model 45 0.270n.s 0.340n.s
Cantaridin 2.5 15 0.840*** 0.560***
Cantaridin 5.5 15 0.600*** 0.860***
Cantaridin 10 15 0.740*** 0.740***
Error - 0.061 0.040
C.V. - 12.18 13.16

Table 3: Analysis of variance for the effect of endothall and cantaridin on shoot and root of Chicorium intybus L. under glutation 
peroxidase treatment
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findings indicated that the activation of the catalase and 
peroxidase enzymes by silver nitrate could cause these 
enzymes to cooperate in the removal of hydrogen perox-
ide. Additionally, this was reported to be the main cause 
of the initiation of the antioxidant defense, so that the 
inadequate response of an enzyme to silver nitrate could 
be compensated for through elevating the activity of an-
other enzyme (Shabani & Saghirzadeh, 2015). Moreover, 
the present study showed that the antioxidant defense oc-
curred at low concentrations and with higher intensity 
in the samples treated with cantharidin, which could be 
considered as an opportunity for the higher effectiveness 
of endothall. As reported by Tresch (2011b), the perfor-
mance of endothall phosphatase anti-protein in plants 
is more effective compared to cantharidin. These effects 
may partly originate from the inhibition of the effects of 
cantharidin at low concentrations through the antioxi-
dant defense system. 

The findings of the present research indicated that 
endothall and cantharidin phytotoxins cause changes in 
the activity and expression of oxidative stress enzymes, 
such as catalase and glutathione peroxidase. These en-
zymes convert free radicals into water and are among 
the most active barriers against oxidative reactions in 
plant cells (Arora, 2002). As has been demonstrated in 
corn roots, endothall deviates cell division and the ori-
entation of the microtubule structure, thereby disrupting 
the cell cycle in the prometaphase phase. In addition, en-
dothall has been reported to exert other effects, such as 
the compression of cell nuclei, inhibiting the DNA syn-
thesis phase, and inducing extra mutations in plant cells. 
These effects are closely correlated with oxidative stress 
(Tresch, 2011c). Li et al. (2014) use ROS signaling in mu-
tations CAT2, it’s an antioxidant enzyme model for study 
the contributed factors in ROS signaling (Mhamdi et al., 
2010).As reported previously, herbicides cause damage 
to plants, which mostly occurs through the production 
of reactive oxygen species (ROS) like superoxide radical, 
OH radicals and H2O2 (Gill & Tutja, 2010). Accordingly, 
the activity of antioxidant enzymes, which is closely as-
sociated with ROS, is considered an index of various bio-
logical stress. High levels of antioxidants in a plant cells 
may provide a special stress resistance (Nohatto et al., 
2016). Under such circumstances, the elevated activity 
of one or several antioxidants may occur, thereby stimu-
lating the resistance (Akram, 2012a). The antioxidant 
enzyme´s roll in stress controls ROS gathering and limit-
ing oxidative injuries (Nohatto et al., 2016a).

4 CONCLUSIONS

The present study aimed to compare the effects of 

endothall and cantharidin herbicides on the changes in 
the gene expression and activity of the catalase and gluta-
thione peroxidase enzymes that disorder signaling path-
ways by blocking the protein phosphatase gene expres-
sion in shoot and root of this plant and decrease growth 
parameters. The findings of this present research show 
the catalase and glutathione peroxidase activity increased 
the samples treated cantharidin and endothall compared 
to the controls, suggesting the initiation of antioxidant 
activity in the plant. 
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