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Abstract: Drought stress is considered a restricting factor for plant products; therefore many compounds were applied
to minimise the harmful effects of stress. One type of these compounds that have antioxidative characteristics is
brassinosteroids. In this experiment, when 4 fully expanded leaves of tomato plants appeared, 24-epibrassinolide (24-EBL)
was sprayed onto the leaves at 0.01 and 1 μM concentrations for 3 days with a 1-day interval. Three levels of drought stress
(0, 3, and 5 days withholding water) were applied. Thereafter, the effects of brassinosteroids and water stress were
investigated on some biochemical and antioxidative parameters of tomato plants. Lipid peroxidation, peroxide hydrogen,
and proline content increased in plants subjected to drought stress. Reduction in protein content in drought conditions
showed that drought stress affected protein synthesis and degradation. Decline in the activity of antioxidant enzymes
(POD and APX) and increases in the SOD, GR, and CAT activities were observed in drought stressed plants. Reduction
in peroxidation of lipids and H2O2 content in the plants treated with both 24-EBL and drought stress was observed. Based
on our results it seems that brassinosteroids considerably alleviated oxidative damage that occurred under drought stress.
Increase in activity of antioxidant enzymes (POD, CAT, APX, GR, and SOD) and change in isoenzymes pattern with
higher intensity as well as increases in proline and protein content in drought stressed plants treated with BR will probably
show the role of brassinosteroids in increased tolerance of plants to water stress. Therefore, 24-epibrassinolide may have
a role in the mitigation of damage caused by water stress.
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Introduction
Drought stress is defined as a condition in which
water available to plants is so low that it is
unfavourable for the growth of a plant species (Zhu,
2001; Egert & Tevini, 2002). Plants will respond to
conditions of drought stress through a number of
physiological and developmental changes (Inze &

Montagu, 2000). Under stressful conditions, the stress
factors, or the toxic molecules derived from the stress,
attack the most sensitive molecules (primary targets)
in cells to impair their function (Ingram & Bartels,
1996; Inze & Montagu, 2000). The damaged targets
recover either by repair or replacement via de novo
biosynthesis. When the stress is too intense and
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severely damages target molecules, catastrophic
cascades of events set in, leading to cell death (Inze &
Montagu, 2000). Cells could be protected either by the
endogenous molecular systems or exogenous applied
compounds that mitigate the stress (Ingram & Bartels,
1996). Capacity of plants to detoxify reactive oxygen
species has been related to the stress tolerance of
plants (Egert & Tevini, 2002; Apel & Hirt, 2004).
Oxidative stress is a key underlying component of
most abiotic stresses (Mittler, 2002; Apel & Hirt, 2004;
Yin et al., 2008) and a major limiting factor to plant
growth in the field (Scandalios, 2002; Blokhina et al.,
2003; Mittler, 2006). Production of reactive oxygen
species (ROS) and other radicals increases
dramatically during abiotic stress conditions and
oxidative stress occurs when the rate of ROS
production outstrips the capacity of antioxidant
systems to detoxify them (McCord, 2000; Mittler,
2002; Mittler et al., 2004). The result is oxidative
damage to key biomolecules such as proteins, lipids,
and DNA, leading to cellular dysfunction and
ultimately cell death (Wagner et al., 2004; Halliwell,
2006; Baxter et al., 2007). To avoid oxidative damage,
plants invoke a molecular response that allows them
to cope with and adapt to the oxidative stress
situation. Many stress-related genes have been
identified and the list of antioxidant enzymes,
hormones, and metabolites present in plants
continues to be extended (Nakashita et al., 2003; Cao
et al., 2005). One type of these compounds that have
antioxidative characteristics is brassinosteroids (BRs)
(Bishop & Koncz, 2002; Haubrick & Assmann, 2006).
BRs are common plant-produced compounds that
can function as growth regulators (Khripach et al.,
2000; Davis, 2005; Bishopp et al., 2006). In addition, it
has been suggested that BRs could be included in the
category of phytohormones (Clouse & Feldmann,
1999; Haubrick & Assmann, 2006). Exogenous
application of BRs may influence a range of diverse
processes of growth and development in plants (Cao
et al., 2005; Clouse & Sasse, 1998; Yu et al., 2004;
Montoya et al., 2005). In addition, it is becoming clear
that BRs interact both negatively and positively with
other major signalling pathways including those
regulated by auxin and ethylene (Amzallage &
Vaiseman, 2006; Haubrick et al., 2006). It is clear that
BRs provide protection against a number of abiotic
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stresses (Sasse, 1999; Rao & Vardhini, 2002; Krishna,
2003; Nemhauser, 2004). Treatment with BRs
enhanced the growth of wheat (Sairam, 1994), French
bean (Upreti & Murti, 2004), and sugar beet plants
(Schilling, 1991) under drought stress. Application of
BRs improved tolerance against salt in rice (Anuradha
& Rao, 2001, 2003; Özdemir et al., 2004), groundnut
(Vardhini & Rao, 1997), wheat (Sairam et al., 2005),
and chickpea (Ali et al., 2007). It was reported that BL
induced thermotolerance in tomato (Dhaubhadel et
al., 1999; Mazorra et al., 2002; Ogweno et al., 2008),
rice (Wang & Zang, 1993), and brome grass (Wilen et
al., 1995). Moreover, BRs increased tolerance against
high temperatures in Brassica napus (Singh & Shono,
2005) and brome grass (Wilen et al., 1995). One
mechanism that may be involved in the resistance to
many types of stress is the increased activity of the
antioxidant pathway. Several studies have shown that
BRs alter the antioxidant capacity of plants under
stress conditions (Kamuro & Takatsuto, 1999;
Yardanova, 2004; Yin et al., 2008). The present study
was an attempt to carry out investigations of the effect
of brassinolide on the water stress responses of tomato
plants, with the aim to elucidate possible mechanisms
that might be involved in the BR-promoted
antioxidant responses to drought.
Abbreviations: BR–Brassinosteroid; MDA–
Malondialdehyde; TBA–Thiobarbituric Acid; TCA–
Trichloroacetic
Acid;
EBL-Epibrassinolide;
HBL–Homobrassinolide; CAT–Catalase; POD–
Peroxidase; APX–Ascorbate peroxidase; ROS–
Reactive Oxygen Species; SOD-Superoxide dismutase;
H2O2- peroxide hydrogen; NBT- ρ-nitro blue
tetrazolium
chloride;
EDTA-Ethylendiamine
tetraacetic acid; GR- Glutathione reductase.
Materials and methods
24-Epibrassinolide (EBL, C28H48O6, MW = 480)
was purchased from Sigma (USA). Tomato
(Lycopersicon esculentum Mill. var. Tomba (BB204))
seeds were used in this study. Seeds were sown in
plastic pots containing sand, loam, and peat (2:1:1).
When 4 fully expanded leaves appeared (the tomato
plants were 1 month old), the tomato was left to grow
in 26/18 °C and 16/8 h (light/dark) conditions in a
growth chamber. Hoagland‘s nutrient solutions were
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used every 7 days and the pH was maintained at about
6.7 (Meidner, 1984). 24-EBL was dissolved in distilled
water and ethanol. Tween-20 (0.01%) was used as
surfactant. Preliminary screening was performed for
various concentration of 24-epibrassinolide to obtain
the optimum responses and the concentrations of 0.01
and 1 μM 24-EBL were selected. 24-EBL was sprayed
onto the leaves at 0.01 and 1 μM concentration for 3
days on alternate days. Three levels of water stress
(0,3, and 5 days withholding water) were applied.
Light intensity was 6000 Lux at the plant level. Four
replicates were assigned for each treatment. After
treatment, the third leaves of plants were harvested,
and samples were either rapidly dried in an oven at 80
°C to constant weight, which were used for
determination of dry weight and further analyses, or
were frozen in liquid nitrogen and stored at –80 °C
for biochemical analysis.
Biochemical assays
The level of lipid peroxidation in plant tissues was
measured by determination of MDA (Heath & Packer,
1969) and others aldehydes’ (Meirs et al., 1992)
breakdown products of lipid peroxidation. MDA
content was determined with a thiobarbituric acid
(TBA) reaction. Briefly, a 0.2 g tissue sample was
homogenised in 5 mL of 0.1% TCA. The homogenate
was centrifuged at 10,000 ×g for 5 min. To a 1 mL
aliquot of the supernatant was added 4 mL of 20%
TCA containing 0.5% TBA. The mixture was heated
at 95 °C for 15 min and cooled immediately. The
absorbance was measured at 532 nm. The value for
the non-specific absorption at 600 nm was subtracted.
The level of lipid peroxidation was expressed as μmol
of MDA formed using an extinction coefficient of 155
-1
-1
mM cm and of others aldehydes formed the
5
-1
-1
extinction coefficient was 0.457 × 10 M cm .
Proline was extracted and its concentration
determined as described by Bates et al. (1973). Leaf
tissues were homogenised with 3% sulfosalicylic acid
and the homogenate was centrifuged at 3000 ×g for
20 min. The supernatant was treated with acetic acid
and acid ninhydrin, boiled for 1 h, and then
absorbance at 520 nm was determined. Proline
(Sigma) was used for the standard curve.
Soluble proteins were determined as described by
Bradford (1976) using BSA (Merck) as standard.

The content of H2O2 was determined according to
Alexieva et al. (2001). Leaf tissue (500 mg) was
3
homogenised in an ice bath with 5 cm of cold 0.1%
(m/v) trichloroacetic acid (TCA). The homogenate
3
was centrifuged (12,000 ×g, 15 min, 4 °C) and 0.5 cm
3
of the supernatant was added to 0.5 cm of 100 mM
3
potassium phosphate buffer (pH 7.0) and 1 cm of 1
M KI. The absorbance was read at 390 nm.
Enzyme Assays
Frozen leaf samples (0.5 g) were used for enzyme
extraction. Samples were ground in 2 mL of 50 mM
phosphate buffer (pH 7.2) using a pre-chilled mortar
and pestle. Phosphate buffer contained 1 mM EDTA,
1 mM PMSF, and 1% PVP-40. Then the extract was
centrifuged at 4 °C at 17,000 ×g for 10 min.
The activity of ascorbate peroxidase (APX; EC
1.11.1.11) enzyme was measured using the method of
Nakano and Asada (1981). The reaction mixture
consisted of 50 mM potassium phosphate buffer (pH
7.0) containing 0.5 mM ascorbic acid, 0.15 mM H2O2,
0.1 mM EDTA, and 50 μL of enzyme extract
(supernatant). Oxidation of ascorbic acid was
considered a decrease in absorbance at 290 nm that
was followed 2 min after starting the reaction. One
unit of APX oxidises 1 mM ascorbic acid in 1 min at
25 °C.
Catalase (CAT; EC 1.11.1.6) activity was assayed
with spectrophotometry by monitoring the decrease
in absorbance of H2O2 at 240 nm using the method of
Dhindsa et al. (1981). The assay solution contained 50
mM potassium phosphate buffer (pH 7.0) and 15 mM
H2O2. The reaction was started by the addition of 100
μL of enzyme extract to the reaction mixture and the
change in absorbance was followed 1 min after
starting of the reaction. Unit of activity was taken as
the amount of enzyme that decomposes 1 mM of
H2O2 in 1 min.
Peroxidase (POD; EC 1.11.1.7) activity was
determined using the guaiacol test (Plewa et al., 1991).
The tetraguaiacol formed in the reaction has a
maximum absorption at 470 nm and thus the reaction
can be readily followed photometrically. The enzyme
was assayed in a solution that contained 50 mM
419
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A photochemical method published by
Giannopolitis and Reis (1977) was used to determine
superoxide dismutase (SOD; EC 1.15.1.1) activity. The
reaction solution (3 mL) contained 50 μM NBT, 1.3
μM riboflavin, 13 mM methionine, 75 nm EDTA, 50
mM phosphate buffer (pH 7.8), and 20-50 μL of
enzyme extract. The test tubes containing the reaction
solution were irradiated under light (15 fluorescent
lamps) at 78 μmol m-2 s-1 for 15 min. The absorbance
of the irradiated solution was read at 560 nm using a
spectrophotometer (Cary 50). One unit of SOD
activity was defined as the amount of enzyme that
inhibited 50% ρ-nitro blue tetrazolium chloride
(NBT) photoreduction.
Glutathione reductase (GR; EC 1.6.4.2) activity
was measured according to Foyer and Halliwell
(1976), which depends on the rate of decrease in the
absorbance of oxidised glutathione (GSSG) at 340 nm.
The reaction mixture contained 25 mM Naphosphate buffer (pH 7.8), 5 mM GSSG, and 1.2 mM
NADPHNa4. The reaction was carried out for 3 min
and activity of GR was calculated from the reduced
GSSG concentration by using the extinction
coefficient 6.2 mM-1 cm-1. One enzyme unit was
defined as μmol mL-1 oxidised GSSG per min.
Native PAGE and activity stain
Native polyacrylamide gel electrophoresis (PAGE)
was performed at 4 °C, 180 V, following Laemmli
(1970). For APX, the enzyme solutions were subjected
to native PAGE with 12% polyacrylamide gel, for
POD with 10% and for CAT with 7%. SDS was
omitted from the PAGE. Activity stain for each
enzyme was carried out as follows. APX activity was
detected by the procedure described by Mittler and
Zilinskas (1993). Gel equilibrated with 50 mM
sodium phosphate buffer (pH 7.0) containing 2 mM
ascorbate for 30 min was incubated in a solution
composed of the same buffer, 4 mM ascorbate, and 2
mM H2O2 for 20 min. Then the gel was washed in the
buffer for 1 min and submerged in a solution of the
following buffer containing 28 mM TEMED and 2.45
420

mM NBT for 10-20 min with gentle agitation in the
presence of light. For POD, gel was incubated in 25
mM potassium phosphate buffer (pH 7.0) and then
the gel was submerged again in the same buffer (fresh
amount) containing 18 mM guaiacol and 25 mM
H2O2, until the POD activity-containing band was
visualised carefully (Fielding and Hall, 1978). For
CAT, gel was incubated in 3.27 mM H2O2 solution for
25 min and then the gel was washed in distilled water
and submerged in a solution composed of potassium
ferricyanide 1% and ferric chloride 1% for 4 min
(Woodbury et al., 1971).
Statistical analysis
All experiments were performed with 4 replicates,
using a completely randomised design. Data were
statistically analysed by one-way analysis of variance
using SPSS (version 11) and the means were separated
by Duncan’s multiple range test at 0.05 probability
level.
Results and discussion
The content of proline progressively increased in
plants as the drought levels increased (Figure 1). In
those plants that were either under drought stress or
24-EBL treatments increases in the content of proline
were observed. It has been reported that BR
treatments induced expressing of biosynthetic genes

Proline content (mg/g FW)

phosphate buffer (pH 7.0), 0.3% H2O2, and 1%
guaiacol. The reaction was started by the addition of
20 μL of the enzyme extract at 25 °C and was followed
3 min after starting the reaction. The enzyme unit was
calculated for the formation of 1 mM tetraguaiacol for
1 min.

1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
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b
c

b
c
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0.01 μM BR
1 μM BR

d
e e e

0
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5
Days after withholding water

Figure 1. Effects of BR and drought stress on proline content of
Lycopersicon esculentum. Plants were grown for 1
month under controlled conditions and were divided
into 3 groups. Two groups were pretreated with BR and
the other group was just sprayed with distilled water.
All 3 groups were exposed to water stress for 3 and 5
days. The control group was irrigated daily. Values are
the means of 4 replicates, and letters show significant
differences among the means at P < 0.05 according to
Duncan’s test.
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of proline (Özdemir et al., 2004). There are also
reports that show that application of BRs (28-HBL
and 24-EBL) increased proline content in sorghum
plants exposed to osmotic stress (Vardhini & Rao,
2003). Proline as a cytosolic osmoticum and as a
scavenger of OH· radical can interact with cellular
macromolecules such as enzymes, DNA, and
membranes and stabilise the structure and function
of such macromolecules (Anjum et al., 2000; Matysik
et al., 2002; Kavir Kishor et al., 2005). In addition,
among various compatible solutes, proline is the only
molecule that has been shown to protect plants
against singlet oxygen and free radical induced
damage resulting from stress (Alia et al., 1997). Our
data showed that proline was accumulated in BRtreated plants under stress conditions. Therefore, a
role of BR in the accumulation of proline as an
important component of protective reactions in
tomato plants in response to drought stress is possible.
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Formation of MDA and others aldehydes in plants
exposed to water stress is a reliable indicator of free
radical formation in the tissue, and is currently used
as an indicator of lipid peroxidation (Meirs et al.,

1992; Borsanio et al., 2001). Considering that drought
stress results in increases in reactive oxygen species
(Apel & Hirt, 2004; Gong et al., 2006), peroxidation
of lipid membranes is both a reflection and measure
of stress-induced damage at the cellular level (Meirs et
al., 1992; Borsanio et al., 2001). In the present study
the content of MDA, other aldehydes, and H2O2
increased significantly as drought progressed in plants
(Figures 2-4). It was previously found that the MDA
content increased in 3 genotypes of wheat under
drought stress (Sgherri et al., 2000). It is affirmed that
under water stress the content of MDA and H2O2 is
different among different cultivars of bean, banana,
and rice. In drought-tolerant cultivars, since there is
high antioxidative potential, they are able to scavenge
H2O2 radicals and with decreasing H2O2 content lower
MDA content is produced compared to sensitivetolerance cultivars (Li & Van Staden, 1998; Sharma &
Shanker, 2005; Türkan et al., 2005). Furthermore, in
Lilium longiflorum plants under short-term heat
stress, H2O2 and MDA contents slightly varied at 37
and 42 °C, while increasing significantly at 47 °C (Yin
et al., 2008). In our study, BR-pretreated plants that

5
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b
c
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3
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4

Figures 2-4. Effects of BR and drought stress on MDA, other aldehydes, and H2O2 content of L. esculentum. Plants were grown for 1
month under controlled conditions and were divided into 3 groups. Two groups were pretreated with BR and the other
group was just sprayed with distilled water. All 3 groups were exposed to water stress for 3 and 5 days. The control group
was irrigated daily. Values are the means of 4 replicates, and the letters show significant differences among the means at P
< 0.05 according to Duncan’s test.
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were thereafter put under drought stress had much
less H2O2, MDA, and others aldehydes’ content than
drought stressed plants (Figures 2 and 3). It is
assumed that BRs act as secondary messengers for the
induction of antioxidant defences in stressed plants
(Khripach et al., 2000); thus, based on our results in
MDA measurement, it is very possible that 24-EBL
effectively scavenged ROS by increasing the activity
of antioxidant enzyme systems.

Protein content (mg/g FW)

A decrease in protein content is a common
phenomenon in drought stress (Zhu, 2001). The
reason for this is that the amino acid of proteins will
react with active radical and will be degraded (Wagner
et al., 2004). In this study, decreases in protein content
in water stressed plants were observed. 24-EBL
application increased the protein content both in
normal and stressed plants (Figure 5). BRs participate
in the processes of gene expression, transcription, and
translation in normal and stressed plants (Sasse, 1999;
Mazorra et al., 2002). It has been observed that the
tolerance to high temperature in tomato leaves
(Dhaubhadel et al., 1999; Ogweno et al., 2008) and
brome grass (Kulaeva et al., 1991) is due to application
of BRs, which is associated with induction of de novo
polypeptide synthesis. The promotion growth in
seedlings by BRs under saline conditions was related
to enhanced levels of nucleic acids and soluble
proteins (Anuradha & Rao, 2001, 2003; Shahbaz et al.,
2008). In addition, Sairam (1994) reported the
16
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8
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4
2
0
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ab
bc

ab
bc bc

de cd

0 μM BR
0.01 μM BR
1 μM BR

e

0
3
5
Days after withholding water

Figure 5. Effects of BR and drought stress on protein content of
L. esculentum. Plants were grown for 1 month under
controlled conditions and were divided into 3 groups.
Two groups were pretreated with BR and the other
group was just sprayed with distilled water. All 3 groups
were exposed to water stress for 3 and 5 days. The
control group was irrigated daily. Values are the means
of 4 replicates, and the letters show significant
differences among the means at P < 0.05 according to
Duncan’s test.
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enhancement of proteins in wheat plants by
homobrassinolide under moisture stress conditions.
It has been reported that osmotic stress resulted in
considerable reductions in the protein content in the
seedlings of both susceptible and tolerant varieties of
sorghum plants but treatment with brassinosteroids
resulted in not only restoring the protein levels but
also further improvement (Vardhini & Rao, 2003). In
this study, with pretreatment with BR when plants
were under severe drought, protein content was much
lower than that in mild stress. Possibly induction
oxidative stress is responsible, because protein
degradation may occur under severe drought stress.
A number of reports have shown that cells exhibit
increased rates of proteolysis following exposure to
oxidative-inducing agents (Inze & Montagu, 2000;
Jung, 2003).
In the present study, drought stress decreased the
peroxidase activity in 5-day drought stressed plants
(Figure 6). 24-EBL application positively influenced
POD activity in control and stressed plants. The
highest activity was observed in control and 5-day
drought stressed plants. The activity of enzyme was
2-fold higher in those plants treated with 1 μM BR
when compared with BR-free plants (Figure 6). In 5day drought stress conditions, the activity of catalase
significantly increased (Figure 7). 24-EBL
pretreatment increased CAT activity in drought
stressed plants. In the severe drought stressed plants,
the activity was much higher than that in the control
unstressed plants (Figure 7). Drought stress resulted
in a decrease in ascorbate peroxidase (APX) activity.
In those plants under 5-day drought, APX activity was
33% less than that in unstressed plants (Figure 8). 24EBL application caused an increase in APX activity in
the control and 5-day drought stressed plants. The
highest activity was observed under condition of 1 μM
24-EBL and 5-day drought, and that was about 4 times
more than that in BR-free, stressed plants (Figure 8).
Drought stress significantly increased the activity of
SOD. Exogenous application of EBL in drought
stressed plants enhanced the activity of this enzyme
at both levels of 24-EBL concentration (Figure 9).
Drought treatment induced GR activity on both days
3 (30%) and 5 (65%) in tomato plants (Figure 10).
Moreover, the induced level of GR activity in 24-EBL
treated groups was higher on both days 3 and 5 days
after withholding water.
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Figures 6, 7. Effects of BR and drought stress on POD and CAT activity of L.esculentum. Plants were grown for 1 month under controlled
conditions and were divided into 3 groups. Two groups were pretreated with BR and the other group was just sprayed
with distilled water. All 3 groups were exposed to water stress for 3 and 5 days. The control group was irrigated daily.
Values are the means of 4 replicates, and the letters show significant differences among the means at P < 0.05 according to
Duncan’s test.
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Figures 8-10. Effects of BR and drought stress on APX, SOD, and GR activity of L. esculentum. Plants were grown for 1 month under
controlled conditions and were divided into 3 groups. Two groups were pretreated with BR and the other group was just
sprayed with distilled water. All 3 groups were exposed to water stress for 3 and 5 days. The control group was irrigated
daily. Values are the means of 4 replicates, and the letters show significant differences among the means at P < 0.05
according to Duncan’s test.

In part of the native polyacrylamide gel
electrophoresis (PAGE) analysis, 4 isoenzymes were
detected for peroxidase enzyme, especially in BRtreatment and drought stress conditions (Figure 11).
In addition, one isoenzyme was detected for CAT
enzyme. Especially in BR-treated drought stressed
plants, CAT isoenzyme showed higher intensity
(Figure 12). Native polyacrylamide gel electrophoresis

(PAGE) analysis on ascorbate peroxidase enzyme
showed 4 isoenzymes for this enzyme. In BR-treated,
drought stressed plants, these isoenzymes were
markedly detected (Figure 13).
The increase in peroxidase activity that was
observed in our study could reflect a similar process
of oxidative stress with the implication of peroxidase
activity as part of the antioxidant response against
423
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Control
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Figures 11-13. Effects of BR and drought stress on POD, CAT, and APX isoforms by native PAGE. Lanes 1-3 represent different levels
of BR concentration (0, 0.01, and 1 μM).

H2O2. Ascorbate peroxidases (APXs) are the most
important H2O2 scavengers operating in both the
cytosol and chloroplasts (Yardanova et al., 2004). In
the present work, drought stress decreased the activity
of POD and APX enzymes under 5-day drought stress
but CAT, GR, and SOD activities increased (Figures
7, 9, 10). The reason for this decrease could be the
decrease in the amount instead of enzyme activity,
because in this condition protein content decline also
can be attributed to an increase in CAT activity. These
results were accompanied by increases in MDA and
proline contents, indicating that serious damage has
occurred. It was found that osmotic stress increased
the peroxidase activity and decreased the CAT activity
in susceptible varieties of sorghum seedlings but the
activity of these enzymes increased in resistant variety
under osmotic stress (Vardhini & Rao, 2003). Under
heat stress in Lilium longiflorum plants, at 37 and 42
°C, antioxidant enzyme activities such as POD, SOD,
APX, and CAT were stimulated. However, at 47 °C
POD and CAT activity was significantly decreased
(Yin et al., 2008). It has been reported that POD
activity in wheat leaves decreased when subjected to
water stress (Baisak et al., 1994). SOD and CAT
activity increased in drought stressed mature leaves
of Arabidopsis thaliana (Jung, 2003). In this research,
the activity of enzymes studied (POD, SOD, CAT,
APX) increased when pre-treated with BR. The
reason for the increase in the activity of these enzymes
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may be the effects of BR on expression of biosynthetic
genes of these enzymes that resulted in increased
oxidation of harmful substrates, as reported by
Ogweno et al. (2008), Cao et al. (2005), Nemhauser
and Chory (2004), and Shahbaz et al. (2008). These
results, accompanied with the decrease in lipid
peroxidation and high proline contents, probably
represent a decline in ROS and an indicator of
removal of stressful conditions by antioxidant
enzymes activated by BR. Similarly, it has been
observed that BR application caused an increase in
CAT activity in both susceptible and resistant varieties
of sorghum seedlings under osmotic stress (Vardhini
& Rao, 2003). Furthermore, the activities of
antioxidant enzymes such as SOD, APX, CAT, and
guaiacol POD were significant in EBL-treated tomato
plants under heat stress (Dhaubhadel et al., 1999;
Ogweno et al., 2008) and Mazorra et al. (2002)
reported that EBL and MH5 (BR analogue) stimulated
CAT activity in tomato leaf discs under heat stress.
Application of 28-HBL or 24-EBL as a foliar spray
with varying levels, i.e. 0.05, 1, and 3 μM, increased
the catalase activity in groundnut plants with
increasing levels of BL (Vardhini & Rao, 2000). The
GR activity was investigated to address the question of
whether 24-EBL in drought stress causes changes in
the other antioxidative enzymes. It was observed at
both concentrations of 24-EBL, especially at 1 μM 24EBL concentration, that GR activity was 120%,
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indicating that 24-EBL may be effective in protection
from drought stress. GR activity maintains the pool
of glutathione in the reduced state, which in turn
reduces dehydroascorbate to ascorbate. Increased
expression of GR enhances tolerance to oxidative
stress (Noctor & Foyer, 1998).
Exogenous applied 24-EBL enhanced SOD, POD,
and CAT activities in salt stressed plants of wheat
(Shahbaz et al., 2008). Although it has been shown that
BRs can induce the expression of some antioxidant
genes and enhance the activities of antioxidant
enzymes such as SOD, CAT, APX, and POD (Ogweno
et al., 2008), it is still unclear whether BRs directly or
indirectly modulate the responses of plants to oxidative
stress (Cao et al., 2005). Nevertheless, although BRs
and ROS are thought to act as secondary messengers
for the induction of antioxidant defences in stressed
plants (Mazorra et al. 2002), the relationship between
BRs and ROS in stress-signal transduction remains
unclear (Ogweno et al., 2008).

In conclusion, our results may show that the
leaves of tomato plants subjected to drought stress
can endure moderate drought stress because of small
changes in enzyme activities. However, enzyme
activities declined under severe drought conditions
accompanied by a significant increase in MDA
concentration, indicating serious oxidative damage
by the over-accumulation of H2O2. From this result it
could be concluded that the Tomba (BB 204) variety
of tomato plant is drought sensitive because a
gradual loss in antioxidant protection in the leaves
of plants under drought stress was observed. Pretreatment with BR can ameliorate the adverse effects
of drought stress via decreasing the oxidative damage
of plant membranes, possibly by the induction of
compatible solute for osmotic adjustment and the
induction of antioxidant defence system in tomato
plants. Finally, the results hint that BR may in future
find application for improving plant growth and
yield in dry areas.
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