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       retreatment in plants is recognized as a valuable strategy to 

…...stimulate plant defenses, leading to better plant development. This 

study evaluated the effects of validamycin A priming pretreatment on 

the antioxidative mechanisms involved in the response of two rice 

cultivars plants to salt stress. Salt stress elevated the accumulation of 

hydrogen peroxide (ROS) and the endogenous Malonaldehyde 

(MDA). Additionally, salt stress increased the activity of antioxidative 

enzymes (Peroxidase, POD; Catalase, CAT; Glutathione reductase, 

GR). Content of phenolic compounds was also increased by salt stress, 

while the content of Ascorbic Acid (ASA) showed the opposite effect. 

Pretreatment with 30µM validamycin A as seed soaking increase the 

activities of superoxide dismutase, peroxidase, polyphenol oxidase, 

and elevate the contents of flavonoids, ascorbic acid and tocopherol. 

The combined effect of  validamycin A and salt treatment led to a 

higher activity of enzymatic antioxidants including Superoxide 

dismutase (SOD) and GR, and elevated the content of nonenzymatic 

antioxidants including ascorbic acid and tocopherol. Overall, we can 

conclude that exogenous validamycin A could alleviate the damage 

induced by salt stress, via reducing the deleterious effects of salinity 

on lipid peroxidation. These responses could be attributed to the 

ability of validamycin A to induce antioxidant defenses. 

 

Keywords: Rice, Salinity, Validamycin A, Enzymatic antioxidant, 

Non enzymatic antioxidant 

 

Plant responses to salt stress have generally been conducted using anatomical, 

ecological, physiological, and molecular approaches (Lee et al., 2013) in relation 

to regulatory mechanisms of ionic and osmotic homeostasis. Moreover, salt 

stress, like other abiotic stresses, results in oxidative stress through an increase in 

reactive oxygen species (ROS), such as superoxide radical (O
--

2), hydrogen 

peroxide (H2O2), and the hydroxyl radical (OH
-.
). These ROS are highly reactive, 

altering normal cellular metabolism through oxidative damage to lipids, proteins, 

and nucleic acids (Adly, 2010). In addition, salt adversely affects the metabolism 

of plants, resulting in substantial modifications in plant gene expression. These 

modifications may lead to the accumulation or depletion of certain metabolites, 

resulting in an imbalance in the levels of cellular proteins, which may increase, 

decrease, appear, or disappear after salt treatment (Lee et al., 2013).  
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Trehalose is a non-reducing disaccharide that occurs in a large range of 

organisms and functions in the regulation of carbohydrate metabolism, as stress 

protection metabolite and storage carbohydrate (Eastmond and Graham, 2003 

and Paul, 2007). Recently, there is a focus of interest on the role of trehalose as it 

improves the performance of plants under drought, nutrition element deficiency 

or toxicity or salinity (Chang et al., 2014a). The underlying mechanism by which 

trehalose improves plant response to salinity, and other adverse environmental 

factors, is still unclear (Paul et al., 2008). For example, it is suggested that 

trehalose function through its ability to scavenge reactive oxygen species, 

conferring protection to the machinery of protein synthesis (Chang et al., 2014b).  

 

In plants, trehalose is formed from UDP-glucose and glucose-6 phosphate 

and catalyzed by the enzyme trehalose-6-phosphate synthase (TPS). 

Subsequently, this is dephosphorylated into trehalose by the enzyme trehalose-6-

phosphate phosphatase (TPP). Furthermore, trehalase, the key enzyme 

responsible for the hydrolysis of trehalose during degradation, is present in all 

organs of higher plants (Schluepmann and Paul, 2009). Exogenous validamycin 

A (trehalase inhibitor) treatment decreased the activity of trehalase which leads 

to the accumulation of trehalose in shoots and roots of wheat plants. Raising 

trehalose level in the plant tissues was accompanied by increase in the sucrose 

content and starch content of the shoot (Ahmed et al., 2013). Validamycin A also 

induced an increase in trehalose concentration in root nodules of Medicago 

truncatula by inhibiting trehalase activity, which then improved the response to 

salinity by increasing plant dry weight (Lo´pez et al., 2009). Finally, 

validamycin A increased foliar cellulose and starch content and decreased total 

amino acid, and nitrate content of mature tobacco plants (Best et al., 2011). 

Consequently, it should be possible to direct increased trehalose accumulation by 

down regulating plant trehalase activity or by expressing the trehalose 

biosynthetic genes under tissue- or stress specific regulation. The objective of 

this work is to study the possible roles of exogenous trehalase inhibitor 

validamycin A (30μM), on alleviating the harmful effects of salt stress on 

antioxidant compounds. 

 

Material and Methods 

 

Plant and chemical materials 

 Two cultivars of rice (Orizasativa L.)Sakha 103 and Agami M5 cultivar 

were obtained from Agricultural Research Centre, Ministry of Agriculture, Giza, 

Egypt. Validamycin A was provided by Qianjiang Biochem. Co. Ltd., China and 

other chemicals were purchased from Sigma and Fisher group.  

 

Methods 

 Seeds of both rice cultivars were surface sterilized with a 5% sodium 

hypochlorite solution for 5 min. After washing several times with distilled water, 

seeds were imbibed in Petri-dishes containing distilled water in a culture room at 

24 ± 2 °C until the appearance of the white tip of the coleoptile. After 

imbibitions, the seeds of each genotype were divided into two groups.  
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Seeds of the 1
st
 group were left in distilled water without any treatments 

(control). Seeds of the 2
nd

 group were soaked in 30μM validamycin A (Lo´pez   

et al., 2009) for 8 hr.Then the seeds of both treatments were planted in plastic 

pots (diameter 30 cm and 40 cm depth) with split plot design, each pot contained 

7 kg sandy loam soil. Soil characteristics were: sand 84.2%, silt 12.9%, clay 

2.9%, pH 7.7, EC 0.5 dSm
-1

 and organic matter 1.2%. Each pot contained ten 

plants; the seedlings were irrigated with tap water for 14 days under normal 

conditions. 

 

Salt Stress treatment 

 Fourteen days old seedlings of the 1
st
 and the 2

nd
 groups from both cultivars 

of rice plants were subjected to salt stress (0, 50, 75,100 mM NaCl) (Sawada et al., 

2006) for  2 weeks period. Preliminary experiments showed that NaCl treatment 

more than 100 mM caused damage too severe to investigate biological response. 

Phenotypic analysis was developed at 21 and 28 days old plants after stress 

conditions. 

 

Plant sampling for analysis 

Plants were harvested at two times (21 and 28 day after planting). The roots 

were discarded from the plant shoot system before backing in aluminum foil. 

Each packet of aluminum foil was then immediately frozen in liquid nitrogen 

and stored in a -80°C freezer until using for various biochemical analyses.  

 

Physiological and Biochemical Analysis 

Determination of oxidative damage 

 Hydrogen peroxide level was determined according to (Sergievet al., 1997), 

level of lipid peroxidation was measured according to (Heath and Packer, 1968). 

 

Antioxidant system extraction and assay 

Antioxidant enzymes activity 

Extraction was done as reported by Silvanaet al. (2003). Superoxide 

dismutase (SOD; EC 1.15.1.1) activity was measured (Giannopolitis and Ries, 

1977). Catalase (EC 1.11.1.6) assay method was that adopted by Aebi (1984). 

Catalase activity was estimated spectrophotometrically at 240 nm using 

JENWAY 6305 UV/VIS  and the activity was expressed as mmol H2O2 

decomposed min
-1

 g
-1 

FW (Yingsanga et al., 2008).  Ascorbate peroxidase (APX; 

EC 1.11.1.11) activity was determined (Yingsanga et al., 2008), Glutathione 

reductase (GR, EC 1.6.4.2) was assayed according to Hodges et al. (1997) 

method with some modification (Yingsangaet al., 2008). Peroxidase (POD, 

EC1.11.1.7) activity was measured (Yingsanga et al., 2008). Polyphenol oxidase 

(PPO; EC 1.30.3.1) enzyme assay as reported by Yingsanga et al. (2008).   

 

Isozymes extraction and assay 

The following three isozyme systems have been studied: peroxidase (POD), 

Superoxide dismutase (SOD) and polyphenol oxidase (PPO). Isozymes were 

extracted from plant ground samples according to Yamunarani et al. (2004). 

Peroxidaseisozyme assay by 12% native polyacrylamide gel electrophoresis 
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(PAGE) analysis according to Yamunarani et al. (2004). SOD was localized on 

10% native gel using photochemical method of Beauchamp and Fridovich 

(1971). Native electrophoresis was performed with PPO crude extracts according 

to the method of Laemmli (1970) without SDS and 10% polyacrylamide gels. 

 

Native PAGE and localization of enzymes on polyacrylamide gels 

Polyacrylamide gel electrophoresis was carried out for separation of different 

enzyme isoforms using discontinuous gel under non denaturing condition 

essentially as described by Hames (1990). Ten percent or 12.0% native gels were 

prepared and run at constant potential (200 V) and current (30 mA) at 4.0°C 

using a discontinuous buffer system as described by Hames (1990). 

 

Antioxidant compounds extraction and determination 

Total phenolic in rice tissues was appraised following the method of 

Julkenen-Titto (1985). The OD was read at 750 nm, using a UV–Visible 

spectrophotometer (JENWAY 6305 UV/VIS),   Total flavonoids was extracted 

from rice tissue according to Lee and Wicker (1991). Total flavonoids content 

was determined following Yong et al. (2008). Ascorbic acid was measured as 

described by Jagota and Dani (1982).Tocopherol content was assayed as 

described (Backer et al., 1980).  

 

Statistical analysis 

The obtained data were treated statistically using the one-way analysis of 

variance as described by Snedecor and Cochran (1969) .Means were compared 

by LSD at 5 % using SPSS program version16.  

 

Results 

 

Production of Reactive Oxygen Species (ROS) 

 Hydrogen Peroxide Levels  

A rapid production of reactive oxygen species is one of the earliest detectable 

responses to stress in plant cells and is an indicator to the activity of potential 

inducers. Results in Fig. 1. appeared that hydrogen peroxide levels in both rice 

cultivars increased significantly with increasing the NaCl concentration at 21 and 

28 days old treated plants in comparison with the control. The magnitude of 

increase was at 100 mM at 28 days old plants in Sakha103 cultivar.  Treatments 

with validamycin A, increased the levels of H2O2 in non saline plants in both 

cultivars especially in Sakha103 cultivar as compared with untreated control. 

While salinized plants treated with validamycin A showed a decrease in the level 

of H2O2 in both cultivars when compared with their corresponding salinity 

levels. Suppression in H2O2 accumulated levels with laps of time in Agami M5 

cultivar treated with salt plus validamycin A was recorded.  

 

Lipid Peroxidation  

The increase in level of metabolite scavenging reactive oxygen species and 

antioxidant enzyme activity may be linked to the changes in lipid peroxidation. 
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Therefore, results in Fig. 2 showed that the content of lipid peroxides, 

measured as malondialdehyde (MDA) concentration, the cytotoxic product of 

lipid peroxidation, was increased gradually in respect to the applied salt 

concentration. The most pronounced effect occurred in Sakha103 and Agami M5 

after 21 days old in response to 100mM NaCl. The plants supplied with 

validamycin A produced the highest MDA content in AgamiM5 cultivar in 

comparison with the control. On the other hand, the levels of MDA significantly 

decreased in both rice cultivars soaked by validamycin A and treated with salt 

stress as compared with untreated control after 21days old. After 28 days from 

salt application, MDA content decreased more than after 21days in Agami M5, 

while it increased in Sakha103 plants.  
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Fig. 1. Production of hydrogen peroxide content (µmol g-1 F.W.) in tissues of two rice 

cultivars treated with 30µM validamycin A and grown under different conc. 

of NaCl. 
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Fig. 2. Production of malonaldialdehyde content (µ mol g-1 F.W.) in tissues of two 

rice cultivars treated with 30µM validamycin A and grown under different 

conc. of NaCl. 
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Activity of antioxidant enzymes 

Enzymatic ROS scavenging mechanisms in plants were assayed in plant 

tissues of rice cultivars treated with validamycin A and grown under salt stress.  

Activity of SOD, CAT, APX, GR, POD and PPO were recorded in Figure 3, 4, 

5, 6, 7 and 8, respectively.  

 

Superoxide dismutase Activity 

SODs act as the first line of defense against ROS, dismutating superoxide O
2.-

 

to H2O2. APX, GR and CAT subsequently detoxify ROS. Activity of SOD 

increased with different concentrations in both Sakha103 and Agami M5 at 21 and 

28 days old as compared with control (Fig. 3).  At 75 mMNaCl both cultivars 

showed the highest activity of NaCl which increased from 64.2 to 76.4 (U min
-1
g

-1
 

F.W.) in Sakha103 and from 73.18 to 85.88 (U min
-1
g

-1
 F.W.) in Agami M5 plants of 

21 days old. On the other hand, results in Fig. 3 show that validamycin A treatment 

increased activity of SOD in both cultivars tissues comparing with the control. The 

highest activity (87.9 U min
-1
g

-1
 F.W.) was found in Agami M5 of 21 days old plants 

treated with validamycin A and 100 mM NaCl.  

 

Catalase Activity 

As shown in Fig. 4 application of 50, 75 and 100mM NaCl increased catalase 

(CAT) activity in both cultivars at both exposure periods in respect to control, 

which may have been induced by the increased H2O2 resulting from SOD activity 

and the activity of CAT in Sakha103 cultivar was higher than that in AgamiM5. 

On the other hand, application of validamycin A (30μM) as seed soaking induced 

an additive at 21days old, meanwhile, at 28 days old the activity of Agami M5 was 

higher especially at high concentrations of NaCl levels stimulatory effect on the 

CAT activity as compared with those of the untreated control in both cultivars. 

Significant reductions in CAT activity were observed in both cultivars under 50mM 

NaCl in comparison to the control plants and the corresponding salinity levels. Under  

75 and 100 mM NaCl pretreated with validamycin A, the CAT activity increased 

significantly in plant tissues of both cultivars, but in Agami M5, at 21days old at 

all treatments were less than the corresponding control. 
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Fig. 3. Superoxide dismutase activity (U min-1g-1 F.W.) in tissues of two rice cultivars 

treated with 30µM validamycin A and grown under different conc. of NaCl. 
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Fig. 4. Catalase activity (mM H2O2 decomposed min-1 g-1 F.W.) in the tissues of two 

rice cultivars treated with 30µM validamycin A and grown under different 

conc. of NaCl. 

 

 Ascorbate Peroxidase Activity 

Ascorbate peroxidase (APX) share crucially in the detoxification of H2O2, 

according to the following reaction:  2 ascorbate +H2O2 → 2 

monodehydroascorbate + 2H2O.  

 

Figure 5 show that activity of APX significantly increased in both rice 

cultivars treated by NaCl concentrations as the compared with non-treated 

control. Activity of APX in Sakha103 was higher than that in Agami M5 at 

21days old plants of all treatments and increased with increasing the 

concentration in both cultivars but at 28 days old was decreased in Sakha103 

while increased in Agami M5.  Validamycin A increased activity of APX in both 

salt sensitive and tolerance cultivars under salt stress as compared with 

corresponding salinity level except in salt sensitive plants at 21days old different, 

where validamycin A treatments decreased APX activity as compared with the 

untreated control. At the same conditions, the maximum activity was found in 

Agami M5-treated with validamycin A plus 75 mM NaCl at 28 days old plants. 

 

Glutathione Reductase Activity: Glutathione reductase (GR) activity in 

AgamiM5 of salt-stressed plants was greater than control plants after 21 and 28 

days from treatment and increased with increasing the salt concentration at 21 

days old plants (Fig. 6). The highest GR activity was observed at 100 mM NaCl-

treated plants at 21 days old. On the other hand, 50 mM NaCl caused a slight 

increase in GR activity in Sakha103 CV (Fig. 6).  However, NaCl at 75 mM and 

100 mM in salt-sensitive Sakha103 reduced GR activity of the two stages of 

growth. Pretreatment of both rice seed cultivars with validamycin A induced 

significant increases in GR activity of salt stressed-rice plant as compared with 

their corresponding salinity levels. The basal level of GR activity was also higher 

in AgamiM5 (647.91µM NADPH oxidized min
-1

g
-1

 F.W.) than in Sakha103 

(514.5 µM NADPH oxidized min
-1

g
-1

 F.W.) as shown in Fig. 6.  
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Peroxidase Activity: The activity of peroxidase enzyme significantly 

decreased in Sakha103 cultivar of 21days old plants in response to the 

application of NaCl by 50 and 75 mM, but 100Mm caused a slight increase as 

compared with non-treated control (Fig. 7). In Agami M5 POD activity increased 

with increasing the concentration of salt application and reached to maximum 

activity in plants of 21days old plants treated by 100 mM NaCl, but in the 28 

days old plants the activity was declined in stressed and non stressed line in 

meantime the stressed plants was more than the non-stressed in value. 

 

Also, data cleared that pretreatment with validamycin (30µM) in response of 

salt stress induced significant increases in Agami M5 cultivar at 21 days old of 

salt application as compared with corresponding salinity level. On the other 

hand, in Sakha103 the POD activity was lower than the corresponding salinity 

level of 21and 28 old day plants. 

 

Polyphenol oxidase Activity: Polyphenol oxidase (PPO) activity in salt 

tolerant cultivar increased significantly with increasing NaCl concentrations at 

21 and 28 days old compared to the control and the highest PPO activity 

observed at 100 mMNaCl concentration at 28 days old treated plant (Fig. 8). 

However, PPO activity of Sakha103 was increased under lower levels of salt 

treatment, while it was decreased under highest exerted levels of them compared 

to control. 

 

Results of both cultivars showed that, PPO activity increased in all treatments 

as compares with corresponding control at 21 and 28 days old plants.  
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Fig. 5. Ascorbate peroxidase activity (µM ascorbate oxidized min-1g-1 F.W.) in tissues 

of two rice cultivars treated with 30µM validamycin A and grown under 

different conc. of NaCl. 
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Fig. 6. Glutathione reductase activity (µM NADPH oxidized min-1g-1 F.W.) in the 

tissues of two rice cultivars treated with 30µM validamycin A and grown 

under different conc. of NaCl. 
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Fig. 7. Peroxidase activity (∆ min-1g-1 F.W.) in the tissues of two rice cultivars treated 

with 30µM validamycin A and grown under different conc. of NaCl. 
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Fig. 8. Polyphenol oxidase activity (∆ min-1g-1 F.W) in tissues of two rice cultivars 

treated with 30µM validamycin A and grown under different conc. of NaCl. 
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Biochemical analysis: Isozyme profile 

Superoxide dismutase isozyme 

Three isozymes of SOD (Mn-SOD, Fe-SOD, and Cu/Zn-SOD) were recorded 

at Rf 0.409, 0.72 and 0.799. The overall activity of the enzymes was higher in 

both cultivars treated with NaCl and/or validamycinA on gel as evidenced by the 

brighter bands. The intensity levels of SOD isozyme in leaves of salt treatment 

plus validamycin A was higher than that of salt stress in both cultivars (Photo 1 

a, b). The intensities of the Mn-SOD isoform remained similar to response in 

both cultivars, whereas Cu/Zn SOD and Fe-SOD were more intense with all 

concentrations of NaCl alone and with combination with validamycin A.  

 

Peroxidase isozyme 

In the leaves of both rice cultivars, five isoforms bands of POD were 

observed ranging in RF from 0.05 to 0.845(Photo 1 c, d). In AgamiM5 cultivar, 

the five POD isoforms intensity in the plant tissues increased with increasing 

NaCl concentration. The higher intensity was found in plants primed with 

validamycin A plus salt stress (Photo 1 c, d). On the other hand, in Sakha103 

cultivar, the intensity was decreased after NaCl application and increased in 

plants treated with salt stress plus validamycin A. The exhibition intensity of 

both band POD-3 and POD-4 was obviously higher than the other bands in the 

respective validamycin A treatment of both cultivars, indicating that POD-3 and 

POD-4 were the dominant POD isoforms with regard to band exhibitions.  

 

Polyphenol oxidase isozyme 

There were five bands of PPO as visualized in RF ranging from 0.077-0.506 

(Photo 1 e, f). The PPO-4 and PPO-5 which was the most prominent isoform in 

intensity, greatly increased in the level of intensity in 50 and 75 mM NaCl plus 

Validamycin A treatments in both cultivars compared to the 50 and 75 mM NaCl 

treatments alone (Photo 1 e, f). 

 

Antioxidant compounds 

Total Phenols 

The effect of NaCl on total phenols is shown in Fig. 9. Total phenol content 

in both rice cultivars was significantly increased gradually with increasing the 

salinity level. NaCl at 100 mM gave the highest content of total phenol which 

was 2.3 to 2.8 folds and 2.8 to 3.1 folds in Sakha103 and Agami M5, 

respectively at 21 and 28 days old treated plants, higher than control. The 

increament in phenols in rice plants under salinity stress is reduced with priming 

seeds of two cultivars in validamycin.     

  

Total Flavonoids Content 

At 21 days old treated plants, total flavonoids increased gradually with 

increasing salt concentration in both cultivars as compared with control plants 

(Fig. 10). Prolonged application with NaCl concentrations caused decrease of the 

total flavonoid content. On the other hand, application of NaCl concentrations 

increased content of flavonoids in validamycin A treated plants as compared to 

the corresponding salinity level. The maximum increase was at 75mM NaCl 
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concentration in Sakha103 and Agami M5 which increased by 84.4% and 88.2% 

respectively at 21 days old.  

 

Salt application at different concentrations significantly increased flavonoid 

content in Sakha103 and Agami M5 plants treated with validamycin A at 28 days 

old when compared with that treated or⁄and untreated with validamycin A and all 

values were more than the corresponding salinity level. 

 

Ascorbic Acid content: Data in Fig. 11 appeared that salt stress significantly 

reduced ascorbic acid (ASA) contents of both cultivars. ASA decreased 

gradually by increasing NaCl concentrations compared with control. The 

maximum reduction was at 100 mM NaCl and reached 46.0 %, 43.9 % in 

Sakha103 and to 44.9 % and 43.6 % in AgamiM5 at 21 and 28 old days, 

respectively as compared with non-treated plants. Agami M5 maintained 

significantly higher ASA content under control and salt stress on whole tissue 

basis. Priming of both rice seeds with validamycin A improve stress resistance 

by increasing the content of ASA as compared with corresponding salinity level. 

The highest increase in ASA was 34.12 % and 15.0 % in Sakha103 and Agami 

M5, respectively, treated with 50mM NaCl at 28 days old. 

  

α-tocopherol content: In AgamiM5 rice plants, α-tocopherol increased with 

increasing concentration of NaCl (12.3% at 50 mM and 16.3% at 75 mM NaCl) 

at 21 days old. Although, α-tocopherol decreased with the further increase of 

NaCl (100 mM), it still remained higher (by 4.31%) than in the untreated control 

(without NaCl) plants (Fig. 12). The highest α-tocopherol content was observed 

at 75 mM NaCl-treated plants (27.9%) at 28 days old. On the other hand, α-

tocopherol in plant tissues of Sakha103 cultivar (salt sensitive) was increased 

under lower levels of salt treatment, while it was decreased under highest levels 

compared to control in the two stages of salt treatments.         

 

Pretreatment of both rice seed cultivars with validamycin A (30μM) induced 

significant increases in α-tocopherol content of rice plant under non stressed and 

all salinity levels as compared with the corresponding salinity level. Significantly 

higher values of α- tocopherol contents were observed in Agami M5 as 

compared to those in cv. Sakha103. In Agami M5 cultivar, the highest α- 

tocopherol content was observed at 100 mM NaCl-treated validamycin A plants 

reached 56.1% over the control in 28 days old plants. However, in Sakha103 the 

maximum increase was recorded at 75 mM NaCl-treated plants reached 36.6% 

over the control in 28 days old plants. 
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Fig. 9. Change in total phenolic content (µg catechol g-1F.W.) in shoots of two rice 

cultivars treated with 30µM Validamycin A andgrown under different conc. 

of NaCl. 
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Fig. 10. Change in total flavonoids content (mg quarcetin  g-1 F.W.) in shoots of two 

rice cultivars treated with 30µM Validamycin A andgrown under different 

conc. of NaCl. 

 

0

7

14

21

28

35

21 day 28 day 21 day 28 day

Salt sensitive (Sakha 103) Salt tolerance (Agami M5)

A
sc

o
rb

ic
 a

ci
d

 c
o

n
te

n
t 

(µ
g

 a
sc

o
rb

at
e 

 g
-1

 F
.W

.)

0.0 mM+ 0.0 val. 50.0 mM+ 0.0 val. 75.0 mM+ 0.0 val. 100.0 mM+ 0.0 val.

0.0 mM+ 30μM val. 50.0 mM+ 30μM val. 75.0 mM+30μM val. 100.0 mM+ 30μM val.

 
   LSD at 5% →      2.46                         2.75                        3.02                        3.22 

 

Fig. 11. Change in ascorbic acid content (µg ascorbate g-1F.W.) in shoots of two rice 

cultivars treated with 30µM Validamycin A andgrown under different conc. 

of NaCl. 
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Fig. 12. Change in vitamin E (α tocopherol) content (µg g-1F.W.) in shoots of two rice 

cultivars treated with 30µM Validamycin A andgrown under different conc. of 
NaCl. 
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Photo 1. Electrophoretic patterns of  superoxide dismutase (a), (b), peroxidase (c),(d) and 

polyphenol oxidase (e),(f) isoenzyme of salt sensetive (Sakha 103)and salt 

tolerance (Agami M5) rice cultivars  in response to treatment with different 

concentrations of NaCl alone or in combination with 30µM validamycin A. 

 
cs, ct-Control; S1,T1-50 mM NaCl;  S2,T2- 75 mM NaCl;  S3,T4- validamycin A only;  S4,T4-

50 mM NaCl+ validamycin A;  S5,T5- 75 mM NaCl+validamycin A. 
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Discussion 

 

Increased tolerance to abiotic stress in crop plants is necessary in order to 

increase the plant productivity under limited water supplies, high salinity and low 

temperature. Tolerant genotypes respond to abiotic stress with complex changes in 

their physiological and molecular status. Differential responses of different 

genotypes of a common species to abiotic stresses imply that mechanisms 

conveying tolerance differ between genotypes and stresses (Morsy et al., 2007).  

  

Salt stress can induce oxidative stress due to generation of reactive oxygen 

species (ROS), including singlet oxygen, superoxide anion, hydrogen peroxide 

and hydroxyl radical (Malik et al., 2011). ROS attack the cellular 

macromolecules, such as proteins, nucleic acids and membrane lipids causing 

their damage (Mansour, 2013).  

 

H2O2 is one of the active oxygen species and produced by the action of SOD 

(Cheeseman, 2007). The H2O2 content showed a progressive increase in salt-treated 

rice plants, particularly in salt-sensitive cultivars (Tsai et al., 2004).  Our results 

demonstrated that the level of H2O2 in leaves of both rice cultivars significantly 

increased with NaCl stress and validamycin A had a smaller stimulative effect when 

compared to the control plants. Hernandez et al. (2010) suggesting that the 

accumulation of H2O2 at short-term salt stress is mainly due to the osmotic stress 

induced by the external NaCl. Lower level of the H2O2 for salt-tolerant genotype 

(AgamiM5) versus salt-sensitive ones under salt stress might be attributed to the 

relatively more efficient detoxifying enzymes CAT, POD and APX.   

 

The generation of ROS was alleviated by application of validamycin A which 

increase trehalose content under salt stress. Similar results were reported in wheat 

seedlings exposed to heat stress (Luo et al., 2008). Both trehalose-producing 

transgenic plant and exogenous application could reduce generation of ROS, but it 

would affect the subsequent plant defense response (Fernandez et al., 2010).  

 

To investigate whether trehalose-induced membrane protection is 

accomplished by preventing lipid peroxidation, we detected the MDA content, 

which is produced when polyunsaturated fatty acids in the membrane undergo 

peroxidation (Liu et al., 2012). Lipid peroxidation in plant is considered the best 

criterion for damage caused by increasing ROS production (Luo et al., 2010). 

However, cell membrane stability has been used as an efficient criterion of plant 

stress tolerance (Sairam et al., 2005).  

 

In the present study, the application of validamycin A could markedly 

alleviate the lipid peroxidation caused by salt stress by increasing the 

accumulation of trehalose which lead to reducing the accumulation of leaf MDA 

contents and increasing the activities of antioxidant enzymes such as POD and 

CAT in both cultivars. The reduction in MDA contents could also have been due 

to the putative role of trehalose in alleviating the stress-induced deleterious 

effects on the structure of cell membranes and activities of different antioxidant 
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enzymes as well as reducing the generation of highly destructive free radicals 

(Fernandez et al., 2010). For example, less oxidative damage was reported in 

trehalose treated plants in terms of reduced MDA contents and enhanced levels 

of enzymatic (SOD, POD, CAT) (Duman et al., 2010).  

 

Furthermore, trehalose has been reported to be very effective in increasing 

lipid bilayer fluidity and in preserving enzyme stability in different cultivars of 

bean during drying (Ali and Ashraf, 2011).  

 

The equilibrium between the ROS production rate and their scavenging rate 

by enzymatic and non enzymatic antioxidants will determine the degree of 

damage induced by ROS (Gill and Tuteja, 2010). 

 

It was observed that the lower concentrations of salt (50 mM and 75 mM) 

resulted in an overall enhancement in the activities of most antioxidant enzymes, 

while it decreased at 100 mM suggesting an inhibitory effect of 100 mM on the 

enzyme activity. However, application of validamycin A caused an overall 

enhancement in the activities of all the enzymes under salt stress, suggesting the 

presence of an effective scavenging mechanism to remove ROS from the plant 

system and acting as a potential mechanism of plant salt tolerance. 

 

SOD in particular, is the most effective intracellular enzyme mediating the 

removal of O
2•-

 radicals to H2O2 (Gill and Tuteja, 2010). The enhanced activity 

of this enzyme in AgamiM5 rice cultivar at 100mM NaCl treatment and the 

concomitant decreased activity in Sakha103 cultivar implies that the first species 

had more efficient capacity for the removal of O
2•-

 radicals, thus reducing its 

oxidative damage and cellular toxicity than Sakha103 cultivar. Similar increases 

in the activities of SOD have been reported in faba bean (Hassanein et al., 2012), 

Oryza sativa (Nunkaewa et al., 2014). However, Tijen and Ìsmail (2005) found 

only a slight increase in the activity of SOD in roots of Pokkali (rice salt-

tolerant) and a no-induced activity of SOD in the root of IR-28 (rice salt-

sensitive) under 120 mMNaCl stress. Different alteration of SOD activity 

indicated the variation in the mechanisms of the conversion of O
2.-

 to H2O2 under 

salt stress among crop species. 

 

The utilization of multiple isoforms of antioxidant enzymes is one of the 

mechanisms involved in preventing the damage caused by ROS (Kim et al., 

2005). Previous studies have indicated that NaCl stress can either stimulate or 

inhibit the expression of the isoforms of several antioxidant enzymes. The 

increase of constitutive isoforms in potato seedlings, new POD and SOD 

isoenzymes appeared in response to salt stress (Zhang et al., 2013).  

 

Although the specific activity of each isoenzyme was not identified, the 

staining intensities of these isoenzymes showed a similar change trend compared 

to the changes assaying in total SOD activities. With the increase in total SOD 

activity, a concomitant increase in the activities of all the isoforms of SODs was 

observed in response to salt stress in both cultivars, although Fe- SOD and Cu–
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Zn–SOD were the predominant form suggesting that most of the SOD activity 

was due to this isoforms of the enzyme. A similar increase in SOD and its 

isoform has been observed in Brassica campestris and rice in salt stress by 

Hernández et al. (2010) and Turan and Tripathy (2013), respectively.  

 

Increases in specific SOD isozyme abundance or total SOD activity have 

been observed in salt tolerant pea plants and opposite changes observed in salt 

sensitive varieties (Hernandez et al., 2000). Our results showed that SOD 

increased in both rice cultivars pretreated with validamycin A and subjected to 

salt stress and this is in accordance with Gómez et al. (2004) and Hu et al. 

(2012), who found an increase in all SOD isoenzymes of pea and perennial 

ryegrass plants respectively following NaCl treatment. 

 

Hydrogen peroxide (H2O2), a product of SOD activity, is toxic to cells and 

must be converted into H2O in subsequent reactions. As a result of CAT and 

APX activity, H2O2 is broken down to form water and oxygen (Zhang et al., 

2007). In this study, CAT activity was found to increase in response to an initial 

increase in NaCl exposure in the first week. Results slightly decreased in the 

second week especially in Sakha103, while, Agami M5 showed a decrease in 

CAT activity at 100Mm in the second week only. This initial increase could be 

due to an increase in the amount of H2O2. The later decrease in activity of these 

enzymes may be caused by inactivation or degradation by peroxisomal protease 

(Duman et al., 2011). Similar results were obtained by Turan and Tripathy 

(2013) who showed that CAT activity was found to be increased in response to 

salt stress in both rice  cultivars although its activity was decreased with time in 

stressed or unstressed conditions. 

 

CAT activity was significantly increased by the application of exogenous 

validamycin A which consequently increased the plant trehalose content and this 

corroborate with the results of Ali and Ashraf (2011) who stated that trehalose 

has a simulative effect on CAT activity. In contrast, Luo et al. (2008) stated that 

trehalose has an adverse effect on CAT activity in wheat plant.   

 

Also, APX plays a key role in scavenging H2O2 through ascorbate-

glutathione cycle in the cytosol and chloroplast and its enhanced activity has 

been associated with the tolerance to oxidative stress in various plant species 

(Ben Amor et al., 2006).  

 

In the present study, both cultivars seems to be capable of quenching H2O2 by 

activating APX at all NaCl concentration after the first week of application, 

while in the second week the activity was diminished in Sakha103 at 75 and 100 

mM NaCl and also in Agami M5 at 100 mMNaCl only, suggesting that the latter 

concentration was prone to excessive oxidative stress resulting in increased 

membrane permeability. Also, both rice cultivars treated with validamycin A 

with and without salt stress significantly increased the activity of APX, relating 

to much lower level of H2O2 compared to the non treated and treated 

corresponding salinity level. Our results are also supported by the results of 
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Duman et al. (2011) who observed that trehalose application increased the APX 

activity. According to our results, trehalose plays an important role in the 

detoxification of H2O2. Moreover, Bae et al. (2005) and Aghdasi et al. (2008) 

suggested that the up-regulation of ROS responsive genes has been linked with 

trehalose concentration in Arabidopsis thaliana. 

  

Glutathione reductase enzyme (GR) plays a central role in ROS detoxification 

in plants, particularly during salinity (Gill et al., 2013). Our results show that GR 

activity in leaves of Agami M5 cultivar salt-stressed plants was greater than control 

plants. On the other hand, salinity significantly reduced GR activity in Sakha103 

cultivar at all NaCl concentrations except in 50 mM. Several authors have 

suggested that the salt tolerance cultivars is related to increased GR activity than in 

sensitive cultivars (Neto et al., 2006). In addition, both rice cultivars treated with 

validamycin A with and without salt stress significantly increased the activity of 

GR at all concentrations of salt stress. This result was correlated with Ma et al. 

(2013) who showed that GR activity increased by exogenous trehalose not only in 

the normal condition but also in the water deficit. 

 

Peroxidases are involved not only in the conversion of H2O2 into water, but 

also in the oxidation of a wide variety of substrates (Cuypers et al. 2002). Our 

results indicated that 100 mMNaCl caused greater POD activities of both 

cultivars subjected to short-term salt stress. However, the POD activity was 

higher in ‘Agami M5’ versus ‘Sakha103’, suggesting that tolerant cultivar had a 

greater protection against the oxidative stress. It has been shown that salt induced 

POD activity in plants adapted to NaCl, especially in tolerant ones (Rahnama 

and Ebrahimzadeh, 2005). 

 

The Agami M5 plants in the second week showed much lower activity in both 

stressed and unstressed plants in comparison to the first week plants; so, this 

activity was insufficient to prevent H2O2 accumulation. The lower leaf H2O2 

concentration upon validamycin A application could be the reason for the 

activation of leaf POD activity compared to NaCl without validamycin A treated 

plants. 

 

The expression patterns of the POD isoenzymes depend on different tissues 

or environmental stresses (Passardi et al., 2005). In this study, the POD isoforms 

showed different patterns in activities under short-term salt exposure in both 

genotypes. The changes in the staining intensities of the isoenzymes (POD5) 

showed a similar trend compared to the changes of POD activity in solutions. 

These results suggested that the increased POD activity could contribute to the 

antioxidant mechanism of Agami M5 against salt stress. Also, the fact that the 

highly concentrated POD-1 and POD-3 in both cultivars exhibited significant 

increases in their concentrations indicated that POD-1 and POD-3 are the most 

prominent and sensitive active isoforms of POD enzyme. POD-4 and POD-5 

were only observed more intense at validamycin A alone and plus NaCl 

concentrations in Agami M5 and these indicated that AgamiM5 was able to 

enhance its salt tolerance through increasing POD activities and numbers of 
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isoforms. Gao et al. (2008) have also reported that high POD isozyme activity 

was detected in salt tolerant cultivar compared to salt susceptible cultivar of 

Jatropha curcas seedlings. The POD transcripts significantly increased with the 

increasing of salt exposure in salt-sensitive ‘Sakha103’ primed with validamycin 

A, which was not coincide with the POD isoenzyme activities. This is a lined 

with Hu et al. (2012) who suggested that stress mediated changes in the 

abundance of a particular transcript do not always correlate with corresponding 

changes in antioxidant protein levels and/or enzyme activities. 

 

Polyphenol oxidase (PPO) plays a defensive role in plants against pathogens 

and abiotic stresses (Radhakrishnan and Lee, 2014). PPO is also a functional 

mediator of salt stress adaptation in plants (Barbieri et al., 2012).  Kostopoulou 

et al. (2014) showed that the PPO activity was enhanced by NaCl treatment in 

citrus, whereas chemical treatments further stimulated its activity. In our study, 

PPO activity was enhanced gradually by increasing NaCl treatment in Agami 

M5 cultivar whereas validamycin A treatment further stimulated its activity. 

A similar increase in PPO activity in response to salinity stress has been 

found in bean (Demir and Kocaliskan, 2001). Recently, Rajaravindran and 

Natarajan (2012) suggested that the high PPO activity under stress indicates its 

ability to oxidize and to degrade the toxic substances such as phenolic 

compounds which are generally reported to be accumulated during salt stress. 

Moreover, treatment with validamycin A caused PPO activation and mitigated 

the salinity effect on both tested rice cultivars plants. 

 

Native gel electrophoretic separation indicated that both rice cultivars 

expressed five isoforms PPO1, PPO 2, PPO 3, PPO 4 and PPO5. An increase in 

catalytic activity of PPO was accompanied with an increase in its isoforms in 

response to salinity. Most of the activity was due to isoforms PPO4 and PPO5. In 

Sakha103 cultivar isoforms PPO 4 and PPO 5 substantially reduced after 75mM 

NaCl application. However, isoform PPO4 and PPO5 is more pronounced in the 

salt-tolerance cultivar (Agami M5) after salt stress. These results are in 

correlated with El-Mashad and Mohamed (2012) who found that salinity stress 

induced two PPO bands in Vigna sinensis treated with 50, 100 and 150 mM 

NaCl also El-Sayed et al. (2007) found that salinity stress induced two PPO 

bands in wheat Sakha 93 cultivar. Moreover, the induction of PPO isoforms was 

very intense in the validamycin A plus NaCl treatment compared to all other 

treatments.         

 

Non-enzymatic secondary metabolites such as phenolics, tocopherols and 

ascorbic acid have well known antioxidative role in scavenging the ROS. In the 

present study, the contents of tocopherols and ascorbic acid increased, while 

those of phenolics decreased due to the application of validamycin A plus salt 

stress in both cultivars.  

 

Phenolic compounds and flavonoids have important physiological role in the 

protection and development of plants and these compounds are affected by 

abiotic stresses (Edreva et al., 2008). Phenol accumulation could be a cellular 
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adaptive mechanism for scavenging oxygen free radicals during stress 

(Mohamed and Aly, 2008). Several studies have reported that total phenol 

production is stimulated by NaCl (Navarro et al., 2006 and Hanen et al., 2008). 

 

Results of our study showed that as salinity increases, accumulation of phenols 

increases in both cultivars and the magnitude of increase was at the salt tolerance 

Agami M5 cultivar. These results concur with the findings of Sonar et al. (2011) 

who reported increased contents of phenols in chickpea under salinity stress.  

 

Flavonoids are frequently increased by abiotic stress and promote roles in 

plant protection (Sonar et al., 2011). These compounds accumulated in plant 

tissue could help to protect themselves from damaging effects by act as a free 

radical scavenger because the hydroxyl groups present in their structure. Data 

recorded in the Fig. 10 indicated that salt stress induced accumulated amount of 

total flavonoids in both cultivars with increasing salt stress and this increase was 

lowered in long term exposure to salt stress and the magnitude of increase was at 

salt-tolerant cultivar (Agami M5).   Similar results were obtained by Chutipaijit 

et al. (2009) who reported that total flavonoids presented in the stressed seedling 

of salt-tolerant cultivar (rice) higher than those of salt-sensitive cultivar when 

compared to control. Also application of Validamycin A as seed soaking induced 

an additive stimulatory effect on the accumulation of total flavonoids content as 

compared with those of the corresponding salinity level. Trehalose causes an 

increase in total flavonoids contents, the results can be related to the findings of 

Ali et al. (2012), who reported that exogenous application of trehalose as a foliar 

spray further increased the contents of oil flavonoids in both maize cultivars 

under water stress regimes. 

 

Ascorbic acid (ASA) has also been shown to play multiple roles in plant 

growth, such as in cell division, cell wall expansion, and other developmental 

processes (Pignocchi and Foyer, 2003). Although Senadheera et al. (2012) 

showed no significant reduction in ASA content in FL478 (rice salt tolerance), 

whereas IR29 (rice salt sensitive) showed a significant reduction in long term 

exposure to salt stress. Khan and Panda (2008) recorded the decrease in ASA 

content in the roots of both salt tolerant and susceptible varieties in response to 

short term salt stress. Similar results are also found in both tested rice cultivars in 

our study. Our results show that validamycin A in combination with salt stress 

showed more increase in ASA than the corresponding salinity level (Fig. 11). It 

has been shown that ASA minimizes the damage caused by oxidative process 

through synergic function with other antioxidants (Jaleel et al. 2009). The other 

functions of ASA includes, scavenging of H2O2 by ascorbate– glutathione cycle, 

elimination of ROS, and maintenance of α- tocopherol in reduced form (Mishra 

and Prakash, 2010).  

 

α- Tocopherol (vitamin E) is known as natural antioxidant which interacts with 

the polyunsaturated acyl group of lipids that stabilizes the membranes. It also helps in 

scavenging and quenching of various ROS and lipid soluble byproducts of oxidative 

stress  (Jaleel et al., 2009). The  endogenous  status of  a-tocopherol is significantly 
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modulated by environmental stresses and associated with the protection of plants 

against photo oxidative stress (Kostopoulou et al., 2014) and salinity (Queirós et al., 

2011). 

 

In Agami M5 cultivar, it was observed that the application of all 

concentrations of salt stress resulted in an enhancement in the activities of 

the α-Tocopherol content, while in Sakha cultivar it was decreased at (75 

mM and 100 mM) which might be due to the inhibition of tocopherol synthesis 

or activation of some enzyme which is involved in degradation of tocopherol. 

However, application of validamycin A caused an overall enhancement in the 

contents of α-tocopherol under the effect of various concentrations of salt stress 

in both cultivars, suggesting that the presence of an effective scavenging 

mechanism to remove ROS from the plant system and acting as a potential 

mechanism of plant salt tolerance. This result was corroborated with Ali and 

Ashraf (2011) who observed that exogenous application of trehalose increased 

the leaf tocopherol contents of both maize cultivars. 

 

However, exogenously applied validamycin A increased the contents of all 

these antioxidant compounds under stress conditions due to accumulation of 

trehalose. The increase in trehalose is negatively associated with leaf MDA and 

hydrogen peroxide contents, thus showing the role of this osmolyte in plant 

oxidative defense mechanism by increasing the accumulation of antioxidative 

secondary metabolites under stress conditions. Furthermore, less oxidative 

damage was reported in validamycin A treated plants by increasing non-

enzymatic (flavonoids, ascorbic acid, and tocopherols) compounds.  
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بعض جوانب صفات مضادات الأكسدة فى الأرز تحت اجهاد الملوحة 

 مع المعالجة بالفاليداميسن
 

ساامية محااب ال اا  
*
و زينااب محمااد الاد الجااوادو 

*
تهااانى الاااح ح حااوت
*
إجاا   و

سيد
**
الشيماء زكى المقدم و

*
 

*
ا جامللأة يلأيش سلأ   -كلية البنات للأداا  االلللأ و االبيةيلأة  -قسم النبات 

**
مل لأ   

 .مصي -القاهيه - ميكز البح ث الزرايية -ملهد البساتيش -ن ل جيا الحي ية البك

 

تلد ملالجة ةذار النباتات قب  الزراية اسبياتيجية قي ة لبحفيز افايات النبلأات  م لأا 

 ةالفاليداميسلأش قي لأ  هلأذه الدراسلأة تلأ ايي ال لالجلأة ةلأا. يؤاي الى تط ر أفضلأ  للنبلأات

ااى . فيش مش الأرز تح  ت ايي الإجهلأاا ال لحلأييلى آليات مضااات الأكسدة في صن

ةالإضلأافة لللأى كللأ   . الهيدراجيش ا ال ال نالدهايلأداجهاا ال لح الى تياكم ف ق أكسيد 

البيياكسلألألأيد    الكلألألأاتاز    الجل تلألألأااي   )زاا نشلألألأالأ الأنزي لألألأات مضلألألأااات الأكسلألألأدة 

ا كذل  ااى الى زيااة ال حب ى مش ال يكبلأات الفين ليلأة   فلأي  لأيش أ  قلأ  ( ريدكبيز

ار قبلأ  الزرايلأة ةنقع البذ ةالفاليداميسشال لالجة . ال حب ى مش   ض الأسك رةي   

ااى الى زيااة أنشطة ايس  تاز الفائق  البيياكسيديز  الب ليفين ل أاكسلأيديز  ارفلأع 

أاى البلألأ ايي . محبلألأ ي النبلألأات ملألأش الفاف نيلألأدات ا  لألأض اتسلألأك رةي  ات كلألأ فييال

مع ال لح للى زيااة نشالأ مضااات الأكسلأدة الأنزي يلأة ة لأا فلأي  لفاليداميسشال شبيك ل

ئق االجل تااي   ريدكبيز   ك لأا ااى اللأى ارتفلأاح محبلأ ى النباتلأات كل  ايس  تاز الفا

ملألألأش مضلألألأااات الأكسلألألأدة البنائيلألألأة الالنزي يلألألأة ة لألألأا فلألألأي كللألألأ    لألألأض اتسلألألألأك رةي  

قبلألألأ   لفاليداميسلألألأشاي  ملألألأا  ي كننلألألأا أ  نسلألألأبنبج أ  ملالجلألألأة البلألألأذار ةا. ات كلألألأ فييال

النبلأات للبح لأ   اي كلأش أ  يللأزى اسلأبجاةة. الزراية يحد مش الآاار الضلأارة لل ل  لأة

 .ألف يلى تحفيز الدفايات ال ضااة لدكسدة فاليداميسشللى قدرة 

 

 

 


