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ABSTRACT 
Gene expression as a valuable stress marker in ecophysiological studies and rapid changes in gene 

expression in plants in response to stress are important for environmental adaptation. Two Triticum 

aestivum cultivars [drought sensitive (Sids-1) and drought tolerant (Veery)] were exposed to drought 

stress interrupted by rehydration period. The differentially expressed gene in drought stressed seedlings 

was strongly and rapidly induced in leaves of tolerant wheat (cvVeery) especially after rehydration, 

whereas induction was delayed and transcripts accumulated to a low level in sensitive one (cv Sids-1). 

Drought induced alteration in the expression of genes involved in signaling and in oxidative stress 

responses. A significant variability in drought tolerance was found between the two cultivars: while 

drought sensitive (Sids-1) oxidative stress indices were significantly increased after 4 days drought stress 

compared to the control, drought tolerant cultivar (Veery) indices increased after 8 days. After 2 days 

rehydration, plants exposed to 12 days drought showed better cultivar-dependent behavior, compared to 

those exposed to drought without rehydration and Veery cultivar showed better drought tolerance than 

Sids-1. This may be related to their antioxidant activity (smaller IC50 values for both 1,1-diphenyl-2-

picrylhydrazyl and superoxide scavenging), associated with lower leaf MDA accumulation in comparison 

to sensitive cultivar. Taken together, results suggest that wheat may be interesting for production of 

antioxidant compounds, and that the cultivar-dependent capacity to induce antioxidative mechanisms in 

response to drought, may result in a corresponding variability for growth sustainability. 
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INTRODUCTION 

Drought is one of the major ecological factors 

limiting crop production and food quality globally, 

especially in the arid and semi-arid areas of the world. 

Drought is a major yield-limiting environmental factor 

identified across the globe and soils too dry for crop 

production cover 28 % of the Earth's land surface (Bray, 

2004). There is continuous search for new genes and 

characterizations of their regulatory elements to design 

innovative strategies for better plant adaptation. 

Differential display of mRNA was employed to 

identify genes for comparing the transcripts in several 

treatments simultaneously (Liang and Pardee, 1992). It 

is worth noting that differential display (DD) has been 

used successfully to identify gene imprinting, a 

phenomenon referring to-specific gene expression 

(Hagiwara et al., 1997 and Ivanova et al., 1998). Also 

differential display of mRNA was employed to identify 

such genes owing to the ease and speed of comparing 

the transcripts in several treatments simultaneously 

(Liang et al 1994). Among crop plants, wheat (Triticum 

aestivum), which often experiences water-limited 

conditions, is an attractive study system because of the 

natural genetic variation in traits related to drought 

tolerance (Labhilili et al., 1995; Loggini et al., 1999). 

Despite significant progress in molecular biology of the 

drought response, the genes and/or gene products 

required for dehydration tolerance remain unknown 

(Ingram and Bartels, 1996; Bray, 1997). One of the 

responses of plants to abiotic stresses such as drought 

and salinity is an alteration in gene expression as 

evidenced by changes in the abundances of specific 

mRNAs and newly synthesized proteins (Bray, 1993; 

Skriver and Mundy, 1990).  In wheat, the differential 

gene expression was analyzed between two cultivars in 

both primary roots and seedling leaves. Differences 

were detected in gene expression patterns between 

cultivars and their parents, however it was found that 

the differential expression patterns are also dependent 

on the tissues tested and developmental stages (Sun et 

al., 1999 and Zhongfu et al., 2000).  

Furthermore, the imposition of biotic and abiotic 

stress conditions can give rise to excess concentrations 

of active oxygen species (AOS), resulting in oxidative 

damage at the cellular level. Drought shows a particular 

affinity for sulfhydryl groups and also reacts with 

hydroxyl groups resulting in alterations in function of 

membrane by inducing changes in lipid peroxidation 

suggesting that the tissue suffered from oxidative stress 

(Mukherjee and Choudhuri, 1983). Therefore, a 

consequence of water stress is usually accompanied by 

the formation of active oxygen species (AOS) 

(Smirnoff, 1993) such as the superoxide radical, H2O2, 

and the hydroxyl radical (Foyer et al., 1994; Asada, 

1997). However, plants can respond and adapt to water 

stress by altering their cellular metabolism and invoking 

various defense mechanisms (Bohnert and Jensen, 

1996). Thus, plants are equipped with complex and a 

highly efficient antioxidative defense system composed 

of protective non-enzymatic and enzymatic protection 
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mechanisms function to interrupt the cascades of 

uncontrolled oxidation in some organelles (Noctor and 

Foyer, 1998). These mechanisms serve to maintain the 

antioxidants in their reduced functional state (Schwanz 

et al., 1996) that efficiently scavenge AOS and prevent 

damaging effects of free radicals (Shalata and Tal, 

1998).  

Increased concentration of free proline probably have 

several functions, such as osmotic adjustment, 

stabilization of subcellular structures, scavenging of free 

radicals, retaining of energy and also as a stress signal 

molecule during environmental conditions causing 

water deficiency in plant tissues (Siripornadulsil et al., 

2002).  

Triticum aestivum is one of the most important grain 

for direct human consumption all over the world. Only 

small percentage of the growing area is well watered, 

and water deficit is the abiotic stress that is most 

limiting for grain production. Therefore, physiological 

and molecular studies of drought acclimation and 

tolerance in Triticum aestivum are needed to find the 

traits and genes involved in drought acclimation. A 

differential display was used in this study to analyze 

alterations in gene expression, as well as some 

physiological parameters, in two wheat varieties after 

drought and subsequent re-watering in Triticum 

aestivum plants are reported.  

 

MATERIALS AND METHODS 

Plant materials and treatment 

Seeds were grown in plastic pots (15 cm diameter x 

20cm height). Seeds were soaked in continuously 

aerated distilled water for 24 h in darkness. By the end 

of soaking period, twelve seeds were sown in each pot 

containing 1700 g sterilized sandy soil (70%) and 30% 

vermiculite under 16/8 h day/night cycle. Light intensity 

was 420µmol m-2s-1 at the canopy of plant supplied by 

a mixture of fluorescent and incandescent lamps and at 

controlled temperature of 28/26˚C and 55/60% relative 

humidity.  

The pots were irrigated by distilled water. After 

fifteen days from sowing, the pots were irrigated with 

half strength of Hoagland solution only up to twenty 

eight days then the pots for each cultivar were grouped 

into two sets.  In the first set, control (non-stressed) 

plants were grown under these conditions throughout 

the whole experimental period. In the second set, plants 

were drought pretreated (drought acclimated) by 

cessation of watering for 8 days. After this drought 

period, the plants were rewatered for 48 h then 

subjected to second drought period extended for 12 

days. 

 

Oxidative stress indices  

Determination of scavenging activity (Antiradical 

activity)  

Scavenging activity was determined for 1,1-

Diphenyl-2-picrylhydrazyl (DPPH·) and superoxide 

anion radical and the effect of methanolic extracts on 

DPPH· degradation was estimated according to Hanato 

et al. (1988). Superoxide anion derived from dissolved 

oxygen by a pure methanol stock (PMS)/NADH 

coupling reaction reduces nitro blue tetrazolium (NBT). 

The antiradical activity was expressed as IC50        

(mg ml
-1

), the antiradical dose required to cause a 50% 

inhibition (three replicates per treatment). A lower IC50 

value corresponds to a higher antioxidant activity of 

plant extract (Patro et al., 2005). The ability to scavenge 

the DPPH·radical was calculated using the following 

equation: 

 

DPPH· scavenging effect  =   A0 -A1   ×   100  

                                                  A0         
 

where A0 is the absorbance of the control at 30 min, and 

A1 is the absorbance of the sample at 30 min. 
 

Superoxide anion scavenging activity was assessed 

using the method described by Duh et al. (1999). 

Evaluating the antioxidant activity in root extract was 

based on IC50. The IC50 index value was defined as the 

amount of antioxidant necessary to reduce the 

generation of superoxide radical anions by 50%. The 

IC50 values (three replicates per treatment) were 

expressed as mg ml
-1

. As for DPPH·, a lower IC50 value 

corresponds to a higher antioxidant activity of plant 

extract. 

 

Detection and isolation of differentially expressed 

wheat cDNAs 

A differential display technique to isolate differ-

entially expressed genes was done according to what 

reported by Liang and Pardee (1992).  

 

Extraction of total RNA  

Genomic DNA contamination of the total RNA from 

roots of drought-stressed and non-stressed plant samples 

was removed by the treatment of 100 μg RNA with 20 

U DNAse I, purchased from Amersham- Pharmacia 

Biotech (France). After phenol extraction, the DNA-free 

total RNA was used for differential display experiments.  

 

Reverse transcription 

Reverse transcriptase (RT) enzyme has 5'-3' 

polymerase activity and uses single stranded mRNA as 

a template in the presence of a primer to synthesize a 

complementary DNA strand. Three reverse transcription 

reactions per sample are set for the first strand cDNA 

synthesis using the genomic DNA-free mRNAs from 

leaves and roots of control and stressed seedlings, as a 

template, and a pool of two-base anchored oligo-dT 

primers. The reverse transcription (RT) reactions were 

set per RNA sample using 10 μg freshly diluted RNA in 

water and incubated at 80 °C for 5 min, and transferred 

to ice. To the denaturated RNA was added 1× RT buffer 

(50 mM Tris-HCl pH 8.3, 75 mM KCl, 3 mM MgCl2, 

and 10 mM DTT), a dNTPs mix (10 mM each), and 
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2μM each of T10GN,T10CN,T10ANoligonucleotides 

(where N is the 3-fold degenerate for A, G, and C). A 

ribonuclease inhibitor (50 U) was added together with 

200 U reverse transcriptase to each RT reaction and 

incubated at 37 °C for 1 h. The resulting first strand 

cDNAs were used as templates in PCR amplification of 

radioactive fragments. 

 

Polymerase chain reaction (PCR) 

PCR was performed by setting up a 25-μL reaction 

containing 2 μL corresponding first-strand synthesis 

cDNA, 1× PCR buffer (10 mMTris-HCl pH 8.3, 50 mM 

KCl, 1.5 mMMgCl2), 20 μM of each dNTP, 1 μM of the 

respective anchored oligo-dT in combination with 0.5 

μM of the random 8-mer primer, 3.7·105 Bq [35S]-

dATP (Amersham) and 1 U Taq DNA polymerase. The 

denaturation, annealing and primer extension steps of 

the PCR program were 94°C for 30 s, 37°C for 2 min 

and 72°C for 30 s, respectively for 45 cycles, followed 

by a final extension step at 72°C for 10 min. The 

radioactive samples (3.5 μL) were mixed with 2 μL 

DNA sequencing stop solution and heated to 70°C for 

10 min and stored on ice prior to loading on 6 % 

denaturing polyacrylamide DNA sequencing gel. 

Electrophoresis was performed at constant 1 400 V for 3 

h, then the gel was dried without fixation and exposed 

to a Kodak X-Ray film for 2 d. The radioactive cDNA 

bands corresponding to over-expressed sequence in 

roots of the stressed sample from the R1 seedlings were 

isolated from the dried sequencing gel. PCR product 

was visualized and photographed using short UV 

radiation with gel documentation system (Alpha Chem., 

USA). 

 

Determination of proline content 

Proline content was determined by the method 

described by Bates et al. (1973) with minor 

modification. Segments from barley root tips (60 

segments/500 mL) were excised into 3% aqueous 

sulphosalicylic acid and homogenized using a cold 

pestle and mortar. The homogenate was centrifuged at 

12,000 g for 10 min. The reaction mixture containing 

100 mL of supernatant, 100 mL glacial acetic acid and 

100 mL ninhydrin reagent (2.5% ninhydrin in 60% 

phosphoric acid) was incubated at 98 °C for 30 min and 

terminated by cooling the tubes on ice. The absorbance 

was determined at 518 nm. 

 

Statistical analysis 

The percentages of a given differential expression 

pattern were computed for each of the two cultivars. 

Simple correlations were estimated to determine the 

relations between a specific expression pattern using 

data obtained from the two cultivars. 

 

RESULTS 

Drought stress and antioxidant capacity assay 

Antioxidant activities were evaluated by the effect of 

extract samples on Diphenyl-2-picrylhydrazyl (DPPH·) 

radical and superoxide radical anion scavenging 

activities after all drought stress exposures. In control 

samples, DPPH· radical-scavenging activity was similar 

in both cultivars (IC50 values 0.72 and 0.77 mg ml
-1

) in 

Sids-1 and Veery, respectively (Table 1). In extracts 

from Veery, the scavenging activity was poorly 

modified by drought stress, with IC50 values increased 

to 1.1- and 1.3-fold more than control. On the contrary, 

it was strongly diminished in Sids-1, with IC50 values 

augmented to 2- and 3-fold increase compared to 

control value after 4 and 8 days drought respectively. 

On the other hand, tolerant cultivar (Veery), after 

rehydration and at the end of the second drought phase, 

showed insignificant change and IC50 values are nearly 

similar to the corresponding control. Whereas, 

scavenging activity in the sensitive cultivar (Sids-1) 

changed significantly, but to a lesser extent than the 

values obtained after 8 days drought without rehy-

dration (Table 1). 

 

 

Table (1): Antioxidant activities (IC50 values) in roots of two wheat cultivars subjected to drought stress periods, first 

for 8 days without irrigation and second for 12 days drought after 2 days rehydration. Values (means of three 

replicates) of each parameter followed by at least one same letter are not significantly different at p < 0.05. 

 

Drought 

(Days) 

DPPH-Scavenging Activity 

IC50 (mg ml-1) 

 Superoxide Scavenging Activity 

IC50 (mg ml-1) 

Sids-1 Veery  Sids-1 Veery 

Control 0.72±0.19 0.77±0.11c  4.10±0.11bc 4.57±0.86bc 

D4 1.44±0.23b 0.86±0.02c  6.10±1.08b 2.70±0.29c 

D8 2.13±0.06a 0.99±0.48c  15.90±3.04a 4.90±0.11bc 

D8 after 2d Rewatering 1.54±0.23b 0.91±0.02c  5.90±1.08b 2.89±0.29c 

D12 after 2d Rewatering 1.22±0.19b 0.83±0.1b  7.39±1.03b 3.11±0.95c 
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Drought stress and proline content 

The proline content was significantly increased in the 

first drought period extended for 8 d in sensitive 

stressed roots more than tolerant cultivar. After 8 d 

drought stress, proline content in sensitive cultivar, 

representing 260% compared with control, while the 

corresponding value for tolerant cultivar was only 190% 

of the control. With subsequent drought, after 2d 

rehydration, its amount was apparently near to the 

control value, representing 110 % and 125% for tolerant 

and sensitive cultivars, respectively (Fig. 1).  

The concentration of extract from control plants 

required for 50% scavenging superoxide radical 

generation was similar in the two cultivars (4.1 and 4.57 

mg ml
-1

 in Sids-1 and Veery, respectively). After 4 d 

drought, Veery cultivar exhibited a nearly two-fold 

increase of its scavenging activity but was slightly 

reduced compared to control after 8 days drought (Table 

1). The response of Sids-1 differed on two points from 

that of Veery. First, the scavenging activity was 

diminished at both 4 and 8 d drought stress. Second, the 

magnitude of this effect was very important, since the 

IC50 values were 3-4-fold higher than in Veery for 4 

and 8 d drought, respectively. Prolonged drought 

extended for 12 days after rehydration resulted in a 

significant amelioration in the scavenging activity of 

tolerant cultivar (Veery) more better than sensitive 

cultivar (Sids-1) (Table 1). After 2 d rehydration, the 

superoxide scavenging activity for tolerant cultivar 

(Veery) exposed to 12 d drought was nearly similar to 

control (3.11 mg ml
-1

). The corresponding values for 

sensitive cultivar was 7.39. These results were better 

than their values obtained after 8 days drought without 

rehydration. 

 

 
 

Figure (1): Proline content in roots of well watered and 

drought stressed wheat cultivars CV Sids-1 (drought 

sensitive) and CV Veery (drought Tolerant) subjected to two 

drought phases interrupted by 2d dewatering. Each value 

represents the mean ±SE of five replicates. Significant 

differences (P<0.05) between treatments according to LSD 

test are shown by an asterisk. 

 

Differential display  

A great variation in the number and intensity of the 

expressed bands in response to drought duration and 

cultivar- dependent was noticed as shown in (Fig. 2). 

Two common bands with a molecular mass 87 and 

147 bp were clearly expressed especially in the tolerant 

cultivar in both control and drought stressed plants either 

before or after rehydration period. Following two days 

rehydration and after 12 days drought, two new bands 

with a molecular mass of 284 and 351 bp were expressed 

only in the roots of tolerant cultivar (Veery) in 

comparison with control (Table 2). 

 
 

Table (2): Effect of drought on the presence or absence of different amplified cDNA 

bands in roots of two wheat cultivars. 

Cultivar 
Number 

of band 

Drought 

(Days) 

Primer 

dimmer 

(87 bp) 

 

Band-2 

(147bp) 

Band-3 

(139bp) 

 

Band-4 

(194bp) 

 

S
en

si
ti

v
e 

(S
id

s-
1

) 1 0 (+) (+) (-) (-) 

2 4 (+) (+) (-) (-) 

3 8 (+) (+) (-) (-) 

4 12d After Rew. (+) (+) (+) (+) 

T
o

le
ra

n
t 

(V
ee

ry
) 5 0 (+) (+) (+) (-) 

6 4 (+) (+) (-) (-) 

7 8 (+) (+) (-) (-) 

8 12d After Rew. (+) (+) (+) (+) 
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Sensitive                  Tolerant 

 
Figure (2): Differential display (DDRT-PCR) and qualitative 

expression patterns from roots of two wheat varieties. Lane 

1, unstressed leaves (control); lane 2, drought stressed roots 

for 4 d; lane 3 represent, 8 d drought and lane 4 represents 

12 days drought after 2 days rehydration, respectively for 

sensitive cultivar(sids-1). Lane 5, represent unstressed leaves 

(control); lane 6; after 4 days drought; lane 7, drought 

stressed roots for 8 days and lane 8 represents 12 days 

drought after 2 days rehydration, respectively for tolerant 

cultivar (Veery). 

 

DISCUSSION 

Drought-induced growth variations are correlated 

with cultivar types and parallel variations in anti-

oxidative ability as well as with opposite changes in 

lipid peroxidation. Thus, as expected, the drought stress 

is effective in augmenting extractable, active anti-

oxidants from wheat roots, and there is variability for 

the accumulation of these compounds in response to 

drought. Furthermore, some causal relationship is linked 

between the content of oxidative stress indices and 

antioxidant scavenging activities. In this study, the 

DPPH
·
 and O2·- (PMS/NADH-NBT system) methods 

were selected to evaluate the antioxidant activities of 

plant extracts as they are among the most effective 

methods for evaluating the concentration of radical-

scavenging materials active by a chain-breaking 

mechanism (Anagnostopoulou et al., 2006). Plants of 

the tolerant cultivar (Veery) exposed to drought stress 

showed a higher antiradical ability against both DPPH· 

radical and superoxide anion, in contrast to Sids-1 

cultivar (Table 1). These results suggest that in Sids-1 

plants under prolonged drought stress, an imbalance 

between generation of (AOS) and their scavenging 

systems might have occurred. Such a hypothesis was 

corroborated by other previous results obtained by Al-

Ghamdi, 2009, that evidenced increased malondi-

aldehyde (MDA) and H2O2 contents in Sids-1 leaves, 

compared to Veery plants. The better response of 

tolerant cultivar (Veery) under drought stress, especially 

after rehydration period, was correlated to their better 

antioxidant activities and these activities may be 

directly linked to their free radical scavenging activities 

(Huang et al., 2006). Our results also suggest that there 

is variability in the capacity to induce antioxidative 

mechanisms in response to drought before and after 

rehydration, leading to a corresponding variability for 

growth protection (Table1). Another explanation would 

be that the two cultivars escape from drought stress 

unlikely. The degree of oxidative cellular damage in 

plants exposed to abiotic stress is controlled by the 

capacity for protection against oxidative agents. 

Drought tolerance seems to be preferred by an increased 

antioxidative capacity to detoxify reactive oxygen 

species (Smirnoff, 1993; Noctor and Foyer, 1998). 

Proline accumulation is another characteristic feature 

of water-stressed tissues. In our study, its accumulation 

was increased significantly in sensitive cultivar (Sids-1) 

more than tolerant one (Veery), throughout the first 

drought stress phase (Fig. 1). On the contrary, after 

rehydration, the proline content decreased sharply in 

both cultivars. Caballero et al., 2005 evidenced that in 

plant roots, proline accumulation was observed only 

during severe water stress, while at moderate stress 

conditions proline accumulated only in leaves. 

Similarly, in many plant species, increases in the 

concentration of free proline probably have several 

functions, such as osmotic adjustment, stabilization of 

subcellular structures, scavenging of free radicals, 

retaining of energy and also as a stress signal molecule 

during environmental conditions causing water 

deficiency in plant tissues (Siripornadulsil et al., 2002).  

Although the expression of a number of genes was 

shown to be enhanced by exposure to drought stress 

(Doebley and Lukens, 1998), differential responses to 

dehydration have been documented in only a few 

studies comparing expression profiles between drought- 

stressed and non stressed organs by means of 

differential mRNA display. In contrast to the original 

DDRT-PCR results, two amplicons corresponding to a 

presumptive drought-responsive gene were shown to be 

constitutively expressed in the tissues examined by 

qualitative RT-PCR. This discrepancy between 

experimental methods is probably due to the limitations 

of DDRT-PCR, such as the somewhat indiscriminant 

amplification of a population of similarly sized cDNAs 

and the difficulty in excising a single amplification 

product from the differential display gel (Ninghui et al., 

1996 and 1997; Schmidt et al., 2002). Even those genes 

whose expression was up-regulated or down regulated 

by drought before and after rehydration were expressed 

at different levels under individual stress conditions 

(Erdei et al., 2002). It has been proposed that high-

throughput stress-specific gene expression analysis is 

important for understanding gene function (Rossby et 

al., 2001; Chaves et al., 2003). The results reported here 

suggest that organ, as well as, stress-specific gene 

expression analyses are necessary in gene identification 

and characterization studies.  

The results demonstrated that some patterns of 

differential expression detected in roots of both cultivars 

are correlated with drought stress in some traits and 

some other traits are correlated with differential 

expression patterns only detected in roots of either of 

the cultivars (Fig. 2 and Table 2). 

As Somerville, 1999 stated: “we speculate that the 

hybrids will exhibit significant differences in the 
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expression of clusters of functionally related genes and 

that will have different patterns of expression”. Results 

reported here also support this speculation. Further 

investigation is needed to isolate these differentially 

expressed genes, and to characterize their physiological 

functions leading to the drought acclimation. 

In conclusion, results reported here demonstrated that 

changes in gene expression do occur in the two cultivars 

in response to drought, and these differentially 

expressed genes, though functionally not known yet, 

may play important roles for cultivars to exhibit its 

response to drought stress before and after rehydration. 
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 محمد إبراهيم و إبراهيم العريض
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زدًا  خانجٍٍُ ادٔرعزجس انزغٍساد فً انزعجٍسنهُجبربد بيخ فً اندزاسبد انفسٍٕنٕجٍخ انجٍئٍخ إٌ انزعجٍس انجًٍُ ٌعزجس دالنخ ْ

أددًْب دسبس نهجفبف  انمًخ سػذ سالنزٍٍ يٍ َجبدُع. يٍ انُجبد عهً اإلجٓبد انري ٌزعسع نّ ٔكٕسٍهخ نهزكٍف انجٍئًسسٌعًب 

(Sids-1 ) ٔاَخس يمبٔو نهجفبف(Veery )نفزسح ٌٕيٍٍ انُجبربد زي أعٍد أٌبو ثعدْب 8األٔنً نًدح انجفبِف  إجٓبِدفزسرٍٍ يٍ  إنى 

نّ  (Veery)كبٌ انزعجٍس انجًٍُ ندي انسالنخ انًمبٔيخ نهجفبف . ٌٕو 11صى عسػذ انُجبربد إنً فزسح جفبف صبٍَخ ايزدد إنً 

فزسح انجفبف انضبٍَخ ثعد رعسع انُجبربد ن ثعدخبطخ  انمًخ نُجبد (cv Sids-1)يُّ فً دبنخ انسالنخ انذسبسخ  دالالد يعٌُٕخ أفؼم

رسجت انجفبف فً ددٔس رعدٌاًل فً رعجٍس انجٍُبد  كئشبزح ٔدالنخ عهً ددٔس اإلجٓبد انزأكسدي َزٍجخ نهزعسع  .إعبدح انسي

ٔانضبٍَخ، دٍش ٔجدد رجبٌُبد ذاد دالنخ يعٌُٕخ ثٍٍ انسالنزٍٍ َزٍجخ نهزعسع إلجٓبد انجفبف فً انفزسرٍٍ األٔنً . إلجٓبد انجفبف

أٌبو جفبف فً  8أٌبو يٍ فزسح انجفبف األٔنً ثًٍُب ظٓسد ثعد  4أظٓسد انسالنخ انذسبسخ نهجفبف داالد اإلجٓبد انزأكسدي ثعد 

 . انسالنخ انًمبٔيخ نهجفبف

أفؼم فً كال ثعد إعبدح انسي  نًدح ٌٕيٍٍ أظٓسد انُزبئج سهٕكًب يعزًدًا عهً َٕع انسالنخ ٔكبَذ االسزجبثخ نزذًم انجفبف 

أفؼم فً  (Veery)انسالنزٍٍ يُّ فً انُجبربد انزً اسزًس رعسػٓب نهجفبف ثدٌٔ إعبدح انسي، كرنك كبَذ انسالنخ انًمبٔيخ نهجفبف 

ًٌكٍ أٌ َسجع رهك انمدزح ندي انُجبربد عهً انًعٍشخ ٔانزألهى إنً انُشبؽ انًؼبد . (Sids-1)االسزجبثخ يٍ رهك انذسبسخ نهجفبف

ٓرِ انُجبربد انزً رعسػذ نإلجٓبد ٔلد اسزدل عهً ذنك ثمٍبس يعدل انكجخ نهجرٔز األكسٕجٍٍُخ انُشطخ  ٔرذهم ثعغ نألكسدح ن

، ٔكرنك َمض كًٍخ انًبنٌٕ داي أندٍْد فً أٔزاق انسالنخ انًمبٔيخ نهجفبف يمبزَخ IC50 يسكجبد اإلجٓبد انزأكسدي ثمٍبس انُسجخ 

د انزً دظهُب عهٍٓب رمزسح َزبئج ْرِ اندزاسخ أٌ َجبد انمًخ ٌسزطٍع أٌ ٌظُع انًسكجبد يٍ يجًم انًعهٕيب. ثبنسالنخ انذسبسخ

انًؼبدح نألكسدح كبسزجبثخ  نزأصٍساد انجفبف ْٔرِ انمدزح عهً يٕاجٓخ إجٓبد انجفبف رعزًد عهً َٕع انسالنخ ٔلد رؤدي إنً رغٍس 

 .يطبثك السزًسازٌخ انًُٕ نهُجبد
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