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Abstract : In this study, the effect of Nd: YAG laser on the activity of superoxide dismutase (SOD) and 

alcoholdehydrogenase (ADH) was investigated. The Saccharomyces cells were irradiated using 532nm 

Q-Switched Nd: YAG laser with (1Hz) frequency. Different fluences 11.3, 22.6 and 33.9mJ/cm2 and 

different number of pulses 15, 30 and 60 pulse were used. The irradiated cells were incubated in a liquid 

nutritive medium for 24 hours. After incubation, the cells were harvested and disrupted to extract the 

intracellular enzymes and their activities were assessed. In comparison with the control, the irradiated 

cells showed a significant increase in the activity and the specific activity of SOD at energy densities of 

11.3 and 22.6mJ/cm2 at 30 and 60 pulses respectively. Maximum activity and specific activity of ADH 

was observed using 11.3mJ/cm2 and 22.6mJ/cm2 at 15 pulses. While an inhibition in both activity and 

specific activity of two enzymes was observed at 33.9 mJ/cm2. It is concluded that the fluence at 

22.6mJ/cm2 stimulate the activity and specific activity of the two enzymes to a maximum values. 

 

 

 

 

Introduction 

Lasers in the visible and near infrared (IR) 

have emerged for the treatment of various 

pathological conditions such as wound healing 

(Conlan, et al., 1996), nerve regeneration 

(Anders, et al., 1993; Rochkind, et al., 2001) 

and more. The stimulatory effects of laser 

irradiation on cell activation have been largely 

demonstrated in vitro in a variety of cell lines. 

For example, LEL were found to stimulate the 

release of transforming growth factor (TGF-) 

(Yu, et al., 1994) and platelet- derived growth 

factor (PDGF) from cultured fibroblasts 

(Grossman, et al., 1998). Nevertheless, the 

mechanism of photobiostimulative processes is 

still being debated. It is obvious that, in order to 

interact with the living cell, light has to be 

absorbed by intracellular chromophores (Lubart, 

et al., 2005). Chromophores responsible for 

photobiostimulation are endogenous porphyrins, 

mitochondrial and membranal cytochromes and 

flavoproteins were found to be suitable 

candidates. The above-mentioned chromophores 

are photosensitizers that generate reactive 

oxygen species (ROS) following irradiation.   

As the cellular redox state has a key role in 

maintaining the viability of the cell, changes in 

ROS may play a significant role in cell 

activation (Lubart, et al., 2005).  

Such ROS as the superoxide radical anion, 

hydrogen peroxide and hydroxyl radicals can 

cause oxidative damage to proteins, lipids and 

DNA leading to impairment of cell growth and 



  N. A. Jadah, et al., Iraqi J. Laser B, 10, 15-24 (2011) 
 

51 
 

even to cell death (Sigler, et al., 1999; Strutz, et 

al., 2002). Cell of S.cerevisiae contains two 

superoxide dismutase (SOD), cytosolic Cu,Zn-

SOD and mitochondrial Mn-SOD, that play a 

role in the protection against the superoxide 

radical, whose main source is thought to be 

mitochondrial respiration (Longo, etal.,1996; 

Jamieson,1998) and laser illumination (Lubart, 

et al., 2005). 

There is evidence in the literature showing 

that light-induced ROS (Reactive Oxygen 

Species) increases the activity of various 

antioxidants such as superoxide dismutase 

(SOD) and catalase (CAT), or stimulates their 

synthesis in the cell (Stadler, et al., 2000; Zhu, 

et al., 1997). Superoxide dismutase (superoxide 

oxidoreductase.1.15.1.1) (Huu, et al., 1984; 

Beck, et al., 1988) reduces the concentration of 

superoxide radical O˙-
2 by catalyzing the 

reaction of dismutation(Bull, et al., 1991; 

Ludwig, et al., 1991): 

 

O˙-
2 + Mn (III) SOD                 O2 +Mn (II) SOD 

(Oxidation reaction) 

 

O˙-
2+ 2H+ +Mn(II)SOD          H2O2+Mn(III)SOD   

(Reduction reaction) 

 

Several species of evidence show that 

mitochondria are sensitive to irradiation with 

monochromatic visible and near-infrared light. 

The illumination of isolated rat liver 

mitochondria increased adenosine triphosphate 

(ATP) synthesis and consumption of O2 (Kato, 

et al., 1981; Gordon, et al., 1960). Oxygen 

consumption was activated by illumination with 

light at wavelengths of 365 and 436nm, but not 

at 313, 546 and 577nm (Vekshin, et al., 1982).  

Also, irradiation with light at 633nm, 

increases the mitochondrial membrane potential 

(Δψ) and proton gradient (ΔpH), caused changes 

in mitochondrial optical properties, modified 

some NADH-linked dehydrogenase reactions 

(NADH is a reduced form of nicotinamide 

adenine dinucleutide) (Passarrella, et al., 1983), 

and increased the rate of ADP/ATP exchange 

(ADP is adenosine diphosphate) (Passarrella, et 

al., 1988), as well as RNA and protein synthesis 

in the mitochondria (Hilf, et al., 1986). 

In aerobically grown yeasts, the irradiation 

activates the fermentation which is shown by the 

activation of CO2 formation. As it is known, 

CO2 is formed from pyruvic acid by alcohol 

fermentation (Karu, et al., 1993), so the 

estimation of ADH activity is of interest.  

Alcohol dehydrogenases (alcohol: NAD 

oxidoreductase EC1.1.1.1) (Maitra, et al., 1971) 

constitute a large family of enzymes responsible 

for the reversible oxidation of alcohols to 

aldehydes with the concomitant reduction of 

NAD+ or NADP+. These enzymes have been 

identified not only in yeasts, but also in several 

other eukaryotes and even prokaryotes.  

The ADHs of S. cerevisiae have been studied 

intensively for over half a century. 

Physiologically, the ADH reaction in S. 

cerevisiae and in related species plays a dual 

and quite critical role in sugar metabolism. 

Almost all of the carbohydrate is used 

fermentatively, regardless of the availability of 

oxygen, and a specific ADH isozyme serves to 

regenerate the glycolytic NAD+, thereby 

restoring the redox balance, through the 

reduction of acetaldehyde to ethanol. (Smidt, et 

al., 2008). Under aerobic conditions, respiration 

of the accumulated ethanol occurs after 

depletion of the fermentable sugar, again by the 

action of specific ADH isozymes. Thus, in S. 

cerevisiae, the ADH reaction links fermentative 

and respiratory (oxidative) carbon metabolism 

(Smidt, et al., 2008). 

The aim of this work is to estimate the action 

of Nd: YAG laser light on some redox activities 

of cells after irradiation in dose dependences 

manner.  

 

 

Materials and Methods  

 

Strain and culture conditions 
 

A commercial baker's yeast (Saccharomyces 

cerevisiae) was used. The isolate was grown in 

PDA (potato-dextrose agar) slant after 72 hour 

of incubation. After growing the cells were 

transferred to 250ml-conical flask with 50ml of 

liquid nutritive medium (2% glucose, 1%yeast 

extract and 0.02% ammonium sulphate, pH 5.5) 

and incubated in shaker incubator (Pilot shaker) 

150rpm for 24h at 28˚C. The flask 

volume/medium ratio was 5:1 to provide high 

aeration conditions for growth culture (Gascon 

and Lampen, 1968).   

Cells were separated from the nutritive 

medium by the centrifugation (2000 rpm for 15 

min) by using (Labnet international) centrifuge 

and washed with twice sterile tap water. The 

suspension with optical density 0.06 (λ=540nm) 

in sodium-potassium phosphate buffer (pH=6.0) 

was prepared for irradiation (Karu, 1996). 
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Irradiation Procedure 

 

Irradiation experiments were performed at 

room temperature (20-25℃). Extraneous 

illumination (sunshine or artificial light, 

especially that from the fluorescence bulbs) was 

carefully avoided during preparation of the 

suspension and the irradiation (Karu,1996).  

Flasks with 1.5cm diameter were used for 

irradiation of yeast cells. AQ-switched Nd: 

YAG laser (Diamond Beauty) was used for 

irradiation. The laser was operated with 532nm 

wavelength, 6 ns pulse duration and 1 Hz 

frequency. The prepared cells were irradiated 

using 20, 40 and 60 mJ output energy and for 

15, 30 and 60 pulse for each energy. The 

diameter of the beam was expanded by means of 

beam expander to 1.5 cm to provide an uniform 

illumination of whole area .Irradiation from the 

bottom was preferred to avoid the (meniscus 

effect) which occurs when irradiating from 

above. In this case, the meniscus of the liquid 

acts like a lens and the dose of the light reaching 

the cells (if reaching the lower layers at all) will 

be decreased in an uncontrolled way  

(Fedoseyeva, et al., 1988; Kutomkina, et al., 

1991; Tiphlova, et al., 1988). The irradiated 

cells were incubated for 24 hours, and then 

further procedures were followed to measure the 

activity of SOD and ADH. 

 

 

Cell-Free Extract Preparation 

 

After irradiation, the irradiated yeast cells 

were grown overnight in 50ml of liquid nutritive 

medium. The cells were harvested from the 

medium by centrifugation (2000 rpm for 15 min 

by using Labnet international centrifuge). The 

pellet was washed twice with distilled water and 

resuspended with 0.01M of sodium potassium 

phosphate buffer pH 6.0 in order to get a cell 

suspension with an optical density 0.7 at 540nm. 

Two ml of Lysozym solution (prepared by 

dissolving 0.05g of lysozyme powder in 10ml of 

1% glucose solution (Kamaya,1970)) was added 

to 8ml of cell suspension with an optical density 

0.7(at λ=540nm) to get a final concentration 

1mg/ml of lysozom.  

The suspension was incubated in water bath 

shaker (Jiotechnic) at 30˚C for 4-6 hours. After 

incubation, the suspension was kept in the 

refrigerator at -5˚C overnight, therefore; in order 

to estimate the efficiency of lysozyme 

treatment; a quick slide was made from the 

pellet and staining with gram stain.  

The suspension was filtered by 

centrifugation at 12000 rpm for 15 min by using 

cooling centrifugation (Beckman); the pellet 

was omitted while the supernatant was used for 

determination of enzymes activity and total 

protein concentration in the crude extract. 

 

 

Measuring the SOD and ADH activities 

 

Superoxide dismutase [EC  1.15.1.1] activity 

was measured as described by Beyer and 

Fridovich (1987). One unit was defined as the 

amount of enzyme causing 50% decrease in the 

reduction of nitro blue tetrazolium (NBT). 

The activity of Alcoholdehydrogenase [EC  

1.1.1.1] was determined according to Sakai et al. 

(1996). One unit of enzyme was defined as the 

amount of enzyme that catalyzed the reduction 

of 1.0 pmol of an electron donor per min.  

The total amount of protein in enzyme 

preparations was determined according to 

Bradford (1976) using bovine serum albumin as 

a standard protein. This assay was used to 

determine the specific activities of both 

enzymes according to: 
 

 

Specific activity of enzymes (U/mg of protein) =   

 
                        ⁄ )

                         )⁄

                      )

                          )
 

 

 
Results and Discussion 

 

The results of the effect of Nd: YAG laser on 

the activity and specific activity of ADH were 

illustrated in Figures 1, 2 and 3. An increase in 

ADH activity and specific activity (Figure 1a, b) 

was observed using 11.3mJ/cm2 energy density 

for different number of pulses.  

The values of ADH activity reached to 1.96 

and 1.47 U/ml at 15 and 30 pulses comparing to 

0.98 U/ml in control. While an inhibition was 

observed in ADH value 0.98 U/ml using 60 

pulse. A noticeable increase in ADH specific 

activity was observed also at 11.3mJ/cm2 energy 

density. The values reached to 7.62, 6.71 and 

4.6 U/mg using 15, 30 and 60 pulse in their 

respective order comparing to 1.6 U/mg in 

control group. 
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a) Enzyme activity (U/ml). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

b) Specific activity (U/mg protein). 

 
Fig. (1): The activity and specific activity values of 

alcohol dehydrogenase (ADH) after exposure to 

11.3mJ/cm2 energy density at 532nm. 

 

Activation in ADH activity and specific 

activity was also observed using 22.6 mJ/cm2 at 

15 and 30 pulses with a noticeable inhibition at 

60pulse. The values of ADH activity were 4.85, 

1.94 and 0.48 U/ml at 15, 30 and 60 pulse in 

their respective order comparing to 0.98 in 

control (Figure 2a). While the values of ADH 

specific activity were 11.38, 4.24 and 1.18 

mJ/cm2 at 15, 30 and 60 pulse in their respective 

order comparing to 1.6U/mg in control (Figure 

2b). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
a) Enzyme activity (U/ml).     

 

 

 

 

 

 

 

 

 

 

 
 

b) Specific activity (U/mg of protein). 

 
Fig. (2): The activity and specific activity of 

alcoholdehydrogenase (ADH) after exposure to 

22.6mJ/cm2 energy density at 532nm. 

 

Using the energy density 33.9 mJ/cm2, an 

inhibition in ADH activity and specific activity 

values were noticed at 15, 30 and 60 pulses. 
 

The values at ADH activity were 0.97 at 15 

pulse and 0.48 at 30 and 60 pulse comparing to 

0.98 in control (Figure 3a).  
 

The values of ADH specific activity were 

1.54, 0.88 and 0.9 U/mg at 15, 30 and 60 pulses 

comparing to 1.6 in control (Figure 3b). 
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a) Enzyme activity (U/ml).                     

 

 

 

 

 

 

 

 

 

b) Specific activity (U/mg of protein). 

Fig. (3): The activity and specific activity of 

alcoholdehydrogenase (ADH) after exposure to 

33.9mJ/cm2 energy density at 532nm.  

The effects of Nd: YAG laser on activity and 

specific activity of SOD were illustrated in 

Figures 4, 5, and 6. Figure 4 showed the effect 

of laser using 11.3mJ/cm2 energy density with 

values of SOD activities was noticed at 30 and 

60 pulse reaching to 5.76 and 4.365 U/ml in 

their respective order. While the value was 1.36 

at 15 pulses comparing to 4.4 U/ml in control 

(Figure 4a). 

In Figure 4b, same results were observed 

regarding the SOD specific activities. High 

increasing in values were observed at 30 and 60 

pulse to 26.3 and 21.95 in their respective 

orders, while the value was 5.29 U/mg at 15 

pulses comparing to 7.3 U/mg in control. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

 
  

a) Enzyme activity (U/ml).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) Specific activity (U/mg of protein). 

 
Fig. (4): The activity and specific activity values of 

total Superoxide dismutase (SOD) after exposure to 

11.3mJ/cm2 energy density at 532nm.  

 

Using 22.6 mJ/cm2 fluence, a noticeable 

increasing in activity and specific activity of 

SOD can be also seen at 30 and 60 pulse. As its 

clear in Figure 5a, the values of SOD activities 

increased to 6.64 and 8.11 U/ml at 30 and 60 

pulse in their respective order while decreased at 

15 pulse to be 2.312 U/ml comparing to 4.4 

U/ml  in control. 

The values of specific activity were 5.43, 

14.52 and 20.02 U/mg for 15, 30 and 60 pulse 

comparing to 7.3 U/mg in control Figure 5b.  

An inhibition in SOD activity and specific 

activity was observed using 33.9mJ/cm2 energy 

for 15, 30 and 60 pulse. 
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a) Enzyme activity (U/ml).  

             

 

 

 

 

 

 

 

           

b) Specific activity (U/mg of protein). 

Fig. (5): The activity and specific activity of total 

Superoxide dismutase (SOD)  after exposure to 22.6 

mJ/cm2  energy density  at 532nm. 

The values of SOD activities were 0.54, 0.48 

and 3.49 U/ml at 15, 30 and 60 pulse comparing 

to 4.4 in control (Figure 6a).  While the values 

of specific activity were 0.86, 0.88 and 6.49 

U/mg at 15, 30 and 60 pulse comparing to 7.3 

U/mg in control (Figure 6b). 

 From these results, it could be supposed that 

the irradiation using energy densities (11.3 and 

22.6 mJ/cm2 )at (15 and 30 pulses) encourage 

the ethanol oxidation reaction that leads to 

increasing in the NADH production; which 

appears in increasing in the activity and the 

specific activity of alcoholdehydrogenase 

(ADH) as in Figures 1 and 2   
 

 

 

 

 

 

 

 

 

 

 

 

a) Enzyme activity (U/ml).  

 

 

 

 

 

 

 

 

 

 

 b) Specific activity (U/mg of protein). 

Fig. (6): The activity and specific activity values of 

total Superoxide dismutase (SOD) after exposure to 

33.9 mJ/cm2 energy density and 532nm. 

These results could be compared with the 

conclusion that was reached by Karu (1996), in 

aerobically grown yeasts; the irradiation 

activates the fermentation which is shown by the 

activation of CO2 formation after irradiation of 

Saccharomycods ludwigii with He-Ne laser. As 

known, CO2 is formed from pyruvic acid by 

alcohol fermentation (Karu, 1996). It has been 

shown experimentally that stimulation of the 

fermentation in S. cerevisiae by irradiation was 

a result of the weakening of Pasteur Effect, and 

stimulation occurred to suppression of the 

respiration (Karu, 1993). In a series of 

experiment, the activities of some enzymes were 
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measured in a stimulated culture, for example 

Fedoseyeva et al. (1986) they irradiated T. 

sphaerica with He-Ne laser and the irradiated 

inoculums was incubated for 18h (for at least 

three division), following which the activity of 

enzymes was measured.  

They found that the irradiation caused 

considerable activation of respiratory chain 

components-NADH dehydrogenase and 

Cytochrome c oxidase, while Tsivunchyk, 

(2003) found an inhibition in dehydrogenase 

activity of Saccharomyces cerevisiae after 

Argon and YAG- laser (355nm and 532nm) 

irradiation, and the activity of enzyme activity 

was measured after 40min from irradiation.  On 

the other hand, the decreasing in the activity of 

SOD at an energy densities 11.3, 22.6 and 33.9 

mJ/cm2 at 15 pulse as in Figures 4, 5, and 6 is 

could be due to increasing in the rate of oxygen 

consumption immediately after short time from 

laser irradiation switching off, this conclusion is 

agreed with the result that found by 

Alexandratou (2002), he found that a 15s 

irradiation evoked a progressive accumulation 

of H2O2 during 8min after the irradiation. Both 

stimulation and inhibition of the respiratory 

chain can result in enhanced ROS generation 

(Brookes, et al., 2004).  

Also the acidity of cytoplasm after 

irradiation may induce inhibition in activity and 

production of SOD at 11.3mJ/cm2 and at 15 

pulses for example. The acidification of the 

cytoplasm (rise of intracellular H+ 

concentration), caused by the activation of 

respiratory chain, controls allosterically the 

activity of the Na+/ H+ antiporter situated in the 

cytoplasmic membrane (Pouyssegur, et. al, 

1985). This enzyme plays a key part in the 

alkalization of the intracellular medium. A 

short-term increase in the intracellular pH 

(ΔpHi) is one of the necessary components 

involved in the transmission of mitogenic signal 

in the cell and is a parameter of cellular 

homeostasis that is closely connected with the 

cellular redox state (Pouyssegur, et al., 1985; 

Moolenaar, 1986), so the irradiation at the dose 

(11.3 mJ/cm2, 22.6mJ/cm2 and 33.9m J/cm2 for 

15pulse) acts to shift the intracellular pH (pHi) 

and overall redox state of the cells to more 

oxidized direction.  

Recall the irradiation (with 15 pulses and 

similar cases) cause decreasing in the 

intracellular pH that leads to decreasing in the 

activity of Cu-Zn-SOD by deprotonation of 

histidine and formation of the >N-Zn bond to 

restore the active center structure and activity of 

the enzyme (scheme1) (Vladimirov et al., 2004). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme1: Native and inactive form of 

Superoxide dismutase (SOD) as a result of 

protonation and deprotonation of the SOD 

active site (Vladimirov, et  al, 2004). 

  

Figures 4 and 5 show the increasing in the 

activity and production of SOD at 30pulse for 

11.3 mJ/cm2 energy density and 30 and 60pulse 

for 22.6mJ/cm2. This may result from 

intensification of irradiation that leads to 

increase the native form (reduced form) of the 

enzyme, as well as, increase the ROS 

concentration (especially O˙ -
2). It was shown in 

experiments with isolated erythrocyte Cu-Zn-

SOD that a decreased pH of the solution and 

hydrogen peroxide inactivated the enzyme, 

while its complete reactivation was observed 

under subsequent irradiation of the inactivated 

enzyme at pH 5.9 with He-Ne laser light 

(Vladimirov et al., 2004) .Such a phenomenon 

can probably be observed in living organisms. 

The high energy densities of 33.9 mJ/cm2 

caused inhibition in the activities and the 

specific activities of both enzymes. On the basis 

of all of the data, mitochondrial respiration in 

the absence of light is partially suppressed by 

nitric oxide synthesized by mitochondrial NO-

synthase. Nitric oxide inhibits respiration due to 

binding with such electron carriers as 

cytochromes and cytochrome oxidase, and 

possibly iron sulfur complexes. Irradiation by 

intense light brings about the photolysis of these 

complexes and restoration of respiration and 

ATP synthesis (Vladimirov et al. 2004). Nitric 

oxide produced in the mitochondria can inhibit 

respiration by binding to Cox and competitively 

displacing oxygen, especially in stressed or 

hypoxic cells (Brown, 2001). Increased nitric 

oxide (NO) concentrations can sometimes be 

measured in cell culture or in animals after low 
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level laser therapy (LLLT) due to its photo 

release from the mitochondria and Cox 

(Cytochrome c oxidase). It has been proposed 

that low level laser treatment LLLT might work 

by photodissociating NO from Cox, thereby 

reversing the mitochondrial inhibition of 

respiration due to excessive NO binding (Lane, 

2006). The photodissociation of NO from its 

binding sites on the heme iron and copper 

centers where it competitively inhibits oxygen 

binding and reduces necessary enzymic activity, 

thus allowing an immediate influx of oxygen 

and resumption of respiration and generation of 

reactive oxygen species. (Huang  et al. 2009) 

 

 

Conclusions 
 

Irradiation yeast cells by Nd: YAG laser 

using (22.6 mJ/cm2) energy density and (15) 

pulses leads to increase the activity and the 

specific activity of ADH. An increase in the 

activity and specific activity of SOD was 

obtained using (22.6 mJ/cm2) energy density 

(60) pulses. The activity and the specific activity 

of both enzymes were inhibited using (33.9 

mJ/cm2) energy density (30 and 60) pulses. 

Irradiation of Nd: YAG laser using different 

energy densities and pulses may cause 

fluctuations in cellular redox balance involved 

in the enhancement or inhibit of oxidoreductase 

enzymes.      
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  الأكسٍد فوق دٌسووتاز نشاط على  nm 235 لٍسر النٍدٌوٍوم ٌاك النبضً تأثٍر

 السٍرٌفٍا خوٍرة هن  Alcoholdehydrogenaseو

 نور عبد الجبار جداح
(1)

 غازي هنعن عسٌس     
(2)

أٌاد غازي انور      
(1)

 

 العراق ،بغداد ،جاهعة بغداد ،هعهد الليزر للدراسات العليا (5)
 العراق ،بغداد ،جاهعة بغداد ،كلية العلوم  ،قسن التقنيات الأحيائية (0)

     

 superoxide dismutase (SOD)ٌاك عيى فعاىٍت اّضًٌَ  -حاثٍش اشعت ىٍضس اىٍْذٌٍَىً طَسِدُ

عْذ اىطىه Saccharomyces cerevisiaeخلاٌا  جْعَعِ. شُalcoholdehydrogenase (ADH)و

 ,22.6بنثافت طاقاث ٍخخيفت  ;هٍشحض1ٌاك بخشدد  -اىٍْذٌٍَىً  Q-Switchedّاّىٍٍخش باسخخذاً جهاصاىيٍضس532اىَىجً 

سٌ\ٍيً جىه 33.9و 11.6
2

َِخُّبضت قذ اس60ْ و 30,15و عذد ٍخخيف ٍِ اىْبضاث   اىخلاٌا اىَشععت فً  جَْْضِيج. حُع

اىخلاٌا ىخحشٌش الاّضٌَاث اىذاخو خيىٌت واىخحشي عِ فعاىٍاحها باىَقاسّت  جْصَخيِخُسْٲساعت ثٌ  24اىىسط اىَغزي اىسائو ٍذة

 اىخلاٌا اىَشععت صٌادة ٍيحىظت فً اىفعاىٍت الاّضٌٍَت و اىفعاىٍت اىْىعٍت ىلاّضٌٌ شثْظهَٴٍع ٍجَىعت اىسٍطشة غٍش اىَشععت ,ا

SOD  سٌ\ٍٍيً جىه 22.2و  11.3عْذ اىنثافت اىضىئٍت
2

اقصى قٍَت ىيفعاىٍت  جْظَاىخىاىً. ىىحِعيى  ّبضت 60و 30عْذ 

سٌ\ٍٍيً جىه 22.6و  11.3باسخعَاه  ADHواىفعاىٍت اىْىعٍت لاّضٌٌ 
2

اىفعاىٍت و اىفعاىٍت  جْطَبِّبضت. بٍَْا ث15ُعْذ  

سٌ\ٍٍيً جىه33.3 مثافت اىطاقتاىْىعٍت ىنلا الاّضٌٍَِ عْذ اسخخذاً 
2

 حفضٍٍْيً جىه حُ 40ٍِ رىل اُ اىطاقت  ْخجْسخَ.ٌُ 

 واىفعاىٍت اىْىعٍت ىنلا الاّضٌٍَِ.  اىفعاىٍت

 

 الخلاصة


