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ABSTRACT 

The present study was conducted to 

investigate the influence of adding glutathione 

(GSH) at levels of 0.4, 0.8 and 1.2 mM to egg 

yolk-tris extender (EYTE) used for preservation 

of semen at a temperature of 25
o
C for 0, 1, 2, 3, 

4, 12 and 24 hours. A total of 10 Sohagi rams 

having 60-65 kg live body weight and aged 3-4 

years were used for semen collection in this 

study. Semen was collected by artificial vagina 

set up at optimal conditions to induce a good 

ejaculatory thrust. Semen was collected twice a 

week in the morning (8 am) for 10 weeks. Each 

time semen was collected, all ejaculates (10 

ejaculates) were pooled and divided into 4 parts 

and extended on egg yolk-Tris buffered 

extenders containing three levels of glutathione, 

0.4, 0.8, 1.2 and control group of 0.0 mM.  

Semen of each treatment was diluted at a rate 

of one part of semen to 10 parts of egg yolk-

Tris buffered extender at 30
o
C. Semen was 

evaluated after 0, 1, 2, 3, 4, 12 and 24 h at 25
o
C  

using the following in vitro fertility tests; sperm 

motility (%); livability (%); sperm abnormality 

(%) and spermatozoa with intact acrosome (%). 

The addition of GSH to egg yolk-Tris buffer 

extender at levels 0.4, 0.8 and 1.2 mM 

improved semen quality. All GSH levels 

significantly (P<0.05) increased the percentages 

of sperm motility, sperm livability and intact 

acrosome while significantly (P<0.05) decrease 

sperm cells abnormalities. All sperm 

characteristics were significantly (P<0.05) 

affected by storage time, as motility, livability 

and intact acrosome showed significant 

(P<0.05) gradual reduction, while sperm 

abnormality showed significant (P<0.05) 

increase by progress of storage time up to 24 

hours. The highest reduction rate was after 4 

hours storage period.  

In conclusion, this study demonstrate that 

supplementation of GSH, at various 

concentrations, to diluted semen kept at 25
o
C 

exert beneficial effects on semen quality in term 

of sperm motility, livability and membrane 

stabilization of sperm cells. The best result was 

obtained with 0.4 mM GSH level in egg yolk 

extender when stored up to 12 h. 

 

INTRODUCTION 

Artificial insemination (AI) is one of the 

major reproductive biotechnologies through 

which rapid genetic improvement in livestock 

has been achieved in developed countries. To 

raise genetic potential of livestock, AI with 

fresh semen spermatozoa was introduced in 

most developing countries. It is reported that 

viability or fertility of fresh semen is somewhat 

low. Previous studies on ram spermatozoa 

showed that addition of antioxidants to the 

semen extender may also be a step closer to 

improve the quality of ram spermatozoa. 

Glutathione prevents the damage of 

important cellular components developed 

by reactive oxygen species such as free radicals 

and peroxides (Pompella et al., 2003). It is the 

major endogenous antioxidant produced by the 

cells, participating directly in the neutralization 

of free radicals and reactive oxygen 

compounds, as well as maintaining exogenous 

antioxidants such as vitamins C and E in their 

reduced (active) forms (Scholz et al., 1989). It 

is implicated in metabolic and biochemical 

reactions such as DNA synthesis and repair, 

protein synthesis, prostaglandin synthesis, 

amino acid transport, and enzyme activation 

(Halliwell and Gutteridge, 1989 and Pastore et 

al., 2003). 

Glutathione (L-glutamyl-L-cysteinylglycine; 

GSH) is a tripeptide ubiquitously distributed in 

living cells, and it plays an important role as an 

intracellular defense mechanism against 

oxidative stress (Irvine, 1996).  

During various processing procedures of 

freezing semen, sperm cells used in A.I. are 

exposed to oxygen and visible light radiation, 

which could lead to lipid per oxidation and 

formation of ROS, which negatively affect 

http://en.wikipedia.org/wiki/Cell_(biology)
http://en.wikipedia.org/wiki/Reactive_oxygen_species
http://en.wikipedia.org/wiki/Free_radical
http://en.wikipedia.org/wiki/Peroxide
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sperm cell motility and genomic integrity 

(Bilodeau et al., 2000). The endogenous 

antioxidative capacity of semen may be 

insufficient during storage or dilution (Maxwell 

and Salamon, 1993). A significant reduction in 

the level of spermatozoa antioxidant has been 

reported as one of the causes of the enhanced 

susceptibility of these cells to per oxidative 

injuries after cryopreservation (Bilodeau, et al. 

2000). So, adding several types of antioxidant 

enzymes activates scavenging ROS, which 

could help to maintain survival and motility of 

spermatozoa (Foote et al., 2002). The lipid per 

oxidation cascade is initiated when spermatozoa 

are attacked by ROS, which results in a loss of 

polyunsaturated fatty acids from the plasma 

membrane and a corresponding decline in the 

survival and fertilizing ability of these 

spermatozoa (Aitken, 1995). Sperm oxidative 

damage is the result of improper balance 

between ROS generation and scavenging 

activities.  

The sperm plasma membrane is rich in 

polyunsaturated fatty acids. Therefore it is 

susceptible to per oxidative damage with 

consequent loss of membrane integrity, 

decreased sperm motility, and eventually loss in 

fertility, resulting from reactive oxygen species 

during aerobic incubation (Alvarez et al. 1987). 

Therefore, supplementation with antioxidants 

such as GSH during the storage of semen is 

necessary for elimination of free radicals 

(Bucak et al. 2007). 

The present study was conducted to 

investigate the influence of adding antioxidants, 

glutathione at levels of 0.4, 0.8 and 1.2 mM to 

egg yolk-tris extender for semen stored at room 

temperature (25
o
C) for 0, 1, 2, 3, 4, 12 and 24 

hours.  

 

MATERIALS AND METHODS 

Animals and Management: 

This study was carried out at Animal 

Production Department, Faculty of Agriculture, 

Sohag University.  

Ten Sohagi Rams having 60-65 kg live body 

weight and aged 3-4 years were used for semen 

collection in the study. Throughout the semen 

collection period rams were fed formulated 

diets based on NRC (1985) allowances and 

water was available all day times. 

 

Experimental designs:  

Treatments involved three levels,  0.4, 0.8 

and 1.2 mM of GSH; and control level without 

any additives with one type of egg yolk-Tris 

buffered extender which stored at room 

temperature (25
o
C) according to Foote et al. 

(2002) and evaluated by in vitro fertility test 

after storing for 0, 1, 2, 3, 4, 12 and 24 h.  

 

Semen collection and evaluation: 

Semen was collected by artificial vagina set 

up at optimal conditions to induce a good 

ejaculatory thrust. At time of collection, one or 

more ewes were used. One false mount had 

been always allowed before collection of the 

first ejaculates. Two consecutive ejaculates with 

4-6 minutes interval were obtained from each 

rams each day of collection. 

Semen was collected twice a week in the 

morning (8 am) for 10 weeks as collection 

period. Immediately after collection, the 

ejaculates were transferred to the laboratory to 

be placed in a water bath at 30ºC. Only 

ejaculates with more than 70% initial motility 

were used in the study. 

 

Semen extension:  

Each time semen is collected, all ejaculates 

(10 ejaculates) were pooled, divided into 4 

parts, then extended on egg yolk-Tris buffered 

extender containing glutathione at three levels 

of 0.4, 0.8, 1.2 and 0.0 mM as control. 

Egg yolk-Tris buffered extender (EYTE) 

was used (Maxwell and Salamon, 1993). Semen 

of each treatment was diluted at rate of one part 

of semen to 10 parts of extender at 30
o
C with a 

single stepwise addition of egg yolk-Tris 

buffered extender. 

 

Semen evaluation:  

Semen was evaluated after 0, 1, 2, 3, 4, 12 

and 24 h of storage at 25
o
C using the following 

in vitro fertility tests: 

 

Sperm motility (%):  

Percentage of sperm motility in each semen 

sample was determined. 
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Live and dead sperm (%):  
A smear from diluted semen was made on a 

glass slide and stained by eosin (1.67%) and 

nigrosin (10%) stain mixture (Hackett and 

Macpherson, 1965).  

Sperm abnormality (%):  
The morphological abnormalities of 

spermatozoa were determined per 200 

spermatozoa according to classification adopted 

by Bolm (1983). Then percentage of sperm 

abnormalities was calculated. 

Spermatozoa with intact acrosome (%):   

To determine the variability and acrosome 

reaction, under bright field microscope, about 

100 spermatozoa were randomly selected per 

slide and examined for the live sperm with 

intact acrosome (live reacted, LR). Examination 

of the acrosome status was carried out by 

adding one drop of diluted semen incubated at 

37
o
C to one drop of sodium citrate (2.9%) at the 

same temperature, then the mixture was placed 

on a slide to make a smear, which dried at 37
o
C. 

The dried slides were fixed in 10% formal 

solution for 15 minutes and washed by tap 

water for 15 minutes then immersed in Gimsa 

stain at 37
o
C for 3 hours. The stained slides 

were washed by tap water for 15 minutes and 

dried at 37
o
C. The prepared slides were 

examined at high magnification (x 100) for 

determination of spermatozoa with and without 

intact acrosome per 200 spermatozoa in each 

field. The acrosome stained light purple-dark 

pink, while sperm remains unstained. 

Percentage of spermatozoa with intact acrosome 

was calculated. 

 

Statistical analysis: 

Data were statistically analyzed by the 

methods of analysis of variance according to 

Snedecor and Cochran (1982). Duncan’s 

Multiple Range Test was used to test the 

differences among means (Duncan, 1955).  

 

RESULTS AND DISCUSSION 

Effect of GSH levels: 

The use of egg yolk-Tris buffered extender 

supplied with glutathione at concentration of 

0.4, 0.8 and 1.2 mM for extension of ram semen 

has beneficial effects on semen characteristic as 

indicated on the significant (P<0.05) increase in 

percentage of  sperm motility, semen livability 

and intact acrosome and significant decrease 

(P<0.05) in the percentage of sperm 

abnormalities (Table 1). 

With the exception of the percentage of 

intact acrosome, there were non-significant 

variations between the effects of different levels 

of glutathione on the studied semen parameters. 

The lowest GSH level (0.4 mM) had the best 

effect (P<0.05) on the percentage of intact 

acrosome compared with either control or 1.2 

mM  level of GSH (Table 1). 

 

Comparable results were recorded by Foote 

et al. (2002) on bull semen extended with TALP 

(Tyrodes Albumin Lactate Pyruvate medium) 

supplemented with GSH at concentrations 0.5, 

1.0, 1.5 and 2.0 mM. They found that addition 

of 1.0 and 1.5 mM of GSH to TALP-extender 

increased (P<0.05) sperm motility compared to 

the control semen. 

Ahmed (2008) observed also beneficial 

effect of GSH on live sperm percentage in post-

diluted buffalo's semen.  In accordance with our 

results, El-Sherbieny et al. (2006) found that 

supplementation of 0.4 mM GSH showed the 

highest percentages (P<0.05) of sperm motility 

and livability compared with other GSH levels. 

The acrosome reaction test is a stable 

parameter of sperm function and is useful to 

predict fertilization (Maji et al., 2010). In 

agreement with the results of the current study, 

individual variations in the proportion of 

spermatozoa undergoing acrosome reaction 

were reported by Ucar and Parkinson (2003). 

Moreover, El-Nagar (2007) and Ahmed (2008) 

recorded comparable results concerning the 

variable responses to different GSH levels on 

the percentage of sperms undergoing acrosome 

reaction. 
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Table (1): Effect of glutathione supplementation with different levels on semen characteristics 

of rams 

Treatment 
Sperm characteristics (%) 

Sperm motility Sperm livability Abnormal sperm Intact acrosome 

Control 80.20±0.25
b
 60.92±0.22

b
 11.52±0.09

a
 58.92±0.42

c
 

G
S

H
 0.4 mM 85.40±0.17

a
 73.24±0.15

a
 6.62±0.08

b
 71.73±0.22

a
 

0.8 mM 84.61±0.13
a
 68.24±0.17

a
 8.15±1.05

b
 66.26±0.17

ab
 

1.2 mM 83.74±0.15
a
 66.37±0.16

a
 8.60±0.05

b
 64.72±0.12

b
 

a, b, …..d: Means within the same column with different superscripts are significantly different at P<0.05. 

 

In mammalian semen, the antioxidant 

defense capability consists of enzymatic and 

non-enzymatic systems, in which the latter is 

represented mainly by glutathione. The basic 

function of GSH in mammalian semen is related 

to its interaction with other systems as a 

preventive mechanism against ROS. This 

scavenging function of GSH helps to counteract 

the effects of oxidative stress in sperm cells, 

which could result in lipid peroxidation of 

plasmalemma, irreversible loss of motility, 

leakage of intracellular enzymes and damage of 

the chromatin (Aitken, 1999 and Luberda, 

2001).  

 

Effect of storage time: 

Analysis of variance presented in Tables (2) 

showed that all sperm characteristics were 

affected significantly (P<0.001) by storage 

time. As expected, percentages of motility, 

livability and intact acrosome showed 

significant (P<0.05) gradual reduction, while 

sperm abnormality significantly (P<0.05) 

increased by progressing storage time up to 24 

hours. The highest reduction rate was observed 

after 4 hours of storing. 

In similar trend with results of the present 

study, El-Sherbieny et al. (2006) found 

significant (P<0.05) gradual reduction in sperm 

motility and livability percentages by increasing 

storage time of Friesian semen diluted with 

Tris-extender supplemented with different GSH 

levels and stored for 96 h at 25
o
C.  

The marked gradual reduction in percentage 

of individual motility of spermatozoa recorded 

for the control semen may be attributed to 

gradual increase in ROS (Iwasaki and Gagnon, 

1992). The increase in ROS (superoxide anion, 

hydrogen peroxide, and hydroxyl radicals), 

as well as the fatty acid peroxide generated by 

ROS attack cell membrane phospholipids, 

reduce mammalian sperm motility and decrease 

capacity for sperm-oocyte fusion (Aitken  and 

Clarkson, 1987). In addition, the degradation 

products of these lipid peroxides such as 

hydroxyalkenals and malonaldehyde are also 

highly toxic to spermatozoa and cause an 

irreversible loss in motility. However, these bad 

effects on sperm motility were combated by 

addition of GSH at levels 0.4, 0.8 and 1.2 mM 

until 4 h post dilution, while 0.4 level kept the 

same motility percentage more than 75% until 

12 h (Table 2).  

Semen fertility is closely related to 

percentage of motility (>75%, Swanson and 

Herma, 1944). The acceptable sperm motility 

for using semen for A.I. is achieved with 0.4, 

0.8 and 1.2 mM at 4 hr post-dilution. In contrast 

control semen cannot be used beyond 2 hrs of 

storage at 25
o
C. However, the acceptable sperm 

motility (>75%) was maintained until 12 hr 

with 0.4 GSH level. 

Data presented in Table (2) indicated that the 

recorded percentage of intact acrosome in 

control group were the lowest in all post-

diluation hours compared with all GSH levels. 

Statistical analysis showed that there were 

significant (P<0.05) differences in percentage 

of intact acrosome between 0.4 compared with 

either 0.8 or 1.2 mM. Also, it can be observed 

that, the treatment 0.4 mM GSH had high 

percentage of intact acrosome with all times. 

GSH treatment improved the percentage of 

intact acrosome stored at 25
o
C. According to 

the present results, percentage of intact 

acrosome could be preserved for 4 hours at 

room temperature with acceptable percentage of 

intact acrosome when it diluted by EYTE at rate 

of 1:10 with supplemented with 0.4 mM of 

GSH.     
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Table (2): Percentage of sperm motility, sperm livability, abnormal sperm and intact 

acrosome in ram semen as affected by GSH levels and storage time at 25
o
C.  

Time 

(h) 
Control 

GSH supplementation 

0.4 (mM) 0.8 (mM) 1.2 (mM) 

Sperm motility 

0 80.20±0.25
AB

 85.40±0.17
aA

 84.61±0.13
aA

 83.74±0.15
aA

 

2 74.18±0.62
bB

 81.12±0.25
bA

 80.12±0.15
bA

 79.22±0.51
bA

 

4 70.26±0.14
cB

 79.45±0.14
bcA

 77.25±0.22
bcA

 75.12±0.41
cA

 

6 66.18±0.47
dB

 77.41±0.74
cA

 74.69±0.24
cA

 71.18±0.08
dA

 

12 58.12±0.12
eB

 75.02±0.85
dA

 70.18±0.28
dA

 68.15±0.29
dA

 

24 49.21±0.47
fB

 69.15±0.29
eA

 62.13±0.74
eA

 60.74±0.47
eA

 

Sperm livability 

0 60.92±0.22
aB

 73.24±0.15
aA

 68.24±0.17
aA

 66.37±0.16
aA

 

2 57.12±0.11
bD

 71.18±0.25
abA

 65.23±0.69
bB

 61.49±0.25
bC

 

4 54.26±0.17
cC

 68.25±0.78
bA

 61.48±0.26
dcB

 57.26±0.15
bcBC

 

6 50.14±0.28
dD

 65.47±0.14
cA

 58.26±0.23
cB

 53.26±0.36
cC

 

12 45.17±0.26
eC

 60.48±0.95
dA

 52.15±0.58
dB

 48.25±0.06
dBC

 

24 38.25±0.74
fD

 52.47±0.36
eA

 47.26±0.14
eB

 42.16±0.48
eC

 

Abnormal sperm   

0 11.52±0.09
fA

 6.62±0.08
fB

 8.15±1.05
eB

 8.60±0.05
eB

 

2 13.27±0.15
eA

 8.47±0.11
eB

 11.21±0.22
deAB

 12.48±0.21
dAB

 

4 16.48±0.14
dA

 11.26±0.23
dC

 13.47±0.41
dB

 15.85±0.11
cAB

 

6 18.24±0.25
cA

 13.25±0.47
cdB

 16.48±0.63
cAB

 17.36±0.23
bcAB

 

12 23.56±0.63
bA

 17.22±0.51
bC

 20.26±0.29
bB

 22.25±0.60
bAB

 

24 35.26±0.41
aA

 26.45±0.26
aD

 29.12±0.15
aC

 32.78±0.41
aB

 

Intact acrosome 

0 58.92±0.42
aC

 71.73±0.22
aA

 66.26±0.17
aB

 64.72±0.12
aB

 

2 56.25±0.14
bC

 69.25±0.13
abA

 64.23±0.48
abB

 63.14±0.12
abB

 

4 53.47±0.25
cC

 67.21±0.48
bA

 62.15±0.74
bB

 60.45±0.58
bBC

 

6 50.13±0.74
dD

 63.58±0.25
cA

 59.25±0.12
bcB

 54.13±0.02
cC

 

12 48.15±0.85
eD

 60.14±0.06
dA

 55.78±0.32
cB

 51.26±0.14
dC

 

24 44.42±0.63f
C
 55.48±0.17

eA
 50.23±0.56

dB
 48.13±0.21

eBC
 

A and B: Means within the same row with different superscripts are significantly different at P<0.05.    

a, b, …..e: Means within the same column with different superscripts are significantly different at P<0.05. 

 

Depending on the fact that percentage of 

sperm abnormalities should not exceed 15% 

(Terill, 1962), the quality of diluted semen in 

the current study is considered good until 6 , 4 h 

and 4 h post dilution by egg yolk extender 

containing GSH at levels 0.4, 0.8 and 1.2 mM. 

However, the coincidence between percentages 

of motility and abnormal sperms revealed more 

or less parallelism in the trend of reduction of 

these two parameters. Where the lowest 

accepted motility vs. abnormal sperm cells 

percentages were (75.02 vs. 17.22), (77.25 vs. 

13.47) and (75.12 vs. 15.85) in cases of GSH 

levels of 0.4, 0.8 and 1.2 mM at 12 , 4 h and 4 h 

post dilution, respectively. These finding may 

indicate intact relationship between the two 

parameters. Such parallelism may be detected to 

some extent between either of these two 

parameters and percentage of intact acrosome. 

However, previous studies (Terrill, 1962) 

recorded 20% of dead sperms in most normal 

bovine semen samples and that there is little 

correlation with fertility. 

In conclusion, this study demonstrate that 

supplementation of GSH at various 

concentrations to diluted semen kept at 25
o
C 
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exert beneficial effects on semen quality in term 

of sperm motility, livability and membrane 

stabilization of sperm cells. The best result was 

obtained with 0.4 mM GSH level with egg yolk 

extender when stored up to 12 h.. 
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 انكباش انسوهاجي كمضاد نلاكسدة عهي صفاث انسائم انمنوى في نثيواتأثير اضافت انجلات

 
 جمال محمود سهومت

 يصش –عْٕبس  –صبيعت عْٕبس  –كهيت انضساعت  –قغى الاَخبس انحيٕاَٗ 

 

انضلاحبريٌٕ انٗ داسعت حأريش اضبفت ا انبحذ ٓذف ْزي

 يم 2.1ٔ  4.0ٔ  4.0كًضبد نلاكغذة بًغخٕيبث يخخهفت ْٗ 

ًخفف بًخفف صفبس انبيض يع انانغبئم انًُٕٖ انٗ  يٕل 

 ٔ  3ٔ  1ٔ 2ٔ  4نًذة يئٕيت  12ٔرنك فٗ دسصت حشاسة انخشط 

أصشيج ْزة انذساعت عهٗ عششة كببػ عبعت.  10ٔ 21ٔ  0

كضى ٔصٌ حٗ  02- 04يٍ الاغُبو انغْٕبصٗ ٔصَٓب يٍ 

. ٕٖ ًع انغبئم انًُنضاعخخذيج عُٕاث   0- 3ٔعًشْب يٍ 

ٔحى انضًع نضًع انغبئم انًُٕٖ . عخخذو انًٓبم انصُبعٗ ا

اعببيع. فٗ كم  24نًذة يشحيٍ فٗ الاعبٕع فٗ انزبيُت صببحب 

يشة يخى فيٓب انضًع ، يخى صًع انقزفبث يعب رى حخفف بًخفف 

 2.1،  4.0،  4.0بخشكيضاث انضلاحبريٌٕ انخشط انًحخٕٖ عهٗ 

فٗ . انضلاحبريٌٕيٍ ت كُخشٔل بذٌٔ اٖ اضبفنهصفش ٔحشكيض 

قزفبث( كبَج حقغى بعذ انخخفيف  24كم يشة يخى فيٓب انضًع )

اصضاء بًخفف انخشط انًحخٕٖ عهٗ رلاد يغخٕيبث انٗ اسبعت 

 ، صفش )كُخشٔل( .  2.1،  4.0،  4.0ببنُغب 

: 2حى حخفيف انغبئم انًُٕٖ نكم يعبيهت صضء عبئم يُٕٖ 

و . حى حفظ ° 34 اصضاء يخفف حشط يع صفبس انبيض عهٗ 24

 10،  21،  0،  3،  1،  2انغبئم انًُٕٖ ٔحقييًّ عهٗ صفش ، 

اخخببساث انخصٕبت انخبنيت ٔاصشيج و  12ْعبعت عهٗ حشاسة 

يعًهيب : حيٕيت انغبئم انًُٕٖ ، حيبحيت انغبئم انًُٕٖ 

 . انخغيش فٗ شكم الاكشٔعٕؤانحيٕاَبث انًُٕيت انشبرة ٔ

عهٗ يخفف انخشط انضلاحبريٌٕ أضحج انُخبئش اٌ اضبفت 

يم يٕل حغٍ  2.1،  4.0،  4.0صفبس انبيض بًغخٕيبث  –

صًيع  حأريش يٍ صفبث ٔصٕدة انغبئم انًُٕٖ نهكببػ. كبٌ

ًعُٕيت عهٗ حيٕيت انغبئم ان ٗ عبنانضلاحبريٌٕ يغخٕيبث 

انًُٕٖ ، ٔحيبحيت انغبئم انًُٕٖ ٔانخغيش فٗ شكم الاكشٔعٕو. 

كم صفبث حأرشث ث انًُٕيت انشبرة. ٔخفض يعُٕيب انحيٕاَب

يذ اَخفضج كم يٍ حانغبئم انًُٕٖ يعُٕيب بٕقج انخخضيٍ 

حيٕيت انغبئم انًُٕٖ ، ٔحيبحيت انغبئم انًُٕٖ ٔانخغيش فٗ شكم 

الاكشٔعٕو بيًُب صادث انحيٕاَبث انًُٕيت انشبرة يعُٕيب ببنخقذو 

اعبعبث بعذ  0فٗ انخخضيٍ . كبٌ اعهٗ حغيش بعذ يشٔس 

 ضيٍ.انخخ

بٌ اضبفت انضلاحبريٌٕ كًضبد بانذساعت حٕصٗ ْزِ 

قذ و  12ْبخشكيضاث يخخهفت يع انحفظ عهٗ حشاسة نلاكغذة  

حيذ اَعكظ رنك عهٗ حيٕيت حغٍ صفبث انغبئم انًُٕٖ 

انغبئم انًُٕٖ ، ٔحيبحيت انغبئم انًُٕٖ ٔانخغيش فٗ شكم 

 يم يٕل انٗ 4.0الاكشٔعٕو ٔكبَج افضهٓب عُذ اضبفت حشكيض 

 .عبعت. 21حخٗ يذة حفظ  انبيضفبس ص –يخفف حشط 

 

 

 


