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HE INFLUENCE of the biological response modifiers: 

interferon alpha (IFN-α) and bone marrow transplantation 

(BMT) on stimulation of blood cell recovery and boosting the 

immunological response were investigated in this work. Male 

rats received BMT 3 h post total body γ-irradiation of 5 Gy and 

were injected with 10 units of IFN-α weekly for 5 weeks.  

Irradiation induced a significant decrease in blood 

parameters, reduced glutathione (GSH) as well as bone marrow 

lymphocyte count and viability. Immunological data revealed 

that tumour necrosis factor alpha (TNF-α) and interleukin-2 (IL-2) 

recorded a significant depression while lipid peroxidation 

(MDA) was conversely elevated. White blood cells (WBC), 

erythrocytes (RBC), haemoglobin (Hb), haematocrit (Hct), 

lymphocytes and GSH in irradiated animals receiving BMT and 

IFN-α, were significantly elevated, while MDA was significantly 

depressed as compared to the irradiated group. Bone marrow 

lymphocytic count and viability percentage were significantly 

increased while IL-2 and TNF-α were normalized.  

The curative action of IFN-α enforcing significant innate 

response could trigger and augment adaptive immune response 

by bone marrow transplantation. Such therapies boosting both 

components of immunity would be considered a potential 

strategy for irradiation treatment. 
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Most of cellular alterations induced by ionizing radiation is indirect and is 

mediated by the generation of free radicals and related reactive species, mainly 

derived from oxygen (Maurya et al., 2007). Acute effects of radiation include 

hematopoietic cell loss, immune suppression and potential injury to other sites 

(Augestin et al., 2005).  
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Adult bone marrow (BM) contains cells that can differentiate into mature, 

non-haematopoietic cells of multiple tissues including cells of the kidney, lung, 

liver, skin, gastrointestinal tract and fibres of heart and skeletal muscle (Abedi et 

al., 2004). Infusion of haematopoietic stem cell can be done from a donor into a 

patient who has received chemotherapy or irradiation dose that can be marrow 

ablative (Bonadio et al., 2005). Irradiation of mice followed by transplantation 

of stem cells of the immune system became a much-used method that fostered 

the burgeoning field of cellular immunology. 

IFN-α is a glycoprotein produced by B-lymphocytes of peripheral blood. It 

has antiviral and antiproliferative activity and hence anti-tumour effect. It has 

modulating effects on immunological system. Survival time of lethally irradiated 

mice can be significantly extended if exogenous IFN-α or IFN-α inducers are 

administrated post-irradiation (Ortaldo and McCoy, 1980). In Chernobyl patients, 

regulatory administrated IFN-γ proved to be a successful therapeutic option for 

radiation fibrosis, with little side effects (Peter et al., 1999). IFN-α therapy of 

haematological relapse after BMT is generally well tolerated and produces 

durable complete cytogenetic responses (Higano et al., 1997). Lu et al. (2002) 

speculate that IFN-α enhances biological defence activities against oxidative 

stress and functions as a potent antifibrotic by protecting hepatocytes from lipid 

peroxidation in-vivo.  

This work aims to investigate if boosting of adaptive and innate immunity 

by bone marrow cells and IFN-α injection could affect blood reconstitution and 

could minimize irradiation induced oxidative stress.  

Material  and Methods  

108 mature male albino rats of pure strain (110-150 g) were obtained from 

the animal house of the NCRRT, Nasr City, Egypt. Rats were kept under good 

ventilation conditions, allowed free access to water and rat diet.  

Irradiation facility: Whole body irradiation was performed by Gamma-cell 

40 (
137

Cesium) belonging to NCRRT. Animals were irradiated at an acute single 

dose of 5Gy at a dose rate of 0.44 Gy/ min.      

Interferon-α treatment 

IFN-α is prepared from culture of genetically modified Escherichia coli 
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using recombinant DNA technology; each vial contains 3 million IU. Rats were 

injected subcutaneously (s.c.) with 10 units of IFN-α once a week for 5 weeks 

(Muriel and Castro, 1997). 

Bone marrow transplantation 

Donors and recipients were chosen of the same inbred strain, brother to 

brother (allogeneic transplantation). Femur bones were dissected out, cleaned, 

and the marrow was blown out into isotonic solution under sterilized conditions 

and mixed by drawing and expelling it several times from the syringe without 

needle to avoid mechanical damage. Total viable cells of about 75× 10
6
± 5 % 

were injected intravenously (i.v.) 3 h after irradiation (Decleave et al., 1972). 

Animal groups 

Rats were sorted into 7 groups: 1-Control rats (C). 2-Rats received BMT 

cells (75×10
6
) through the caudal vein (CBM). 3-Rats injected subcutaneously 

with 10 units of IFN-α (CIFN-α). 4-Animals exposed to 5Gy whole body gamma 

irradiation (R). 5-Group of rats exposed to 5Gy gamma irradiation and received 

BM cells 3 h post irradiation (R+ BM). 6-Animals exposed to 5Gy gamma 

irradiation and injected s.c. with 10 units of IFN-α (R+ IFN-α). 7-Group of rats 

exposed to 5Gy gamma irradiation and treated with BM cells 3 h after irradiation 

and injected with 10 units of IFN-α (R+ BM+ IFN-α). All animals groups were 

sacrificed after 5 weeks. 

Groups of 9 rats were slightly anaesthetized and blood was collected by 

heart puncture. Part of the blood was mixed with EDTA to determine RBCs and 

WBCs using a haemocytometer while differential leukocyte count and Hct% 

were performed according to Dacie and Lewis (1993). Blood Hb content was 

assayed using Spectrum Diagnostic kit according to Carl and Braun (2005) and 

reduced GSH content was measured according to Beutler et al. (1963). The rest 

of the blood was centrifuged to obtain serum. MDA was determined according 

to Yoshioka et al. (1979). IL-2 and TNF-α concentrations were determined using 

ELIZA kits according to Chan and Perlstein, (1987) and Aramachi (1989), 

respectively. Determination of viable bone marrow count was performed 

according to Esser et al. (2001) and bone marrow lymphocyte count according 

to Sinai et al. (1978). 
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Statistical analysis 

The results are expressed as mean± S.E. Data were analyzed using one way 

analysis of variance (ANOVA) followed by Duncan's test (1957). Differences 

were considered significant at P-value≤ 0.05.       

R e s u l t s  

Results revealed significant (P< 0.05) decrease in blood parameters after      

5 weeks by BMT alone, whereas IFN-α injection alone showed significant 

decrease of Hb content and WBCs compared to control. Irradiation at 5 Gy 

induced significant depression in all studied blood parameters. Irradiation 

combined with BMT or IFN-α treatment showed a significant elevation in Hct, 

Hb, RBCs and WBCs compared to irradiated group. BMT combined with IFN-α 

and irradiation normalized blood parameters, Table 1. 

TABLE 1. Effect of BMT and IFN-α administration on blood parameters in 

irradiated and non-irradiated rats. 

Group 
WBCs 

10
3
/mm

3
 

RBCs 

10
6
/mm

3
 

Hb 

 g/dl 
Hct 

% 

Control 6.1± 2.15         14.6± 0.46 14.8± 0.36 43.9± 1.40 

CBMT 
5.7± 1.47 

c  

12.5± 0.45 

c 

11.4± 0.57 

c 

37.5± 1.36 

c 

CIFN-α 
5.5± 2.13 

c 

11.3± 0.40 

c 

11.3± 0.40 

c 

41.9± 1.87 

 

R 
2.5± 1.71 

c 

8.2± 0.25 

c 

8.2± 0.25 

c 

28.5± 0.79 

c 

R+ BMT 
5.2± 2.18   

   c 

9.4± 0.13 

c 

9.4± 0.13 

c 

33.4± 1.36 

c 

R+ IFN-α 
3.9± 1.3 

cr 

9.2± 0.14 

c r 

9.2± 0.14 

c r 

39.2± 2.92 

r 

R+ BMT+ IFN-α 
6.1± 2.15 

r        

14.0± 0.36 

r 

14.0± 0.36 

r 

41.8± 1.78 

r 

Values are expressed as mean± S.E., ANOVA test. 

c: Significant difference compared to control. r: Significant difference compared to R group. 

Results in Table 2. demonstrated that BMT alone and IFN-α alone showed 

no change in differential leucocytes as compared to control. Significant (P< 

0.05) reductions were recorded in lymphocytes, monocytes and neutrophils, 

while eosinophils and basophils were significantly increased 5 weeks post 5Gy 

γ-irradiation. BMT post irradiation induced a significant increase in 
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lymphocytes and monocytes, a significant decrease in eosinophils and basophils 

compared to irradiated group whereas, neutrophils were significantly decreased 

compared to control. IFN-α treatment post irradiation showed significant 

increase in lymphocytes and monocytes compared to irradiated group. Dual 

treatments normalized monocytes, lymphocytes and neutrophil percentage 

while, eosinophils and basophils had a significant decrease compared to 

irradiated group. 

TABLE 2. Effect of BMT and IFN-α administration on differential leukocyte in 

irradiated and non-irradiated rats. 

Group 
Lymphocyte 

% 

Monocyte 
% 

Neutrophil 
% 

Eosinophil 

% 
Basophil 

% 

Control 31.6± 1.01 4.0± 0.57 59.8± 1.47 3.8± 0.65 0.7± 0.21 

CBMT 30.8± 1.24 4.7± 0.33 58.5± 1.47 4.7± 0.42 1.0± 0.36 

CIFN-α 30.5± 3.52 4.8± 0.40 1.74± 60.2 4.0± 0.57 0.8± 0.30 

R 
16.2± 9.66   

 c 

1.8± 0.47  

 c 

46.3± 1.74  

 c 

25.8± 1.74 

 c 

4.3± 0.49 

c 

R+ BMT 
19.6± 1.43    

 c r 

2.8± 0.30     

 r 

46.7± 1.80  

c 

21.3± 1.14 

 c r 

3.2± 0.30 

c r 

R+ IFN-α 
17.7± 1.64   

 c r 

2.3± 0.61 

c r 

39.5± 1.58 

 c r 

29.0± 1.77 

c 

3.5± 0.50  

 c 

R+ BMT+ IFN-α 
29.3± 2.78   

r 

5.0± 0.36 

r 

61.2± 1.95 

r 

12.0± 1.06 

c r 

1.8± 0.30 

c r 

Legend as in Table 1.  

TABLE 3. Effect of BMT and IFN-α administration on BM lymphocyte and viable 

BM counts in irradiated and non-irradiated rats. 

Groups 
BM lymphocyte count 

% 
Viable bone marrow count 

% 

Control 21.2± 1.07 67.4± 1.19 

CBMT 22.3± 0.71 69.8± 0.70 

CIFN-α 19.7± 0.66 
63.3± 0.61 

c 

R 
12.5± 0.76 

c 

41.7± 1.74 

c 

R+ BMT 
16.2± 0.60 

c 

50.9± 1.49 

c r 

R+ IFN-α 
13.3± 0.80 

c 

45.2± 1.33 

c 

R+  BMT+ IFN-α 
21.2± 0.47 

r 

62.1± 1.57 

c r 

Legend as in Table 1.  
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BMT showed no significant difference of bone marrow lymphocyte count 

and viability while IFN-α induced a significant reduction of viable lymphocyte 

viability (P< 0.05). Exposure to γ-radiation induced a significant reduction in 

bone marrow lymphocytes and viability. Only BMT after irradiation recorded a 

significant increase in viable BM lymphocyte count compared to irradiated 

group, while IFN-α did not show any change. Dual treatments elevated these 

values compared to irradiated group.  

BMT or IFN-α alone showed a significant (P< 0.05) increase in IL-2 as 

compared to control group while, TNF-α showed no change. A significant 

decrease was obtained in serum IL-2 and TNF-α  post γ-irradiation. BMT post 

irradiation exerted no significant change in IL-2 while, TNF-α had a significant 

elevation compared to the irradiated group. IFN-α post irradiation showed a 

significant increase in both parameters compared to irradiated group while, dual 

treatment normalized IL-2 and TNF-α, Table 4. 

TABLE 4. Effect of BMT and IFN-α administration on IL-2 and TNF-α in 

irradiated and non-irradiated rats. 

Groups 
IL-2  

pg/ ml 
TNF-α  

pg/ ml 

Control 165.2± 6.72 353.4± 18.07 

CBMT 
192.5± 7.05 

c 

345.1± 3.27 

CIFN-α 
208.5± 8.42 

c 

379.2± 7.99 

R 
117.6± 7.63 

c 

185.1± 10.82 

c 

R+ BMT 
110.3± 8.71 

c 

251.3± 6.55 

c r 

R+ IFN-α 
142.4± 5.71 

c r 

327.5± 6.39 

r 

R+  BMT+ IFN-α 
160.4± 6.44 

r 

327.0± 3.50 

r 

Legend as in Table 1.  

Results presented in Table 5 showed that BMT or IFN-α alone induced no 

change in GSH and MDA. A significant (P< 0.05) decrease was shown in GSH 

and a significant increase in serum MDA, post irradiation. BMT or IFN-α post 

irradiation significantly elevated GSH and decreased MDA compared to the 

irradiated group. Dual treatments normalized GSH. 
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TABLE 5. Effect of BMT and IFN-α administration on blood GSH and serum 

MDA in irradiated and non-irradiated rats. 

Groups 
MDA  

µmol/ ml 
GSH  

mg/ ml 

Control 38.71± 0.64 30.88± 2.02 

CBMT 40.07± 0.24 28.55± 0.59 

CIFN-α 62.88± 0.75c 28.47± 1.19 

R 
62.88± 0.75 

c 

9.80± 0.51c 

R+ BMT 
47.05± 0.92 

c r 

14.23± 1.15 

c r 

R+ IFN-α 
47.05± 0.92 

c r 

14.10± 0.49 

c r 

R+  BMT+ IFN-α 
42.32± 0.41 

c r 

28.22± 0.76 

r 

Legend as in Table 1  

D i s c u s s i o n  

Proliferation of stromal cells and bone-marrow stromal layer formation 

from stromal cells are sensitive to radiation in vitro (Zhang et al., 2010). The 

present study depicted a significant decrease in Hct and Hg by 5Gy γ-irradiation 

which indicates anaemia (Patil et al., 2000). This is attributed to the haemolysis 

of youngest red blood cells (Means, 1999) failure or decreased erythropoiesis 

(Nunia et al., 2007), destruction of mature cells,
 
or increased plasma volume 

(Malhotra and Srivastava, 1978).  

In the present study, significant reduction of WBC and its differential count 

was observed in irradiated group compared to the control. Depletion of 

lymphocytes is attributed to apoptosis, although necrotic death also occurs 

(Duvall and Wyllie, 1986). This is because lymphocytes and monocytes are non 

replicating cells that reside in blood for about one day before migrating into 

various tissues where they differentiate into macrophages that is relatively radio 

resistant (Sado et al., 1998). Neutrophils are non-mitotic that have a half-life of 

10-12 h once they leave the bone marrow (Mollinedo et al., 1999). The kinetics of 

neutrophil release depends upon the form of radiation administered during first 

week after exposure (Kajioka et al., 2000).The significant drop in the bone 

marrow cells is attributed to irradiation induced bone marrow depression (Prasad, 

1995). 
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IL-2 is a cytokine released by T helper lymphocytes, that promotes its 

generation, proliferation, and differentiation,
 
enhances the activity of natural 

killer cells, induces the generation
 
of lymphokine-activated killer cells and 

promotes the production
 
of antibodies by B lymphocytes (Gong, 2003). The 

present study demonstrated decreased IL-2 in irradiated animals which is 

attributed by Bass et al. (1989) to that spleen cells of total lymphoid (TLI) 

irradiated mice, secrete 5-9% of the mean normal level of IL-2. Investigations 

show that T cells from TLI-treated mice produce more IL-4 and less IL-2 and 

IFN-γ than normal counterparts (Field et al., 1997). γ-irradiation significantly 

inhibit the proliferation of effective T cells by reducing the levels of Th1 type 

cytokines (such as IL-2) (Han et al., 2005).  

TNF-α is synthesized by monocytes, macrophages, natural killer cells, 

granular lymphocytes, and T lymphocytes. The present results showed that 5Gy 

γ-irradiation induced a significant decrease in TNF-α, which Tsukimoto et al. 

(2009) attributed to the anti-inflammatory effects of γ-irradiation in cells of 

mouse macrophages cell line. TNF induced by irradiation could regulate the BM 

cells apoptosis which is a crucial event in BM dysfunction (Cachaço et al., 2010). 

The present results showed significant reduction of GSH in parallel to  

elevation of MDA by irradiation which could be attributed to enhanced utilization 

of the antioxidant system in an attempt to detoxify radiation generated free 

radicals (Krishna and Kumar, 2005). Depletion of GSH may be partly attributed 

to inflammation (Meister, 1991). Excessive lipid peroxidation can increase GSH 

consumption (Manda and Bhatia, 2003). 

Adaptive immunity is mediated by lymphocytes derived from bone marrow 

precursors, thymus and lymphoid tissue (Delves and Roitt, 2000). Haematopoietic 

stem cell transplantation (HSCT) is the best treatment for many primary 

immunodeficiencies (Bhattacharya et al., 2005). The present results discerned that 

BMT alone lead to a significant elevation in WBCs, RBCs and Hct% as compared 

to the control group after 35 days which comes in accordance with Nunia et al. 

(2007). BMT post irradiation showed restoration of blood parameters. Increased 

Hct value has been also reported by Andrea et al. (1987) one week post 9Gy and 

BMT. Atkinson, (1990) mentioned an initial monocyte recovery accompanied by 

the emergence of circulating colony-forming progenitors, subsequently the 

neutrophil count rises to normal values by about 1 month post BMT.  
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In the present study, BMT to irradiated animals induced no change of IL-2 

compared to irradiated animals. Wang et al. (2002) explained that IL-2 

concentrations in recipient mouse serum were low, because of cytokine autocrine 

and paracrine physiological characteristics. BMT could cause lack of IL-2 

producing
 
cells and/or increased activity of suppressor cells of the helper

 
function. 

Also, serum level of soluble IL-2 receptor was increased in patients who 

developed acute graft-versus-host disease post allogeneic BMT and is 

significantly related to disease severity (Nakamura et al., 2004) which support 

successful engraftment of bone marrow.  

Irradiated BMT rats had elevation of TNF-α compared to irradiated group, 

that may be related to absence of the immunological reaction against non-HLA 

allogeneic antigens. Shalaby et al. (1988) proved increased TNF in allogeneic 

mixed lymphocyte reaction. Neutralization of TNF-α have been reported by 

Brown and Thiele (2000) to reduce complications after BMT.  

The present improvement of oxidative stress by irradiation followed by 

BMT, is explained by De Rooij et al. (2002) to rise in erythropoietic activity in 

bone marrow and spleen so that elevation of RBCs, as a source of GSH, 

ameliorate oxidative stress (Ashry and Hussein, 2007). 

The innate immune system, uses numerous receptors, and cytokines, and 

can respond immediately (Zhang et al., 2010). The present results demonstrate 

the effective potential of IFN-α upon reconstitution of blood parameters, which 

are in agreement with Ashry et al. (2009). Haematopoietic cytokine use with 

BMT has been shown to hasten neutrophil recovery (Williams et al., 1996). 

Cytokines cause rapid and transient changes in the numbers of leukocyte 

subsets and play a key role in the regulation of peripheral blood cell traffic 

(Walter et al., 2005). It was shown that IFN-α after chemotherapy modulates 

immune responses by amplifying T-lymphocyte activation and enhancing natural 

killer cell activity (Tompkins, 1999). Early administration of IFN-α has 

demonstrated complete haematological response rates ranging between 40 and 

80% (Kantarjian et al., 1995). The present elevation of IL-2, with IFN-α is 

attributed by Crossley et al. (1996) to increased natural killer cell activity with 

consistent increase in Th 1 activity and a decrease in autoantibody production. 

The present results showed that administration of IFN-α after γ-irradiation 

normalized serum level of TNF-α post exposure to irradiation. This is attributed 
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by Hill et al. (1997) to that the production of TNF-α by monocytes and 

macrophages is transuded by a priming signal that may be provided by 

interferon IFN-γ and radiation. Kosar et al. (1999) showed also that TNF-α 

increase post-treatment with INF-α indicate the presence of immune system 

activation and endothelial injury/activation. TNF-α might be potentially applied 

as a therapeutic agent to enhance sensitivity to γ-irradiation in radiotherapy 

(Youn Yi et al., 2010). 

The present results showed ameliorated GSH and MDA post irradiation 

and IFN-α. This is attributed to IFN-α enhancement to biological defence 

activities against oxidative stress (Lu et al., 2002). Han et al. (2005) showed 

that IFN α improves the health status, as well as oxidative stress and resulted in 

a sustained lowering of serum lipid peroxidation, and increase of GSH 

concentration (Shohrati et al., 2010).  

A broad range of cytokines can serve to accelerate bone marrow restoration 

following radiation, i.e. a significant innate response can trigger and augment 

adaptive immune responses (Miller and Neta, 1993). The present findings 

confirmed enhanced hematopoietic reconstitution, accelerated BM restoration and 

enhanced biological defence activities against oxidative stress by boosting 

adaptive and innate immunity.  The present findings highlight new opportunities 

for irradiation patients using immunoregulatory factors enabling BMT.  
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 قااعل اة ااعللالجاااناالالاعيلجااعلعيااعي  يل اااالتعااي الالاعااي ال

لنخيعلالعظيملوالحقنلبيإلنتا  اوالألفيزرعلل

 *سٌ٘ي عثد الٌثٖٗاسو٘ي ح، ّ إلِام هصطفٔ حس٘ي 

،  لثحْز ّذكٌْلْج٘ا اإلشعاع القْهٖالوسكص ،  اإلشعاع٘حقسن الثحْز الدّائ٘ح 

 هدٌٗح ًصس ، هصس ، ّ 92ص.ب. 
*

جاهعح ،  لعلْمل٘ح ا، ك قسن علن الحْ٘اى

 .األشُس فسع الثٌاخ

ِٗددددل الثحدددس إلدددٔ يزاسدددح ذدددلش٘س الوحفدددصاخ الثْ٘لْج٘دددح علدددٔ زفددد  

الوعسضح لإلشعاع عي طسٗق الردزشز تد٘ي شزع  الوٌاع٘ح للجسذاى االسرجاتح

ًخدداع العمددام ّإعطددار اإلًرسف٘ددسّى للفددا ّكددرلت ذحسدد٘ي الوسددرْٓ الو دداي 

. ذدن شزع ًخداع العمدام فدٖ ذكدْز ٕالرلكسددللرلكسدد ّ الحواٗدح هدي اإلجِداي 

الجدسذاى تدالحقي فددٖ الْزٗدد الدرٗلٖ تعددد شدمز سداعاخ هددي الر دع٘  تجسعددح 

اإلًرسف٘سّى للفا ذحد الجلد هسٍ ّاحدج لسثْع٘ا  هايج خوس جسإ ّ ذن حقي

 لودج خوس لسات٘ .

لى الرعددسل لإلشددعاع ليٓ إلددٔ ًقددف هعٌددْٕ فددٖ كدد   الٌرددائ لظِددسخ 

ّعاهدد   9هؤشددساخ الدددم ّ الجلْذدداشْ٘ى فددٖ الدددم ّكددرلت ًسددثح اإلًرسل٘ددْكي

ًسدثح الخمٗدا الل٘وفاّٗدح فدٖ ًخداع العمدام  لٗ االٌخس السسطاًٖ ّاًخف د 

ًخاع العمام تٌ٘وا ازذف  هدالْى شٌدائٔ االلدُ٘دد  فٖسثح الخمٗا الح٘ح ّكرلت ً

 إلدٖفٖ الوص  ّكرلت االٗصٌْٗف٘  ّالث٘صّف٘ . ليٓ العمج تصزاعدح الٌخداع 

جو٘دد   ازذفدداعذحسددي هلحددْظ ليٓ إلددٖ  إلددٖجاًددة الحقددي تدداإلًرسف٘سّى للفددا 

العمام ًّسثح هؤشساخ الدم ّكرلت الجلْذاشْ٘ى ّالخمٗا الل٘وفاّٗح فٖ ًخاع 

الخمٗددا الح٘ددح ف٘ددَ ّاًخف ددد ًسددثح الوددالْى شٌددائٖ االلدُ٘ددد ّاالٗصٌْٗف٘دد  

ّالث٘صّف٘  هقازًح تالوجوْعدح الو دععح تجسعدح خوسدح جدسإ تٌ٘ودا عدايخ 

 ّعاه  الٌخس السسطاًٖ إلٖ ًسثرِوا الطث٘ع٘ح. 9ًسثح اإلًرسلْ٘كي

إلًرسف٘دسّى ا ّذمِس الدزاسح الدّز الْقائٖ لٌخداع العمدام الودصزّع ّ

للفا الرٕ قد ٗسج  إلدٔ ذعصٗدص الوٌاعدح الوٌخف دح تفعد  اإلشدعاع هودا ٗدؤيٓ 

 إلٔ ذحف٘ص الدفاعاخ الطث٘ع٘ح ضد لعثار الرلكسد.
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