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Abstract 

Macrophage–epithelial interactions play a crucial role in breast cancer 

progression and metastasis. Tumor associated macrophages (TAMs) provide the tumor 

microenvironment with multiple inflammatory mediators that stimulate several 

signaling pathways which participate in survival and growth of cancer cells, thus they 

have become an attractive target for chemotherapeutic agents. Sulindac Sulfide is one of 

NSAIDs and its anticancer activity in prevention of tumor incidence and progression 

has been documented in several types of cancer. The aim of this study was to test the 

effects of media conditioned by U937 human monocytes (U937-CM) as well as the 

effect of Sulindac Sulfide on the survival oncogenic expression and apoptosis of MCF-7 

cells. The results showed that U937-CM enhanced MCF-7 survival and proliferation 

through significant increase in Ras expression which resulted in upregulation of anti-

apoptotic protein Bcl-2 and down regulation of tumor suppressor Par-4. Sulindac 

Sulfide treatment inhibited the growth of induced cells by inhibition of Ras expression 

and its downstream signaling. Suppression of Ras is accompanied by activation of 

apoptotic machinery through down regulation of Bcl-2 and upregulation of Par-4 that 

resulted in significant activation of caspase-3.The current data demonstrate that 

Sulindac Sulfide succeeded in suppressing the paracrine effect of TAMs on breast 

cancer cells suggesting the promising role in breast cancer treatment. 
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Introduction 

Breast cancer (BC) is the most frequently diagnosed cancer globally and it 

represents the first cause of death overall in women between 40 and 59 years of age 

(Siegel et al., 2015). BC does not only depend on growth and progression of breast 

tumor cells and their malignant potential, but also on the multidirectional interactions 

between tumor cells and stromal cells and their secretions in the tumor 

microenvironment (TME) (Hanchen et al., 2007; Joyce and Pollard 2009). So, TME 

plays a crucial role in tumor progression and therapeutic response (Faurobert et al., 

2015; Klemm and Joyce 2015). 

Among major cells that constitute about 40% of tumor breast microenvironment 

are macrophages (Bingle et al., 2002). Once macrophages are recruited to the primary 

tumor, they respond to many stimuli and differentiat into tumor associated macrophages 

(TAMs) (Qian and Pollard, 2010). The resulting TAMs are able to secrete multiple 

inflammatory cytokines in TME which induce several intracellular signaling pathways 

https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Guendy%20N%5BAuthor%5D&cauthor=true&cauthor_uid=12565819
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that stimulate cancer progression and invasion (Dhillon et al. 2007; Roberts and Der 

2007). Therefore, inflammation emerged as the seventh hallmark of cancer which 

represents a target for innovative therapeutic strategies and prevention (Colotta et al., 

2009). 

 Epidemiological studies indicate have showed that continuous intake of 

NSAIDs is associated with a significant decrease in cancer incidence and delayed 

progression in patients with colorectal, breast, lung and other cancers(Cha and DuBois, 

2007; Zhao et al.,2009; Ruder e t al., 2011). Inhibition of cyclooxygenase (Cox) activity 

and prostaglandin synthesis is the primary mechanism responsible for antineoplatic 

activities of NSAIDs but it is not the only mechanism (Piazza et al., 2009).  Sulindac 

sulfide is non-selective NSAIDs that exert their anti-neoplastic activities though their 

multiple effects on cancer cells and their microenvironment (Gurpinar et al., 2014). 

In this study we investigated the effect of conditioned media (U937-CM) on 

MCF-7 cells and Sulindac Sulfide on the activated MCF-7 on cellular proliferation and 

apoptosis through Ras and Par-4 expression. 

Materials and Methods 

Drug and Chemicals 

Sulindac Sulfide, RPMI-1640 Medium, fetal bovine serum (FBS), 

dimethylsulfoxide (DMSO), β-mercaptoethanol, phorbol myristate acetate (PMA), 

sodium dodecyl sulfate (SDS), sodium bicarbonate and trichloroacetic acid (TCA) were 

all purchased from Sigma Aldrich Chemical Co. (St. Louis, MO, USA). Triton X-100 

was procured from MP Biochemical (Santa Ana, California, USA). All other chemicals 

and reagents were from standard analytical grade. 

Cell lines: 

Breast carcinoma cell line (MCF7) and Human monocytic cell line (U937) were 

maintained in RPMI-1640 media supplemented with 10% FBS, 1% L-glutamine, 1% 

penicillin/streptomycin in humid atmosphere of 5% CO2 at 37
ο 

C. U937 cells were 

grown in suspension and were split for passaging while MCF7 cells were passaged by 

trypsinization . 

Preparation of human monocytes U937 condition media (U937-CM)  

U937 cells were seeded at density of 2.5×10
5 

cells/ml in RPMI complete 

medium into T-75 tissue culture flask and grown to approximately 80% confluence. 

Cells were collected washed twice with PBS. Cells were treated with 100 nM PMA for 

48 hr to differentiate them into macrophages then activated by overnight treating with 

lipopolysaccharide (1µg/ml) for 24hr. cells washed twice with PBS and incubated 

overnight in serum free medium. Overnight condition media (CM) were collected and 

centrifuged at 2000 g at 4
0
C for 10 min to remove cell debris.  
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Proliferation assay and Cytotoxicity assay: 

Breast cancer cell lines were seeded at density 3×103 cells/well in 96-well plate 

in RPMI containing 5% FBS. 24 h after seeding, media was replaced with either RPMI 

containing 5% FBS, U937-CM containing 5% FBS, or U937-CM containing 5% FBS 

and different concentrations of Sulindac Sulfide (0, 12.5, 25, 50, 100 µM) and incubated 

for 48 h. The cell growth and potential cytotoxicity of sulindac sufide were determined 

by the sulforhodamine B (SRB) assay as described by Skehan et al. 1990. 

Real time polymerase chain reaction  

Total cellular RNA was extracted following the protocol of the RNeasy Mini Kit 

(Qiagen, Valencia, CA). Reverse transcription was completed using High capacity 

cDNA archive kit (Applied Biosystem, California, USA). Real time PCR of Gapdh, Il-

1β, Il-6, Ras and Par-4were performed in triplicate on an ABI 7500 Fast Real-Time 

PCR System using the GoTaq PCR master mix (Promega, Madison, U.S.A). Fast 

amplification parameters as follows: one cycle at 95 °C for 10 min, followed by 

40 cycles at 95 °C for 15 s, and 60 °C for 1 min. All primers used in this study were 

purchased from Invitrogen (California, USA) (Table 1). Quantitative analysis of data 

was performed by using the∆∆ Ct method (Livak and Schmittgen, 2001). Values were 

normalized to GAPDH and were expressed as relative expression levels. 

Table(1): The primer sequences of GAPDH, Ras and Par-4 genes: 

Reverse Forward Gene 

5-

GCCATGGAATTTGCCATGGGTGG-

3 

5-

TGAAGGTCGGAGTCAACGGATTT-

3 

GAPDH 

5-GTCCTGAGCCTGTTTTGTGTC -3 5-GGGGAGGGCTTTCTTTGTGTA-3 Ras 

5- 

GCAGATAGGAACTGCCTGGATC -

3 

5-GCCGCAGAGTGCTTAGATGAG-

3 
Par-4 

 

Preparation of cell lysate  

  MCF-7 cells were grown at a density of 250,000 cell/ml in 75T-flasks 

containing RPMI-1640 supplemented with5% FBS for 24 h at 37 C in a humidified 

CO2 incubator. After 24h, media was replaced with either RPMI containing 5% FBS, 

U937-CM containing 5% FBS, or U937-CM containing 5% FBS and 25 µM Sulindac 

Sulfide and incubated for 48 h. Experiments were run in triplicate. After 48 h, media 

were collected and stored at -80 C for future experiments and Cells were collected by 

trypsinization then lysed with RIPA lysis buffer  (25 mM Tris HCL pH 7.6, 150 mM 

NaCl, 1% Triton X-100, 1% Sodium deoxycholate and 0.1% SDS) containing protease 

inhibitors. Cell lysates were sonicated on ice in a 50 W Ultrasonicator five times for five 

seconds. Protein concentrations in the media and cell lysates were determined by 

Bradford (Bardford 1976) using kit (Pierce, Rockford, IL, USA).  

  

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4630933/table/Tab1/
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Western blot 

Protein concentrations of MCF-7 cells were measured as previously mentioned. 

The lysates were separated by SDS-PAGE (12% acrylamide) at protein concentration of 

20 lg/well. Gels were electrotransferred onto to polyvinyldiene difluoride membranes. 

The membranes were blocked with 5 % non-fat dry milk and probed with specific 

primary antibodies of monoclonal anti-Bax, Bcl2 and β-actin antibodies followed by 

incubation with peroxidase-conjugated secondary antibodies. The blots were developed 

with Amersham ECL western blotting kit (GE Healthcare, Amersham Place, Little 

Chalfont, U.K) according to the manufacturer’s instructions. Bands intensity was 

quantified with ImageJ software (National Institutes of Health, Bethesda, MA, USA) 

using β-actin as loading control. 

Assay of caspase-3 activity 

Caspase 3 activity was assessed spectrophotometrically at 450 nm in cell lysates 

using ELISA kit (Invitrogen, Carlsbad, CA, USA) following the manufacturer’s 

instructions (Casciola-Rosen et al.,1996). Each concentration repeated two times and 

the experiment was carried out three independent times. The activity was calculated 

relative to the corresponding protein content. 

Statistical analysis: 

Data are represented as mean± standard deviation (SD). The data were analyzed 

by using one-way analysis of variance (ANOVA) test. To assess the significance of 

differences the Tukey post-hoc test was used and p values less than 0.05 were 

considered to be statically significant. Graphs were performed using Prism software 

program (graph pad prism software, version 5, CA, USA) and analysis of data was 

performed using GraphPad InStat, version 5. 

Results 

 

U937-CM enhances survival of MCF-7 cells while Sulindac Sulfide inhibits it:  

Figure 1 showed the effect of soluble factors secreted by U937 cells on the 

survival of MCF-7 cells then the treatment of these stimulated cells with various 

concentrations (12.5–100μM) of Sulindac Sulfide for 48 h.  U937-CM significantly (p≤ 

0.05) increased MCF-7 cells survival by 1.6 fold after 48 h compared to control. On the 

other hand, the treatment with Sulindac Sulfide for 48 h caused a concentration 

dependent decrease in the survival of stimulated MCF-7 cells. The IC50 (50 % inhibitory 

concentration) of Sulidac Sulfide was 50 μM. 
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Figure.1. Histogram represents the effect of U937-CM and Sulindac Sulfide on survival 

of MCF-7 breast cancer cell using SRB assay. MCF-7 cells were seeded in the absence 

(control) or presence of U937-CM (stimulated MCF-7) or stimulated MCF -7 cells 

treated with different concentrations of Sulindac Sulfide (0– 100 M) for 48 h. Results 

are expressed as the mean ± SD of 5 independent experiments performed in triplicate. 

Bars represent absorbance (O.D=570 nm), which is proportional to cell viability; “
a
” 

Significantly different from control, “
b
” from stimulated MCF-7 at P ≤ 0.05. 

  

Sulindac Sulfide inhibits Ras expression induced by U937-Cm in MCf-7 cells: 

Treatment of MCF-7 cells with U937-CM induced the expression of Ras mRNA 

in MCF-7 as detected by RT-PCR analysis. Our results showed that U937-CM 

increased Ras mRNA in MCF-7 by 2 folds after 48 h. while, treatment of stimulated 

MCF-7 cells with 25 M Sulindac Sulfide for 48 h significantly reduced Ras expression 

to the half( Figure 2). 
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Sulindac Sulfide induces apoptosis in MCF-7 cells stimulated with U937-CM: 

Our results revealed that after 48 h U937-CM increased anti-apoptotic Bcl-2 

protein and decreased (p ≤ 0.05) the Par-4 expression in MCF-7 cells to half compared 

to unstimulated cells. However, Sulindac Sulfide succeeded in increasing pro-apoptotic 

Par-4 expression and decreasing of the anti-apoptotic Bcl-2 protein. 25 µM Sulindac 

Sulfide significantly elevated Par-4 expression level by 3.7 fold (Figure 3) and declined 

the expression of Bcl-2 protein by 0.18 fold (Figure 4) after 48 h of treatment compared 

to stimulated untreated cells. Furthermore, the increase in Par-4 expression and decrease 

in Bcl-2 level was accompanied by increase in caspase-3 activity. Where, treatment with 

25 µM Sulindac Sulfide for 48 h significantly increased caspase-3 activity 2.26 fold 

compared to the untreated stimulated cells (Figure 5).  
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Figure.3. Histogram represents the effect of U937-CM and Sulindac Sulfide on the Par-

4 gene expression. Results are expressed as means ± SD of 2 independent experiments 

performed in duplicates for qPCR experiment. Significance was done by one way 

ANOVA using Tukey’s multiple comparison test.“
a
” Significantly different from 

control and“
b
” from stimulated MCF-7.  

 1         2          3 

Bcl-2 (26KDa)  

Bax (21 KDa)  

-Actin(43 KDa)  

U937-CM -           +           + 

25µM Sulindac sulfide -            -           + 

                                 

Figure.4. Immunoblot analysis show the effect of U937-CM and sulindac sulfide on 

Bcl-2 and Bax expression: Lane 1 shows Bcl-2 and BAX expression was by control 

MCF-7 cells. Lane 2 shows that U937-CM didn't alert the expression of Bax by MCF-7 

cells while the expression Bcl-2 was increased after 48 h. On the other hand, the 

treatment of stimulated MCF-7 cells with 25 µM sulindac sulfide for 48 h decreased the 

Bcl-2 expression while Bax expression did not change as shown in lanes 3.  
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Figure.5. Effect of U937-CMand Sulindac Sulfide on Caspase-3 activity in MCF-7 

cells. Results are expressed as means ± SD of 2 independent experiments performed in 

duplicates. Significance was determined with one way ANOVA using Tukey’s multiple 

comparison test. “
a
” Significantly different from control and “

b
” from stimulated MCF-

7.  

Discussion 

Macrophage–epithelial interactions play a crucial role in breast cancer progression 

and metastasis (Bingle et al., 2002; Qian and pollard 2010). TAMs provide the tumor 

microenvironment with multiple cytokines, chemokines, growth factors and proteases 

that stimulate signaling pathways associated with tumor growth, invasion, metastasis 

and therapeutic resistance (Condeelis and Pollard 2006). 

Our data showed that treatment of MCF-7 cells with U937-CM significantly 

increased the proliferation and induced the expression of Ras mRNA in breast cancer 

cells. Similar increase in survival was found by Craig et al. (2008) who reported a 

significant increase in growth after Co-inoculation of PC-3 and PBMCs or U937-CM in 

vivo.  The increased growth of MCF-7 by activated macrophages may be due to 

secreted mediators and cytokines which generate inflammatory tumor 

microenvironment. Inflammatory tumor microenvironment has many tumor-promoting 

effects. It aids in the proliferation and survival of malignant cells and promotes 

angiogenesis and metastasis. Additionally, inflammation can magnify oncogenic Ras 

activation to activate many downstream signaling cascades (Dibra et al., 2014 and 

Leibovich-rivkin 2014). 

Accordingly, the increase in survival of these cells may be due to upregulation 

of Ras oncogene. Although, Ras mutations are rarely seen in breast cancer, Ras was 

found to be activated in 50% of breast tumors. A consequence of constitutive Ras 

activation is downstream changes in gene expression, which in turn act to modulate a 

variety of cellular processes. Activated Ras protects cells from apoptosis by modulation 

of a variety of pro-apoptotic and anti-apoptotic proteins, including down-regulation of 

Par-4 expression (Ahmed et al., 2008).  

Par-4 is a pro-apoptotic tumor suppressor protein and has been proposed as an 

important target of therapeutic intervention since it does not cause apoptosis of normal 
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or nontransformed cells (Ranganathan and Rangnekar 2005). It is found to be 

downregulated in various types of cancer such as neuroblastoma, endometrial cancer 

and renal carcinoma (Cook et al., 1999; Kogel et al., 2001; Moreno-Bueno et al., 2007). 

Although, Par-4 plays a crucial role in the activation of apoptosis and inhibition of cell 

survival, there are few studies investigates its role in modulating breast cancer 

proliferation and apoptosis.  The apoptotic effect of Par-4 involves either activation of 

extracellular apoptotic machinery by   formation of death-inducing signaling complex 

(DISC) which subsequently activate caspase 8 and downstream caspases or inhibition of 

pro-survival mechanisms (Chemaa et al., 2003 and Burikhanov et al., 2009).The present 

study showed that U937-CM promotes the survival and proliferation and suppresses 

apoptosis of non-invasive breast cancer MCF-7 cells though increasing the expression 

of Ras which in turn decreasing Par-4 and increasing Bcl-2 levels.  

Because of the role of inflammatory microenvironment on tumor progression, 

researchers have been investigating the effect of NSAIDs in many types of cancer 

(Kwan et al., 2007). In the current study Sulindac Sulfide inhibited the survival of 

stimulated MCF-7 cells in a dose dependent manner. Several in vitro studies have also 

documented the anti-tumor of Sulindac Sulfide against many types of cancer cell lines.  

Tinsley et al., 2009 reported that Sulindac Sulfide inhibited the growth of the human 

SK-BR-3, ZR75-1, and MDA-MB-231 breast tumor cell lines with IC50 values of 59, 

76, and 84 μM, respectively. The ability of Sulindac Sulfide to suppress the growth and 

proliferation of cancer cells may be due to the direct inhibition of Cox-2 activity or 

suppression of other signaling pathways.  

One of the pathways which suppressed by exposure to these drugs is RAS- 

MAPK pathway. Sulindac Sulfide was found to bind with Ras at Raf binding site 

inhibiting the activation of this downstream cascade (Gala et al., 2002). The present 

study revealed that Sulindac Sulfide decreased the expression of Ras in the stimulated 

MCF-7cells. Down regulation of Ras expression was accompanied by increasing the 

apoptosis markers. First, we found that the Par-4 expression was significantly 

upregulated in response to the exposure to Sulindac Sulfide. Upregulation of Par-4 was 

associated by a significant downregulation of Bcl-2 and a significant increase in 

caspase-3 activity while Bax was not changed. Previous study found that Sulindac 

stimulated the Par-4 expression in HCA-7carcinoma cells (Zhang and Dubois 2000). It 

was postulated that the increased expression of Par-4 decreased the antiapoptotic protein 

Bcl-2 expression in NIH3T3 fibroblasts, PC-3 prostate cancer cells (Nalca et al 1999), 

pancreatic cancer (Azmi et al., 2008) and neoplastic lymphocytes while Bax levels are 

not modified even with the addition of chemotherapeutic agents (Boehrer et al., 2002). 

Moreover, Flis et al. 2006 reported that Sulindac Sulfide induced apoptosis in 

endothelial cells via activation of caspase-3.  

In conclusion, our data support a promising role of Sulindac Sulfide in 

suppressing breast cancer progression via decreasing survival pathway and activating 

apoptosis machinery. 
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ت في ومورج زراعالمىشطت سوليىذاك يستحث الموث المبرمح لخلايا سرطان الثذي الكبريتيذ 

 RAS الـ خيه سطت طريق إشاراثا: آليت بومذمدت

 للسادة الذكاترة

ّبدٌٔ عجذاىْجً ثبثذ
1

, ّبدٌٔ ٍحَذ اىدْذي
1

, ًٍْ ٍصطفً ٍحَذ
2

سبٍٍٔ عجذاىسٍَع شٍ٘بُ, 
1

 

 مـــــــــــــه
1

 , ٍصز.12613قسٌ ثٍ٘ى٘خٍب الاٗراً, اىَعٖذ اىقًٍ٘ ىلاٗراً , خبٍعٔ اىقبٕزٓ, اىدٍشٓ 

2
 , ٍصز.12613قسٌ اىحٍ٘اُ, مئٍ اىعيً٘ , خبٍعٔ اىقبٕزٓ, اىدٍشٓ 

سزطبُ اىثذي ٗغشٗٓ ٍع اىَبمزٗفبج ريعت دٗرا حبسَب فً رط٘ر ٗاّزشبر إُ رفبعلاد اىخلاٌب اىطلائٍخ 

( ثٍئخ اى٘رً اىَصغزح ثبىعذٌذ ٍِ ع٘اٍو الاىزٖبة (TAMsىلأٍبمِ الأخزي. ٗ رَذ اىَبمزٗفبج اىَصبحجخ ىي٘رً 

اىزً رحفش مثٍزا ٍِ ٍسبراد الإشبراد داخو اىخلاٌب اىزً رسبٌٕ فً ثقبء َّٗ٘ اىخلاٌب اىسزطبٍّخ ٗثبىزبىً رصجح 

ٌعذ مجزرٍذ اىس٘ىٍْذاك ٗاحذا ٍِ ٍضبداد الاىزٖبثبد اىغٍز سززٗرٍذٌخ ٗاىزً رٌ ٕذفب ٍزٍَشا فً اىعلاج اىنٍٍَبئً. ٗ

 ر٘ثٍق ّشبطٔ اىَضبد ىيسزطبُ ىَْع حذٗس الأٗراً فً عذٓ أّ٘اع ٍِ اىسزطبّبد.

ٗمذىل رأثٍز مجزرٍذ  U937اىٖذف ٍِ ٕذٓ اىذراسخ ٌزَثو فً اخزجبر رأثٍز اى٘سظ اىَصبحت ىخلاٌب 

 .MCF-7خلاٌب ٗاىزعجٍز عِ اىدٍْبد اىَسججخ ىيسزطبُ ٗاىَ٘د اىَجزٍح ىخلاٌب اىس٘ىٍْذاك عيً ثقبء اى

ٍِ خلاه  MCF-7ٌعشس ثقبء ٗاّزشبر خلاٌب U937 ٗقذ أظٖزد اىْزبئح أُ اى٘سظ اىَصبحت ىخلاٌب 

  BCl-2ٍَب أدي إىى سٌبدح فً ٍسز٘ي اىجزٗرٍِ اىَضبد ىيَ٘د اىَجزٍح  Rasاىشٌبدح اىنجٍزح فً اىزعجٍز اىدًٍْ ىيـ

. ٗقذ رجٍِ أّٔ ثَعبىدخ ٕذٓ اىخلاٌب اىَسزحثخ ثنجزٌزٍذ اىس٘ىٍْذاك Par-4ّٗقص فً ٍسز٘ي اىجزٗرٍِ اىَثجظ ىي٘رً 

ٗالإشبراد اىَصبحجخ ىٔ. ٌٗزافق رثجٍظ اىزعجٍز  Ras ٌزٌ ٍْع َّ٘ ٕذٓ اىخلاٌب عِ طزٌق رثجٍظ اىزعجٍز اىدًٍْ ىيـ 

ٍَب  -Par  4ٗسٌبدح ٍسز٘ي  BCl-2 اىَجزٍح عِ طزٌق رقيٍو ٍسز٘ي رحفٍش آىٍٔ ٍ٘د اىخلاٌب Ras اىدًٍْ ىيـ 

 .  caspase -3 ٌؤدي إىً سٌبدح مجٍزح فً 

ٗقذ أظٖزد اىْزبئح اىحبىٍخ أُ مجزرٍذ اىس٘ىٍْذاك قذ ّدح فً إحجبط اىزأثٍز اىدبّجً ىخلاٌب اىَبمزٗفبج 

 ٍذ اىس٘ىٍْذاك فً علاج سزطبُ اىثذي.اىَصبحجخ ىي٘رً ٕٗذا ٌشٍز إىً اىذٗر اى٘اعذ اىذي قذ ٌؤدٌٔ مجزر

 .TAMs, مجزرٍذ اىس٘ىٍْذاك ,  Par-4 ,RAS اىنيَبد اىذلاىٍخ:

 

 

 

 

 

 

 

 

 

 


