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VI.SUMMARY 

X-rays represent a form of electromagnetic irradiation that may affect most exposed 
cells depending on the dose. This type of radiation may cause increased levels of reactive 
oxygen species (ROS), either directly or through radiolysis of water. Reactive oxygen 
species can damage electron transport chain proteins that in turn can create more radicals, 
which cause increased oxidative stress. Whenever the endogenous antioxidant mechanisms 
are not fully functional, it is expected that the increase in oxidative stress might cause 
cellular injury by inducing oxidative damage to various molecules, including increased 
lipid and protein oxidation. Free radicals can interfere with signaling cascades through 
regulation of protein activities. On the other hand, free radical signaling could be mediated 
by cytokines, the participation of which in cellular pathways is modulated by the redox 
status. The cytokine mediators of oxidative stress can alter redox equilibrium by affecting 
reduced/oxidized glutathione shuttling and recycling. This, by necessity, indicates 
alterations in the activity of the participating enzymes.  

Our strategy of protection against cellular damage by deep x-irradiation was built on 
restoring homeostasis of the disturbed biochemical pathways by affording protection to 
and preventing damage of essential macromolecules. The use of agents known to preserve 
membrane integrity and protect the folding and hydration of proteins would, by necessity, 
preserve the function of receptors and the activities of the different enzymes including 
those with antioxidant or DNA repair properties. Compatible solutes, including ectoine, are 
known to possess such properties and therefore are worth trying to protect cellular 
elements against the damaging effect of x-irradiation. 

The present study was undertaken to investigate the effect of acute exposure to low 
level of whole body deep x-irradiation on cellular oxidative stress in the mouse.  
Production of free radicals and the efficacy of antioxidant defense in the liver, brain and 
testicles were assessed. The relationship between the extent of oxidative stress and the 
balance between pro-inflammatory and anti-inflammatory cytokines as well as the changes 
in prostaglandin E2 were also considered.  

 male Swiss albino mice, weighing 20-22 g each, were used as the experimental 
animals and were divided into the following groups: 

Group 1: of six (6) animals served as negative controls. 

Group 2: of 12 animals were irradiated by a single dose of 2 Gy by exposure for one 
minute. Six (6) animals were sacrificed after one day and the other six (6) after 7 days. 

Group 3: of 12 animals were irradiated by a single dose of 6 Gy by exposure for 
three minutes. Six (6) animals were sacrificed after one day and the other six (6) after 7 
days. 
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Animals in groups 2 and 3 received intraperitoneal injections of saline. 

Group 4: of 12 animals were irradiated by a single dose of 2 Gy. Six (6) animals 
received a single dose of 200 mg ectoine per kg body weight, and were sacrificed after one 
day. The other six (6) received the same daily doses of ectoine and sacrificed after one 
week.  

Group 5: of 12 animals were irradiated by a single dose of 6 Gy. Six (6) animals 
received a single dose of 200 mg ectoine per kg body weight, and were sacrificed after one 
day. The other six (6) received the same daily doses of ectoine and sacrificed after one 
week.  

At the end of the designated times animals were sacrificed by cervical dislocation. 
Each sacrificed animal was decapitated and the bones at the top of the skulls were excised 
to remove the whole brain. The liver and the testicles were also dissected, and the three 
organs were quickly washed with ice-cold saline. All specimens were properly labeled and 
kept at -80 _C until assayed for the following parameters: 

- Interleukin-1β (IL-1) and interleukin-6, (IL-6) representing pro-inflammatory 
cytokines 

- Interleukin-10 (IL-10), representing anti-inflammatory cytokines 

- Malondialdehyde (MDA) as well as total, reduced (GSH)  and oxidized glutathione 
(GSSG) to evaluate oxidative stress  

- Prostaglandin E2 (PGE2). 

The effects of whole body x-irradiation were qualitatively similar on all three organs 
tested, but quantitatively different depending on the organ and the radiation dose. Both of 
the pro-inflammatory cytokines, IL-1 and IL-6 increased at one day after irradiation with 
both x-ray doses (2Gy and 6 Gy) in the liver, brain and testicles with the highest rise seen 
in the liver.  

After one day of irradiation with the 2 Gy dose the level of IL-1in the liver almost 
doubled (93.1% increase) going up to 3-fold that of control after 7 days. The effect of the 6 
Gy dose was more prominent, as the mean values of IL-1 were 3-fold the control after one 
day and 6-fold after seven days. The changes in the concentration of IL-1in the brain were 
similar to those in the liver. The 2 Gy dose caused mean increases over control levels of 
33.9% after one day and 121.5% after 7 days. Much higher increases were observed with 
the 6 Gy dose reaching 404.3% after one day and 555.4% after 7 days. The percentage 
changes were apparently high because the levels in the control group were lower than what 
was seen in the liver. Such control level was even lower in the testicles. The 2 Gy dose 
caused increases of 46.0% and 144.4% one and seven days post-irradiation. With the 6 Gy 
the calculated values were 6.5-fold and 9.3-fold the control in these 2 time points. 
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The effects of x-rays on IL-6 paralleled those of IL-1. One day after irradiation with 
2 Gy the level of IL-6 in the liver was more than 3-fold the control value followed by a 
substantial increase to more than 10-fold that of control after 7 days. Irradiation with 6Gy 
gave higher values. The levels of IL-6 in the liver tissue, after one day and 7 days, were 
more than 8-fold and 16-fold that of control respectively. IL-6 in the brain showed a 
substantial relative increase as a result of x-irradiation. With the 2 Gy such increases were 
521.8% after one day and 919.4% after 7 days. With the 6 Gy IL-6 reached levels more 
than 12-times the control value after one day and more than 17-times after 7 days. In 
mouse testicles, one day after the 2 Gy dose an increase of 88.2% of IL-6 was detected, 
that went up to 160.3% above control after 7 days. The effect of the 6 Gy was greater as 
IL-6 reached levels about 5.4-fold and 9.7-fold the control, one and seven days after 
irradiation respectively. These results indicated that the effects of radiation were not 
momentary, but were progressive with time. The reported effects of cytokines in case of 
irradiation are conflicting. Several possible mechanisms of radioprotection have emerged 
including reduction of oxidation damage and apoptosis. In contrast, sensitizing 
mechanisms may include increased oxidative damage, which may occur in absence of 
scavenger induction, as well as enhanced apoptosis. 

The rise in the pro-inflammatory interleukins was couples with concomitant increase 
in the anti-inflammatory IL-10.  The pattern of change in IL-10 was the same as seen with 
the other determined interleukins. In the liver, exposure to the 2 Gy radiation dose caused 
increases, above the mean control level, of 151.8% after one day and 581% after 7 days. 
These values were higher after the 6Gy dose reaching 443.6% and 945.5% after one day 
and 7 days. Although the level in the brain was much lower than in the liver, it showed a 
large increase as a result of exposure to x-irradiation. At day one after the 2 Gy dose its 
level was about 3.4-fold that of control and went up to more than 6-fold after 7 days. The 
increase was even greater following irradiation with 6 Gy, as the level exceeded 7.6-times 
and 12.1-times that of control after one day and 7 days respectively. The level of IL-10 in 
the testes also increased as a result of exposure of the animals to x-irradiation. Exposure to 
the 2 Gy radiation dose caused increases of 86.8% after one day and 581% after 7 days, 
above the mean control level. These values were higher after the 6Gy dose reaching 6.6-
fold and 18.5-fold the control value after one day and 7 days. Such increased production of 
this anti-inflammatory cytokine may represent an attempt of the affected cells to balance 
the actions of the pro-inflammatory cytokines or to modulate their effects on other 
signaling pathways. It is generally recognized that counteraction of the inflammatory 
response to radiation is important to attenuate acute radiation effects and prevent 
consequences. It has been proposed that the biological activities of IL-10 in modulating 
inflammation in this case may be caused, in part, by down-regulation of pro-inflammatory 
cytokines and the expression of their receptors and up-regulation of cytokine inhibitors. 

The disturbance by low-dose x-irradiation was also seen in the changes in the levels 
of PGE2. The behavior of this prostaglandin was again similar to what was seen with the 
interleukins. Both doses of x-rays caused an increase in its level starting on the first day 
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after irradiation and continued to rise to higher levels on day seven. It is known that 
cytokines, like IL-1, can increase the production of prostaglandins and it is postulated that 
the effects associated with the rise in interleukin- 1 may actually be due to induction of PG 
synthesis. 

X-rays causes increased ROS production that result in increased lipid peroxidation. 
Malondialdehyde , the principal product in this case is generally used as indication of 
oxidative stress. After one day of irradiation by a 2Gy dose the mean level of MDA was 
3.8-fold that of control. Contrary to what was expected, the level decreased by 7.1% after 
seven days although it was still 3.6-times the control level. The 6 Gy dose gave 
qualitatively similar results, but quantitatively higher levels. The level of MDA was 5.3-
fold that of control after one day and only 2.9-fold after 7 days. Whether the decrease in 
MDA observed on day seven may be taken as an early sign of recovery or it may be due to 
excessive damage of cellular membranes causing depletion of fatty acids, particularly 
arachidonic acid, because of extensive production of interleukins and PGE2 or due to 
decreased activity of the oxidative enzymes, needs to be clarified. 

The effect of low-dose x-irradiation on glutathione was not as strong as may be 
expected. There were no statistically significant differences in the results of total 
glutathione among all the groups of mice as compared to control values. However, there 
were differences among the values of the reduced and oxidized forms. The effect was 
relatively higher after one day of irradiation with a tendency toward recovery and going 
back to near control. Because of the initial reduced and oxidized levels in the control 
group, the percentage changes in the irradiated groups were apparently large. 

It could be clearly seen from the results obtained in this work that treatment with 
ectoine modulated the biochemical effects induced by x-irradiation. Such modulating 
action was dependent on frequency of dosing of this compatible solute. The effect after a 
single dose was variable, sometimes increasing the parameter tested and some other times 
causing a decrease, as could be seen after one day of treatment. However, repeated 
administration gave more uniform results. The seven consecutive doses given over one 
week caused all the tested biochemical parameters to go back to near normal values. This 
gave a clear indication that probably ectoine needs to accumulate in the cells before it 
affords protection. It should be noted that ectoine accumulates to molar levels in radio-
resistant microorganisms. Accordingly, it should be recommended that ectoine be 
administered repeatedly to protect against irradiation effects. Whether pretreatment with 
ectoine would prevent cellular damaging effect of ionizing radiation is worth investigating. 
If successful, it would afford protection to radiologists and technicians continuously 
exposed to ionizing radiation whether from the x-ray imaging machines or from ionizing 
radiation devises for tumor treatment.   
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FGHIJا LMNOJا  

١ 

LMNOJا FGHIJا 

 gh دةklز gnدى اql rs ktu kvn ضxyz{ gznا kl|}nا ~�yu gh x�q{ gznت اkyا�� �u k�}��t أ��y أآ� ��
 kl|}nة دا�� اrدات ا�آ�k�u �t��rم  �nk� gh ء وktnا ���{ �lx� ����k � ا�آ����� اx�nة ��x�k�u ��lxة أو 

 �th kvzsk� �uk¡� �uز|nت اk¢�{وx�nت اk£l¤� ه�ن وrnة اrدة أآ�klز §��l rs ktu ىrآ�¨znد اkvدة ا��klز ©s�ztnا
 ���}nا �tyn . kv�t� ~�¢{ gznت اk¢آ��z��nا ��ªا�� x�¨zl kv�t�و آk�­�n �¡tl kt � اx�nة }¢��~ �­kط اx�nو}�¢kت h»ن 

�� ��lx اgh x��¨zn ا��¤ktlت ا ���}�n �lrآ�¨znا �nk�nرآ�اk­tn.  

 ��ªا�� kl|}nا gh �� k�t�¡nرات اk�tnدة }�ازن اkyzªا g�� ¯��nه°ا ا gh kl|}nا �lkt� ا���xzªا ±uks rs و
 g�� ²hk�{ gznت اkآ�xtnام اr}zªو أن ا ���}nا �lkt�n �uز|nت اk£l¤³�n ©�{ rs gznار اx´ا� ©¢u و �lkt�nا ~lr�{

nا gh ��{وx�nئ ا¤� �¡� gt�{ ا�¶­�� و ·nذ gh kt� تktl¤ط ا��k­� ت و|��z�tnا �t� g��xºاغ qlدى اgn اkº�nظ 
  �lو�¢nض اktة أو ا½|ح ا��rآ�|n دk�u طk­� kvn gznت اktl¤ا�� . ��{ا°nاد ا�tnا gh دة���u اص�}nو ه°¿ ا

�l�zآ§ أآxu ·nذ gh kt� ��hا�ztnا.  

z�t�n دk�nض اxyznا x��¨{ �ªراrn ¯��nى ه°ا اxأ� rs د وkvا�� g�� ���tynأآ� ا �yأ� �u �º�y�nت اkl�
���� k�uدات ا�آ�rة gh اr�¡n و اÀtn و . اzn¨آ�rى kl|� gh اx£ºnان kh ىru ة وx�nا � k�­nج اkzا� ���y{ ~{ rs و

kج �xوkzª و آ°n· ا�E2 zاn{��Â  آkt }~ }���~ ا�s|yn ��� ا�z��nآ�¢kت اk�kvzn|n ����tnت و }�· اk�tnدة k�kvzn|nت  
�lr�|� 

 ��� kvاوح وز�xz� ءk���nان اx£ºnذآ�ر ا  ¯��nه°ا ا gh مr}zªا rs ٢٢و  ٢٠و  gnا kvt���{ ~{ و ~�
��nkznت اk��t³tnا: 

  ���t³tn١ا-   �u٦  ���t³tآ ~vuاr}zªان }~ اx£h�tآk� ��nkª  

 ���t³tn٢ا-  �u١٢  ���t³tآ ~vuاr}zªرا }~ ا¨h�tآk� ³n ~v�lxy{ ~{ ����u أآ� �yأ� ��xاى و  ٢x�
���z  x£h٧ان �ry  x£h٦ان ��l ryم وا�r و  ٦}~ اry�  ����znد �t³tآ ~vuاr}zªع و }~ اky�|n ضxyznا �u مklأ

�sاآ� ا� �yأ� ��x� x��¨{ �hxytn ��z���u ��z��ks.  

 ���t³tn٣ا -  �u ���¡u١٢  ���t³tر آkh�tآk�  ى�z�tn ~v�lxy{ ~{ ����uا ٦ �yأ� �u اىx� rs آ� و
  أklم x£h٧ان �ry  x£h٦ان ��l ryم وا�r و  ٦}~ اry� ����znد 

 ���t³tn٤ا-  �uى  ١٢�z�tn ~v�lxy{ ~{ راkh٢  �³nkyu ±t{ �yا�� �u اىx�٦  �l�zت أآk�x³� انx£h
٢٠٠ ~³u/ �³nkyu ±t{ ktآ rم وا��l ry� ~v� ����znة  ٦آ³~ و }~ اrtn ��x³nا �º¢� انx£h٧ �znا ±t{ م وklأ ���

©�k�nم ا��nا gh ~v�.  

 ���t³tn٥ا-  �uى  ١٢�z�tn ~v�lxy{ ~{ راkhد  ٦r� �³nkyu ±t{ rs و �yا�� �u اىx�٦  ��x³� انx£h
 �l�z³~ ٢٠٠اآu/ �³nkyu ±t{ ktآ rم وا��l ry� ~v� ����znا ±t{ ة  ٦آ³~ وrtn ��x³nا �º¢� انx£h٧  ±t{ م وklأ

©�k�nم ا��nا gh ~v� ����znا.  

�� و اx}zªاج اr�¡n و اÀtn و اn{��z�Â و }~ و gh ا�x�� ~v�lx­{ ان وx£ºnk� ����znا ±t{ دةr�tnت اksو
�¢r در�� �xارة  ~v�º�- م°٨٠ g{ا� ���y{ gz�:  

-  nxzآ��  �١آ�� ا��nxz٦و ا� ��n ����tت�آk�kvzn|n ����tnت اk¢آ��z-  

  �zآ�¢kت اk�tnدة kvzn|nب�آ��n ��tt ١٠-ا��nxzآ��  -

-   u ن���k{��� لk¡و أ� rه�rnاى اr��nk)ع�t³tnة و اrآ�qtnو ا  �n¤z}tnا(  

-  E2- �lr�|�kzªوx� 
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 �º�z}u kv¢¡n و Î�¡nا ���k� �u Ïv�k­zu ±�kآ �uk¡nk� انx£ºnا ~�� ©�y­{ اتx��¨{ ان Ð kz¢nا �u ���{ rs و
�� ا��kyعx� و g¢ytn�³~  اnا ��� g�� ·nذ gh ةrtzyu ~¡nا ���k� �u .¯��  ى�z�t� و r�¡nا gh x��¨{ xأآ� rو�

 ��nkynا ��x³nا x��¨{ نkآ ©s�zu ه� ktو آ ��z�Â}nو ا Àtnا gh �s٦ا  �u xاى أآ�xاى �٢x�.  

 ��x³n ضxyznا �u rم وا��l ryآ�� �٢�nxzى ا��z�u ان ���{ r�h أآ� �yا� �u اىx�-١  Ñ�� rs r�¡nا gh
�� اnاzu k�lx�{ Îy�n¤اrl اgn �|�� ا´kyف �z�uى �t³tnا�tآk�  ry�٧  ��x� x��¨{ نkم و آkl٦أ  ¯�� xاى أآ�x�

��z�u Îى ا��nxzآ��k�{- ١ gnا ·nذ ry� rlو }¤ا rم وا��l ry� اتxu �٦|ث  ry� فky´م ٧أklأ.  

�� ا��kyع  ١-و rs آ�k± اx�Ôznات gh ا��nxzآ��x� ±���{ ¯�� r�¡nا ©u �v�k­zu Àtnا gh٢  gh اىx�
 gnدة ��اklو % ٣٣.٩ز rم وا��l ry�٢١ % ry�٧  ��x� ry� x��¡� g���kت أkº{² ار��n rs م وkl٦أ  ±Ô�� اىx�

��  ry�٧ % �l ry�٥٥٥.٤م وا�r و % ٤٠٤.٣�t³tnا gh ى�z�tnة ��¯ أن اxآ�� klxهkÖ اتx�Ôznا ±�kآ rs م وklأ
nا�tآk� nا ���t³tnا gh ى�z�tnن ه°ا اkو آ r�¡nk� د���u ه� ktu �sأ�tآk�  �sأ ��x� ±���{ ¯�� ��z�Â}nا gh

�� . ��l ryم وا�r و �y�ª أklم% ١٤٤.٤و % x�٤٦اى gh زklدة  ٢ا��kyع x� ±���{ rs و½�ل  ٦و gh اىx�
�� اn ٩.٣و   gn٦.٥إ ١- �z�tnى ا��nxzآ���t³tnى ا�z�u �u kºy´�tآk� ��zs�nا �l°ه gh.  

��¯ ار}�z�u ©ºى  ١-gh ²��n ktn ا��nxzآ�� �uازkl ٦- و rs آkن }¨��xا�y�¨� ©�y­zn اآ� ��g ا��nxzآ��
�� اn gh٣ اr�¡n اgn اآ��u x  ٦-ا��nxzآ���t³tnى ا�z�u فky´أ�tآk�  xأآ� gnة  اxدة آ��kl¤� k���zu rم وا��l ry�

 �u١٠  ry� فky´م  ٧أklع . أkyا�� ��x� ryآ��  ٦و��nxzى ا��z�u نkاى آx� -و  ٦ rم وا��l ry� r�¡nا ghم  ٧klأ
xاآ�  �uف و  ٨ky´١٦أ nا ���t³tnى ا�z�u Îy´�tآk� gnا�znا g�� ٦-أgh ku اr�h Àtn ار}x{ ©ºآ�¤ ا��nxzآ�� . 

 �u xأآ� gnف و  ٦اky´١٠أ nا ���t³tnى ا�z�u فky´أ�tآk�  عkyا�� ��x� �u مklأ �y�ª و rم وا��l ry� . و
 ���kyا�� ��x³nا x��¨{ نkآ r�h ©s�zu ه� ktآ�� ٦آ�nxzى ا��z�u Ñ�� ¯�� x��¡� xاى أآ�x�-٦  Îy´ x­� g¢ا�

nا ���t³tnى ا�z�u�tآk�  و rم وا��l ry�١٧  ry� kºy´م ٧klى . أ�z�u gh دةkl¤nا ±�kآ r�h ر¨ºnا ��Â� gh kuأ
�� ا�kyع  ٦-��ا��nxzآx� �u٢  gnاى ��اx�٨٨ % ry� ازدادت rs ٧و  gnم اkl١٦٠.٣أ %g�½ى ا��z�tnق ا�h .

 x��¨{ نkآ rs ى  ٦و�z�tnا Ñ�� ¯�� xاى أآ�xو  ٩.٤و  �٥.٤ rم وا��l ry� g�½ى ا��z�tnف اky´٧أ  �u مklأ
©�y­znا .  

squ اx��¨{ ��n اآ� �yا� x��¨{ أن g�� Ð kz¢nه°¿ ا ±nد rs و±s�nور اxt� rlا¤zu �� kz .  

gºh . اk�tnد kvzn|nب ١٠-وrs }¤ا�u ار}kºع �z�uى ا�z��nآ�¢kت اkvzn|n ����tnب u© زklدة gh ا��nxzآ��
�� إ�kyع x� gnان إx£ºnض اxy{ §��{ r�¡nآ�� ٢ا�nxzدة ا�klز gh اىx�-١٠  �����nا �tآk�nا ���t³tnى ا�z�u ق�h

�� إ�kyع  ry�٧ % �l ry�٥٨١م وا�r و% r�t�١٥١.٨ار x³n ضxyznا ry� g���xاى  ٦أklم وrs آ�k± ه°¿ اkl¤nدات أ
 ±Ô�� ¯و% ٩٤٥.٥و % ��٤١٣.٦ rم وا��l ry�٧ gnا�znا g��  .أklم 

Àtnا gh ى�z�tnأن ا �u ~¶xnا g��آkن أ�u x��¡� �s اr�h r�¡n }��§ اxyznض ���y اآ� gh زklدة  و
³n ضxyznا �u rم وا��l ry�h �Ö���u عkyإ� ��xى  ٢�z�u Ñ�� اىx�)آ���nxzى  ٣.٤ )١٠ -ا��z�u فky´أ 

 �u xأآ� gnدة إkl¤nا ±�sky{و �tآk�nا ���t³tn٦ا  ry� فky´م ٧أklع . أky�Ùا ��x� ry� xدة أآ�kl¤nا ±�kآ rs٦و 
gh  ١٠ -��آkt ار}�z�u ©ºى ا��nxzآ أklم ٧´ry� kºy  ١٢.١أ´kyف ��l ryم وا�r و x�٧.٦اى ��¯ }{�g ا�z�tnى 

 ��x³n ضxyznا ry� ��Â}nار  ٢اr�t� اآ� �yأ� �u اىxو �٨٦.٨ٌ rم وا��l ry�٥٨١ % ryم �٧klه°¿ . أ ±�kآ rsو
 ��x³� ©�y­znا ry� g��  .أklم ��g ا�znاgn �l ry�٧م وا�r و  %٩٤٥.٥و % x�٤٤٣.٦اى ���Ônk  ٦اkl�z�tnت أ

�nوk�u ��t{ rs  x��¨{ �nدkytn ��kÂtnا kl|}nا �uتk�kvzn|n ����tnت اk¢آ��z��nوف ان . اxytnا �u أن ¯��
�kºتk�tnا ©¢tnد وk�nا kهx��¨{ Û���zn ~vu عky�Ùا �� �³{k¢nت اk�kvzn|n دk�tnا �yºnرد ا.  

�� اky�Ùع gh ه°¿ ا�nk�n  ١٠-وrs }~ اxzsاح أن }¨��x ا��nxzآ�� Ð{k¢nب اkvznى ا��z�u x�Ô{ gh g��n���nا
 k� ¤� Ðz¢l rs����tnت اk¢آ��z��nآ�¤ات اx{ Û���{ ��  .k�kvzn|nت و}¡�v{|��z�u �l~ وزklدة k���uت ا�z��nآ�¢kت 

 gh اتx�Ô{ gh ±���{ rs اآ� �yأ� �u ���rztnت اk�x³nا �� �³{k¢nت اkا�x�´أن ا� ·n°² آ��n rsو
 �lr�|�kzªوx� ى�z�uE2 .u ©u Ïz��|u ±t{ ktn �v�k­u اتx�Ôznه°¿ ا ±�kآ rsآ�� ��¯ }���± و�nxzت ا�kآ�x

�� أ��y أآ� gh ار}kºع r� kv{kl�z�uءا �u ا��nم ا�ول �ry اu ©�y­zn© اxtzªار ا�ر}kºع kl�z�tnت أ��gh g ا��nم x�
©�k�nا.  
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FGHIJا LMNOJا  

٣ 

}��§ زklدة gh إ�kzج اx�nوk¢lr�|�kzªت و�u اxzºtnض أن  ١- و�u اxytnوف أن ا�z��nآ�¢kت ��u ا��nxzآ��
��kÂtnات اx��¨znآ��ا�nxzى ا��z�u عkº{ت ١-� �رk¢lr�|�kzªوx�nا ©�¢Â{ دةklز �� �³{k� ©sا�nا gh ن�¡{ rs.  

و}��z§ أ��y اآ� gh زklدة إ�kzج ��k � ا�آ���³ اx�nة ql ktuدى إgn ار}kºع أآ�rة اrnه�ن وr}z�lم 
أrnه��z�u  rى �nkuن داىr آkن وs. داى أrnه�r اÐz¢tn اgh g�� xn ه°¿ ا�nk�n آkv�Ün x�qtد اzn¨آ�rىxuآ§ �nkuن 

 gn��٣.٨ا  ��x³� ©�y­znا �u rم وا��l ry� �tآk�nا ���t³tnف اky´اى ٢أx� . r�h kys�zu نkآ ku �¡� g��و
 gnى ���ا�z�tnا Ýº}٧.١ا� % ryزال  �٧ku Ïأ� �u ~¶xnk� مkl٣.٦أ �tآk�nا ���t³tnى ا�z�u فky´أ . ±��وrs أ

 ��xاى �٦x� � �u �v�k­u Ð kz� rه�rnن داى ا�nku ى�z�u Ñ�� ¯�� ~¡nا ���k� �u g�� ���k٥.٣ اÎ�¡n وn¡� أ
�� اk�nآ�l ry� �tم وا�r و�t³tnف اky´٢.٩أ  ry� فky´م ٧أklه°ا . أ �ynو rs ©�k�nم ا��nا gh ظ���tnض اkº}ا��

h k���zu kl|}nا ��­¶� rlا¤zu مrه �� k³{k� ن�¡l ktأو ر� ghkyz�n �� r�u �u|�g ���ب ا��ktض اrnه¢�� l¡�ن 
 §��� ·nو��· وذrأراآ� Ýt� �½kت�k¢lr�|�kzªوx�nت واk¢آ��nxz�|n rlا¤ztnج اkz�Ùط  اk­� ضkº}أو ���§ ا�

  .اqtnآ�rة وه°ا kz�lج إgn درا�����z�u �ª اktl¤�Ùت

¡l ~n ¯�� ةx�z¢tnة ا��nk� ن���k{��³nا g���kت ا�u ��º}¢tn أ��y أآ� x³nا x��¨{ �¡l ~n وقxh كk¢ه �
�tآk�nا ���t³tnk� ر��k�u تk��t³tnآ� ا gh ���¡nن ا���k{��³nا Ð kz� gh �l�¢yu . gh وقxh كk¢ه ±�kآ �¡nو

وآkن اx��¨zn أآ��l ry� xم وا�u r© ا�y�n ��tnدة ��� kl�z�uت . kl�z�uت ا���k{��³nن ا�n¤z}tn وآ°n· اqtnآ�rة
 ry� �tآk�nا ���t³tnم ٧اklأ.  

 Ð kz� لr{و ©�y­znا kv�rأ� gznات اx�Ôznا g�� ß´وا x��¨{ ن ذوkآ �l�zدة اآkt� ج|ynأن ا g�� ¯��nه°ا ا
�� . ��ا��ª أ��y اآ� وه°ا اx��¨zn آkن rtzyuا ��ru gى }¡xار اyn|ج �v°¿ اktnدةx� ry� k¢lk�zu x��¨znن اkآ ¯��

 �¡nة وrوا��v�k­zu Ð kz� g���kت أx³nار اx¡{ . ءk����دة  ٧وrs }��§ إ gh ع��ªل أ|� gh ��u�l تk�x�
�� اk�nآ�t اx�Ôztnات�t³tnت اkl�z�u �u ��lxs تkl�z�u gnإ kv¢��y{ ~{ gznا . k�´وا k�kا��� Ð kz¢nه°¿ ا ±��وrs أ

kvzlkt� gh §��zzn kl|}nا gh ��nk�  .أن kuدة اآkz�{ �l�zج إgn ا�n½�ل إx{ gnآ�¤ات 

اآt³z{ �l�z© إx{ gnآ�¤ات �gh ��nk ا���kء ا���srn اk�tnو�u وgh ه°ا اrÂnد u §³l|��� أن kuدة 
��x��¨{ gهk ا�nا�u gs اky�Ùع. ky�Ünع �Â�� gz� �l�zدة اآktn رx¡ztnول اk¢znk� ��½�znا �¡tl ·nذ g��وآ°n· . و

وk³� �nk� ghح  .���ث �hxytn �����z�u ه� اyn|ج اk� ���tnآx��¨{ �u gt�l �l�z اky�Ùع ا�lqtnاx�«� ��½�znاء 
 �y�¨� xl�Âznا �u اء�ª �lqtnع اky�Ün ارxtzªk� ن�´xyzl �l°nا ~vو��kyuء وkا��� �lkt�n Ïuاr}zªا �¡tl ·nذ

�|ج اk�x�nن gh مr}z�tnع اky�Ùأآ� أو ا.  
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