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Abstract: 
         The present study was designed to evaluate effect of caffeine to gamma irradiated rats.  

         Forty eight female albino rats (120-150 gm) were divided into four groups (each of them 

12 rats). The first group was considered as control. The animals in the second group were 

injected I.P. with caffeine (80 mg/Kg b.w.), the third group exposed to (7Gy) -radiation while 
the animals in the fourth group injected I.P with caffeine (80 mg/Kg. b. w.) 1 h prior to whole-

body dose of -rays (7 Gy).  
         Fresh liver specimens were obtained after 1 and 3 days of treatment. Paraffin sections 

were prepared for histological study (Hx & E.) and frozen sections were prepared for 

histochemical study for localization of both acid, alkaline phosphatases and succinic 
dehgdrogenase enzymes. 

         The enzymatic activity was quantitatively evaluated and statistically analyzed. The 

obtained results showed that whole body -irradiation of rats induced definite microscopic 
changes in the liver represented by periportal fibrosis with some necrotic hepatic tissue. 

Meanwhile caffeine alone showed histological pattern more or less near to normal. On the other 

hand -rays combined with I.P. injection of caffeine revealed vaculated hepatocytes with dilated 
blood sinusoids.  Histochemical changes were also observed showing significant increase in 

both acid phosphatase and succinic dehydrogenase enzymes activity after one and three days 

post exposure while the alkaline phosphatase enzyme activity showed significant decrease after 

one day and increase after three days of exposure. 
         Administration of caffeine (1, 3, 7-trimethylzanthine), a major component of coffee (80 

mg/Kg body weight), 60 min prior to whole body lethal dose of gamma-irradiation (7 Gy) 

resulted in improvement of the radiation induced changes in the activity of measured enzymes.  
 

 

Introduction: 

 
         

 

Exposure to high doses of ionizing 

radiation is associated with utilization of 
oxygen by cells resulting in production of 

highly reactive free radicals implicating 

tissue damage (Packer 1991) and appears in 
several forms of cellular injury (Boner et 

al., 1988). 

         Caffeine, a major component of 
coffee is an antioxidant radioprotector 

against the oxic pathway of radiation 

damage in a wide range of cells and 

organisms (George et al., 1999). Moreover, 
radioprotection could also be possibly due 

to a mutually inhibitory reaction of caffeine 

molecules   with   the   -radiation   induced 

oxygen reactive sites (Kesaven et al., 

1978). 

         Protection from -rays, still nterest 

of many radiobiologists, trying to 

achieve less toxic substance with 

maximum protecting action against 

radiation effects. 
 

Material and Methods: 
Forty eight female albino rats weighing 

from 120-150 gm were used. Animals were 
housed in cages under good ventilation 

condition and adequate stable standard diet. 

         Irradiation was performed by gamma 

cell  40  (cesium-137)   source belonging  to  
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the National Center for Radiation Research 

and Technology (NCRRT). This cesium 

source offers a dose rate of 1.367 rad/sec. 
Caffeine was purchased from El-

Gamhoriya company, dissolved in saline 

and I. P. injected (80mg/Kg b.w.) 1 h 

before irradiation (George et al., 1999). 
The animals were divided into: 

 Group1-( Control rats). 

 Group 2-(.- Animals irradiated at the 
dose level of 7 Gy 

 Group3-.(Caffeine treated animals) 

 Group4- (Animals injected with 

caffeine and then irradiated at a dose 
level of 7 Gy). 

         The animals were scarified one and 

three days after treatment.  Fresh liver 
specimens were obtained and paraffin 

sections (6um thickness) were prepared for 

histological study. More fresh liver speci-
mens were also obtained where frozen 

sections (8um thickness) were prepared for 

histochemical study. Different histochem-

ical techniques, were used for localization 
of the activity of enzyme including. 

1- Gomori technique for Acid phosphatase 

enzyme activity (Pearse, 1975). 
2- Modified Gomori technique for 

Alkaline phosphatase enzyme activity 

(Pearse , 1975). 
3- Nachlas technique for succinic dehy-

drogenase enzyme activity (Nachlas, et 

al., 1957 and Pearse, 1975). 

         Quantitative analysis were carried out 
to evaluate the enzymatic reaction using 

computer image analysing system. The 

system is supplied by research microscope 
and colored video camera. Estimation of the 

optical density (0.D) was done. The 

obtained results were statistically analyzed. 

 

Result 
1-Morphological changes (Fig  1,2). 

         The normal histological pattern of the 

liver of rats was found as normal hepatic  

cords radiated from the central vein and 
separated by narrow blood sinusoids. The 

hepatocytes were polyhydral cells with 

acidophilic cytoplasm and each had a 

rounded nucleus. The group exposed to -
rays (7 Gy) showed peri portal fibrosis with 
some necrotic hepatic tissue after 1 day 

which persisted for the three days in 

addition to pyknotic nuclei and vaculated 

cytoplasm. In the group of animals treated 
with caffeine alone, hepatic cells showed 

nearly normal histological pattern. On the 

other hand in case of animals exposed to -
rays combined with caffeine, hepatic cells 

showed mild vaculation with dilated blood 
sinusoids after one day of exposure which 

persisted for the three days. 

 

2- Histochemical changes  

A- Acid phosphatase enzyme (ACP)(Fig 

3-4).    
After one day of the treatment there is a 

significant increase in the enzyme activity 

in all groups while after three days the 

enzyme activity increased after irradiation 
and decreased in both caffeine alone group 

and caffeine irradiated group. 

B- Alkaline phosphatase enzyme (ALKP) 

(Fig 5-6): 

After one day there is a significant increase 

in the enzyme activity in both caffeine 
alone group and caffeine irradiated group 

and a decrease in the irradiated group. After 

three days there is a significant increase in 

the enzyme activity in all the treated 
groups. 

C- Succinic dehydrogenase enzyme 

(SD)(Fig 7-8): 
The enzyme activity of succinic dehydr-

ogenase significantly increased in all the 

treated groups after one and three days.
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Table (1): Histochemical change in the hepatic cells under the effect of caffiene after one 

day in the different groups of the study 

 

Cellular 

Acid    phosphatase Alkaline  phosphatase Succinic  dehydrogenase 

control 
radiate

d 
treated 

tre + 

rad 
control 

radiate

d 
treated 

tre + 

rad 
control 

radiate

d 
treated 

tre + 

rad 

1.00 1.44 1.48 1.39 1.42 1.27 1.28 1.44 1.65 1.50 1.86 1.57 1.71 

2.00 1.43 1.53 1.54 1.45 1.36 1.29 1.37 1.71 1.44 1.58 1.62 1.74 

3.00 1.36 1.65 1.42 1.36 1.34 1.25 1.56 1.72 1.57 1.65 1.65 1.69 

4.00 1.44 1.42 1.47 1.41 1.43 1.29 1.36 1.65 1.50 1.61 1.51 1.65 

5.00 1.37 1.57 1.37 1.42 1.44 1.32 1.46 1.69 1.47 1.54 1.66 1.73 

6.00 1.42 1.45 1.51 1.44 1.35 1.27 1.35 1.73 1.45 1.68 1.49 1.68 

mean 1.41 1.52 1.45 1.42 1.37 1.28 1.42 1.69 1.49 1.65 1.58 1.70 

S.D 0.04 0.08 0.07 0.03 0.06 0.02 0.08 0.03 0.05 0.11 0.07 0.03 

S.E 0.01 0.03 0.03 0.01 0.03 0.01 0.03 0.01 0.02 0.05 0.03 0.01 

Gr.comp  C:R C:T C:TR  C:R C:T C:TR  C:R C:T C:TR 

T.value  0.04 0.08 0.30  0.01 0.13 0.00  0.01 0.01 0.00 

Significance  S.↑ N.S.↑ N.S.↑  S.↓ S.↑ S.↑  S.↑ S.↑ S.↑ 

 

 

Table (2): Histochemical changes in the hepatic blood vessels under the effect of 

caffiene after one day in the different groups of the study 

 

cellular 
acid    phosphatase alkaline  phosphatase Succinic  dehydrogenase 

control radiated treated tre + rad control radiated treated tre + rad control Radiated treated 
tre + rad 

 

1.00 1.08 1.05 1.12 1.05 1.13 1.16 1.19 1.16 1.08 1.2 1.19 1.21 

2.00 0.85 1.13 1.11 1.02 1.14 1.21 1.14 1.19 1.03 1.22 1.2 1.28 

3.00 0.98 1.03 0.9 1.03 1.13 1.13 1.22 1.14 1.99 1.23 1.09 1.08 

4.00 0.9 1 0.98 0.91 1.18 1.11 1.24 1.17 1.07 1.22 1.24 1.24 

5.00 1.01 1.09 0.92 0.92 1.16 1.14 1.06 1.11 1.05 1.21 1.21 1.17 

6.00 1.06 1.05 0.89 0.98 1.12 1.09 1.17 1.15 1.04 1.81 1.17 1.18 

mean 0.98 1.06 0.99 0.99 1.14 1.14 1.17 1.15 1.21 1.32 1.18 1.19 

S.D 0.09 0.05 0.10 0.06 0.02 0.04 0.06 0.03 0.38 0.24 0.05 0.07 

S.E 0.04 0.02 0.04 0.02 0.01 0.02 0.03 0.01 0.16 0.10 0.02 0.03 

Gr.comp  C:R C:T C:TR  C:R C:T C:TR   C:T C:TR 

T.value  0.07 0.46 0.45  0.44 0.19 0.26  0.31 0.44 0.46 

significance  S.↑ N.S.↑ N.S.↑  S. N.S.↑ N.S.↑  S.↑ S.↓ S. ↓ 

 
 

 

 

 



Histological and Histochemical Studies……. 

 48 

Table (3): Histochemical changes in the hepatic cells under the effect of caffiene after 

three day in the different groups of the study. 

 

cellular 

Acid    phosphatase Alkaline  phosphatase Succinic dehydrogenase 

control radiated treated tre + rad control radiated treated tre + rad control radiated treated tre + rad 

1 1.42 1.55 1.41 1.38 1.44 1.48 1.39 1.42 1.5 1.73 1.68 1.61 

2 1.56 1.52 1.37 1.39 1.36 1.53 1.54 1.45 1.48 1.55 1.59 1.73 

3 1.48 1.45 1.34 1.41 1.41 1.42 1.42 1.52 1.5 1.49 1.72 1.75 

4 1.43 1.54 1.42 1.37 1.44 1.65 1.39 1.41 1.45 1.61 1.56 1.68 

5 1.47 1.5 1.38 1.39 1.43 1.52 1.47 1.36 1.42 1.66 1.7 1.77 

6 1.5 1.52 1.41 1.42 1.36 1.57 1.4 1.45 1.52 1.53 1.56 1.70 

Mean 1.48 1.51 1.39 1.39 1.41 1.53 1.44 1.44 1.48 1.60 1.64 0.06 

S.D 0.05 0.04 0.03 0.02 0.04 0.08 0.06 0.05 0.04 0.09 0.07 0.02 

S.E 0.02 0.01 0.01 0.01 0.02 0.03 0.02 0.02 0.02 0.04 0.03 C:TR 

Gr.comp.  C:R C:T C:TR  C:R C:T C:TR  C:R C:T 0.00 

T.value  0.13 0.01 0.00  0.01 0.22 0.20  0.02 0.00 0.00 

Significance  N.S. ↑ S. ↓ S. ↓  S. ↑ N.S. ↑ N.S. ↑  S. ↑ S. ↑ S. ↑ 

 
Table (4): Histochemical changes in the hepatic blood vessels under the effect of caffiene 

after three day in the different groups of the study. 

 

Cellular 
acid    phosphatase alkaline  phosphatase succinic  dehydrogenase 

control radiated treated tre + rad Control radiated treated tre + rad control radiated treated tre + rad 

1 1.26 1.43 1.14 1.11 1.08 1.05 1.12 0.93 1.05 1.25 1.17 1.22 

2 1.22 1.37 1.24 1.15 1.14 1.03 1.11 0.9 1.09 1.2 1.21 1.19 

3 1.27 1.33 1.17 1.16 1.11 1.13 0.98 0.99 1.15 1.3 1.25 1.27 

4 1.26 1.36 1.03 1.13 0.85 1.09 0.92 0.98 1.2 1.27 1.27 1.18 

5 1.28 1.33 1.15 1.14 0.98 1 0.89 0.03 1.08 1.22 1.23 1.17 

6 1.23 1.27 1.13 1.08 1.06 1.06 0.96 0.05 1.01 1.31 1.25 1.21 

mean 1.25 1.35 1.14 1.13 1.04 1.06 1.00 0.65 1.10 1.26 1.23 1.21 

S.D 0.02 0.05 0.07 0.03 0.11 0.05 0.10 0.47 0.07 0.04 0.04 0.04 

S.E 0.01 0.02 0.03 0.01 0.04 0.02 0.04 0.19 0.03 0.02 0.01 0.01 

Gr.comp  C:R C:T C:TR  C:R C:T C:TR  C:R C:T C:TR 

T.value  0.00 0.01 0.00  0.32 0.14 0.05  0.00 0.01 0.01 

significance  S. ↑ S. ↓ S. ↓  N.S. ↑ S. ↓ S. ↓  S. ↑ S. ↑ S. ↑ 
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Fig (I): Photomicrograph of section in the rat liver after (one) day 

1): Section of control liver showing normal liver 

2): section of liver exposed to gamma rays showing periportal fibrosis and with some-

necrotic hepatic tissue and cellular infiltration. 

3): Section of Liver treated with caffeine showing picture more or less as a control. 

4): Section liver exposed to gamma ray and treated with caffeine showing cellular 

infiltration with dilated blood sinusoids                                            

                                                                                                         (Hx &E  X 500).     
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Fig (2): Photomicrograph of section in the rat liver after (three) day: 

1): Section of control liver showing normal liver. 

2): Section of liver exposed to gamma ray showing periportal fibrosis , necrosis of 

hepatic cell some showing pyknotic nuclei with vacuolated cytoplasm. 

3): Section of liver treated with caffeine showing picture more or less as a control group 

with changes in hepatic nuclei. 

4): Section of liver exposed to gamma ray and treated with caffeine showing dilated 

blood sinusoids and vacuolated hepatocytes and some cellular infiltration. 

(Hx &E  x500). 

 

 

 



Omaima , S. Essa et al  

 51 

 

 

 

 
 

 

 

 

 

 

 

 

Fig ( 3): Photomicrograph section in the rat liver after (one) day showing acid  

phosphatase enzyme activity. 

1): Section of control liver showing normal liver activity. 

2): Section of liver exposed to gamma rays showing increase in the acid phosphatase 

enzyme activity. 

3): Section of liver treated with caffiene showing increase in the acid phosphatase 

enzyme activity. 

4): Section of liver exposed to gamma ray and treated with caffiene showing similar to 

control in the acid phosphatase enzyme activity. 

       (Gomori tech., X400). 
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Fig (4): Photomicrograph section in the rat liver after (three ) days showing acid 

phosphatase enzyme activity.. 

1): Section of control liver showing normal liver activity. 

2): Section of liver exposed to gamma rays showing increase in the acid phosphatase 

enzyme activity. 

3): Section of liver treated with caffeine showing decrease in the acid phosphatase 

enzyme activity. 

4): Section of liver exposed to gamma rays and treated with caffeine showing decrease 

in the acid phosphatase enzyme activity. 

       (Gomori tech., X 400) 
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Fig (5): Photomicrograph of section in the rat liver after (one) day showing alkaline 

phosphatase enzyme activity. 

      1) Section of control liver showing normal liver activity. 

      2) Section of liver exposed to gamma rays showing decrease in the alkaline 

          phosphatase enzyme activity. 

      3) Section of liver treated with caffeine showing moderat in the alkaline  

          phosphatase enzyme activity. 

       4) Section of liver exposed to gamma rays and treated with caffeine showing  

            increase in the alkaline phosphatase enzyme activity. 

       (Modified Gomori. Tech., X 400 )      

 

 

 

 

 

 

 



Histological and Histochemical Studies……. 

 54 

 

 

 

 
 

 

 

 

 

 

 

 

 

Fig (6): Photomicrograph of section in the rate liver after (three) days showing alkaline 

phosphatase enzyme activity. 

1): Section of control liver showing normal liver activity. 

2): Section of liver exposed to gamma rays showing increase in the alkaline 

phosphatase enzyme activity. 

3): Section of alkaline treated with caffeine showing increase in the alkaline 

phosphatase enzyme activity. 

4): Section of liver exposed to gamma ray and treated with caffeine showing increase in 

the alkaline phosphatase enzyme activity. 

       (Modified Gomori tech., X 400) 
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Fig (7): Photomicrograph of section in the rat liver after (one ) day showing succinic 

dehydrogenase enzyme activity. 

1): Section of control liver showing normal activity. 

2): Section of liver exposed to gamma rays showing increase in the succinic 

dehydrogenase enzyme activity. 

3): Section of liver treated with caffeine showing decrease in the succinic 

dehydrogenase enzyme activity. 

4): Section of liver exposed to gamma rays and treated with caffeine showing increase 

in the succinic dehydrogenase enzyme activity. 

       (Nachlas tech., X400). 
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Fig (8): Photomicrograph of sections in the rat liver after (three) days showing succinic 

dehydrogenose activity. 

1): Section of control liver showing normal liver activity. 

2): Section of liver exposed to gamma rays showing increase in the succinic 

dehydrogenase enzyme activity. 

3): Section of liver treated with caffeine showing increase in the succinic 

dehydrogenase enzyme activity. 

4): Section liver exposed to gamma rays and treated with caffeine showing increase in 

the succinic dehydrogenasa enzyme activity. 

        (Nachlas tech. X 400). 
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Fig.(9) Histochemical changes in the hepatic cells under the effect of 

caffiene after one day in the different groups of the study
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Fig.(10):    Histological changes in the hepatic cells under the efect of Caffeine  after three days in           
                the  different groups of the study 
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Fig.(11): Histolological changes in the hepatic blood vessels under the effect of Caffiene after one 
               day in  the different groups of the study 
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Fig.(12):  Histochemical changes in the hepatic blood vessels under the effect of Caffeine after 3   

         

                      days in the different groups of the study 
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Discussion 

 
         It has been found in the present study, 

that -irradiation at the exposure level (7 
Gy), produced morphological alteration in 

the structure of the liver cells of rats.    
         According to Fawcett (1997), tissues 

are composed of parenchymal cells, which  

carry out the function of the tissue together 
with supportive elements e.g. connective   

tissue and blood vessels which transport 

metabolites to the parenchymal cells for the  

tissues which contain postmitotic parench-
ymal cells, such as the liver. 

         High doses are required to damage the 

parenchymal cells, but only moderate doses  
are needed to damage the vasculative tissue. 

Massive radiation doses are required to   

produce effects directly in the parenchymal 

cells of such tissue. It is well known  that  
whole body irradiation of animals alters the 

metabolism of various organs.  In the liver, 

which is one of the most radioresistant 
organs (Alekseev et al., 1984),   whole 

body irradiation caused changes in the 

enzymatic activities, El-Kashef et al., 1989. 
         Our results showed significant 

changes in the activity of acid phosphatase,   

alkaline phosphatase and succinic dehydro-

genase enzymes activity in the liver   
subjected to radiation hazard. The changes 

in the activity of acid phosphatase    enzy-

me was highly related to radiation dose and 
post irradiation period (Lee, et al.,    1994).  

          The present study showed significant 

increase in acid phosphatase enzyme   
activity in hepatic tissue either cells or 

blood vessels of irradiated rats and these    

results are in a greement with Goutier and 

Goutier (1962) who noticed liberation  of 
acid phosphatase enzyme from lysosmal rat 

liver after irradiation with doses of 1-  7 Gy. 

         Rene et al. (1971), who assumed that 
there was a progressive changes in liver    

lysosmes of rats exposed to X-rays with the 

cellular necrobiotic process after irradi-

ation. They added that the release of the 
enzymes may be related to an     increase of 

cellular necrobiosis following irradiation.    

The biochemical   results  correlated well 
with the cytochemical studies and showed 

that in addition to the increase in the 

number and size of lysosomes, there was a 

distinct increase in acid phosphatase in the 

lysosmes themse-lves. The persistently high 
level of acid phosphatase in the cytoplasm 

was a possible indication of early radiation    

impairment of the lysosomal membrane. 

         Zyss and Kaszezynska (1972), obser-
ved an increase in the activity of acid    

phosphatase enzyme in lysosomes of liver 

cells in rats following a radiation dose of    
10 Gy to the whole body at 24 hour & 48 

hours and 72 hours post-irradiation. 

         Shah and Gadhia (1977), noticed 

significant increase in the level of acid    
phosphatase in liver, kidney and spleen 

after sublethal doses of gamma irradiation    

(2 and 4 Gy) at different post-exposure 
intervals (24, 48 and 72 hours) in pigeon. 

         Snyder and Ekeland (1978), stated 

that cell destruction and increased    lysoso-
mal enzyme activities following various 

doses of whole body gamma-    irradiation 

were observed in kidney, liver and intestine. 

         Choi et al. (1985), stated that the 
specific activity of acid phosphatase 

increased gradually after an exposure to 0.5 

– 8.5 Gy of gamma-rays, reached maximum  
   values from 1 to 7 hours post-irradiation. 

         Kotb et al. (1991), noticed that 

irradiated mice with a single dose of 7 or 14 
Gy of fast neutron, showed an increase in 

the acid phosphatase   activity during the 7
th
  

post-irradiation in the liver. They added that 

the activity of the enzyme showed    tenda-
ncy to return to the pre-irradiation levels 

with time. 

         The increase in acid phosphatase 
enzyme activity detected in this group can 

be attributed to the necrotic changes in the 

cells as this enzyme is concerned with the   

intracellular digestion. Alkaline phosphat-
ase enzyme is a membrane bound   glycop-

rotein is used as a marker enzyme for the 

plasma membrane and one of its most 
interesting aspects is easily inducible in 

response to various stimuli (Knolwes et al.,, 

1979), Its activity had been found in the 
inter cellular as on the surface membrane 

(Seetharam et al., 1977), Our results 

showed significant decrease in the activity 

of alkaline phosphatase enzyme one day 
post exposure in the hepatic cells and blood 

vessels of rats exposed to (7 Gy) -rays 



Histological and Histochemical Studies……. 

 60 

while it increase after three days of 

exposure. 

         The decrease in the alkaline enzyme 
activity which observed in the present study   

is similar to different pathological condit-

ion. In case of mercury intoxication    

(Sastry and Roo, 1981), during starvation 
(Moussa et al., 1987) and in antibiotic    

treatment (EL-Behi et al., 1993 and 1998). 

         The present data showed that admin-
istration of caffeine to rats prior to radiation 

exposure appears capable of reducing the 

response recorded in enzyme activity of 

both acid phosphatase and alkaline phosp-
hatase and succinic dehydrogenase in liver   

tissue. 

         The modifying role of the caffeine 
could be attributed to its action in 

scavenging free radicals produced after 

radiation exposure (George et al.,   1999).       
         Respect to the suggestion of several 

investigator who have long experience with   

radioprotector in general and caffeine in 

particular (Kesavan et al., 1978 and    
Devasagayam et al., 1996) replace the death 

as the end point with experiments    involv-

ing simpler tests systems or mammalian 
cell for assessing the ability of    compound 

to modyfy the biological effects of ionizing 

radiation.  
         Caffeine considerad as an inhibitory 

compound scavenging the reactive forms   

of carcenogens, when present during 

exposure to high energy photons competes   
with oxygen for electrons and scavenges 

hydroxyl radical and single oxygen,    

(Kesavan, 1992). Caffeine can provide rem-
arkable radioprotection to lethally    irrad-

iated mice (7.5 Gy) in view of the report 

that consumption of coffee resulted in a 

significant reduction of severe late radiation 
toxicity in normal tissue injury after irradi-

ation of patients undergoing radiotherapy 

for servical cancer (Stelezer et al., 1994). 
         Caffeine has a dual function as a 

radioprotector of well oxygenated normal 

cells and a sensitizer of hypoxic tumor cells 
(George et al, 1999), the fact that helped in   

improvement in cancer radiotherapy  

(Tsuchiya et al. 2000). George et al. (1999)   

concluded that studies with death as the end 
point have confirmed the radioprotective 

action of caffeine, and pointed to the fact 

that caffeine concentration  and the time of 

administration are critical for optimal 

radioprotection. It might be pointed that 
much lower doses are required to provide 

protection in radiotherapy and among 

occupational workers. 
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دراسبت هستىلىجية وهستىكيميبئية على دور الكبفييه فى تأثيز الإشعبع 

 على الكبد
 اشزف محمىد مصطفى**عبد المىجىد أوس إسمبعيل ،**،  أميمة سليمبن عيسى*

 

 المزكش القىمى لبحىث وتكىىلىجيب الإشعبع ، هيئة الطبقة الذرية*  

 .كلية الطب ـ قسم الهستىلىجى ـ جبمعة الأسهز**

 

يهدددهذ  دددحث ثلى دددا  لدددر  لدددئث  ثلدددهلك ثليندددى ر لردددى   ثل دددى       دددر ثل ئ  ددد           
ثلهسدد يلي ر لثل ر ددئثه ثلهسدد ي  ر ى  ب  ددر  ىدده ثلضددئاثم ثلى عددى  ثلر ئظددب   دد ب 

 دئا سلد ط ق نسدرل  لدر سكلدو مضري دىه ق  84لنده ستد مهف  در  دحد ثلهكثتدب .  ىمى

ضري دب ثلاىي دب نده ض ئظدل   د ب س  ىئه ثلرضري ب ث للدر ظدىل ب  در  د   سم ثلر
سمددى ثلرضري ددب ثلاىلاددب  مدده ضدد  م ىلض هددى لرددى   ثل ددى     (  ددئث  7) ىمددى لضئ ددب نددهك ى 

لثلرضري ب ثلئثل ب ض   منهى لرى   ثل ى     لدنس  (  ض / م   ضئثف  40) لضئ ب نهك ى 

 ديف لنده سذدحه ثل  ندىه مد  ثلضدئاثم  در ثل. ثلضئ ب نىل ض ئظهى   د ب  ىمدى لسدى ب
 .ث لل لثلاىلا م  ض ئظهى للإ  ىع

لسلظ ل ثلن ى ج سم ثل  ئض    ب  ىمدى نده ضسدى   در ل دط ثل ر دئثه منهدى          

  هثث ض  ف  ر ل ط ثلرنىغق  ر ثل ىه لميه ل ط ثلملايى لنه س   ثل م  لىل دى     
 . لر ثل ه م  ثل ر ئثه ثل ر  هثل لملايى ثل ىه

ثلهس ي  ر ى  ب  مه لي ظ  يى   اثه  لالب   صدى  ب  در يطدىغ  سمى    ثل ر ئثه         

ليمد   در يطدىغ  ز  دهكل  ن ثل ىمعر ليطىغ  يزي  ثلس سن ك     يزي  ثلسيتسىض ز 
 ( . ئث  7)ثلمى ه   ر ثلضئاثم ثل ر ض ئظل للأ  ب لضئ ب  يزي  ثلسيتسىض ز 

 يدزي  هث  يدى    در يطدىغ سمى ثلرضري ب ثل ر  منل لرى   ثل ى     نىدل ثش د ىع  مده  د

 .زثل ىمعر ل يزي  ثلس س ن ك  ىه هكل  ن يزي  ثلسيتسىض ز  ثلمى ه  ل ثلسيتسىض ز 


