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INTRODUCTION                                           

 Adrenal gland hormones have a strong influence on the hippocampus which is 

rich in both mineralocorticoid and glucocorticoid receptors. Glucocorticoid hormones 

have an important role in brain development, mood and cognitive functions (de Kloet, 

2024). Therefore primary adrenal insufficiency can cause many symptoms including 

depression, memory loss and other cognitive disfunctions (White et al., 2023). 

Hippocampus, which is part of limbic system, helps with various processes 

related to cognition, various types of memory, learning, motivation, emotional and 

social processing (Pradip Chauhan et al., 2021).  
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Background: Melatonin has anti-inflammatory, immunomodulatory and 

anti-apoptotic functions. Hippocampus and dentate gyrus are highly 

affected by changes in adrenal hormones. Materials and Methods: 

eighteen albino male rats were divided into three groups. Control group: 

six rats’ adrenal glands were exposed without manipulation. 

Adrenalectomized group  (AD): six rats were adrenalectomized surgically. 

Adrenalectomized with hormone replacement plus melatonin  
(AD+TTT+M): six rats were adrenalectomized and received 

Fludrocortisone plus Prednisone as hormone replacement and melatonin. 

All drugs were given orally from first day after adrenalectomy till 4 weeks. 

After 4 weeks rats were anaesthetized to be sacrificed then their brains were 

dissected. One hippocampus was homogenized for malondialdehyde 

quantitative analysis. Other hippocampus was used for histopathology. 

Results: The cresyl-stained sections of AD group showed disruption and 

reduction in thickness of CA1, CA3 and dorsal blade of DG, but 

AD+TTT+M group showed nearly normal thickness with preserved 

architecture of same regions. Higher magnification of CA1, CA3 and dorsal 

blade of DG of AD group in synaptophysin stain showed negative immune 

reaction but AD+TTT+M group showed synaptophysin positive granules 

across all layers. MDA levels were elevated in AD group, but they were 

back to normal levels in AD+TTT+M group. Brain weight was reduced in 

AD group, but it was nearly normal in AD+TTT+M group. Area percentage 

of Synaptophysin was reduced in all layers in AD group but elevated in 

AD+TTT+M group. Conclusion: adrenal hormones are important for 

survival of hippocampus neurons and melatonin administration in primary 

adrenal insufficiency to hormonal supplement may add a neuroprotective 

effect. 
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Melatonin hormone is secreted 

by the pineal gland. Melatonin receptors 

are extensively distributed in the nervous 

system, including the hippocampus. It 

acts as an endogenous free radical 

scavenger and commonly as an 

antioxidant (Feng et al., 2023). 

Melatonin also inhibits oxidative stress 

and it  was proved in many reports as a 

neuroprotective and anti-inflammatory 

agent (Canonico et al., 2024). 

This study was designed to 

investigate the effect of experimentally 

induced primary adrenal insufficiency on 

the histological structure of the 

hippocampus in the adult male albino rat 

and to evaluate the potential 

neuroprotective effect of melatonin on 

hippocampus. 

MATERIALS AND METHODS 

Experimental Animals:  

Eighteen adult male albino rats, 

weighting 200-250 gm were purchased 

from Mansoura Experimental Research 

Centre, Faculty of Medicine, Mansoura 

University, Egypt. Male rats were 

preferred in our study because they can 

handle surgery. They were housed in 

stainless steel mesh cages with soft wood 

chips for bedding under controlled 

condition. The use of animals was after 

the approval of Mansoura Faculty of 

Medicine ethical committee and 

Institutional Research Board (IRB) (code 

number: MED.MS.23.06.15). 

Experimental Design: 

After two weeks of 

acclimatization, rats were divided 

randomly into three groups (Six rats in 

each group).  

First Group (control) or (sham): 

adrenal glands of rats were surgically 

exposed (skin was incised and then 

sutured) without manipulation of the 

glands (sham operation). Second Group 

(adrenalectomized) (AD): Six rats were 

exposed to experimental adrenal 

insufficiency by surgical removal of both 

adrenal glands under clean aseptic 

conditions. Rats were anesthetized using 

intraperitoneal xylazine (15 mg/kg), then  

 

hair was shaved from the rat’s abdomen 

and one longitudinal skin incision was 

done in the midline of abdominal wall. 

The skin was then laterally retracted and 

both adrenal glands were gently exposed, 

and vessels were ligated using a silk 

thread and glands were excised (Ibrahim 

et al, 2015).  

Third Group (Adrenalectomized with 

hormone replacement plus melatonin) 

(AD+TTT+M): six rats were 

adrenalectomized and received 

Fludrocortisone supplement dose (0.01-

0.02 mg/kg/day) plus Prednisone 

supplement dose (0.5 mg/kg/day) 

(Lathan, 2018) as hormone replacement. 

Melatonin was given at a dose of 15 

mg/kg (Lee et al., 2008). All these drugs 

were given orally through Oro-gastric 

tube from the first day after surgery and 

till the end of the experiment (4 weeks) 

Hamadi, et al., 2022).  

Histological Analysis: 

             At the end of the experiment rats 

were deeply anaesthetized using 

intraperitoneal xylazine (15 mg/kg) and 

ketamine (90 mg/kg) to be sacrificed then 

their brains were dissected and weighed. 

The hippocampus was removed and 

fixed in Bouin's solution then processed 

for preparation of Cresyl violet stain and 

Synaptophysin. In synaptophysin 

staining, some sections were incubated 

with active Synaptophysin rabbit 

polyclonal antibody (A6344) at 1:200 

dilution and left throughout night at 4o c, 

then sections were incubated with 

biotinylated goat antipolyvent for 30 

mins after washing for three times in PBS 

for 5 mins (Abdelzaher et al., 2021). 

Biochemical Analysis: 

Portions of hippocampus were 

homogenized (10% w/v) in ice-cold 0.1 

M Tris-HCl buffer (pH 7.4). The 

homogenate was centrifuged at 3000 rpm 

for 10 min at 4°C. Malondialdehyde 

(MDA) marker was detected in the 

resulting supernatant of hippocampal 

homogenate in the appropriate kits 

(Biodiagnostic kits, Giza, Egypt) (Liu et 

al., (2020).  
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Quantitative Analysis: 

               Sections were examined using 

Olympus R digital camera to assess 

average thickness of the pyramidal layer 

in CA1 & CA3 and granular layers in 

dorsal blade of dentate gyrus. Area 

percentage of Synaptophysin positive 

regions were measured in five fixed non-

overlapping fields. The measurements 

were done by Image J.  

Statistical Analysis: 

Statistical analysis was carried 

out through SPSS program version 22, 

one-way. ANOVA was used to compare 

between more than two parametric data 

groups then for multiple comparisons by 

post-hoc tukey test. P<0.05 was 

considered as significant.  

RESULTS 

Histological Results: 

1-Cresyl Violet-Stained Sections: 

                The hippocampal coronal 

sections of the control group showed 

normal C-shaped hippocampus proper 

which was divided into four areas; CA1, 

CA2, CA3 and CA4 while the V-shaped 

dentate gyrus enfolded around CA4. 

Pyramidal layer of CA1 and CA3 of 

control group is formed of 3 rows of 

pyramidal cells. The dentate gyrus had 

granule layer which was formed of 4–6 

rows of granule cells (Fig.1). The 

adrenalectomized group showed an 

obvious disruption and reduction in 

thickness of CA1, CA3 and dorsal blade 

of DG areas with narrowing of 

hippocampal sulcus (Fig.2). The coronal 

section of rat hippocampi in 

(AD+TTT+M) group showed preserved 

architecture of CA1, CA3 and dorsal 

blade of DG regions with normal 

hippocampal sulcus (Fig.3). 

2-Synaptophysin Stained Sections: 

             Higher magnification of CA1, 

CA3 and dorsal blade of DG regions in 

the control group with synaptophysin 

staining revealed that each area had 

widespread dense positive immune 

reaction of presynaptic terminals which 

was seen in the form of coarse beaded 

granules scattered through the pyramidal 

and granule cells (Figs.4,5,6). In 

adrenalectomized group, pyramidal cells 

of CA1, CA3 and granule cell bodies of 

the dorsal blade of DG showed negative 

immune reaction and absence of 

synaptophysin positive granules 

reflecting synaptic loss or damage (Figs. 

4,5,6). (AD+TTT+M) group showed 

synaptophysin positive granules across 

all hippocampal layers indicating a 

widespread restoration of presynaptic 

terminals (Figs.4,5,6). 
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Fig.1: a) A photomicrograph of coronal sections in control rat hippocampus shows 

normal 4 parts of Cornu Ammonis CA1, CA2, CA3 and CA4 and it is separated from 

dentate gyrus (DG) by hippocampal sulcus (HS) (Cresyl violet X40). b, c) Higher 

magnification of the squared area of CA1 and CA3 regions shows well-defined three 

layers; polymorphic layer (POL), pyramidal cell layer (PCL) and molecular layer 

(ML). PCL, which is formed of closely packed pyramidal neurons in 3-4 rows, 

appears with vesicular nuclei, prominent nucleoli, and scanty cytoplasm (yellow& 

black arrows). The POL and ML displays deeply (dg- small black arrow) and lightly 

stained glial cells (lg- small black arrow). d) A higher magnification of the squared 

area of the dorsal blade dentate gyrus (DG) shows also well-defined three layers; 

ML, granule cell layer (GCL) and POL. The GCL reveals aggregation of rounded to 

oval granule cell bodies (red arrow). (Cresyl violet X400). 

 
Fig.2: a) A photomicrograph of coronal sections in AD rat hippocampus shows 

obvious narrowing in hippocampal sulcus (HS) (Cresyl violet X40). b, c) Higher 

magnification of the squared area of CA1 and CA3 regions reveals that pyramidal 

cells of PCL are disarranged and loosely packed, they appear dark, shrunken and 

having pyknotic nuclei (pn) with pericellular haloes (h) (yellow arrows). Lightly and 

deeply stained glial cells nuclei can be noticed in POL and ML (lg and dg- small 

black arrow). d) A higher magnification of the squared area of the dorsal blade DG 

shows dark shrunken granule cell bodies having pyknotic nuclei (pn) with 

pericellular haloes (h) (yellow arrows) (Cresyl violet X400). 
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Fig.3: a) A photomicrograph of coronal sections in AD plus hormone and 

melatonin treated rat hippocampus group demonstrates preserved architecture 

of CA1, CA3 and DG with normal hippocampal sulcus (Cresyl violet X40). b, 

c) Higher magnification of the squared area of CA1 and CA3 regions shows 

regularly arranged pyramidal cell bodies in PCL. POL and ML display both 

deeply and lightly stained nuclei of glial cells (lg and dg- small black arrow). 

d) A higher magnification of the squared area of the DG shows some 

apparently normal granule cell bodies (black arrow) (Cresyl violet X400).  

 

 
Fig.4: a, c) A photomicrograph of coronal section of rat hippocampus CA1 in 

control (a) and melatonin groups (c). The synaptophysin staining highlights 

the presynaptic terminals that appear as small, punctate dots and clusters 

which are distributed all over the area reflecting intact synaptic network 

(yellow arrows). b) A photomicrograph of coronal section of AD rat 

hippocampus CA1 demonstrates negative synaptophysin stain (synaptophysin 

immune-stain X400). 
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Fig.5: a, c) A photomicrograph of coronal section of rat hippocampus CA3 in 

control (a) and melatonin groups (c). There are small dots and clusters which 

are distributed all over the area reflecting intact synaptic network (yellow 

arrows). b) A photomicrograph of coronal section of AD rat hippocampus 

CA1 demonstrates negative synaptophysin stain (synaptophysin immune-stain 

X400). 

 

 
Fig.6: a, c) A photomicrograph of coronal section of dorsal blade of DG in 

control (a) and melatonin groups (c). The synaptophysin staining 

demonstrates the presynaptic terminals that appear as small, punctate dots and 

clusters which are distributed all over the area reflecting intact synaptic 

network (yellow arrows). b) A photomicrograph of coronal section of AD rat 

hippocampus DG shows negative synaptophysin stain (synaptophysin 

immune-stain X400). 
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Biochemical Results: 

1. Oxidative stress markers levels: 

Serum malondialdehyde (MDA) levels: 

              There was significant elevation 

in the levels of MDA in 

adrenalectomized group (3.74 ± 0.45 

nmol/mg) when compared to the control 

group (2.24 ± 0.39 nmol/mg), but there 

was significant reduction in their levels 

in (AD+TTT+M) group (2.07± 0.31 

nmol/mg) when compared to AD group 

(P < 0.001) (Histogram.1). 

 

 
Histogram.1: shows the mean MDA levels in hippocampus tissue of different groups 4 

weeks after the surgery. 
* Significant difference as compared with the control group. 

# Significant difference as compared with AD group. 

 

Morphometric Results: 

1. Brain Weight Of Different 

Groups: 

              The Adrenalectomized (AD) 

group showed significant decrease in 

brain weight (1.59 gm±0.28) in 

comparison to control group (2.26 

gm±0.37), but (AD+TTT+M) showed 

significant increase in brain weight (2.13 

gm±0.45) in comparison to AD group (P 

< 0.001) (Histogram 2). 

 

 
Histogram 2: Shows the mean of brain weight (gm) of different groups after 4 weeks. 
* Significant difference as compared with the control group. 

# Significant difference as compared with AD group. 
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2. The Thickness of the Pyramidal 

Layer (CA1) and (CA3) of 

Hippocampus Proper: 

There was a significant reduction 

in thickness of the pyramidal layer CA1 

(14.654 µm ± 2.466) and CA3(22.305 

µm ± 2.237) of the AD group in 

comparison to control group CA1(25.053 

µm ± 3.516) and CA3 (41.323 µm ± 

4.172). There was an elevation in 

thickness of CA1(22.797 µm ± 2.993) 

and CA3(39.311 µm ± 2.983) of 

(AD+TTT+M) group in comparison to 

AD group (P < 0.001) (Histogram 3). 

3. The thickness of the Granule Layer 

of Dentate Gyrus: 

There was a reduction in the 

granule cells layer thickness of the 

adrenalectomized group (19.146 µm ± 

2.113) in comparison to control group 

(44.096 µm ± 4.721). There was an 

elevation in thickness of granule cells 

layer of (AD+TTT+M) group (35.834 

µm ± 4.153) in comparison to AD group 

(p<0.001) (Histogram 3). 

 

 
Histogram 3: Shows the mean thickness of pyramidal and granular layers in different 

groups. 
* Significant difference as compared with the control group. 

# Significant difference as compared with AD group. 

 

4. Area Percentage of Synaptophysin 

Immunohistochemical Staining: 

               There was highly significant 

reduction in the synaptophysin immune 

reaction in CA1 (2.34 % ± 0.714), CA3 

(3.86 % ± 0.282) and DG (4.26 % ± 

0.383) in adrenalectomized group in 

comparison to control group CA1 (34.16 

% ± 1.212), CA3 (31.14% ± 1.526) and 

DG (23.10 % ± 3.35). There was highly 

significant elevation in the 

synaptophysin immune reaction in all 

layers of (AD+TTT+M) group: CA1 

(27.31 % ± 4.155), CA3 (25.89 % ± 

3.517) and DG (19.38 % ± 1.062) in 

comparison to AD group (p<0.001) 

(Histogram 4). 
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Histogram 4: Showing the mean area percentage of synaptophysin immune reaction in 

different groups. 
* Significant difference as compared with the control group. 

# Significant difference as compared with AD group. 

 

DISCUSSION 

 Primary Adrenal insufficiency 

leads to neuronal cells apoptosis, 

especially throughout the hippocampus 

and dentate gyrus. Neurodegeneration 

that occurs in the hippocampus leads to 

an increase in oxidative stress, 

mitochondrial dysfunction and metabolic 

changes (Knezevic et al., 2023).  

Melatonin has anti-inflammatory, 

immunomodulatory, anti- apoptotic 

functions, as well as neuroprotective 

effects (Shin, 2023). 

In the present study, the levels of 

malondialdehyde (MDA) in 

hippocampus tissue of adrenalectomized 

group were elevated in 4 weeks. Abi Issa 

(2017) correlated the elevated MDA 

levels in case of adrenalectomy for 2 

weeks due to peroxidation of 

polyunsaturated fatty acids. 

Levels of  MDA were back to 

approximate normal levels 

Adrenalectomized with hormone 

replacement plus melatonin 

(AD+TTT+M) group. Monteiro et al., 

(2024) reported that melatonin decreases 

oxidative damage by increasing 

antioxidant enzymes and controlling 

lipid peroxidation. 

In the current study, the cresyl-

stained coronal sections of AD groups 

hippocampi showed that CA1, CA3 and 

dorsal blade of dentate gyrus are the first 

to be affected. Abi Issa (2017) also 

reported disarrangement, shrinking and 

apoptosis of granule cells in dorsal blade 

of dentate gyrus in adrenalectomy model 

for 2 weeks. Higher magnification of 

CA1, CA3 and dorsal blade of DG in AD 

group revealed that most of the 

pyramidal cell and granule cell bodies 

were loosely packed, disarranged, 

appeared dark, shrunken and having 

pyknotic nuclei. These findings came in 

agreement with other studies like 

Mandour et al. (2021) who noticed same 

changes in CA1 and CA3 in Alzheimer 

disease in albino rats in 37 days, which is 

a neurodegenerative condition as 

primary adrenal insufficiency. He 

explained these changes due to elevation 

of acetylcholinesterase enzyme levels in 

Alzheimer disease which led to central 

acetylcholine transmitter break down and 

form a highly neurotoxin that causes 

more neurodegeneration.  
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In the current study, 

adrenalectomized with hormone 

replacement plus melatonin 

(AD+TTT+M) group showed mild 

histopathological changes. Rat 

hippocampi had preserved architecture 

and normal cells of CA1, CA3 and dorsal 

blade of DG regions. These findings 

were explained by Shin. (2023) who 

reported that melatonin is a powerful 

antioxidant in Alzheimer and other 

neurodegenerative diseases. Melatonin 

reduced reactive oxygen species 

production and regulated the level of 

mRNA encoding in some antioxidant 

enzymes. It improved hippocampal 

synaptic growth and preserved the 

structure of neuronal and glial cells. 

In the current study, CA1, CA3 

and DG regions of hippocampus in the 

control group with synaptophysin 

staining revealed widespread dense 

positive immune reaction of presynaptic 

terminals which was seen in the form of 

coarse beaded granules scattered through 

the pyramidal cells, granule cells and 

their apical dendrites. These findings 

were in agreement with Mandour et al. 

(2021) who described positive 

synaptophysin coarse granules seen 

through the pyramidal cells in different 

layers of hippocampus and prefrontal 

cortex in the control group of rat model 

of Alzheimer like-disease. 

Pyramidal cell of CA1, CA3 and 

granule cell bodies of the dorsal blade of 

DG in AD group showed negative 

immune reaction with absence of 

synaptophysin positive granules 

reflecting synaptic loss or damage. This 

comes in agreement with the results of  

Chen et al., (2017), who described the 

same findings in Alzheimer 

hippocampus of rat model which resulted 

from inhibited protein biosynthesis. He 

confirmed that reduction of 

synaptophysin expression in the 

hippocampus is a major finding in 

systemic neurodegenerative disease. 

In Adrenalectomized with 

hormone replacement plus melatonin 

(AD+TTT+M) group, CA1, CA3 and 

dorsal blade of DG presented with a 

widespread reappearance of 

synaptophysin positive granules. This 

distribution indicates a widespread 

restoration of presynaptic terminals. 

Sayed et al., (2025) explained 

melatonin's neuroprotective effect on the 

cerebellar cortex of adult male albino rats 

following neurodegenerative effect of 

monosodium glutamate. He reported that 

melatonin reduces oxidative stress 

especially MDA levels which affect 

synaptophysin expression in tissue. 

In our current study, 

Adrenalectomized (AD) group showed 

significant decrease in brain weight, but 

adrenalectomized with hormone 

replacement plus melatonin 

(AD+TTT+M) group showed significant 

increase in brain weight as compared to 

AD group. This came in agreement with 

Feng et al. (2019) who observed 

reduction in brain weight in 

neurodegenerative disease that happens 

with lead exposure and referred it to high 

oxidative stress factors that lead to 

apoptosis and decrease neuronal 

densities. Tabatabaei-Jafari et al. (2020) 

also illustrated brain weight reduction in 

Alzheimer model, which is a 

neurodegenerative condition, due to 

central neuronal degeneration, cell death 

and shrinkage of several brain areas 

including hippocampus, cerebral and 

entorhinal cortices. 

In the current study, we observed 

a highly significant reduction in 

thickness of the CA1, CA3 and dorsal 

blade of DG of the adrenalectomized 

group and significant increase in 

thickness of CA1, CA3 and dorsal blade 

of DG of the adrenalectomized with 

hormone replacement plus melatonin 

(AD+TTT+M) group. Mandour et al.  

(2021) observed the same findings in 

hippocampus and prefrontal cortex in a 

rat model of Alzheimer like-disease. He 

referred the reasons of hippocampal 

atrophy in Alzheimer disease to the 

activated microglia that release pro-

inflammatory cytokines. They induce a 

central inflammatory process which in 

sequence promotes neurodegeneration of 

the neurons. 
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According to our statical 

analysis, there was a highly significant 

reduction in area percentage of 

Synaptophysin in all layers (CA1/CA3 

and DG) in adrenalectomized groups. 

There was a highly significant elevation 

in the area percentage of Synaptophysin 

immunohistochemical staining in all 

layers (CA1/CA3 and DG) of 

Adrenalectomized with hormone 

replacement plus melatonin 

(AD+TTT+M) group. These findings 

come in agreement with El-Adli et al, 

(2023) who noticed same changes in area 

percentage of synaptophysin in diabetes 

model for 8 weeks. 

Conclusion 

The current study concluded that 

the primary adrenal insufficiency had a 

harmful effect on the cellular structure of 

the hippocampus of the adult albino rats. 

Also, reduction of synaptophysin 

expression in CA1, CA3 and dorsal blade 

of DG which might be correlated to 

memory loss and cognitive decline. 

Melatonin hormone had an ameliorating 

effect on the harmful effects of adrenal 

hormone reduction. Melatonin protected 

the hippocampal cells from the effects of 

the primary adrenal insufficiency to a 

great extent so that the hippocampus 

returned near to normal cellular structure. 
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ARABIC SUMMARY 

 

تقييم دور الميلاتونين الوقائي في قرن امون الدماغي لذكور الجرذان البالغة البيضاء في نموذج  
وهستوكيميائية مناعية  باثولوجية: دراسة كيميائية، هستو قصور الغدة الكظرية الأولي  

حشيش  الله عطا هاجرإسماعيل علي، سلوى مصطفى الخياط ودينا عبد الله بدوي، ريهام   

المنصورة  جامعة – الطب كلية – والاجنة التشريح قسم  

 

اتترا ا تتلا  علتت الأوستت   اسكظريتتيأجُريتته هتتلد اسة اتتتي ستأثتتثق وتتهرثر اتتتل  هر ل تت   اس تتة  

 تت   اتترا ا تتلا استتة    ووأثتتثق استتةو  اسلاتت ح  اسللتلتتو سللثلوتتل ثي علتت  اس ليتت  اس تتت ثي  تت   استتة    

 .هلد اسل سي

ا  رلتت ا ع تترعلتت   د اسة اتتتيوتتق رجتترا  هتتل  رتتل  تتي استتلال  اس تت س ثي. وتتق وأىتتثل   رستت   بثضتت أ تته  

 جللعتت    تتي تتتتي  لتتراا اتتو  ع تت  ع تت    عتتي  جللعتتي استتتلكق و جللعتتي اتتلتتت   اس تتة  اسكظريتتي  

و جللعتتي    سجتتي ب س ر ل تت   ب إلتت  ي رستت  اسلثلوتتل ثي. وتتق ولظثتتا اسأتتتل  اسكظتتر  الأوستت  جرا ثتت   

 للد واتتتل وثاوا رأاتتترا   وتتتق رع تتت  عتتتي قريتتتص اتتلتتتت   التتتت  اس تتتةوثي اسكظتتتريتثي ستتتة  اسظلتتتراا. 

بريتتتة ثاوا  وتتتق رع تتت    لجق/اجق/يتتتل  . 0.02-0.01بجرعتتتي وكلثلثتتتي ر لجق/اجق/يتتتل    0.1ال وثلتتتلا 

ر تتتت ورو   واسلثلوتتتتل ثي لجق/اجق/يتتتتل  .  0.5 لجتتتتق  بجرعتتتتي وكلثلثتتتتي ر 5أو د  -رأاتتتترا  ديىتتتت ريللا

   لجق/اجتتق. وأع ثتته جلث  تت  عتتي قريتتص اسظتتق  تتي دتتل  أ  تتل  اسل تتة 15 لجتتق  بجرعتتي  3 ثلوتتل ثي 

 . ي اسثل  الأو   ت     يي استجربي

 ل ق/ا تتتق   15 تتت     يتتتي استجربتتتي  وتتتق و تتتةير اسظلتتتراا و تتتةيرا  علثأتتت   ب تتتتت ةا  استتتايل يي ر

 اسلتت  تتتظ   ل ق/ا تتق  سلتضتتلثي ب تت   رتتق وتتق و تتريز أد  ت تت  وو   تت . وتتق اتتتت ةا  أ تتة  90واسكثتتت  ثي ر

 ستتتت   ت   ب سكريايتتتو ووتتتق ولضتتتثر  أتتت قم اس تتت  ا ثي اتتترا ا تتتلا استتتة    س لتتتو  أتتت قم علتتت   ىتتتتل  

الادتتر  تتي اسلتت  عتتت  اس اتترا ا تتلا استتة      تتيوتتق و تتريز ي. اسلع عثتت  واستتت     اسكثلث حثتتياس عظىتتج  

  .سلتللثو اسكل  سل ل    اسلؤاىة  واتت ةا ه

اسلجللعتتي استتت  وتتق  دلالا  الأاىتتة   تت  اتترا ا تتلا استتة       تت   ىتتتلي    اتت ا هعتت ت ادتتتل 

 أ   تتي بلجلعتتي استتتلكق. أ تت  اسلجللعتتي اسل  سجتتي بتت سلثلول ثي  تتم اس ر تتلا   ع تت  اتتلتتت   اس تتة  اسكظريتتي
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ا  لىتتتلي   أتتة ا  تته هتتلد اس ق ث ثتتي وأري تت  . اتت ا ستتة  اسلجللعتتي اسل  سجتتي بتت سلثلول ثي  تتم اس ر تتلا و ثتتر 

و أتتت   سلتللثتتتو   ع تتت   لللظتتت    تتت  هتتتلد اس ل تتت    أ   تتتي ب سلجللعتتتي استتتت  وتتتق اتتلتتتت   اس تتتة  اسكظريتتتي

 .اإ ت ح 

ا  تته ق أتت   اس ليتت  اس ر ثتتي  ظككتتي وبتتة  دااعتتي و عكل تتي ويا   تتل   ت  تتر   تت  اسلأتت قم 

  أظ تتر  اسلأتت قم ولظتت   عتتت ث   ا ثتترا   ع تت  اسلجللعتتي استتت  وتتق اتتلتتت   اس تتة  تت  اسلتتت ل ي ب سكريىتتثو 

أظ تتر   جللعتتي . اسظ ريتتي سلتلظثتت  اسلىتتعي اسلع أتتي الأوستت  واس  س تتي  تتي اتترا ا تتلا واس تتظر د صتتي  تت  

  .اسلثلول ثي بعثي  لظلظي أا ر  م وجلد دلي  ش ه ق ث ثي    جلثم اس  أ 

 ع تت  ا  ظتت   و أتت   سلتللثتتو اإ تتت ح   اتت ا ستتة  اسلجللعتتي استتت  وتتق اتتلتتت   اس تتة  اسكظريتتي 

أظ تتر  اسلجللعتتي  .اسظ ريتتي سلتلظثتت  اسلىتتعي اسلع أتتي الأوستت  واس  س تتي  تتي اتترا ا تتلا واس تتظر   تت  تتتل 

 يتت د  ا ثتتر   تت  تتتل  اس  أتت    أ   تتي ب سلجللعتتي استتت     اسل  سجتتي بتت سلثلول ثي ب إلتت  ي رستت  اس ر ل تت 

 اتتلت   اس ة   ع  .وق 

يا  اس تتتة  ظلتتتراا اتتترا ا تتتلا استتتة     سلاسلأتتت قم اسلتتتت ل ي ب سىثع بتل ثىتتتثي  تتتي  ستتتق وظ تتتر

  تتت  جلثتتتم اس  أتتت  . اسىثع بتل ثىتتتثي تتتي صتتت  ي  أ قتتت   أو  جللعتتت   ريج بثتتتي اسكظريتتتي اسلىتهصتتتلي أ  

اتتتتت  د   ب سىتتتثع بتل ثايي  تتتي اسظلتتتراا اسل  سجتتتي ب س ر ل تتت   واسلثلوتتتل ثي تتتت ل يأظ تتتر  اسلأتتت قم اسل

 ا ثر     ظ ل  اسل ث    اسلت ل ي ب سلىع بتل ثايي.

يا  اس تتتة  وأظ تتتر استللثتتتو اإ تتتت ح  سلعىتتت ي اسللليتتتي سلىتتت  ي اسىثع بتل ثىتتتثي أا اسلجللعتتتي 

 جللعتتي اتت ا ستتةي   ا  ظتت    للتتلظ  تت   ىتت ي  ىتت  ي اسىثع بتل ثىتتثي ب سلأ   تتي  تتم اسكظريتتي اسلىتهصتتلي 

 يتتت د   لللظتتتي  تتت  اسعىتتت ي اسللليتتتي    أظ تتتر  اسلجللعتتتي اسل  سجتتتي بتتت سلثلول ثي  تتتم اس ر ل تتت  استتتتلكق.

 اس ة  اسكظريي اسلىتهصلي. سلى  ي اسىثع بتل ثىثي    جلثم اس  أ    أ   ي بلجللعي

اتت ا و ا  .وو أتت   سلتللثتتو اإ تتت ح    تترا  أتتا هر ل تت   اس تتة  اسكظريتتي يألتتو  تتي و ا استتة   

 .  وأري   ق ث ث    ةيلياس   اسة    سة   جللعي اسلثلول ثي ب إل  ي رس  اس ر ل 

 خاتمة

 تتي دتتل  اسة اتتتي اسل سثتتي يلكتتي اتتتتعت غ أا اتتتل  اس تتة  اسكظريتتي الأوستت  اتت ا ستته وتتهرثر لتت   

 أتتا وراثتتا صتت  ي اس لتتل  سأتترا   تتلا استتة      تت  اسجتترياا اس ثضتت   اس  س تتي. وأا   علتت  استراثتت  

اتتتل   يتتؤد  استت  استتتةهل  اسل ر تت  و أتتةاا استتلاار .اتتة اسىتتثع بتل ايي  تت  أجتتاا  اتترا   تتلا استتة     

اس تتة  اسكظريتتي الأوستت  اتت ا ستته وتتهرثر أدظتت  لتتر ا ععتتة التت  ي اسلثلوتتل ثي استت  اس تتلغ اس ر تتل   اس تتةيو. 

اتت   اسلثلوتتل ثي بلل يتتي دليتت  اتترا   تتلا استتة      تتي وتتهرثرا  اتتتل  اس تتة  اسكظريتتي الأوستت  رستت   تتة ا ثتتر 

 بلثث ع د اسلتثي ب سأر   ي اس عثي اس لليي اس  ث ثي.
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