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Abstract 

 
         A strong relationship between aging and diabetes mellitus has been clinically suggested, 
however, none of the previous published data had clearly focused on the age-related 

cytomorphological changes in the pancreas which are the goal of this study.Three groups of 

male apparently healthy rabbits have been used, ten animals each; classified as group-1 (3-
5months old); group-2 (9-12 months old) and group-3 (24-36 months old). After sacrification, 

sections from the pancreas were stained by Haematoxylin and Eosin (H&E), Gomori trichromic 

stain & ultrastructurally to detect aging histologic changes as well as  immunohistochemically 

to identify insulin and glucagon secreting cells using their appropriate monoclonal antibodies . 
         A progressive histological distortion with fibrosis and fatty changes were directly 

proportional to age, being mild in group-2 and severe in group-3. Morphometric studies by 

computerized image analysis showed that the mean number of islets was significantly higher in 
group2 (8.98±1.51), lowest in group-1 (5.08±1.48) and intermediate in group-3 (6.37±1.37). 

The mean diameter and square area of islets were significantly higher in group-2 compared to 

other groups (P< 0.05). The mean number of  cells per islet & their secretary granules were 
significantly (P <0.05)  higher in group-2, intermediate in group-1 and lowest in group-3.In 

contrast, the mean number of cells per islet and their secretory granules were insignificantly 

(P< 0.05) higher in group -2, intermediate in group-3 and lowest in group-1.Also, the / ratio 

( cells/ cells) was greatest in group-2 (3.059:1), intermediate in group-1 (3.37:1), and lowest 
in group-3 (2.479:1). 

         The increased number of  cells may be due to a compensatory process to correct the 

hormonal feedback mechanism of insulin .The results of this work suggest that  cells are 
generally more vulnerable to aging, an observation which might be correlated clinically with 

higher incidence of diabetes in older ages.  

 

Introduction 

 
         Elderly humans have altered cellular 
redox levels and suppressed regenerative 

responses, both of which are key events 

underlying the progression of chronic 

degenerative diseases of aging, such as 
atherosclerosis, Alzheimer's disease and 

probably diabetes mellitus. Poorly 

maintained cellular redox levels lead to 
elevated activation of nuclear transcription 

factors such as NFKB (nuclear factor kappa 

beta) and AP-1. These factors are 
coordinately responsible for a huge range of 

extracellular signaling molecules 

responsible for inflammation, tissue 

remodeling, oncogenesis and apoptosis 

progresses that orchestrate many of the 
degenerative processes associated with 

aging (Hu et al, 2000). 

         Aging is usually associated with 

decreasing glucose tolerance and more 
susceptibility to diabetes (De Fronzo, 

1984).  It was also shown that insulin 

secretion in rabbits decreases with age, 
even with calorie restriction (Reaven and 

Reaven 1981). The decreased ability to 

maintain homeostasis may be a major factor 
in the pathogenesis of age-induced diabetes 

(Meites et al., 1987). The mechanisms that 

are implicated in diabetogenesis could be 

related to functional deficiency of the 
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insulin producing tissue (Draznin et al., 

1985). It is also associated with a structural 
damage at histological or cytological level, 

reflecting changes in number and 

distribution of both-cells and non cells 
(Orci, 1982). In fact, the principal changes 

were described mainly in insulin-secreting 
cells owing to its essential role in glucose 

regulation and general metabolism 

implications ( Riccillo et al.,2004). 
The aim of this work is to 

investigate the different morphological 

aspects of the pancreatic islets in different 

ages, as well as the quantitative 
immunocytochemical & ultrastructural 

changes in the islet cell-populations of both 

 and  cells, attempting to find out the 
possible changes that may be associated 

with aging in the pancreas. 

 

Material and Methods 
 

Animal Groups 
         Animals were divided depending 

upon their ages, according to Doughty,1994 

& Finegood et al.,1995 , into 3 main 
groups; each consisted of ten male rabbits   

( with apparently healthy eyes). Group-

1were 3-5 months old; group-2 were 9-12 
months old and group-3 were 24-36 months 

old. These age groups span the entire 

human age ranges as the group-1 ages 

correspond to 15-18 years old humans ; the 
group-2 ages correspond to 25-50 years old 

humans and the group-3 ages correspond to 

60-80 years old ones ( Draper et al.,1998). 
Animals were housed at a temperature-

controlled room where optimum nutrition 

and water were available. Rabbits were 

sacrificed and equal samples from the 
pancreatic tails (5mm x 5mm) were taken 

and processed immediately. 

 
1) Haematoxylin and Eosin (Hx&E) 

Staining: 

         The staining was done to demonstrate 
the morphologic appearance and the 

integrity of the specimens before 

immunohistoch-emistry. Paraffin sections 

were cut at 6m, deparaffinized in xyline, 
embedded in descending grades of alcohol, 
washed in water, then stained with 

haematoxylin & eosin and mounted. 

 

2) Gomori  trichromic Staining: 

         According to Sheehan & Hrapchak 
1987, sections were immersed in Harris 

haematoxylin for 5 minutes, and washed 

with tap water.Then, immersed in Gomori 

trichrome stain for 10 minutes, followed by 
differentiation in 0.2% acetic acid. Sections 

were then dehydrated in ascending alcohol 

concentrations, cleared in xylene, mounted 
and covered.  

 

3) Immunohistochemistry & 

Morphometry: 

Pancreatic specimens from the 

animals were fixed in Bouin's solution, 

dehydrated and embedded in paraffin. 

Serial sections (6 m) of two different 
levels were processed for immunohist-

ochemical identification of insulin and 

glucagon secreting cells (Riccillo et al., 

2004). Sections were incubated with ready-
to-use primary antibody against each 

hormone at room temperature for 1hour       

)Biogenex Laboratories, San Ramon, CA, 
U.S.A.). After washing, the sections were 

immunostained by Dako EnVision System. 

Diaminobenzidine (DAB) was used as a 
chromogen. The specificity of the primary 

antiserum was controlled by replacing the 

first antiserum by phosphate buffered saline 

(PBS). The sections were counterstained 
with haematoxylin. 

         Measurement of cell parameters was 

made by the image analysis system (Media 
cybernetics, software Optimas v6.21). 

Averages of 5 images per section were 

analyzed. The number of islets and their 

mean areas (in square m) and diameters 

(in m) were counted for each section. The 

average number of  and  cells in each 
islet was also calculated. Comparative 

statistical analysis was performed by the 
Student T test using Microsoft Excel 2000. 

 

4) Ultrastructural Technique:  
         According to James and Leslie 

(2002),small pieces of pancreas were put in 

2.5% gluteraldehyde, then in cacodylate 

buffer for 20 minutes & fixed in a fume 
cupboard with osmium tetroxide for 2 hours 

at 4
O
C.The specimens were dehydrated , 

cleared in propylene oxide for 30 minutes at 
room temperature & embedded in Beem 

capsule filled completely with epoxy resin 
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and polymerized at 60 
O
C for 24 hours .The 

capsule were then trimmed and sectioned 

at1m ( semithin section ) and 60 nm          

( ultrathin section ). The sections were 
stained with lead citrate & uranyle acetate 

and examined by transmission electron 

microscopy. 
 

Results 
 
         A progressive distortion in the 

histoarchitecture of the pancreatic 

parenchyma and stroma of group-3 animals 
(Figs.5,6) compared to   group-1 animals. A 

marked increase in the adipose tissue was 

found at the expense of the functional 

pancreatic mass (Fig.5B). Many fragmented 
islets and areas of progressive interstitial 

fibrosis (Figs. 5A&C) were observed in 

group-3 animals. In addition, ductal 
structure was altered (Fig.5D). Thus, zones 

with adenomatous and cystic ductal 

hyperplasia were evident, showing ectasia 

and thinner ductal epithelium. Also, the 
basement membrane was strongly stained 

and augmented in thickness (Fig. 5D). 

Moreover, arteriosclerosis was observed as 
the main vascular alteration in aged 

animals.  

         The morphometric analysis of the 
pancreas showed significant differences 

between the three groups (P value < 0.05). 

The mean number of islets was 

significantly higher in group-2, lowest in 
group-1 and intermediate in group-3 

(Table-1; Fig.1). The mean diameter and 

square area of islets were significantly 
higher in group-2, intermediate in group -3 

and lowest in group-1 (Tables-2&3; 

Figs.2&3). 
         Immunohistochemically, the mean 

number of  cells per islet was higher in 
group-2, intermediate in group-3 and lowest 

in group-1(Table 4) while the mean number 

of  cells per islet was higher in group-2, 
intermediate in group-1 and lowest in 

group-3 (Table 5). The / ratio ( cells/ 
cells) was greatest in group-2 (3.059:1), 
intermediate in group-1 (3.37:1), and lowest 

in group-3 (2.479:1).(Table-5, Figs. 4&6). 

         Ultrastructurally, -cells are centrally 

while  cells are peripherally placed in the  

pancreatic islets. Also, the cytoplasmic -
cell granules are rounded & uniform in size; 

about 3000 
O
A (300 nm), being extremely 

dense round body surrounded by a limiting 
membrane closely applied to the granule 

(Fig.7A). The intervening space is narrower 

and filled with granular materials i.e. 
lacking an electron – lucent periphery. The 

nucleus is often indented or lobulated, 

eccentric & less dense or hypochromic. In 
contrast, the secretory granules in the 

cytoplasm of -cells are variable in shape & 
size; about 2000 

O
A ( 200 nm ) ,enclosed by 

a definite limiting membrane, having an 

electron dense core with a clear space 
devoid of any detectable density between 

the core and the outer limiting membrane 

.-cell nucleus is single , usually spherical , 
fairly regular outlined , with moderate 

diffuse granular nucleoplasm  & narrow 
zone of greater electron density 

immediately within the inner nuclear 

membrane. The nucleoli are well defined 

and being more than one (Fig. 7B). 
         In addition, electron microscopic 

examination coincided with the 

immunohistochemical results as the  cell 
number was insignificantly higher in group-
2 than in group-3 which, in turn, slightly 

higher than those of group-1. The -cell 
number was significantly higher (P< 0.05) 

in group-2 than in group-1 that, in turn, 

greater (P< 0.05) than in group-3.  
         Moreover, both islet cell cytoplasmic 

secretory granules were more numerous in 

group-2 animals than in any other two 

groups. Alpha cell granules were 
insignificantly lowest in group-1 and 

intermediate in group-3 while -cell 
granules were lowest in group-3 and 

intermediate in group-1.Although the  
cells showed no notable nuclear & 

organeller changes (Fig.7A) among the 

three studied groups, some of senescent -

cells were altered (damaged) displaying 
partial or complete loss of their plasma 

membrane with abnormal fibrous elements 

(filamentous material) within the cytoplasm 
(Fig.7C). Large vacuoles in the cytoplasm 

with amorphous material filling the 
granular space (Fig.7D) as well as swollen 

mitochondria (Figs.7B&C) were also seen.
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Table-1: Comparison of the mean number of islets per section in all groups   ( n= 30): 

 

Parameters Group-1 Group-2 Group-3 

Mean number of islets / section 5.078 8.980 6.370 

S.D. 1.476 1.508 1.374 

Gr. Comp. Gr1:Gr2 Gr2:Gr3 Gr1:Gr3 

T Value 0.000000001 0.000000283 0.000000182 

P Value  < 0.05  < 0.05  < 0.05 

S.D. = Standard deviation; Gr. Comp= Relative significance of groups compared according T 

and P values after Student T test. 

 

Table-2: Comparison of the mean diameters of islets in all groups (n=30): 

 

Parameters Group-1 Group-2 Group-3 

Mean diameter of islets / m 70.613 99.683 79.415 

S.D. 3.266 6.778 2.958 

Gr. Comp. Gr1:Gr2 Gr2:Gr3 Gr1:Gr3 

T Value 0.000000001 0.000000023 0.000000006 

P Value  < 0.05  < 0.05  < 0.05 

S.D. =Standard deviation; Gr. Comp.  =Relative significance of groups compared according T 
and P values after Student T test. 

 

Table-3: Comparison of the mean area of islets in all groups (n =30): 

 

Parameters Group-1 Group-2 Group-3 

Mean Islet Area in µm
2
 3823.479 8124.039 4180.908 

S.D. 205.361 1044.731 112.494 

Gr. Comp. Gr1:Gr2 Gr2:Gr3 Gr1:Gr3 

T Value 0.000000032 0.000000162 0.000001081 

P Value  < 0.05  < 0.05  < 0.05 

S.D. =Standard deviation; Gr. Comp.  =Relative significance of groups compared according T 

and P values after Student T test. 
 

Table-4: Comparison of the mean number of  cells per islet in all groups     (n = 30): 

 

Parameters Group-1 Group-2 Group-3 

α cells number/islet 10.597 13.577 11.546 

S.D. 1.367 1.282 1.023 

Gr. Comp. Gr1:Gr2 Gr2:Gr3 Gr1:Gr3 

T Value 7.37513E-09 1.307E-07 4.26903E-06 

P Value  NS  NS  NS 

S.D. =Standard deviation; Gr. Comp.  =Relative significance of groups compared according T 
and P values after Student T test. 
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Table-5: Comparison of the mean number of  cells per islet in all groups   (n = 30): 

 

Parameters Group-1 Group-2 Group-3 

 cells number/islet 35.193 41.537 28.903 

S.D. 1.764 1.543 1.560 

Gr. Comp. Gr1:Gr2 Gr2:Gr3 Gr1:Gr3 

P Value  < 0.05  < 0.05  < 0.05 

/α Ratio 3.37:1 3.059:1 2.479:1 

S.D. = Standard deviation; Gr. Comp.  =Relative significance of groups compared according T 

and P values after Student T test. The / ratio is also shown for comparison in this table. 
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Figure-1: The histogram shows the mean number of islets per section in each group, showing 
their marked increase in group 2. The error bars represent the standard deviation. 
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Figure-2: The histogram shows the mean islet diameter in micrometers in each group, showing 

their marked increase in group 2. The error bars represent the standard deviation. 
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Figure-3: The histogram shows the mean area in square micrometers in each group, showing 

their marked increase in group 2. The error bars represent the standard deviation 
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Figure-4: The histogram shows the mean number of  and  cells per islet. It demonstrates the 

marked predominance of  cells in group 2 which is reversed in group 3. The error 
bars represent the standard deviation. 
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Figure-5: A) The pancreas from a group-3 rabbit showing isolated ductectasia with marked 

fibrosis (straight arrow) and the islets of different size (curved arrows);Gomori 
trichromic stain (X 100). B) The pancreas of a group-3 rabbit showing massive 

histological changes; the adipose tissue (thick arrow); cystic ductal hyperplasia 

(curved arrow) and adenomatous ductal hyperplasia (thin arrow);H&E (X 100).  C) 
Pancreas from group-2 rabbit showing different pancreatic structures separated by 

marked fibrosis; the islets (straight arrow); acini (a) and small ducts (d);Gomori 

trichromic stain (X 400). D) Ductal hyperplasia in a group-3 rabbit also showing 

increased thickness of ductal basement membrane (arrow);H&E (X 400). 
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Figure-6: Immunohistochemical staining of the pancreas. Sections A , B ,C  are stained with 

antibody against insulin while D,E,F are stained with antibody against glucagon. A 

and D figures represent sections from group-1 showing islets with a typical 
distribution of peripheral glucagon-secreting cells and central insulin-secreting cells 

(× 400). Figures B and E represent sections from group-2, showing islets with a 

relatively well preserved typical distribution(X200) . Fig.6-E shows an enlarged 

islet with newly developed blood vessels and ducts in its periphery (× 200). Figures 
C and F represent sections from group-3 showing destructed islets with fibrosis (× 

400). 
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Figure-7: Electron micrographs of  group-3 senescent islets.In 7A, two adjacent alpha cells 

showing variable sized cytoplasmic secretory granules (G) lacking an electron 

lucent periphery. The nuclei (N) are irregularly outlined &having a single 

nucleolus.In 7B, the damaged beta cell is extremely vacuolated (V) & contains 
swollen mitochondria (Mit). The cytoplasmic granules (G),in contrast, have an 

electron dense core surrounded by a clear zone &the nucleus (N) is fairly regular in 

outline with two well defined nucleoli.In 7C, the damaged beta cell reveals partial 

loss of the plasma membrane (Pm) & contains collagen filaments(Cf ) together with 
the above mentioned changes.In 7D, the damaged beta cell (DC) contains a large 

vacuole (V) & amorphous material(M) filling a space formerly occupied by beta 

granules.                                             (Double fixation &Double stain. X I0,000). 
                                                                                                                                                      

 

Discussion 

 
         The effect of aging on the endocrine 

system as well as the other systems 

represents one of the main topics in the 
current research. Many factors are involved 

in the progression of the aging 

process,however, it is difficult to separate 
those that are selectively due to aging itself, 

from those due to associated diseases that 

develop throughout the passage of time 

(Quay, 1995). 

         According to the previously published 

data, aging produces a disruption in the 

neuroendocrine system (Meites et al., 
1987). It was also reported that aging in the 

rabbit is associated with diminished 

pancreatic exocrine functions. However, the 
exact explanation of such changes is still 

unclear (Hollander and Dadufalza, 1984). 

         The present study provides a 

comparative analysis of the morphology of 
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the pancreatic islets and the two major cells 

that balance the blood sugar  and  cells) 
at three different ages, from both a 

quantitative and qualitative point of view. 
         It seems that the interstitial fibrosis 

may play an important role in the distortion 

of both exocrine and endocrine histology of 
the pancreas  ( Hayflick ,1985 and Ruhe et 

al.,1997). Their and our possible evidence 

is the presence of vascular 
(arteriosclerosis), ductal (ectasia as well as 

adenomatous and cystic hyperplasia) and 

insular (fragmentation and polymorphism) 

alterations. Furthermore, the  progressive  
increment  of  the  pancreatic  

(intraglandular)  adipose  tissue,  highly  

noted  in  the  senile  rabbits, appears as a 
substitution of the normal exocrine 

pancreas,  frequently  associated  to the 

pathologic  processes, since aging can be 

considered a natural degenerative process.  
         Considering the fact that decreased 

cellular proliferation is a general hallmark 

of aging, Hayflick, 1985 and Ruhe et al., 
1997 proposed that the maintenance of a 

normal organ function during senescence 

may be accomplished , in part, by an 
increase in the percentage of cells that are 

responsive to stimuli, and /or by an increase 

in the sensitivity of such responsive cells. 

However, the evidence that the -cell mass 
exists in a dynamic state is becoming 
increasingly strong. This signifies that the 

number of -cells is determined by the 
balance of cell renewal and cell loss 

(Bernard et al., 1999; Bernard and Ktorza, 

2001; Bonner-Weir, 2006).  
         The present morphometric analysis 

suggests a different behavior of the -cell 

mass if compared to the -cells coinciding 
with Riccillo et al.,2004 who reported that 

the efficiency of beta cells to maintain 

euglycemia could be decreased with aging 
which is then compensated with an 

increased number in group-2,then followed 

by failure of appropriate growth to maintain 

the normal endocrine function in senile 
group-3 rabbits.  

         The appearance of these 

morphological changes in the endocrine 
pancreas of the older rabbits,reflects the 

effect of aging on the pancreatic structure, 

as an attempt to compensate a possible 

impairment in the insulin secretion pattern. 

The -cell behavior is generally associated 
with deficiency in the insulin secretion 

mechanism; increased glucagon secretion 

and/or insulin resistance (Aizawa et al., 
1994). This may be related to the decreased 

glucose tolerance (Jackson, 1990) and the 

insulin metabolism alterations (Coordt et 
a.l, 1995; Perfetti et al., 1996), that usually 

appear associated with advanced ages and 

their possible associated diabetes (Riccillo 
et al.,2004).Reaven and Reaven (1981) 

found that while the rabbits age , there is an 

increasing demand placed upon the beta 

cell to secrete more insulin.At the same 
time, there is a progressive decline in beta 

cell capacity.The combination of these 

events ( beta cell decline plus increased 
total demand) may be expected to put a 

great deal of stress on the beta cell and this 

may account for their & our  changes. Thus, 

it is possible that beta cell exhaustion 
occurs as the rabbits age leading to beta cell 

damage and death as well as connective 

tissue infiltration at three years of age. 
Also, there are ,at least, some precedent 

documents for this notion  in man ( Stanik 

and Marcus,1980). Furthermore, Reaven 
and Reaven (1981) did not know whether 

less insulin secretion by senescent animals 

was due to a decrease in beta cell capacity 

with aging or simply a function of the 
reduced content of functional beta cells in 

the islets resulting from cell damage and 

increased connective tissue infiltration. 
Since it had previously demonstrated that 

aging leads to a decrease in insulin 

secretion per beta cell (Reaven et al.,1980), 
they would suggest that the observed 

reduction in insulin secretion was due to the 

combination of both factors.   

         Glucagon-producing  cells play a 
crucial role during the perinatal period and 
possibly may play a role in type-1 diabetes. 

Because of their peri-islet localization near 

the early dendritic and macrophage cell 

infiltration, Pelegri et al, 2001 investigated 

-cells in the non-obese diabetic (NOD) 
rabbits as a model for human type I 

diabetes. However, Bernard and Steven 

(1990) displayed a deficiency of glucagon – 

stained cells in older animals explaning 
improved their glucose tolerance. 

         Other investigators have described 

increased islet -cell apoptosis in NOD 
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rabbits from birth onward (Trudeau et al, 

2005). The causes of these disturbances 
remain to be determined; they may involve 

genetic, maternal, and/or fetal factors. 

These disturbances may be related to -cell 

dysfunction, resulting in increased -cell 
sensitivity or even targeting of the 

autoimmune reaction. These observations 

may explain the results of our work since 
we found, both immunohistochemically & 

ultrastructurally, a significant decrease in 

the -cells & their secretory granules in 
group-3 together with a relative 

insignificant decrease in -cells & their 

granules in that group.These results were 
mimicking those displayed by Holz et al., 

1993 & Riccillo et al., 2004. Thus, the 

tendency of smaller and less numerous 
islets appearing in group-3, when compared 

to those of group-2 rabbits, could   explain 

the outcome of previously larger islets 

disruption.  
         In conclusion, there is an increase in 

the size of islets and the number of -cells 
as in group-2.As aging progresses, the 

compensatory changes may fail to maintain 

euglycemia which may possibly lead to the 
development of diabetes in group-3. 

Decreased insulin response to 

hyperglycemia may occur in the senile 
rabbits which, in turn,becomes associated 

with abnormal pancreatic changes such as 

severe fibrosis and decreased beta cells. In 
addition, since the ability of beta cell to 

secrete insulin declines with aging that also 

may render the animals significantly insulin 

resistant, more and more insulin secretion is 
demanded of the pancreas. This demand, in 

combination with the age – related decline 

in beta cell capacity, eventually leads to an 
injury and death of some cells. These 

findings, as stated by Draper et al.( 1998), 

correspond to those encountered in senile 
humans. 
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دراسة ججريبية : جأثيرات الشيخىخة علي وظيفة خلايا جزر البنكرياس 

 هيسحىكيويائية هناعية وجركيبية دقيقة   
     

، حسام  2،هحوذ أحوذ قاسن 1لهادي ، حسي عبذ ا 1أحوذ حسي عبذ الرحوي

هحوذ عبذ ,  5هحوذ الباسل،4،حناى سليواى عبذ الحويذ  3الذيي حسيي عثواى

 6الهادي هشاحيث
يٍ أقساو  انثاشٕنٕجٗ

1
ٔ انٓسرٕنٕجٗ 

2
ٔانرششيح

3
تكهيح طة الأصْش تُيٍ فشعٗ  

أسيٕط ٔانقاْشج، ٔقسًٗ  انثاشٕنٕجٗ
4 
ٔانثاطُح انعايح 

  5
انعيُٗ تكهيح طة انقصش  

ٔقسى انثاطُح انعايح
6
 .تطة انفيٕو  

 

 
ذذل الأتحاز ٔانًشاْذاخ الإكهيُيكيح عهٗ ٔجٕد علاقح ٔشيقح تيٍ انشيخٕخح ٔيرش  انثرٕل 

فرٗ ْرزِ .  انسكشٖ، ٔنى ذٕضح ْزِ الأتحاز يرذٖ ذريشيش انشريخٕخح عهرٗ أَسرلاح ٔخلايرا انثُكشيراط

ذركرٌٕ كرم يُٓرا يرٍ عشرشِ، ٔكراٌ عًرش انذساسح ذرى اسررخذاو شرلاز يلإًعراخ يرٍ ركرٕس ا ساَرة 

-24شرٓش  ٔانًلإًعرح انصانصرح يرٍ   12-9شٕٓس ٔانًلإًعح انصاَيح يٍ   5-3انًلإًعح الأٔنٗ يٍ

شٓشاً ، ٔتعذ أخز عيُاخ يٍ  انثُكشياط ٔ فحصٓا تصرثةح انٓيًاذٕكسريهيٍ ٔالإيٕسريٍ ٔةرثةح   36

انرعرررشل عهرررٗ انخلايرررا انًُرلارررح جٕيرررٕسٖ انصلاشيرررح ٔانٓسررررٕنٕجيا انًُاعيرررح ذرررى فحررر  الأَسرررلاح ٔ

نلإَسرررٕنيٍ ٔانلاهٕكررراجٌٕ تاسررررخذاو يرررا يجٓشًْرررا يرررٍ الأجسررراو انً رررادج ٔ يرررذج الأةرررم ٔكرررزن  

 .تانًيكشٔسكٕب ا نكرشَٔٗ نهرعشل عهٗ انرةييشاخ انًصا ثّ نهشيخٕخّ فٗ خلايا انفا ٔتيرا 

ذةيررشاخ دُْيررح ٔقررذ أرٓررشخ انُررراد  ٔجررٕد خهررم فررٗ انثُيررح انُسرريلايح نهثُكشيرراط يرر  ذهيرر  ٔ

تحيررس ذُاسررثد طشديرراً يرر  عًررش ا ساَررة، فقررذ كاَررد يرٕسررطح فررٗ انًلإًعررح انصاَيررح ٔشررذيذج فررٗ 

انًلإًعح انصانصح، كًا أرٓرش ذحهيرم انصرٕس تانحاسرة ا نرٗ أٌ يرٕسرا عرذد انلارضس فرٗ انًلإًعرح  

، ٔكاَررررد انًلإًعررررح الأٔنررررٗ أقهٓررررى 1.51±8.98))انصاَيرررح كرررراٌ أكثررررش يررررٍ أٖ يلإًعررررح أخررررشٖ 

 .(1.37±6.37)ٔيرٕسطح فٗ انًلإًعح  انصانصح   (1.48±5.08)ذداً ع

ٔكرراٌ يرٕسررا أقطرراس ٔيسررا اخ انلاررضس أكثررش يررايكٌٕ فررٗ انًلإًعررح انصاَيررح يقاسَررح ترريٖ 

ٔكاٌ يرٕسا عذد خلايا تيرا نكرم جضيرشج ٔ ثيثاذٓرا ( . 05ٔ >الإ صاديح -قيًح ب)يلإًعح أخشٖ 

فٗ  انًلإًعح انصاَيح  ٔيرٕسطاً فٗ انًلإًعرح الأٔنرٗ  أكصش(  05ٔ >الإ صاديح -قيًح ب)انًفشصِ 

ٔأقم يايكٌٕ فٗ انًلإًعح انصانصح تيًُرا فرٗ انًقاترم كراٌ يرٕسرا عرذد خلايرا انفرا ٔ ثيثاذٓرا انًفرشصِ 

( ٔ 05< ب ا  صراديّ ) أكصش فٗ انًلإًعّ انصاَيّ ٔأقم يرايكٌٕ فرٗ الأٔنرٗ ٔيرٕسرطا فرٗ انصانصرّ 

= ، ٔفرٗ انًلإًعرح الأٔنرٗ   3.059:1=فرٗ انًلإًعرح انصاَيرح ( /)ا أنفر/ٔكاَد َسثح خلايرا تيررا

 .2.479:1= ، ٔفٗ انًلإًعح انصانصح 3.37:1

ٔير ح يٍ ْزِ انذساسح صيادج خلايا تيرا فٗ  انًلإًعح انصاَيرح انررٗ يرٍ انًحرًرم أٌ ذكرٌٕ 

ْرزِ انُرراد  أٌ َاذلاح عٍ ذفاعم ذعٕي ٗ نرصحيح ا سرلااتح انٓشيَٕيح نلإَسٕنيٍ، َٔسررخه  يرٍ 

خلايا تيررا يعشضرح أكصرش نرريشيش انشريخٕخح يًرا يرشجح مسذثراط يرش  انثرٕل انسركشٖ ير  انرقرذو فرٗ 

 .انسٍ ٔانشيخٕخح
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