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Abstract 
Our lungs fulfill multiple functions related to terrestrial living and breathing air. The 

most critical is to facilitate gas exchange. To achieve this goal the lung consists of two 

intertwined and highly branched tree-like tubular systems, one conducts air and the other 

blood. This goal is achieved by a sequence of distinct but overlapping developmental 

processes. A continuous process of branching and growth into the surrounding mesenchyme 

performs the whole conducting airway tree and probably also parts of the respiratory airways. 

Most of this process takes place during the pseudoglandular stage. In late fetal and postnatal 

lung development, the inspired air and capillary blood get in intimate contact to each other and 

the process of repetitive airspace septation leading to the formation of alveoli. This study was 

conducted to demonstrate pre- and postnatal development of the bronchopulmonary segments 

in albino rats considering its structure and maturation. The study included light microscopic 

examination by using heamtoxyline and eosin (H&E) stain for general histological 

examination , orcein stain for elastic tissue maturation and immunohistochemistry for analysis 

alpha smooth muscle Actins (α-SMA) expression and the cell-specific expression of β-catenin. 

Image analysis was performed using H&E sections and the resulting parameters were 

analyzed statistically using t- test. 
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Introduction` 

 There is a great deal in common 

between rat and human lung development 

with only two major exceptions. During 

human fetal development, two lobes are 

derived from the left primary bronchus and 

three lobes from the right one. Rat, on the 

other hand, has a different pattern of lung 

lobation. There is only one lobe for the left 

primary bronchus and four lobes derived 

from the right one. Another difference 

between humans and rats involves the time 

frame for the different developmental 

stages. Human lung development is almost 

complete at birth with only part of 

alveolarization and microvascular 

maturation occurring postnatally. 

Conversely, rats are born with a saccular 

lung. Their lungs have to function in an air 

breathing environment at a more primitive 

stage of maturation than humans (Rutter, 

2008 and Warburton et al., 2010). 

 The lung development is divided 

into five stages: embryonic stage, 

pseudoglandular stage, canalicular stage, 

saccular stage and finally alveolar stage. 

More recently, microvascular maturation 

stage was added as a sixth stage. Each of 

these stages is defined by a specific 

developmental milestone and each requires 

a unique set of developmental factors to 

accomplish its specific end goal (Burri, 

1999; Perl & Whitsett, 1999 and Joshi & 

Kotecha, 2007). 

 A continuous layer of contractile α-

smooth muscle actin (α-SMA) positive 

cells surround the larger future airways in 

the proximal part of the bronchial tree. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Warburton%20D%5Bauth%5D
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These cells are defined as smooth muscle 

cell precursors because morphologically 

they are not yet fully differentiated. The 

layer of smooth muscle cell precursors 

becomes step by step discontinuous in the 

more distal parts and ends in front of the 

terminal buds. Until birth these contractile 

cells perform spontaneous contractions 

(Schittny &Burri, 2007). 

 The β-catenin gene encodes a 781-

amino acid protein that regulates 

developmental processes mediating cell 

adhesion and gene expression. β-catenin 

serves multiple roles in the maintenance of 

cell architecture (Mucenski et al., 2003). β-

catenin expression in respiratory epithelial 

cells is required for normal lung 

morphogenesis as well as formation and 

differentiation of peripheral lung tubules 

(Mucenski et al., 2005). 

Material and Methods 

 This study was performed on forty 

virgin female and ten male albino rats of 

200-250 g. They were obtained from the 

animal house, Faculty of veterinary 

medicine, Zagazig University. The animals 

were housed under controlled laboratory 

conditions under a 12 h dark and 12 h light 

cycle provided with a standard rodent 

pellets diet and water ad libitum. Animals 

were mated overnight and afterwards 

randomly. The following morning, they 

were examined for the presence of sperm 

in the vaginal smear. The day in which the 

smear was positive was considered as the 

zero day of pregnancy. The experiment 

was performed according to the norms of 

Ethical Committee of the Zagazig 

University.The forty pregnant rats were 

subdivided into three groups. A prenatal 

group (Group A), the pregnancy of five rats 

was terminated at each embryonic day 

(ED) (14, 16, 18, 20), so there were four 

subgroups (A1, A2, A3, A4) respectively. 

The remaining twenty pregnant rats were 

allowed to continue the pregnancy. Group 

B (postnatal): the offspring of 15 pregnant 

albino rats were subdivided equally into 

three subgroups (B1, B2, B3) at 1
st
, 10

th
 

and 21
st
 postnatal day (PD) respectively. 

Group C were adult. It consisted of the 

offspring of 5 pregnant albino rats which 

were allowed to live 6 months under 

observation and in good environment to 

become mature adult. Lower abdominal 

incisions were made to the pregnant 

females of the group A under light 

anesthesia with ether and the uterus was 

quickly removed and immersed in Ringer’s 

solution. The individual embryos were 

extracted from the decidua and fixed by 

immersion in formalin 10% for 4 hours at 

room temperature. 

 Fetuses aged 14 days (subgroup 

A1) and 16 days (subgroup A2) were 

wholly fixed after being injection by 

formalin 10%. Fetuses aged 18 (subgroup 

A3) and 20 (subgroup A4) days were 

dissected and the lungs were removed. The 

neonatal rats of the group B and group C 

were decapitated and the lungs were 

removed by sagittal section. 

 Photographed gross sample were 

done to the lungs of group B and group C 

by using digital camera. 

The lung specimens from the three 

groups were processed for the following 

study: 

Light microscopic study 

The entire lung of each fetal, neonatal 

and adult rats were immediately fixed in 10% 

buffered formalin for 7- 22 hours. After routine 

histological laboratory procedures, tissues 

were blocked in paraffin. Transverse and 

coronal sections of 5μm thickness were 

obtained from all specimens and stained with 

haematoxylin and eosin for general 

histological examination and with orcein for 

elastic fibers maturation (Bancroft & Gamble, 

2008).  
Immunohistochemical study for α-SMA 

and β-catenin antigens 

http://ajplung.physiology.org/search?author1=Michael+L.+Mucenski&sortspec=date&submit=Submit
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 Immunohistochemical staining was 

carried out using streptoavidin-biotin 

immunoperoxidase technique (Dako-

Cytomation, Glostrup, Denmark). 3–5 µm 

thick-sections cut from formalin-fixed, 

paraffin-embedded blocks of all groups, 

mounted on positive charged slides, then 

deparaffinized in xylene and rehydrated in 

graded alcohol. The sections were boiled in 

citrate buffer (pH 6.0) for 20 mins. and 

then washed in phosphate buffer saline (pH 

7.3). Thereafter, blocking of endogenous 

peroxidase activity with 6% H2O2 in 

methanol was carried out. The slides were 

then incubated with normal goat serum 

(DAKO, Denmark) (1:10) for 30 mins. The 

slides were then incubated overnight with 

monoclonal antibodie with a mouse anti 

alpha smooth muscle actin antibody diluted 

(1:800) and a mouse anti β-catenin (1:200) 

at room temperature. Incubation with a 

secondary antibody and product 

visualization were performed (Dako 

Cytomation, Glostrup, Denmark) with 

diaminobenzidine substrate as the 

chromogen. The slides were finally 

counterstained with Mayer’s haematoxylin 

(BioGenex Laboratories, San Ramon, CA), 

and washed once each with distilled water 

and PBS (Kiernan, 2000). The positive 

results for the α-SMA immunoreactions 

were indicated by liner brown coloration 

around the developing epithelial tubes 

(Yamada et al., 2002) and for β-catenin 

immunoreactions were indicated by brown 

coloration in different types of pulmonary 

cells (Kaarteenaho et al., 2010). 
 The extent and intensity of β-

catenin were evaluated semi-quantitatively 

as negative (0), weak, mild, moderate or 

strong in different types of pulmonary cells 

(Kaarteenaho et al., 2010). 

Morphometric study  

 The morphometric study was done 

using Image analyzer software (Image 

analyzer, Maryland, USA) in Anatomy and 

Embryology department, faculty of 

medicine, Menoufia University. The total 

images per animal were 15 images. 

According to this method, we used an 

optical magnification of 100 for measuring 

the area occupied by the terminal segments 

of the epithelial tubes or by the alveolar 

sacs (ATETAS) in all subgroups and an 

optical magnification of 400 for measuring 

the septal thickness in all subgroups except 

in the subgroups (A1,A2 &A3). As in these 

subgroups, the air spaces were in the form 

of tubules and could not be compared with 

the airspaces in the older age groups. All 

the measurements were performed on 

routine Hx E sections. 

Statistical analysis 

 The results were expressed as means ±SD 

(standard deviation). The data obtained 

from the image analyzer were analyzed 

statistically using student's t test. P values 

less than 0.05 were considered significant 

(Dean et al., 2000). 

Results 

Results of light microscopic study 

Subgroup A1 (ED14): examination of a 

coronal section of a rat embryo showed 

two lobes of the RT lung and only one lobe 

of the LF lung. They related laterally to the 

cartilage of the ribs and caudally to the 

heart.(Fig.1). The fetal rat lung consisted 

of bronchial tubes which gave terminal 

buds situated within abundant loose 

mesenchyme. This mesenchyme contained 

sinusoidal spaces of various sizes (Fig.2). 

A bronchial tube lined with a thick layer of 

epithelium having unclear cytoplasm. It 

was enwrapped by a more densely packed 

network of mesenchymal cells. A terminal 

bud lined with pseudostratified columnar 

epithelium. The sinusoidal spaces 

wereslightly separated from the epithelial 

tubes. They were loosely lined with flat or 

angular cells and contained nucleated 

erythrocytes (Fig. 3). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaarteenaho%20R%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Kaarteenaho%20R%5Bauth%5D
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Subgroup A2 (ED16): the fetal rat 

lung showed progressive branching of 

bronchial tubes to increase the generation 

of the tubular airway (primitive bronchiolar 

tubules). Also the blood vessels increased 

in number in high cellular mesenchymal 

tissue (Fig. 4). The bronchiolar tubules 

lined with pseudostratified to high 

columnar epithelial cells and were 

surrounded by blood vessels which 

contained erythrocytes (Fig.5).  

Subgroup A3 (ED18): 

examination of a coronal section of the 

fetal rat lungs showed the four lobes of the 

right lung (cranial, middle, caudal and 

accessory ―median‖ lobes) and the only 

lobe of the left lung and its stem bronchus 

(Fig. 6). The fetal rat lung showed 

progressive branching with increase in 

numbers of the tubular air space which 

change from round tubules to wavy or 

undulating tubules. The lung parenchyma 

was formed of terminal tubules and 

primitive bronchioles which are separated 

by a highly cellular mesenchyme. There 

was increase in blood capillaries especially 

at the periphery and blood vessels were 

also seen (Fig. 7). The primitive bronchiole 

was lined with columnar epithelium 

showing subnuclear vacuolization. The 

tubular airspaces lined with cuboidal and 

low columnar epithelial cells, some of 

these cells showed vacuolated cytoplasm 

and some capillaries were seen in close 

proximity with the tubular airspaces (Fig. 

8).  
Subgroup A4 (ED20): the fetal rat 

lung showed massive widening and 

lengthening of all airspace generations, 

resulting in a marked reduction of the 

mesenchymal tissue. Each prospective 

terminal bronchiole branched into 2 - 3 

wide and straight canals termed acinar 

canals. There was marked increase in blood 

capillaries (Fig. 9). Some cells of the 

epithelial lining of these acinar canals 

started to flatten and differentiate into 

prospective type I pneumocytes while other 

epithelial cells remained cuboidal. 

Numerous dilated thin-walled blood 

capillaries were demonstrated in close 

contact to the acinar canals. Some 

capillaries displayed an intimate contact 

with the flattened cells resulting in the 

formation of first air-blood barriers (Fig. 

10).  
 Subgroup B1 (PD1): the neonatal 

rat lung was mainly formed of terminal 

bronchioles branched into several 

prospective alveolar ducts which ended by 

typical clusters of widened air-spaces 

termed air saccules or terminal sacs. The 

surrounding mesenchymal tissue was 

condensed to form thick inter-saccular 

septa or primary septa (Fig. 11). This 

primary septa contained more than one 

capillary layer and their interstitium was 

highly cellular. The air saccules were lined 

with simple squamous type I alveolar cells 

which characterized by densely stained 

nuclei. Type II alveolar cells, nearly 

rounded or cubiodal in shape and projected 

to the airway lumen (Fig. 12).  

 Subgroup B2 (PD10): the 

neonatal rat lung was formed of air 

saccules. They were divided by large 

numbers of developing crests (secondary 

septa) which recognized along the primary 

septa into smaller units (primitive alveoli) 

giving them a crenated appearance (Fig. 

13). All primary and secondary septa 

showed double capillary network which 

bulged into the lumen, so that they were 

considered immature septa. Primitive 

alveoli were lined by flattened type I 

alveolar cells and cuboidal type II alveolar 

cells (Fig. 14).  

Subgroup B3 (PD21): the neonatal 

rat lung showed normal architecture of 

alveoli with many alveolar sacs. The 

alveoli were separated by apparent thin 

interalveolar septa. (Fig.15). The alveoli 
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were lined with simple squamous type I 

alveolar cells and cuboidal type II alveolar 

cells. The alveolar walls were less cellular 

with thin interstitium but some alveolar 

walls were still immature (thick septa). The 

double capillary layers inside the primary 

and secondary septa were transformed into 

a single central capillary layer in mature 

alveoli (Fig. 16).  

Group C (adult): the rat lung was 

formed of normal architecture with 

rounded or polygonal alveoli and alveolar 

sacs. Bronchioles also seen (Fig. 17). The 

alveolar lumen was wide with very thin 

interalveolar septa having one capillary 

layer. The lining epithelium of the alveoli 

were composed of squamous cells (type I 

alveolar cells) and large cuboidal cells 

(type II alveolar cells) (Fig. 18).  

Examination of orcein-stained 

sections revealed that at ED14 the elastic 

fibers were absent around the terminal 

buds. At ED16, scanty elastic fibers were 

appeared around the  

primitive bronchiolar tubule. At ED18, fine 

elastic fibers distributed around the 

terminal tubules (Fig.19). At ED20, fine 

elastic fibers were distributed around the 

terminal bronchioles and the acinar canals 

(Fig.20). At PD1, the elastic fibers were 

distributed in the walls of the developing 

saccules and around a terminal bronchiole 

and a blood vessel (Fig.21). At PD10, the 

elastic fibers were distributed in the walls 

of the alveoli and in the tips of the inter-

alveolar (secondary) septa (Fig.22). At 

PD21, the elastic fibers were distributed 

clearly in the walls of alveoli and in the 

tips of interalveolar septa (Fig.23). At 

adult, many elastic fibers were distributed 

in the walls of the alveoli and in the tips of 

the inter-alveolar septa.  

Immunohistochemical results  
α-SMA immunoexpression 

At ED14
th

, α-SMA–positive cells 

were distributed around the bronchial tube 

and absent around the terminal bud. α-

SMA –positive cells were present around 

the sinusoidal spaces close to the bronchial 

tube and were absent around the sinusoidal 

spaces away from it (Fig.24). At ED16, α-

SMA–positive cells were distributed 

around the bronchial tubes and the blood 

vessels near to it and rarely around the 

blood vessels away from it. But they were 

still absent around the primitive 

bronchiolar tubules. At ED18, α-SMA–

positive cells were distributed around the 

bronchioles and the walls of the narrow 

blood vessels accompanying the 

bronchioles but absent around the wide 

capillaries separate from it. No α-SMA–

positive cells were found around the 

terminal tips of the bronchioles (the 

terminal developing air space) (Fig.25). At 

ED20, α-SMA–positive cells were 

distributed in continuous profile around a 

proximal bronchiole and a terminal 

bronchiole and the blood vessels (branches 

of pulmonary artery) but distributed 

individually along the terminal air ways 

(acini). Few α-SMA–positive cells were 

distributed around the capillaries associated 

with the acinus (Fig.26). At PD1, slender 

& elongated α-SMA–positive cells were 

located in the primary septa of the 

developing saccules. Also α-SMA–positive 

cells were distributed around a bronchiole 

and a blood vessel (Fig.27). At PD10, 

round α-SMA–positive cells appeared at 

the tips of the developing secondary septa 

between the alveoli in addition to the 

slender α-SMA–positive cells in primitive 

septa (Fig.28). At PD21, the round α-

SMA–positive cells persist in the tips of 

the secondary septa whereas the slender α-

SMA–positive in the primary septa 

disappeared in mature alveoli but persisted 

in immature alveoli (Fig.29). In adult α-

SMA–positive cells disappeared at the tips 

of secondary septa. Individual cells stained 

positive for α-SMA were distributed 
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sparsely near the junctions of individual 

alveoli. α-SMA–positive cells were 

distributed around a bronchiole (Fig.30). 

β-catenin immunoexpression 
At ED14, β-catenin displayed weak 

cytoplasmic positivity in bronchial tubes 

and strong cytoplasmic positivity in 

terminal buds. Some mesenchymal cells 

and some endothelial cells were stained 

positive for β-catenin (Fig.31). At ED16, 

β-catenin displayed strong cytoplasmic 

positivity in the bronchial tubes and strong 

membrane-bound positivity in primitive 

bronchioles. Some mesenchymal and 

endothelial cells were positive for β-

catenin (Fig.32). At ED18, β-catenin 

displayed cytoplasmic positivity in a 

bronchiole, whereas its expression in the 

small developing airways was mainly 

nuclear positivity and some cells displayed 

membrane-bound positivity. Some 

mesenchymal cells were positive for β-

catenin (Fig.33). At ED20, β-catenin 

displayed strong membrane-bound 

positivity in the bronchioles. The epithelial 

cells of the acini including pretype alveolar 

cells are positive for β-catenin showing 

mostly a membrane-bound positivity and 

also showing nuclear positivity in some 

cells. Some mesenchymal cells were 

stained positive for β-catenin (Fig.34). At 

PD1, β-catenin displayed moderate 

membrane-bound positivity in the 

bronchioles. Some type II alveolar cells 

and some mesenchymal cells were stained 

positive for β-catenin (Fig.35). At PD10, 

β-catenin displayed mild membrane-bound 

positivity in the bronchioles. Some type II 

alveolar cells and some mesenchymal cells 

were stained positive for β-catenin 

(Fig.36). In adult, β-catenin displayed 

weak membrane-bound positivity in the 

bronchioles and some type II alveolar cells 

and some mesenchymal cells are positive 

for β-catenin. 

Gross morphological results: 

  The size of the lungs increased with 

advancing the age until the adult (Fig.37). 

We found the right lung consists of four 

lobes (cranial, middle, caudal and median 

―accessory‖ lobes) and the left lung 

consists of one lobe (Fig 38) 

B- Morphometry Results 

1) The ATETAS (%):  
 The percentages of the area 

occupied by terminal segments of epithelial 

tubes or by alveolar sacs (ATETAS) in the 

terminal region of the lung were 

16.98%1.1 and 20%  1.02 from the total 

area at 14
th

 and 16
th

 embryonic days 

respectively. The percentages occupied by 

ATETAS were 30.2%  0.84 and 

41.37.15 0.5 % at 18
th

 and 20
th

 embryonic 

days respectively. At 1
st
 postnatal day, the 

percentage occupied by ATETAS was 

61.6% 1.3. The percentages occupied by 

ATETAS were 66.97 0.82 % and 70.6% 

1.0 on 10
th

 and 21
st
 postnatal days 

respectively. The percentages occupied by 

ATETAS were 75.5% 0.5 in adult rats 

Table (3). When the percentage of the area 

occupied by ATETAS at a given day was 

compared to that of the adult. For example, 

the percentage on 20
th

 prenatal day was 

approximately 55% of the adult value, 

whereas the percentage in neonates (1st 

day) was 80% of the adult value (Table 4). 
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Table (1): Statistical comparison between the mean values of the percentage of the area 

occupied by the terminal segments of epithelial tubes or by alveolar sacs 

(ATETAS) in the terminal region of the lung  

 Range X±SD 

Prenatal group A   

 Subgroup A1 

 Subgroup A2 

 Subgroup A3 

 Subgroup A4 

15.9-18.9 

18.19-21.03 

28.95-31.45 

40.7-41.84 

16.98±1.1 

20±1.02 

30±0.84 

41.15±0.5 

Postnatal group B   

 Subgroup B1 

 Subgroup B2 

 Subgroup B3 

59.1-62.9 

65.98-67.95 

68.9-73.69 

61.6±1.3 

66.97±0.82 

70.6±1.0 

Control group 

 Group C 

 

74.98-76.11 

 

75±0.5 

SD = Standard Deviation X =mean value  
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Fig. (45): A histogram showing the percentages occupied by ATETASs in the terminal region of the 

lung in studied groups. 

 

Table (2): Comparison between the percentages of the ATETAS in each age group to the 

adult (group C).  

Percentage % Age Group 

21% ED14 Sub group A1 

26% ED16 Sub group A2 

40% ED18 Sub group A3 

55% ED20 Sub group A4 

80%  PD1 Sub group B1 

89% PD10 Sub group B2 

94% PD21 Sub group B3 

ED: Embryonic day       PD: Postnatal day 
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2) The septal thickness (μm):  

 The mean thickness of the interalveolar septum of subgroup A4 was (80.98± 11.6) 

and that of the subgroup B1 was (60.8 ± 6.2). The mean thickness of the interalveolar septum 

of subgroup B2 was) 30.76± 7.06) and that of subgroup B3 was (14.06± 4.2). The mean 

thickness of the interalveolar septum of group C was (7.97±2.3). The mean thickness of the 

interalveolar septum of subgroup A and B1 show higher significant difference than that of 

group C. The mean thickness of the interalveolar septum of subgroup B2 and B3 show 

significant difference than that of group C (Table 5). 

Table(5): Statistical comparison between the mean values of the thickness of the interalveolar 

septa (μm) of the albino rat lung in the subgroup A4 and the group B and the group C  

 Range X±SD t-test P-value 

Control group 

 Group C 

 

5-11.18 

 

6.97±2.3 

  

Prenatal group A 

 Subgroup A4 

 

72-99 

 

80.98±0.6 

 

17.55 

 

0.001** 

Postnatal group B     

 Subgroup B1 50.606-65.123 57.8±6.2 11.66 0.001** 

 Subgroup B2 21.788-35.128 30.76±7.06 6.28 0.0018* 

 Subgroup B3 10-19 14.06±4.2 2.35 0.0019* 

SD = Standard Deviation **P = highly significant 

*p = significant X =mean value  
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Fig. (46): A histogram showing the thickness of the interalveolar septum (μm) of the rat lung in 

studied groups. 
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Fig. 1:A photomicrograph of a coronal section 

of a rat embryo at the 14th prenatal day 

showing two lobes of the rigt lung and only 

one lobe of the left lung. They relate laterally 

to the cartilage of the ribs and caudally to the 

heart.  N.B: the coronal section is showed from 

the back.                     H X. & E.; X 40  

 
Fig. 2:A higher magnification of the previous 

section showing bronchial tubes (BT), 

terminal buds (tb), loose mesenchyme (m) and 

sinusoidal spaces (arrows).  H X. & E.; X 100  

 

Fig. 3: A higher magnification of the 

previous section showing the bronchial tube 

(BT) lined with thick layer of epithelium with 

unclear cytoplasm and is surrounded by 

densely packed mesenchymal cells (m). The 

terminal bud (tb) lined with pseudostratified 

epithelium. The sinusoidal spaces (S) contain 

nucleated erythrocytes (arrows) and are lined 

by flat or angular lining (arrow heads). 

                                       H X. & E.; X 400 

 
Fig. 4: A photomicrograph of a section of a 

fetal rat lung at 16th prenatal day showing 

progressive branching of bronchial tubes (BT) 

to form primitive bronchiolar tubules (B) and 

high cellular mesenchyme (m) containing 

blood vessels (bv). H X. & E.; X 100 

 
Fig. 5: A higher magnification of the previous 

section showing rounded bronchiolar tubules 

(B) are lined by pseudo stratified (arrows) to 

high columnar epithelium (arrow head). Blood 

vessels (bv) increase in number and contain 
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erythrocytes (curved arrow). High cellular 

mesenchyma (m) can be observed.  

                                    H X. & E.; X 400 

 

A) Left lung                        

 
B) Right lung 

 
Fig. 6: A photomicrograph of a coronal 

section of a rat embryo at the 18th prenatal 

day showing: (A) the four lobes of RT lung 

(cranial, middle, caudal and accessory or 

median lobes. (B) the only lobe of the LF lung 

and its stem bronchus. Pulmonary artery (pa)  

and the bronchus(B).      H X. & E.; X 40 

 
Fig. 7:A photomicrograph of a section of a 

fetal rat lung at the 18th prenatal day showing 

primitive bronchioles (B), wavy or undulating 

tubular air space (T), highly cellular 

mesenchyme                  H X. & E.; X100 

 
Fig. 8: Higher magnification of the previous 

section showing a primitive bronchiole (B) 

lined wit columnar epithelium that shows 

subnuclear vacuolization (arrows). The 

terminal tubular air spaces (T) are lined by 

low columnar or cuboidal epithelium showing 

vacuolated cytoplasm (curved arrows). Some 

capillaries (C) are seen in close proximity with 

the terminal tubular air spaces (T). Blood 

vessel also seen (bv).         H X. & E.; X400 
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Fig. 9:A photomicrograph of a section of a 

fetal rat lung at the 20th prenatal day showing 

massive widening and lengthening of all 

airspace generations (asteric); resulting in a 

marked reduction of the mesenchymal tissue 

(m). The terminal bronchioles (TB) branch 

into several acinar canals (AC). Marked 

increase in blood capillaries (arrows). Blood 

vessels are also seen (bv).   H X. & E.; X 100 
  

 
Fig. 10:A photomicrograph of a section of a 

fetal rat lung at the 20th day prenatal showing 

the acinar canals (AC) and marked increase in 

blood capillaries (C). Some cells start to 

flatten (arrows) and show an intimate contact 

to the capillaries and the other cells remain 

cuboidal (arrow heads).  H X. & E.; X 400 

 
Fig. 11: A photomicrograph of a section of a 

neonatal rat lung at the 1st postnatal day 

showing prospective terminal bronchiole 

(TB), prospective alveolar ducts (AD) and air 

saccules (S).               H X. & E.; X 100 

 
Fig. 12:A photomicrograph of a section of a 

neonatal rat lung at the 1st postnatal day 

showing air saccules (S) with smooth outline. 

They are separated by slightly thick primary 

septa (curved arrow) and others are thicker 

(double arrow).The thick primary septa 

contain more than one capillary layers (c). 

Type II alveolar cells (arrow heads), and type 

I alveolar cells (arrows).   H X. & E.; X 400 
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Fig. 13: A photomicrograph of a section 

of a neonatal rat lung at the 10th postnatal day 

showingterminal bronchiole (TB), alveolar 

ducts (AD), air saccules (S), secondary septa 

(arrows) and primitive alveoli (A).   

                             H X. & E.; X 100 

 
 

Fig. 14:A higher magnification of the previous 

section showing the structure of primitive 

alveoli (A), cuboidal type II alveolar cells 

(arrow heads) and flat type I alveolar cells 

(arrows). The immature primary septum 

(curved arrow) and the secondary septum 

(double arrow) characterized by double 

capillary layer (C) which bulges into the 

lumen.                   H X. & E.; X 400 

 
Fig. 15: A photomicrograph of a section of a 

neonatal rat lung at the 21st postnatal day 

showing alveolar sacs (AS) and alveoli (A). 

Apparently thin alveolar septa (arrows) can be 

detected.               H X. & E.; X 100 

 

 
 

Fig.16: A higher magnification of the 

previous figure showing mature alveoli (A) 

lined with squamous pneumocytes type I 

(arrows) and cuboidal pneumocytes type II 

cell (arrow heads). The alveolar walls are less 

cellular with thin interstitium (curved arrows) 

and contain one capillary layer (C) but some 

alveolar wall is still immature (double arrow).         

                                    H X. & E.; X 400 
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Fig. 17: A photomicrograph of a section 

of adult rat lung showing a normal lung 

architecture with rounded or polygonal alveoli 

(A), very thin interalveolar septa (arrow), 

alveolar sacs (AS) and bronchioles (B).  

                                    H X. & E.; X 100 

 
Fig. 18:A higher magnification of the previous 

section showing mature alveoli (A) with very 

thin interalveolar septa (curved arrow). The 

lining epithelium of alveoli composed of 

squamous type I alveolar cells (arrows), large 

cuboidal type II alveolar cells (arrow heads) 

and one capillary layer (C).    

                                   H X. & E.; X 400  

 
Fig. 19: A photomicrograph of a section in the 

fetal rat lung at the 18th prenatal day showing 

fine elastic fibers (arrows) around the terminal 

tubules (T).               Orcein; X 400  

 

 
Fig. 20: A photomicrograph of a section 

in the fetal rat lung at the 20th prenatal day 

showing fine elastic fibers (arrows) around the 

terminal bronchioles (TB) and the acinar canal 

(AC).                                   Orcein; X 400  
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Fig. 21: A photomicrograph of a section 

of neonate rat lung at the 1st postnatal day 

showing fine elastic fibers (arrows) are 

distributed around a bronchiole (B), in the 

walls of the developing saccules (S) and also 

around a blood vessel (bv).    Orcein; X 400

   

 
Fig. 22: A photomicrograph of a section 

in fetal rat lung at the 10th postnatal day 

showing elastic fibers (arrows) in the walls of 

the primitive alveoli (A) and in the tips of 

developing secondary septa.   Orcein; X 400 

 
Fig. 23: A photomicrograph of a section 

in neonatal rat lung at the 21st postnatal day 

showing elastic fibers (arrows) in the walls of 

the alveoli (A) and in the tips of the 

interalveolar septa. Orcein; X 400. 

 
Fig. 24: A photomicrograph of a section 

of a fetal rat lung at the 14th prenatal day 

showing α-SMA–positive cells (arrows) are 

present around a bronchial tube (BT) and the 

sinusoidal spaces (S) near to it. No α-SMA–

positive cells (arrow heads) around the 

terminal bud (tb) and the sinusoidal spaces (S) 

away from the bronchial tube. α-SMA; X 400 



British Journal of Science       34  

March 2014, Vol. 10 (2) 

 

 34 

 
Fig. 25:A photomicrograph of a section in the 

fetal rat lung at the 18th prenatal day showing 

α-SMA–positive cells distributed around the 

bronchioles (B) and the wall of narrow blood 

vessels near to it (arrows) but absent around 

the wall of wide capillaries separate from it 

(arrow heads). No α-SMA–positive cells are 

present around the terminal air space (T).  

                                        α-SMA; X 400 

 
Fig. 26: A photomicrograph of a section of a 

fetal rat lung at the 20th day prenatal showing 

α-SMA–positive cells (curved arrows) are 

distributed in continuous profiles around a 

proximal bronchiole (B), a terminal 

bronchiole (TB) and the blood vessels (bv). α-

SMA– positive cells are also distributed 

individually and in small groups along the 

acinar canals (AC) (arrows). Few α-SMA– 

positive cells are distributed around the 

capillaries associated with the acinus (arrow 

heads).                         α-SMA; X 400 

 
Fig. 27: A photomicrograph of a section 

of a neonatal rat lung at the 1st postnatal day 

showing slender, elongated α-SMA–positive 

cells (arrows) located in the interstitium of the 

primary septa of the developing air saccules 

(S). α-SMA–positive cells (arrow heads) are 

distributed around a bronchiole (B) and a 

blood vessel (bv).    α-SMA; X 400  

 
Fig. 28: A photomicrograph of a section 

in fetal rat lung at the 10th postnatal day 

showing elongated α-SMA–positive cells in 

the primitive alveolar septa (arrows) and other 

round α-SMA–positive cells in the developing 

secondary septa (arrow heads) between the 

alveoli (A).  α-SMA; X 400 



British Journal of Science       35  

March 2014, Vol. 10 (2) 

 

 35 

 
Fig. 29:A photomicrograph of a section of a 

neonatal rat lung at the 21st postnatal day 

showing round α-SMA–positive cells at the 

tips of the secondary septa (arrow heads). α-

SMA–positive interstitial cells disappeared in 

primary septa of mature alveoli (A) (arrows) 

but persist in immature alveoli (curved arrow).        

                                      α-SMA; X 400 

      

 
Fig. 30: A photomicrograph of a section 

of adult rat lung showing α-SMA–positive 

cells disappeared in the tip of secondary septa 

(arrows) between the alveoli (A). Individual 

cells stained positive for α-SMA are 

distributed sparsely near the junctions of 

individual alveoli (arrow head). α-SMA–

positive cells (curved arrow) are distributed 

around a bronchiole (B).  α-SMA; X 400 

 
Fig. 31:A photomicrograph of a section in 

fetal rat lung at the 14th prenatal day showing 

β-catenin positive cells display weak 

cytoplasmic- positivity in a bronchial tube 

(BT) and strong cytoplasmic positivity in the 

terminal buds (tb). Some mesenchymal cells 

(arrows) and some endothelial cells (arrow 

head) are stained positive for β-catenin.  

                                   β-catenin; x 400 

 
Fig. 32: A photomicrograph of a section of a 

fetal rat lung at the 16 prenatal day showing β-

catenin display strong membrane-bound 

positivity (zigzag arrow) in primitive 

bronchioles (B) and strong cytoplasmic 

positivity(curved arrow) in the bronchial tubes 

(BT). Some mesenchymal cells (arrow) and 

endothelial cells (arrow head) are positive for 
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β-catenin. Blood vessels (bv), mesenchyma 

(m).                  β-catenin; x 400 

 
Fig. 33:A photomicrograph of a section of a 

fetal rat lung at the 18th prenatal day showing 

β-catenin display cytoplasmic positivity 

(zigzag arrow) in a bronchiole (B) whereas its 

expression in the small developing airways 

(T) display nuclear positivity (arrow heads) 

and membrane bound positivity (arrows). 

Some mesenchymal cells (curved arrow) are 

stained positive for β-catenin.  β-catenin; x400 

 
Fig. 34: A photomicrograph of a section of a 

fetal rat lung at the 20th prenatal day showing 

β-catenin display strong membrane bound 

positivity (zigzag arrow) in the bronchioles 

(B). The epithelial cells of the acinus (AC) 

including pretype alveolar cells are positive 

for β-catenin showing mostly a membranous 

bound positivity (arrows) and also nuclear 

positivity in some cells (arrow heads). Some 

mesenchymal cells are stained positive for β-

catenin (curved arrow). β-catenin; x400

    

 

Fig. 35: A photomicrograph of a section of a 

neonatal rat lung at the 1st postnatal day 

showing β-catenin display moderate 

membrane bound positivity (curved arrows) in 

the bronchioles (B). Some type II alveolar 

cells (arrows) lining the saccules (S) and some 

mesenchymal cells (arrow head) are stained 

positive for β-catenin.        β-catenin; x 400 

 
Fig. 36:A photomicrograph of a section of a 

neonatal rat lung at the10th postnatal day 

showing for β-catenin display mild membrane 

bound positivity (curved arrow) in the 

bronchioles (B). Some type II alveolar 

epithelial (arrows) and also some 
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mesenchymal cells (arrow heads) are stained 

positive for β-catenin.     β-catenin; x 400    

Gross morphological results: 

 
 D                   C             B      A 

Fig. 37: A photograph showing the size of the 

lungs increases with advancing the age. A) 1
st
 

postnatal day (PD), B): PD10, C): PD21 and 

D): adult 
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Fig.38: A photograph of rat lungs at different 

ages showing the four lobes of the right 

lungs (I:cranial, II: middle, III: caudal and 

IV: median ―accessory‖ lobes and the only 

lobe of the left lung (V). 

Discussion 
The developing fetal lung undergoes 

dramatic tissue growth and remodeling to 

achieve the mature alveolar architecture required 

for optimal gas exchange. The lung remains 

densely cellular after completing the majority of 

bronchial branching during the pseudoglandular 

stage. An effective alveolar-capillary interface is 

then gradually established through the expansion 

of the endothelium, epithelium and air space 

compartments accompanied by a relative 

thinning of the interstitial compartment. This 

process begins in utero during `the canalicular 

and the saccular stages and is completed during 

the long postnatal alveolar stage (Scavo et al., 

1998).  
In the present study, the histological 

examination by H&E revealed that at the 

embryonic day14 (ED14), the fetal lung was in 

early pseudoglandular stage which extends in 

human from 5-17 weeks. The right lung was 

formed of two lobes which indicated that the 

lobation of the lungs was occurred. This is in 

agreement with Schittny & Burri, (2007) who 

said that at the beginning of the pseudoglandular 

stage in the rat, the lungs are already subdivided 

into definitive lobes. In this stage, the lung was 

consisted of bronchial tubes which were lined by 

a thick layer of endodermally derived epithelium 

with unclear cytoplasm. The bronchial tubes 

were enwrapped by a more densely packed 

network of circularly mesenchymal cells. These 

bronchial tubes gave terminal buds which were 

lined with pseudostratified columner epithelium. 

They were situated within abundant loose 

mesenchyme. There were sinusoidal spaces 

which formed haloe around the epithelial tubes. 

The sinusoidal spaces were lined with flat or 

angular endothelial cells and contained 

nucleated erythrocytes. These findings are in 

agreement with Yamada et al. (2002) and Ernst 

et al. (2011). Yamada et al. (2002) reported that 

the process of vasculogenesis was first seen in 

the rat and occurs in the lung mesenchymal 

tissue in the early pseudoglandular stage.  

At the ED16, the fetal rat lung was in 

the pseudoglandular stage where the lung 

showed progressive branching of the 

bronchial buds to increase the generations of 

the airway (primitive bronchiolar tubules) in 

cellular mesenchymal tissue. These airways 

remained small tubules and were lined with 

pseudostratified to columnar epithelial cells. 

Blood vessels increased in number in the 

mesenchymal tissue especially in the 

periphery. They were lined with flat 

endothelial cells. Similar findings were 

recognized by Yamada et al. (2002) and 

Ernst et al. (2011).  

 At the ED18, the fetal rat lung was in 

the late pseudoglandular stage where the 

right lung formed of four lobes and the left 

lung was formed of one lobe . This was in 

agreement with Warburton et al. (2000) 
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who said that the branching process in rat is 

different from human in that the bronchial 

buds give rise to unilobar left and 

quadrilobed right lungs. The lungs are 

increased in size where they showed 

progressive branching with enormous 

increase in numbers of the tubular air spaces 

in lung periphery. These tubular air spaces 

were changed from rounded tubules to wavy 

or undulating tubules and were separated by 

a highly cellular mesenchyme. There was 

marked increase in blood capillaries. The 

primitive bronchioles were lined with 

columnar epithelium which showed 

subnuclear vacuolization. They were divided 

to give tubular air spaces which were lined 

with cuboidal epithelium with vacuolated 

cytoplasm. Some capillaries were seen in 

close proximity with these tubular air spaces. 

These findings were in agreement with 

Yamada et al. (2002); Maeda et al. (2007). 
Also Warburton et al. (2010) said that at 

pseudoglandular stage, the epithelial tubes 

were lined with cuboidal epithelial cells and 

resembled an exocrine gland. However, this 

fluid-filled primitive respiratory tree 

structure was too immature to support 

efficient gas exchange. Also Ernst et al. 

(2011) reported that at the late 

pseudoglandular and the early canalicular 

stage with progressive branching the 

endodermal lining is thin. The columnar 

epithelium of the bronchioles is notable for 

prominent subnuclear vacuolization. The 

epithelium of the terminal airway space is 

vacuolated cuboidal cells conferring a 

pseudoglandular appearance to these tubules. 

These vacuolated cuboidal cells were 

considered by Fehrenbach (2004) as the 

precursors of type II alveolar cells. Also he 

proposed that their vacuoles represented 

lamellar bodies' precursors.  

Min et al. (1998), Sekine et al. (1999), 

Metzger et al. (2008) and Morrisey & Hogan, 

(2010) reported that in the mouse at the 

pseudoglandular stage, the primary buds 

generate a complex tree-like structure ending in 

thousands of terminal tubules. So, once the 

primary lung buds have formed they extend into 

the surrounding mesenchyme and begin the 

process of branching morphogenesis. During 

branching morphogenesis, the lung buds 

undergo repetitive cycles of four processes: bud 

elongation, cessation of outgrowth, expansion of 

the tip, and bifurcation . 

This branching pattern can be broken 

down into three distinct local modes or 

subroutines that are repeatedly in different 

combinations. The first mode is called domain. 

It involves the orderly sprouting of new buds at 

specific distances from the tip of a stalk and at 

positions around the circumference that are 

either dorsal/ ventral or medial/lateral relative to 

the axis of the parent stalk. The other two 

subroutines relate to the bifurcation of the tip. 

They are called planar and orthogonal 

bifurcation depending on the axis along which 

the two new buds are formed Metzger et al. 

(2008) and Morrisey & Hogan, (2010)  

Bourbon et al. (2005) and Menshykau 

et al. (2012) added that during the 

pseudglandular stage the cells in the tips of the 

buds constitute a pool of highly proliferative 

multipotent progenitor cells. These are 

maintained by the coordinated activity of 

signaling factors including WNT and fibroblast 

growth factor 10 (FGF10). Progeny left behind 

in the stalks by the outgrowth of the epithelium 

continue to divide and give rise to all of the 

different cell types of the future bronchi and 

bronchioles.  

At around E18.5 in the rat, lung 

development switches from branching 

morphogenesis to the canalicular and the 

saccular stages. Almost nothing is known 

about what controls the ending of the 

pseudoglandular stage, and the 

morphogenetic mechanisms underlying 

subsequent development remain poorly 

understood (Prodhan and Kinane, (2002) 

and Bourbon et al., (2005)  
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In the present study, the fetal rat at the 

ED20 was in the late canalicular stage which 

extends in human from16 to 26 weeks.. At this 

stage of development, all airway generations of 

fetal lung became greatly widened and 

elongated resulting in a marked reduction of the 

pulmonary interstitial connective tissue. The 

canalicular stage comprised important steps in 

the development of fetal rat lung. Firstly, the 

terminal bronchiole branched into 2 - 3 wide and 

straight canals termed acinar canals. Secondly, 

some cells of the epithelial lining of these acinar 

canals started to flatten and differentiate into 

prospective type I alveolar cells and the other 

epithelial cells remained cuboidal. Some 

capillaries displayed an intimate contact to the 

flattened cells resulting in the formation of first 

air-blood barriers. These findings are in 

agreement with Yamada et al. (2002), Berg 

(2005), Maeda et al. (2007) and Weng & Liu 

(2010).  

Maeda et al. (2007), Ernst et al. (2011) 

and Morrisey & Hogan (2010) reported that the 

canalicular stage served as a starting point for 

the establishment of the future air blood barrier 

and for initiation of the cuboidal epithelium 

lining the acinar canals to differentiate into type 

I and type II alveolar cells. The beginning of 

pneumocyte differentiation in combination with 

the canalization and decreasing the interstitial 

mesenchyme at this stage result in a primitive 

air capillary membrane which is critical for the 

development of the alveoli and for subsequent 

gas exchange. 

Schittny & Burri (2007) also mentioned 

that at the beginning of the canalicular stage the 

future gas exchange region of the lung could be 

distinguished from the conductive tubules of the 

airway tree. The authors characterized this step 

as ―birth of the acinus. The early respiratory 

acini are composed of several short generations 

of acinar canals arranged in clusters and taking 

origin from the actual last segment of the 

conducting airways (a prospective terminal 

bronchiole) and the canalization of the lung 

parenchyma by capillaries occurred at this stage 

which gave this stage its name. At the end of 

this stage, the lung had reached a state of 

development in which gas exchange was 

possible. Before these developmental steps a 

prematurely born infant has no chance to 

survive.  

 In the present study at the time of birth 

(PD), the neonatal rat lung was in the saccular 

stage of development which starts in human 

from 24 to term. During this stage, the terminal 

portions of the acinar canals formed typical 

clusters of widened airspaces termed air 

saccules or terminal sacs. The surrounding 

interstitial tissue condensed to form thick 

intersacular septa or primary septa that 

contained a double capillary layer. The air 

saccules were lined largely by squamous type I 

alveolar cells and the type II alveolar cells 

which were interspersed singly among type I 

alveolar cells. These findings are in agreement 

with Joshi & Kotecha (2007), Schittny & Burri 

(2007) and Smith et al. (2010). Schittny et al. 

(1998) said that mammals are born with a 

functioning but still immature lung. (Rutter, 

2008) also stated that the lung starts to gain its 

alveolar appearance under the microscope as the 

peripheral airspaces expand with a coordinate 

reduction in the surrounding mesenchyme. 

  While branching morphogenesis does 

not continue postnatally, the lungs increase in 

size for a significant time after birth as a result 

of increases in the length and diameter of the 

airways and the subdivision of the alveoli into 

smaller units (Bourbon et al., 2005). 

Bourbon et al. (2005) also reported that 

during the saccular stage the terminal or acinar 

tubes narrow and give rise to small saccules. 

The walls of these sacs (the primary septa) are 

tightly associated with the vascular plexus, with 

an extracellular matrix rich in elastin, and poorly 

defined mesenchymal cell types, including 

precursors of the myofibroblasts. The endoderm 

begins to differentiate into the two main 

specialized cell types of the future alveolus, the 

alveolar epithelial type 1 and type 2 cells (AEC1 

and AEC2). 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3736813/#R12
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Menshykau et al. (2012) reported that 

the cells in the tips of the distal tubules continue 

to divide and populate at the canalicular and the 

saccular stages. These late progenitors give rise 

to the AEC1 and AEC2 cells, either because 

their intrinsic development potential has 

changed or because their environment now only 

supports alveolar development  

 Smith et al. (2010) reported that an 

infant is born between 24 to 32 weeks of 

gestation (preterm), the lung development is 

within the saccular period. The surfactant and 

cortisol systems are also not mature in the 

saccular period and if these do not activate after 

delivery and function appropriately (along with 

immature alveoli and an underdeveloped surface 

area for gas exchange) respiratory distress 

ensues. 

 Zhuang et al. (2010) reported that 

bronchopulmonary dysplasia (BPD) remains a 

major cause for morbidity and mortality in 

extremely premature infants born at 23-28 

weeks of age (at the saccular stage). BPD 

includes arrested alveolar development and 

impaired pulmonary vascularization, which 

result in a simplified alveolar structure with 

reduced surface gas exchange area and 

compromised pulmonary function.  

At the postnatal day10 (PD10), the fetal 

rat lung was in the alveolar stage of 

development which started in human at the 36th 

weak prenatal and completed postnatally. There 

were large numbers of developing crests 

(secondary septa) which were recognized along 

the primary septa giving them acrenated 

appearance. The secondary septa increased in 

height and subdivided the air saccules into 

smaller units (primitive alveoli). These septa 

still contained double capillary layer. These 

findings are in agreement with Prodhan & 

Kinane (2002), Roth-Kleiner & Post (2005) and 

Joshi & Kotecha (2007).  

Cardoso, (2010) said that in the 

developing respiratory system, while airway 

branching is eminently a prenatal event, 

formation of the alveoli spans pre- and postnatal 

life, and in many species such as the rat and 

mouse occurs only postnatally. 

Bolle et al. (2007) also reported that the 

rat lung expands from birth and on day 4 cells of 

the interairspace walls show peak proliferation 

rates. Primary inter-airspace walls consist of two 

capillary layers and a central highly cellular 

sheet of connective tissue. These structural 

features form the basis for the rapid alveolar 

formation from days 4 to 13 which has been 

termed bulk alveolarization. But in the human, 

the lung at birth is therefore within the 

alveolarisation period. Most authors now agree 

that over 85% of alveolarisation takes place after 

birth and so this period is considered mainly 

postnatal. 

 To provide gas-exchange efficiently in 

the postnatal organism, the lung undergoes 

dramatic tissue growth and remodeling. The 

formation of new interalveolar walls known as 

alveolar septation is a necessary step to increase 

blood-gas interface and meet the respiratory 

requirements of the growing organism (Burri, 

1997).  

The alveolar formation, one of the most 

critical steps in lung development involves the 

precise temporal and spatial coordination of 

multiple cell lineages. This makes the process 

particularly susceptible to disruption by cellular 

stress, intrauterine infection, and even 

nutritional restriction This, in turn, may lead to 

conditions such as emphysema (enlarged air 

spaces) and alveolar capillary dysplasia that are 

not easily reversed. Many signaling pathways 

and intercellular interactions are obviously 

involved in the generation and differentiation of 

the vascular and mesenchymal components 

needed to make alveoli (Morrisey & Hogan 

2010). 
 Bourbon et al. (2005) said that 

alveologenesis is a highly integrated process that 

implies cooperative interactions between 

interstitial, epithelial, and vascular 

compartments of the lung. Many key control-

molecules have been identified including 

various transcription factors, growth factors 
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such as platelet-derived growth factor, fibroblast 

growth factors and vascular endothelial growth 

factor, matrix-remodeling enzymes, and 

retinoids. Defects in one of these components 

have repercussions on the whole alveolar 

development. The basis for intervention to 

prevent or reverse impaired alveologenesis 

depends on clarification of these complex 

interrelationships that are operative during 

normal lung development. 

 Alveologenesis is characterized by an 

extensive proliferation of alveolar type II (ATII) 

cells. Sufficient ATII cell number is important 

because they serve as stem cells for alveolar 

type I (ATI) cells that line most of the alveolar 

surface and form air-blood barriers, and because 

they ensure adequate surfactant production 

around birth. Conditional deletion of the winged 

helix transcription factor Foxa2 (or HNF3β) has 

evidenced its requirement for ATII cell 

differentiation (Wan et al., 2004a). Moreover, 

when Foxa2 was deleted in late gestation, 

extensive airspace enlargement and altered 

septation were displayed (Wan et al., 2004b). 

Full ATII cell differentiation therefore appears 

to be required for alveolar septation, illustrating 

the concept that epithelial signals are essential to 

the interstitial events of alveologenesis (Liu et 

al., 2002).  
 FGF signaling is also critical for 

alveologenesis. Alveolar formation coincides 

with increased expression of FGFR3 and 4 

(Powell et al., 1998). Mice devoid of both 

FGFR3 and 4 manifest a failure of secondary 

septation (Weinstein et al., 1998). Also the over 

expression of Shh in AEC II with a SP-C 

promoter disturbs the formation of alveoli by 

increasing the proliferation of mesenchymal 

cells, but not epithelial cells (Bellusci et al., 

1997). 
 BPD in which impairment of alveolar 

formation is the prominent feature, leading to 

long-term global reduction in alveolar number 

and gas-exchange surface area (Jobe, 1999). 

BPD is now considered as resulting from the 

impact of injury and infection on a very 

immature lung which leads in turn to arrest of 

normal maturation (Jobe & Bancalari, 2001). 

Also neonatal exposure to hyperoxia inhibits the 

septal formation and affects the alveologenesis 

(Warner et al., 1998).  

 At PD21, the fetal rat lung was in the 

microvascular maturation stage of development 

which started in human from birth to 3 years. 

The lung was formed of alveoli with thin 

interalveolar septa. The double capillary layers 

inside the primary and secondary septa were 

transformed into a single central capillary layer. 

This findings were recognized by Schittny et al. 

(1998), Joshi & Kotecha (2007), Schittny & 

Burri (2007) and Rutter (2008). 

 Bolle et al. (2007) said that during bulk 

alveolarization but mainly thereafter the septa 

with double capillary networks are restructured 

to the mature form with a single capillary 

network interwoven with connective tissue 

strands, which stabilize the interalveolar wall. 

This process results in a reduction of tissue mass 

and alveolar septal thickness, as well as the total 

number of fibroblasts and epithelial type II cells. 

With finalization of septal restructuring at 

around day 21, lung structural change is 

considered complete and the lung enters a period 

of equilibrated growth, during which capillary 

growth by intussusception still plays an 

important role in further optimization of gas 

exchange. 

 Joshi & Kotecha (2007) reported that 

the stage of microvascular maturation is an 

extremely important event in the postnatal lung 

growth as angiogenesis and alveolarization go 

hand in hand and once the capillary network 

fuses into a single layer new alveolar septa 

cannot be formed. This has now been postulated 

as the major cause of premature arrest of lung 

growth following postnatal dexamethasone 

treatment in premature infants with chronic lung 

disease.  

 Rutter (2008) also reported that the 

microvascular maturation is the final step in 

lung formation which is necessary to create an 

efficient gas exchange surface. Yamada et al. 
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(2005) reported that comparable changes in 

human lungs require several years but in the rat 

lungs most of this remodeling occurs within 

days after birth. 

VEGF signaling plays a major role for 

microvascular lung development (Stenmark & 

Abman, 2005). VEGF is released principally by 

respiratory epithelial cells and enhances 

migration, proliferation, and differentiation of 

adjacent endothelial cells via paracrine signaling 

to receptors Flt-1 and Flk-1. The requirement of 

normal angiogenesis for alveologenesis has been 

demonstrated by the use in the developing rat of 

angiogenesis inhibitors, including VEGF 

receptor inhibitor of neutralizing antibody (Le 

Cras et al., 2002; McGrath et al., 2005). These 

inhibitors not only impaired pulmonary vascular 

growth, but also reduced septation and final 

alveolar number (Tang et al., 2004). 

 Morphometric study on septal thickness 

illustrated that there was a significant decrease 

in the thickness of the inter-alveolar septum 

from 20th prenatal day to 21st postnatal day in 

developed groups. These results are in 

agreement with Burri &Weibel (1975). Gomi et 

al. (1994) said that in the developing lung there 

is not only formation of new septa but also 

lengthening and thinning of these septa. The 

lengthening seems to be achieved partially by 

stretching and redistribution of the tissue mass.  

Gomi et al. (1994) stated that the 

thickness of the blood-air barrier in the 

canalicular stage at 20th prenatal day was 

nearly10 times as thick as that of adult and in 

the neonate (between 1st to 10th postnatal days) 

was 3.5 times as thick as that of adult.  

Kresch et al. (1998) said that, apoptosis 

of both mesenchyme and epithelium was present 

in later fetal lung (E18). There was a 14-fold 

increase in apoptosis at birth and in the first 

postnatal day of life (9-12% of cells) compared 

with fetal lung (0.6-1% of cells). But McGowan 

& Synder (2004) reported that, between 

postnatal days 13 and 21, the number of 

fibroblasts and type II cells decrease. This 

decrease in fibroblasts and type II cells occurs 

by means of programmed cell death or 

apoptosis, which peaks between postnatal days 

17 and 19. 

 Harding et al. (2004) added that the rate 

of apoptosis after alveolarisation on postnatal 

day16 increase owing to decrease in bcl-2 and 

increase in BAX mRNA in the fibroblasts. The 

gene products of bcl-2 and BAX interact to form 

homodimers and heterodimers, although bcl-2 

and BAX heterodimers are inactive, when bAX 

in excess and BAX homodimers predominant, 

cells are likely to undergo apoptosis. This 

explains a decrease in total number of type II 

epithelial cells and the fibroblasts in rat lung 

during the 3rd postnatal weeks. So apoptosis 

therefore plays a key role in thinning of the 

alveolar septa that occur after alveolarisation 

.Although apoptosis is ongoing process in the 

immature lung.  

 The percentage of ATETAS was 

increased by age. When the area occupied by 

ATETAS at a given day was compared to the 

area of the adult the percentage at ED 20 was 

approximately 55% of the adult value, whereas 

the percentage at PD1 was 80% of the adult 

value. These findings in agreement with Gomi et 

al. (1994) who reported that the percentage on 

day 20 prenatal was approximately 60% of the 

adult value, whereas the percentage in neonates 

was 85%. So a remarkable transformation took 

place in ATETAS between the prenatal day 20 

and the neonate. Marszałek et al. (1999) also 

said the fluid/gas compartment was largest at the 

alveolar stage (70.5%). 

 The present results confirm the previous 

results which indicate that the most dynamic 

lung development occurs during thin air-blood 

barrier formation (20th day of intrauterine life to 

5th day after delivery).  

In the present study, the sections stained 

with orcein revealed that at early 

pseudoglandular stage the elastic fibers were 

absent around the developing epithelial tubes. 

But at the late pseudoglandular and the late 

canalicular stage, fine elastic fibers were 

detected in the wall of the terminal epithelial 
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tubules and the developing acinar canals. Just 

after birth, the elastic fibers could be detected in 

the walls of the developing saccules. At the 

alveolar stage, the elastic fibers were detected in 

the tips of the secondary alveolar septa and in 

the wall of primitive alveoli. At the 

microvascular maturation stage, it was detected 

in the alveolar walls and in the tips of the 

interalveolar septa. In adult, the elastic fibers 

concentrated in the tips of the alveolar septa. So 

the present findings suggested that elastic fibers 

play a critical role in septation and alveolar 

formation. Similar findings were recognized by 

Amy et al. (1977) in mice, by Runciman et al. 

(1996) in Macropus eugenii, by Maritz and 

Woolward (1992) in human and by Yamada et 

al. (2005) in rat. 

Starcher (2000) mentioned that the 

elastic fibers is a constituent of connective tissue 

that is present in all tissues which has vital role 

in organs that undergo repeated cycle of 

extension and recoil such as arteries, lung and 

skin. Elastic fibers are secreted from cells of 

mesenchymal origin such as smooth muscle 

cells, fibroblasts, chondrocytes and endothelial 

cells. 

Nogachi & Samaha (1991) mentioned 

that lung elastic fibers are involved in septation 

by providing structural support for newly 

emerging secondary septa. Inhibition of elastic 

fibers has been linked to impaired septation. 

 Harding et al., (2004) reported that the 

developmental regulation of elastin synthesis in 

the lung has been most extensively studies in 

mice and rats and in these species occur 

primarily postnatally. Early morphologic studies 

established that extensive elastic accumulation 

occur in the alveoli between postnatal day 4 

&20.  

Lindahl et al. (1997) and Yamada et al. 

(2005) also reported that the alveogenesis which 

begins on postnatal day 4 in the mouse depends 

on the deposition of elastin within the walls of 

the terminal sacs which is necessary for the 

secondary septa to form. Also Bourbon et al. 

(2005) said that the essential role of elastin for 

distal lung development was evidenced by 

different approaches. Although the lungs of 

mice devoid of elastin gene developed until the 

saccular stage, they displayed fewer, dilated 

distal air sacs with attenuated tissue septa, a 

condition reminiscent of emphysema. Also 

Wendel et al. (2000) reported that elastin null 

mice do not develop normal alveoli and have a 

reduced radial alveolar count. 

 So elastin deposition in the thickness of 

primary septa is one of factors that participate in 

the control of budding of secondary septa. It 

appears to have a spatially instructive role in the 

specific sites of elastic fiber formation 

correspond precisely to the location of future 

buds. Elastin is elaborated by cross-linking of a 

soluble precursor tropoelastin. Septal 

tropoelastin is produced by interstitial cells that 

express smooth-muscle actin and are designated 

myofibroblasts (Morrisey & Hogan, 2010). 

 α-SMA is a useful marker for smooth 

muscle cells in the developing lung because of 

its consistent appearance in vascular and 

bronchiolar smooth muscle cells from the initial 

stage of their differentiation. (Mitchell et al., 

1990). 

 In the present study, immunohistoch-

emical staining for α-SMA revealed that at the 

early pseudoglandular stage, α-SMA–positive 

cells were distributed around the bronchial tubes 

and around the blood vessels near to it. α-SMA– 

positive cells were absent around the blood 

vessels away from the bronchial tube and absent 

around the terminal buds (primitive bronchiolar 

tubules). At the late pseudo- glandular stage, α-

SMA–positive cells were distributed around the 

bronchiolar tubules and the blood vessels near to 

it but the wide capillaries separated from it 

showed few α-SMA–positive. α-SMA–positive 

cells were absent around the terminal tips of the 

bronchioles (the developing airway tubules). 

Similar findings were recognized by Leslie et al. 

(1990) and Yamada et al. (2002). Kameswara et 

al., (2008) said that the appearance of bronchial 

smooth muscle precedes the appearance of 

vascular musculature by several days. 

file:///G:/amr/Airway%20and%20blood%20vessel%20interaction%20during%20lung%20development.htm%23b55
http://www.ncbi.nlm.nih.gov/pubmed?term=Leslie%20KO%5BAuthor%5D&cauthor=true&cauthor_uid=2283003
http://www.ncbi.nlm.nih.gov/pubmed?term=Leslie%20KO%5BAuthor%5D&cauthor=true&cauthor_uid=2283003
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 In the late canalicular stage, α-SMA–

positive cells were distributed as organized layer 

around the proximal and terminal bronchioles 

but α-SMA–positive cells were distributed 

individually and in small groups along the 

terminal air way (acinus). α-SMA–positive cells 

were also distributed circularly around the blood 

vessels (branches of pulmonary artery) but few 

α-SMA–positive cells were present around the 

capillaries associated with the acinus. These 

findings are in agreement with Leslie et al., 

(1990) but in disagreement with Yamada et al. 

(2002) who said that no α-SMA- positive cells 

around the capillaries associated with the acinus. 

 Schittny & Burri (2007) reported that a 

continuous layer of contractile α-SMA–positive 

cells surround the larger future airways in the 

proximal part of the bronchial tree. These cells 

are defined as smooth muscle cell precursors, 

because morphologically they are not yet fully 

differentiated. The layer of smooth muscle cell 

precursors becomes step by step discontinuous 

in the more distal parts and ends in front of the 

terminal buds. Until birth these contractile cells 

perform spontaneous contractions, which start 

centrally and travel like a peristaltic wave into 

the periphery. The resulting wave of intra 

bronchial liquid pushes liquid into the terminal 

buds and extends them rhythmically. It was 

postulated that branching is stimulated by this 

mechanical signal via mechanical transduction. 

 Mitchell et al. (1990) said that α-SMA is 

a marker for initial differentiation of smooth 

muscle cells and that these cells arise from the 

enveloping mesenchyme. In the pseudoglandular 

and the canalicular lung, α-actin-containing cells 

were also found in regions of epithelial tube 

cleft formation, suggesting an association with 

the process of branching morphogenesis. Also 

said that by the use of this marker we could 

succeed in clarifying the early differentiation 

and later distribution of the bronchiolar and 

vascular smooth muscle cells 

At the saccular stage, α-SMA–positive 

cells were distributed as slender, elongated cells 

in the primitive septa and the interstitial spaces 

of the saccules. At the alveolar stage (P10), in 

addition to the slender α SMA–positive cells in 

primitive septa, a population of round α-SMA–

positive cells appeared at the tips of the 

developing secondary septa. At microvascular 

maturation stage, the round α-SMA–positive 

cells were persisted at the tips of the developing 

secondary septa but the slender α-SMA–positive 

interstitial cells disappeared. In adult rat lung, α-

SMA–positive cells had disappeared from the 

tips of secondary septa. The similar findings 

were recognized by Leslie et al. (1990), 

Oldmixon (2001), Yamada et al. (2005) and 

Dickie et al. (2007).  
 Yamada et al. (2005) added that the α-

SMA expressed in the interstitial cells located 

within the alveolar walls might play a role in 

making the tensile forces of the alveolar 

parenchyma.  

 The cellular localization of α-SMA 

during lung maturation indicates that α-SMA is 

located exclusively at the protrusions of the 

septal myo-fibroblasts. Myofibroblasts are 

recognized to play a central role in closing 

wound tissue through their capacity to produce a 

strong contractile force (Serini & Gabbiani 

1999). Exogenous expression of α-SMA was 

induced to enhance fibroblast contractile activity 

(Hinz et al., 2001). 
 The present study clarifies morphol-

ogically the relationship between the airway 

epithelium and the smooth muscle cells during 

the development. It’s interesting that, through 

the pseudoglandular stage the terminal bud of 

the bronchioles lack smooth muscles but its neck 

was surrounded by smooth muscle cells. This 

indicated that the smooth muscle cells are being 

formed just behind the tip of the terminal bud 

whose differentiation from the surrounding 

mesenchymal cells probably is induced by the 

epithelial cells in this portion. These finding are 

in agreement with (Yamada et al., 2002). Yang 

et al. (2000) reported that the mechanism of 

smooth muscle elongation is a unknown, a 

recent study using a mouse lung organ culture 

system proposed that tension and stretch caused 

http://www.ncbi.nlm.nih.gov/pubmed?term=Leslie%20KO%5BAuthor%5D&cauthor=true&cauthor_uid=2283003
http://www.ncbi.nlm.nih.gov/pubmed?term=Leslie%20KO%5BAuthor%5D&cauthor=true&cauthor_uid=2283003
http://www.ncbi.nlm.nih.gov/pubmed?term=Leslie%20KO%5BAuthor%5D&cauthor=true&cauthor_uid=2283003
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by intra luminal pressure in the airway could 

induce the elongation and protein synthesis in 

the smooth muscle which resulted in the 

acceleration of the bronchiolar myogenesis .It’s 

possible that the circular arrangement of the 

smooth muscle cells is produced by such 

mechanical stimulus.  

 Schittny & Burri (2007) said that it has 

been proposed that the combination of the three 

components myofibroblasts, elastic fibers and 

collagen fibrils provides the critical driving 

force for septation. Also Collet & DesBiens, 

(1975) reported that elastogenesis and 

myogenesis processes are parts of the 

development of lung mesenchyme and their 

observations demonstrated that these two 

processes are similar to those occurring in 

organs other than developing mammalian lung. 

 Dickie et al. (2007) stated that the 

alpha smooth muscle expression during 

normal lung development appears to be a 

well motivated first step in evaluating these 

proposed ontogenetic recapitulation .They 

added that α-SMA-expressing cells are 

important participants in lung remodeling 

during both normal postnatal ontogeny and 

after injury. Developmental dysregulation of 

these contractile cells contributes to 

bronchopulmonary dysplasia in newborns, 

and aberrant recapitulation in adults of the 

normal ontogeny of these cells has been 

speculated to underlie disease and repair in 

mature lungs. 

 In the present study, β-catenin positivitiy 

appeared mainly as three types; nuclear, 

cytoplasmic and membrane-bound positivity. 

The epithelia of the bronchial tubes showed 

cytoplasmic positivity for β-catenin but the 

epithelia of the bronchioles showed mainly 

membrane-bound positivity for β-catenin 

throughout all gestational periods. The nuclear 

staining for β-catenin existed in the small 

developing airway at the pseudoglandular stage 

but it had eventually disappeared by the end of 

the canalicular stage. β-catenin was also positive 

in pretype II cells and type II alveolar cells of 

alveoli. Some mesenchymal cells beneath the 

airway epithelia and endothelial cells were 

stained positive for β-catenin. The results of our 

study support the results of the previous studies 

underlining the importance of β-catenin in the 

organogenesis of lung. These finding are in 

agreement with Eberhart &Argani (2001) who 

reported that β-catenin is expressed in the 

airway and alveolar epithelial cells during fetal 

lung development. β-cateinin nuclear expression 

is especially high in pre-alveolar acini budding 

from respiratory airways. From E14.5 to E17.5 

in mouse, cytoplasmic and nuclear expression of 

β-catenin is also found in the primordial and 

alveolar epithelial cells, and adjacent 

mesenchymal cells. 

Kaarteenaho et al. (2010) reported that 

β-catenin was widely expressed throughout all 

periods in various types of pulmonary cells 

including epithelial, endothelial and 

mesenchymal cells. Not only the cell-specific 

localizations of β-catenin varied within lung 

tissue, but also its distribution within the cell i.e. 

during early lung development β-catenin was 

expressed mostly as nuclear type positivity 

within epithelial cells and also in cells 

underneath the epithelia of airways, whereas it 

was expressed mainly as epithelial membrane-

bound positivity during mid- and late-gestation. 

The authors supported the importance of β-

catenin in the organogenesis of lung. 

Also Shu et al. (2005) reported that β-

catenin expression in respiratory epithelial cells 

was shown to be required for normal lung 

morphogenesis. Formation and differentiation of 

peripheral lung tubules, including the 

specification of type I and type II epithelial cells 

in the alveolus were disrupted by the lack of β-

catenin expression in respiratory epithelial cells 

of the mouse. β-catenin also plays an important 

role in airway SM development. The BAT-GAL 

Wnt/beta-catenin reporter line reveals β-catenin 

signaling activity early in the developing lung 

mesoderm and later in the differentiating airway 

SM. Also Mucenski et al, (2003) and Mucenski 

et al. (2005) reported that β-catenin plays 

http://ajplung.physiology.org/search?author1=Michael+L.+Mucenski&sortspec=date&submit=Submit
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important roles in cell fate determination and 

differentiation in various organ systems. β-

catenin signaling was required for the formation 

of the distal, but not the proximal airways. 

Excision of β-catenin in epithelial cells caused 

respiratory failure and death. Deletion of β-

catenin in epithelial cells of the embryonic lung 

disrupted lung morphogenesis, restricting 

formation and differentiation of th e peripheral 

lung and enhancing formation of the conducting 

airways, resulting in lungs composed primarily 

of conducting airways. There is a critical 

requirement for β-catenin for the formation of 

alveoli. 

Immunohistochemical findings of the 

developing lung were compared to that of the 

normal adult rat lung; the expressions of β-

catenin were shown to be higher during the lung 

development than in the adult lung. This in 

agreement with Kaarteenaho et al. (2010). 

There is still little detailed knowledge of 

how cells differentiate during ontogenesis in the 

lung as well as in pulmonary diseases. It has 

been assumed that signaling processes occurring 

during pulmonary fibrosis and lung cancer may 

share similarities with the various stages of 

human lung development, thus by studying lung 

development it might be possible to acquire 

valuable information that may be useful when 

researching fibrotic and neoplastic lung diseases 

(Konigshoff & Eickelberg, 2010). 
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 ألتُضا تكىَن القطع الشعثُح الرئىَح فٍ الفأر
 عثد الردمن مها مذمد،  متىلٍ منصىر عثد الثارٌ ً،ممدوح عثد التىاب األشطىخ ،إتراهُم السمخ  أمُرج

 جامعح السقازَق -كلُح الطة الثشري - واألجنح التشرَخ قسم

ارظبل ؽًٛى  بد انذيٕٚخ ػهٗٚانٕٓاء انًسزُشق ٔانشؼٛش هٕٓاء ٔانزٙ فٛٓب أطجؼنانشئخ نزٕفٛش يسبؽخ داخهٛخ ٔاسؼخ  ركٍٕٚرى 
يزًٛضح ٔنكُٓب  ػًهٛبد رًُٕٚخ ٔٚزؾقق ْزا انٓذف يٍ خالل سهسهخ يٍ. يغ ثؼضٓب انجؼض، ٔثبنزبنٙ انسًبػ نزجبدل انغبصاد ثكفبءح

 .يزذاخهخ
يغًٕػخ قجم انٕالدح : بدصالس يغًٕػ إنَٗبس انفئشاٌ انجٛضبء انؾٕايم قسًذ إسثؼٌٕ يٍ أْزا انجؾش  فٙاسزخذو  

يغًٕػخ , ثبنزشرٛت(  20-11-11-14) انؼًش انغُُٛٙفٙ  (أ4-أ3-أ2-أ1) يغًٕػبد فشػٛخ أسثؼخ رزكٌٕ يٍ ٔ( أيغًٕػخ )
ثؼذ انٕالدح ثبنزشرٛت  )21-10-1 (ػًش فٙ (ة3-ة2-ة1 ( فشػٛخ صالس يغًٕػبد رزكٌٕ يٍ ٔ( يغًٕػخ ة )ثؼذ انٕالدح 

 .خثبنغفئشاٌ رزكٌٕ يٍ  ٔ (يغًٕػخ ط)ٔيغًٕػخ ثبنغخ 
رى أخز ػُٛبد يٍ عًٛغ انًغًٕػبد ٔ  ٔ ثبنكبيٛشا انشقًٛخ( ط)ٔانًغًٕػخ ( ة)رى رظٕٚش ػُٛبد انشئخ نهًغًٕػخ  

اسزخذيذ طجغخ انًٓٛبرٕكسٛهٍٛ ٔاألٕٚسٍٛ نهفؾض انُسٛغٙ انؼبو ٔ طجغخ  ؽٛش انضٕئٙرؾضٛشْب نهفؾض ثبنًغٓش 
ٔ  .هجٛزبكبرٍُٛٛٔننفب أكزٍٛ فٙ انؼضالد انًهسبء ألن خخ انًُبػٛانُسٛغٛ ئٛخنكًٛٛبا دٔانظجبغب انًشَخاألٔسسٍٛ نُضٕط األَسغخ 

 إؽظبئٛب انُزبئظنهؼُٛبد ثبسزخذاو عٓبص رؾهٛم انظٕس، ٔ رى رؾهٛم  يٕسفٕيزشٚخكزنك رى ػًم دساسخ 

 :الفذص النسُجٍنتائج 
   ٙركَٕذ انشئخ انًُٛٙ يٍ أسثؼخ فظٕص  ؽٛش نغذح انضائفخكبَذ سئخ انغٍُٛ فٙ يشؽهخ ا( 11-11-14)انؼًش انغُُٛٙ ف

 انزفشع ٔانًُٕ فٙ فٙيسزًشح  ركَٕذ سئخ انغٍُٛ يٍ شؼت ْٕائٛخ ٔانشئخ انٛسشٖ يٍ فض ٔاؽذ فقطض فٙ ْزِ انًشؽهخ
ألٔػٛخ ا أٌ ٔقذ أشبسد ٔعٕد انًسبؽبد انغٛجٛخ يخزهفخ انؾغى شغشح يغشٖ انٕٓاء كهّ ، نزكٍٕٚانًؾٛطخ  األَسغخ انجُٛٛخ

  .ْٔٙ فٙ رضاٚذ يسزًش يٕعٕدح ثبنفؼم فٙ يشؽهخ يجكشح يٍ انغذح انضائفخ األٔنٛخانذيٕٚخ 

  ٙقُٕاد  3-2 إنٗانزُفسٛخ انُٓبئٛخ انشؼٛجٛبد  رفشػذكبَذ سئخ انغٍُٛ فٙ انًشؽهخ انقُٕٛٚخ ؽٛش  :(20)انؼًش انغُُٛٙ ف
 . انذؤٍ انٕٓاء انؾٕاعض ثٛأٔل  هذاألَسغخ انًؾٛطخ ٔ رشك ٔقهذػُٛٛخ ٔاسؼخ 

 ٙ  ؼُٛجٛخانكبَذ سئخ انغٍُٛ فٙ انًشؽهخ انكٛٛسٛخ ؽٛش شكهذ األعضاء انطشفٛخ يٍ انقُٕاد : انٕٛو األٔل ثؼذ انٕالدح ف
بد انٕٓائٛخ، ٔقذ ركضف انُسٛظ انجُٛٗ انًؾٛظ نزشكٛم ؽٕاعض كٛٛسٛخ سًٛكخ أٔ ؽٕاعض أٔنٛخ رؾزٕ٘ ٛانكٛٛسخ يٍ يغًٕػ

 .ٛشٚبد انذيٕٚخ ػهٗ طجقخ يضدٔعخ يٍ انشؼ

 ٙ كبَذ سئخ انغٍُٛ فٙ يشؽهخ انزؾٕطم انٕٓائٙ ؽٛش ركَٕذ أػذاد كجٛشح يٍ انؾٕاعض  :انٕٛو انؼبشش ثؼذ انٕالدح ف
ال رضال رؾزٕ٘ ػهٗ طجقخ يضدٔعخ  ٔانزٙ( ؽٕٚظالد ْٕائٛخ ثذائٛخ)بد انٕٓائٛخ إنٗ ٔؽذاد أطغش ٛقسًذ انكٛٛس انضبَٕٚخ

  .يٍ انشؼٛشٚبد انذيٕٚخ

 ٙ انذيٕٚخ انذقٛقخ ؽٛش ركَٕذ يٍ  األٔػٛخكبَذ سئخ انغٍُٛ فٙ يشؽهخ َضظ  :ٕو انٕاؽذ ٔانؼششٍٚ ثؼذ انٕالدحانٛ ف
 ٔنزنك .حطجقبد شؼشٚخ يشكضٚخ ٔاؽذ ػهٙانؾٕاعض االثزذائٛخ ٔانضبَٕٚخ  ٔقذ اؽزٕد .ؽٕاعض سفٛؼخ راد ؽٕٚظالد ْٕائٛخ

 .خٔرجغ رنك انًُٕ انطجٛؼٙ نهشئ انشئخ قذ اَزٓٗ سفبٌ رطٕ

 انضبَٕٚخ رهؼت دٔسا ؽبسًب فٙ رشكٛم انؾٕاعض انًشَخ ٚزضاٚذ ظٕٓسْب ثزطٕس انؼًش ٔأَٓباألنٛبف  أٌ أظٓشد انُزبئظ 

 .ٔركٍٕٚ انؾٕٚظالد انٕٓائٛخ

 :مىرفىلىجٍنتائج الفذص ال

 فض ٔاؽذإٌ ؽغى انشئزٍٛ ٚزضاٚذ يغ رضاٚذ انؼًش ٔأٌ انشئخ انًُٛٙ نهفأس رزكٌٕ يٍ أسثؼخ فظٕص ٔانشئخ انٛسشٖ ي ٍ. 

 :المناعٍ نتائج الفذص الهستىكُمُائٍ

 انٕٓائٛخ انشؼتؽٕل  أنفب أكزٍٛ فٙ انؼضالد انًهسبءجشٔرٍٛ ن اإلٚغبثٛخظٓشد انخالٚب  :يب قجم انٕالدح فٙ يشؽهخ 
 ػى انطشفٛخانجشأب ًُٓػ جؼٛذحؽٕل األٔػٛخ انذيٕٚخ ان ٔػذو ٔعٕدْبب، ًٔ األٔػٛخ انذيٕٚخ انقشٚجخ يُٓ ٔانشؼٛجٛبد انٕٓائٛخ

أنفب أكزٍٛ جشٔرٍٛ انًشؽهخ انقُٕٛٚخ ظٓشد انخالٚب اإلٚغبثٛخ ن أٔاخشفٙ  ٔرنك فٙ يشؽهخ انغذح انضائفخ ٔنكٍ انًزفشػخ يًُٓب
األٔػٛخ انذيٕٚخ ٔ ثطشٚقخ غٛش ٔ ٔانُٓبئٛخ ألٔنٛخفٙ انؼضالد انًهسبء ثطشٚقخ يُزظًخ يزكبيهخ ؽٕل انشؼٛجٛبد انٕٓائٛخ ا

 .انقشٚجخ يُٓب انذيٕٚخ انشؼٛشٚبد ٔ هخ ؽٕل انقُٕاد انؼُٛٛخيُزظًخ ٔغٛش يزكبي

 ٙفٙ انؾٕاعض  خٔسفٛؼ حأنفب أكزٍٛ فٙ انؼضالد انًهسبء يًزذجشٔرٍٛ خالٚب إٚغبثٛخ ن ظٓشد :يب ثؼذ انٕالدح يشؽهخ ف

انذيٕٚخ  األٔػٛخظ َضٔاخزفذ فٙ يشؽهخ  يشؽهخ انزؾٕطم انٕٓائٙٔ ٔرنك فٙ انًشؽهخ انكٛسٛخ األٔنٛخ ٔفٙ انخالٚب انجُٛٛخ
يشؽهخ انزؾٕطم انٕٓائٙ  فٙٔرنك يٍ انخالٚب اإلٚغبثٛخ فٙ أطشاف انؾٕاعض انضبَٕٚخ  يسزذٚشح ظٓشد يغًٕػخٔ .انذقٛقخ

 .جهٕؽ اخزفذ فٗ يشؽهخ ان ٔنكُٓب انذيٕٚخ انذقٛقخ األٔػٛخَضظ ٔ يشؽهخ 
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 ٍثشٔرٛفقذ ظٓش . ضب رٕصٚؼّ داخم انخهٛخ أٍٚٔ ثزبكزٍُٛ رجبٍٚ داخم أَسغخ انشئخ ظٕٓس ثشٔرٛ أٌ ذ انُزبئظٔضؾأ 

فٙ  ٍ ثزبكزٍُٛٔأٌ كضبفخ ثشٔرٛ .غشٛخ انًؾٛطخ ثبنخهٛخ ٔفٙ انسٛزٕثالصوألفٙ ا ,ٕٚخ األَفٙ  :ثزبكزٍُٛ اٚغبثٛب ثضالس إَٔاع 

 .انشئخ َزبئظ دساسزُب رؤكذ ػهٗ أًْٛخ انجزبكزٍُٛ فٙ رطٕسنزنك  .انشئخ فٙ يشؽهخ انجهٕؽ أقم ثكضٛش يٍ يشاؽم انًُٕ

 

 


