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TITLE: STUDY OF INTRASEGMENTAL BRANCHING PATTERN OF 

THE BRONCHIAL TREE IN FETUSES AND ESTIMATION OF 

APPROXIMATE TIME OF APPEARANCE OF TYPE II PNEUMOCYTES. 

ABSTRACT: 

A study of the intrasegmental branching pattern of the bronchial tree was done in 

50 spontaneously aborted fetuses from 10 weeks to 39 weeks of gestation. The 

fetuses were fixed with 10% Formalin and the lungs were removed from the 

fetuses. The external appearance of the lungs was observed. The weight of both the 

lungs was measured in fetuses. The oblique fissure in both the lungs did not show 

any variations but the horizontal fissure was observed to have variations. The 

bronchopulmonary segments were studied in the left lung of fetuses in age group 

of 20 to 39 weeks of gestation. The microscopic appearance was studied in the 

lower lobe of right lung in the fetuses by using Haemotoxylin and Eosin staining 

method. The variations in the time of appearance of cartilage, lining epithelium of 

bronchi and type II pneumocytes were observed. Knowledge of these variations are 

important for Anatomists, Cardiothoracic surgeons, Pulmonologists, Pediatricians, 

Obstetricians and Gynecologists. 
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Introduction:   

                         The respiratory system consists of upper respiratory tract 

consisting of nose, nasal cavity and nasopharynx and lower respiratory 

tract consists of   larynx, trachea, bronchi and the lungs.  

                        The right lung is divided into superior, middle and inferior 

lobe by an oblique fissure. The superior and middle lobes are divided by 

horizontal fissure in the right lung. The left lung is divided in to two lobes 

by an oblique fissure.  

                      The trachea divides into right and left main bronchi. The 

right main bronchus divides into the three lobar bronchi for the 

corresponding three lobes and in the left lung it is divided into two lobar 

bronchi for the corresponding two lobes. The lobar bronchi are divided 

into the tertiary (segmental) bronchi.   

                        The area of the lung aerated by the tertiary bronchus called 

as bronchopulmonary segment. Bronchopulmonary segment is wedge – 

shaped with the base directed to the surface of the lung and the apex is 

directed towards the tertiary bronchus.        

                          In the right lung the bronchopulmonary segments are ten. 

The superior lobe has apical, posterior and anterior segments. The middle 
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lobe has lateral and medial segments. The inferior lobe has superior, 

anterior basal, medial basal, lateral basal, posterior basal segments.  

                       In the earlier studies the bronchopulmonary segments in 

the left lung are eight or nine but recent studies reported that the 

bronchopulmonary segments of the left lung is ten. The superior lobe has 

apical, posterior and anterior, superior lingular and inferior lingular 

segments. The inferior lobe has superior, anterior basal, lateral basal, 

posterior basal segments. 

                      Based on the histology the stages of lung development are 

divided into five stages. They are embryonic, pseudoglandular, 

canalicular, saccular, and alveolar stages.  

                      The embryonic stage extends from third week to seventh 

week of gestation. The lung appears as a ventral bud from foregut 

endoderm with formation of trachea and two main stem bronchi. The 

epithelial cells are derived from the endoderm and the connective tissues 

are derived from the mesoderm.  

                        The further division of the bronchial tree is dichotomously 

into the surrounding mesenchyme. The main stem bronchi are divided 

into lobar and segmental bronchi at sixth week of gestation. The 

bronchial tree looks like tubes and they are lined by high columnar 
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epithelium in the embryonic stage and the vascular plexus starts 

developing in the embryonic stage.   

                        The pseudoglandular stage extends from seven weeks to 

sixteen weeks of gestation. The lung looks like the tubulo-acinar gland. 

The differentiation of the airway takes place from the proximal to distal 

direction.  

                       The epithelial lining of the proximal airway is high 

columnar and the distal airway is lined by simple cuboidal epithelium. 

The ciliated cells, basal cells, goblet cells and mucosal glands appear first 

in the proximal airway and then they develop in the distal airway.  

                        The cartilage, smooth muscle cells and other connective 

tissues are developed from the mesenchymal tissue. The submucosal 

gland appears in the trachea at 8 weeks of gestation.  

             The basal cells appear at 11 weeks of gestation in the 

proximal airways. The mucous gland develops in the proximal airways at 

12 weeks of gestation. The branching pattern of the conducting airways 

will be completed by 16 weeks. The airways will increase in size but not 

in number after 16 weeks of gestation.  

                       Smooth muscle cells first appear at 6weeks in lobar bronchi 

and they spread to the terminal bronchioles subsequently. Smooth 
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muscles are present in pulmonary arteries at 12weeks. They spread to the 

vessels at the terminal bronchioles at 26weeks. The lung has reached 

maturity at 26 weeks of intrauterine life.  

                  The cartilage appears in the trachea at 4
th

 week of gestation 

and at 12
th
 week of gestation in the segmental bronchi and in the 

peripheral part of the lung parenchyma at 26
th

 week of gestation. The 

cartilage looks like adult distribution at 24
th

 week of gestation.   

                 The capillaries appear in the mesenchyme during the 

pseudoglandular structure. The completion of airway division with 

formation of 25,000 terminal bronchioles takes place in the 

pseudoglandular stage. The goblet cells have developed at 16weeks in the 

bronchial tubes. The ciliated cells are present throughout bronchial 

epithelium at 16 weeks of gestation.                           

                    In the canalicular stage which extends from sixteen weeks to 

twenty four weeks of gestation, the lumen of the bronchial tubules 

expands. The acinar structure is formed at the end of the bronchial 

tubules. The mesenchyme is decreased and more number of capillaries is 

formed. The terminal bronchioles are divided into two or more number of 

the respiratory bronchioles. In the larger bronchioles the epithelium is 

ciliated pseudostratified columnar epithelium and the smaller bronchial 

tubules were lined by columnar to cuboidal epithelium. Clara cells are 
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seen in the terminal bronchioles. They are non ciliated cells with 

secretory granules in the apex. 

                      The respiratory bronchioles are divided into many numbers 

of the acinar tubules. These acinar tubules are differentiated into 

primitive alveolar ducts and primitive acini. The distal tubules are lined 

by cuboidal epithelium.   

                      The epithelial cell differentiation will be more toward the 

distal part of the lung parenchyma. The epithelial differentiation occurs at 

24 weeks of intrauterine life. 

                     The cuboidal epithelium lining the distal lung tubules are 

pre-type II pneumocytes and they start secreting the surfactant in the 

canalicular stage. Some of the acinar cells are differentiated into 

squamous and are called as type I pneumocytes. The capillaries surround 

the distal acinar tubules.                                 

                        The saccular stage extends from twenty four weeks to 

thirty six weeks of gestation. The growth of the acini takes place during 

saccular stage. The thinning of epithelium will be more and mesenchyme 

is further decreased. The capillaries are more in the distal part of the lung 

parenchyma.  The surface area is increased by the development of the 

acini.  
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                 The type II pneumocytes are proliferated and the type I 

pneumocytes are derived from the type II pneumocytes. The capillaries 

are in close contact with type I pneumocytes and this will decrease the 

diffusion distance between the alveolar gas and the capillaries. The elastic 

fibers are more in the peripheral part of the lung parenchyma in the 

saccular stage.                

                           The alveolar stage which extends from 36 weeks of 

gestation through infancy that comprises of appearance of true alveoli, 

alveolar   septations   and expansion of air spaces. 
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AIMS AND OBJECTIVES: 

In this modern medicine the knowledge about the variations in the 

bronchopulmonary segments is important for the anatomists for teaching 

purposes. 

                Pulmonologists should know about the variations while 

performing the bronchoscopy and also in treating the lung abscess or 

tuberculosis patients. Usually the apical segment of the lower lobe and 

posterior segment of the upper lobe is the commonest site of lung abscess 

and posterior segment of the right upper lobe is most frequent site of 

tuberculosis and anterior segment of the upper lobe is prone for cancer. 

               The knowledge about the variations is very important for the 

cardiothoracic surgeons while performing the lobectomies for lung 

abscess and in cancer condition. 

                  The knowledge about the developmental stages of the lung is 

most useful for the Pediatricians since failure of development of the 

cartilage leads to pulmonary hypoplasia. 

                   Obstetrician and gynecologists should have an idea about the 

developmental stages of the lung and the time of appearance of type II 

pneumocytes while performing normal and caesarian sections deliveries. 

Since type II pneumocytes is responsible for the production of surfactant 

and this is helpful in finding the viability period of the fetus. Inadequate 
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production of surfactant leads to respiratory distress syndrome in the 

fetus.  

Hence the present study is mainly aimed  

1. To study the intrasegmental branching pattern of the bronchial 

tree in human fetus.  

2. To study the histology of human fetal lungs especially to 

estimate the approximate time of appearance of type II 

pneumocytes and bronchial cartilages.  

3. Comparing the variation with those obtained by the earlier 

works. 
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REVIEW OF LITERATURE: 

Robinson A (1889) studied the earlier stages in the development of the 

lungs of rat and mice and stated that the sagittal section of the eighth day 

embryo of the rat had the lateral expansion from the termination of the 

primitive trachea and projected into the surrounding mesoblast and 

proliferated to form the two buds and this forms the primitive bronchi.                   

The section of the bronchi showed uniformly circular tubes and had a 

small projection on its posterior part.  

                        At ninth day the epithelial tube had the backward 

extensions and they lost their uniform roundedness. After 2 to 3 days the 

terminal portion of the right epithelial bronchus was divided into three 

times and the left epithelial bronchus into two times.  Further growth of 

the bronchial tubes occurred through the surrounding mesoblast.  

                          During 19 to 24
th

 day the right stem bronchus had given 

fourteen to twenty five and the left stem bronchus had given eleven to 

twenty two divisions. 

According to Dwight M. Palmer (1936)  the early developmental stages 

of the human lung in the embryos were that the bronchial  tree  pattern  in 

the lung increases  from 11mm stage to 118mm  stage of the human 

embryos and  the  epithelial  lining of the bronchial tree in the embryos of 
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11mm, 15mm, 19mm, 23mm were lined by pseudostratified columnar 

epithelium. The lining epithelium of the bronchial tree in the first eight 

generations were pseudostratified columnar epithelium and the ninth and 

tenth generations were lined by cuboidal epithelium and the cartilage 

plates were seen in the walls of the first three generations in the bronchi 

of  the 35mm embryo.  

                             In 118mm embryo the first eight generations were lined 

by pseudostratified columnar epithelium. The remaining was lined by 

simple cuboidal epithelium.  The cartilage plates were found in the walls 

of first six generations of the tubules. The cartilage plate appearance 

increases in the bronchial tree pattern from 23mm of embryo to 118mm 

of embryo. The branching tubules of all these lungs were lying in the 

avascular mesenchyme and these tubules formed the major part of the 

lung in the above specimens.  

                          They also studied about the development of fissures in 

the lungs. In the right lung the oblique fissure was incomplete at 11mm 

embryo stage and fully completed at 35mm embryo stage. The transverse 

fissure in the right lung was incomplete at 11mm embryo stage and fully 

completed at 15mm embryo stage and at 35mm embryo it reached that of 

an adult at 118mm embryo stage.   
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                               In the left lung the oblique fissure was incomplete at 

11mm embryo and completed at 15mm embryo and the depth of the 

oblique fissure was fully reached at 23mm embryo and it reached the 

adult pattern at 35mm embryo. 

Seizi Matsumoto (1936) studied the histogenetic investigation on the 

human lung embryo from 2 months to ten months and stated that the 

lungs of second month fetal embryo had few numbers of bronchi and 

loose connective tissue. The bronchi were lined by stratified columnar 

epithelium. The nucleus was present in the apical portion of the epithelial 

cells and lightly stained cytoplasm.  

                          The elastic fibers were not seen around the bronchi. The 

fine elastic fibers were surrounding the wall of the capillaries that were 

seen in the matrix.  

                        In the third month fetus, the maturation of the bronchi was 

noted and there were increase in the number of the bronchi. The bronchi 

were surrounded by elastic fibers in the scattered manner. The bronchi 

were lined by two or three layers of stratified columnar epithelium. The 

smooth muscle fibers also appeared in this period.  

                     The fourth month fetus had increase in number of branching 

pattern of bronchi. The connective tissues were well differentiated. The 
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bronchial branching was lined by stratified columnar epithelium. Elastic 

fibers were well defined during this stage.  

                  The rounded alveolar rudiment with simple columnar 

epithelium decreased in number and complicated branching pattern was 

seen in fifth month fetus. The elastic fibers were well differentiated.  

                  During the sixth month, the already formed alveolar structure 

which was lined by columnar epithelium had tendency to become 

flattened. The epithelial cells of large bronchi were stratified columnar 

epithelium. The respiratory bronchioles and alveolus were clearly 

distinguishable in this month.  

                  During seventh month, the alveolar epithelium had been 

changed from the columnar to flatten and blood capillaries were very well 

developed. The elastic fibers were coloured strongly around the alveolar 

walls.   

                     In eighth month of fetal gestation the lung tissue had more 

number of dilated alveoli. The alveolar epithelium was not continuous 

and the capillaries were closely related to the alveolar cavity.  

                   The elastic fibers were well recognized all around the lung 

tissue. The net like arrangement of very fine elastic fibers was seen in the 

walls of the alveolar ducts and alveoli.    
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Hardie et al (1939) studied the bronchial tree pattern in human and 

animals. In human they found out that the trachea divided into two main 

bronchi. The main bronchi extended from the bifurcation of trachea to the 

subdivision into axillary basal and posterior basal segmental branches.  

                     The segmental bronchi for the upper lobe and middle lobe 

and for the upper lobe in left lung were not arising directly from main 

bronchus so they referred the intervening part as vestibules.  They named 

the various parts of the bronchial as main bronchi, vestibules and 

segmental bronchi.    

                       In the upper lobe of the right lung the bronchopulmonary 

segments were sub apical (1), apical (2), axillary (3) and anterior (4) and 

the middle lobe of right lung had anterior (5) and axillary (6). In the left 

lung the upper lobe had apical (1), axillary (2) and anterior (3) and the 

part of the left lung corresponded to the middle lobe of right lung had 

anterior (4) and axillary (5) segmental bronchi.      

                     The lower lobe of the right lung had apical (7), cardiac (8), 

sub apical (9) anterior basal (10), axillary basal (11) and posterior basal 

(12). The lower lobe of the left lung had apical (6), sub apical (7) anterior 

basal (8), axillary basal (9) and posterior basal (10). 
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Shinji M (1951) studied the alveolar epithelium in the cattle lung from 2 

months to ten months by histological study and found that the interstitial 

cells had various structures. The nuclei of the interstitial cells were of 

many types including round, elliptical, spindle shaped. The colour of the 

cytoplasm was clear.  

                      In the interstitial tissue the rudiment of epithelial alveoli 

were developed during second fetal month period.  The rudiments branch 

off and gave rise to the rudiment of bronchi and the alveoli.  The 

epithelial layers of the bronchi contain pseudostratified columnar 

epithelium and nucleus was present in the apical portion of the cell.      

                       The blood capillaries were not present in second fetal 

month period.  The bronchial branches and the rudiments of the alveoli 

were surrounded by annular arrangement of interstitial tissue. The inner 

cavity of the bronchial branches became irregular and most of them were 

in the wavy form. The nuclei in the bronchi were in the apical portion of 

the cell.  

                       The smooth muscle cells were well developed in third fetal 

month period. The alveolar rudiment was of rounded shape and the 

nucleus was present in the center of the epithelial cells.      
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                         During fourth month the connective tissue fibers were 

increased in the interstitial tissue and the bronchial branches were also 

increased. The cilia were not seen in the bronchi which were lined by 

pseudostratified columnar epithelium. The basal part of the bronchi was 

flattened. Blood capillaries were not seen in the epithelial duct.    

                        During fifth fetal month, the bronchial branches and 

alveolar rudiments were well differentiated. The alveolar rudiment was 

rounded and the epithelial cells were simple columnar epithelium and the 

nucleus was present in the center of the cell. The cytoplasm was stained 

deeply.  The cilia appeared in the bronchi and the nuclei of the bronchi 

were seen in the apical portion of the cell.   

                           During the end of the fifth month the alveolar rudiments 

showed branches and they were enlarged. Some of the epithelial cells 

were lined by flattened cells. The interstitial tissues were highly 

vascularized.     

                             In sixth month of fetus, the definite shape of the alveoli 

was formed. The interstitial tissue decreased and the alveolar blood 

capillaries were appeared.  
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                        The blood capillaries were very well developed and the 

most of the alveolar epithelium had flattened and the continuous 

arrangement was not observed. The blood capillaries were closely 

approximated with the alveolar cavity. The smooth muscle fibers were 

seen in the alveolar walls.    

                            During seventh fetal month, the rounded alveolar 

rudiments were decreased and the alveoli showed the branching pattern. 

Because of close relationship of the blood capillaries the epithelial cells 

in the alveoli were not continuous. The desquamated epithelial cells were 

stained with eosin. The elastic fibers surrounding the bronchi were very 

well differentiated.  

                         The enlargement of the inner cavity of the alveoli made 

the appearance of the irregular form. The interstitial tissue very well 

decreased. The thin elastic fibers appeared in the interstitial tissue.   

                          During eight and ninth month the alveoli were well 

developed and their cavity was enlarged. The interstitial tissues have 

formed the septa between the alveoli. The lung of the cattle in this period 

looked like the adult cattle lung. He found that the mechanism of 

development of lungs in both the cattle and the human embryos goes 

through the same process. 
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John H et al (1952) studied the intrasegmental bronchial tree in the 

human among twenty normal specimens and forty pathological specimens 

of lung and stated that in the proximal part of intrasegmental bronchial 

tree the cartilage was present and in the distal bronchiolar part the 

cartilage was absent.  

                        Bronchial pathways were made up of a series of bronchial 

and bronchiolar generations. Each bronchopulmonary segment was 

irregularly pyramidal in shape with its apex pointing towards the hilum. 

The segmental bronchus entered at the apex.  

                          In all segments it had been shown that the bronchial 

pathways with the most numerous generations fan out towards the 

periphery in directions deviating only slightly from the longitudinal axis 

of segment and supply the alveoli at its distal surface. These were called 

as axial pathways and the bronchi of which they are composed are axial 

bronchi.  The shorter bronchial  pathways  which pass from axial bronchi  

to the more proximal parts of  bronchopulmonary  segment  were  called  

lateral  pathways and  their  bronchi  are lateral bronchi. 

According to Bucher U et al (1961) in human fetuses of 10 weeks to 

term, the growth of intrasegmental bronchial tree occurs between 10 and 

14 weeks of gestation and during which 70% of number of generations 
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present at birth was formed. Appearence of intrasegmental cartilage 

occurs between the tenth and twenty four weeks of gestation.  

                          By twenty fifth weeks the total number of bronchi 

containing cartilage was the same as the adult. The distal plate cartilage 

do not have mature intra cellular matrix and also cartilage growth 

decreases from primary bronchus to terminal bronchioles at birth. 

Arey (1961) described the lung development and stated that in trachea 

and primary bronchi the epithelial lining changes from early columnar to 

pseudostratified, the smooth muscle fibers and incomplete cartilaginous 

rings are differentiated from the surrounding mesenchyme at the end of 

seventh week. Glands develop as in growth from epithelium at fourth 

month.   

                       Appearances of respiratory bronchioles at four to six 

months were documented. Extension of respiratory bronchioles as 

alveolar ducts and differentiated into early alveoli at six months to term.  

                        In fifth month the epithelial lining of terminal buds of 

respiratory tree is cuboidal. In early sixth months adjoining capillaries 

begin to push the epithelium and so the lining becomes discontinuous and 

the epithelium largely disappears. 
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According to U. Bucher et al (1961) the development of mucous 

secreting elements in human lung of 10 weeks to term, the buds for 

bronchial glands were not found in the fetuses of 10 to 12 weeks of 

gestation. The bronchial gland buds were found first in the 13 weeks of 

gestation. The number of tubular glands had increased at 14 weeks 

gestation.  

                         The number of mucous secreting cells was increased over 

the next three weeks of gestation.  The 24 and 25
th

 week gestational fetus 

had typical acinar structure present in the glands of the main bronchi. The 

glands of distal bronchi were more of primitive in their structure during 

this period.  

                       At 28 weeks of gestation the distal glands were simple 

branched tubular and the proximal glands showed a complex glands 

acinar structure as that of an adult bronchi. They also found that the 

goblet cells appeared at 13 weeks of gestation in the proximal bronchial 

glands.  

                      There were no goblet cells in the bronchioles. The lining 

epithelium showed cilia at 10 weeks of gestation in trachea and in 

principal bronchi. The cilia appeared in the distal bronchi and bronchiole 

at 13 weeks of gestation.   
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 According to Hamilton (1966) the development of lung starts as 

respiratory diverticulum from 25
th
 somite stage that corresponds with 

middle of the fourth week. The distinct rings of the cartilage appear in the 

trachea at the end of seventh week. The cartilaginous rings appear in the 

lobar and segmental bronchi in the eleventh week and twelfth week of 

gestation. Failure of the development of cartilage leads to congenital 

emphysema.   

                           The lining epithelium of the bronchial tree from 

proximal to distal part is a continuous cuboidal epithelium of endodermal 

origin. This will persist in most of the fetal life. Cilia appear on the 

epithelial cells of the trachea and main bronchi during fifth month of 

gestation and spread to the periphery of the bronchial tree.    

                              In sixth and seventh month of fetal life the terminal 

bronchi are low cuboidal and remain until birth. Mucous is secreted from 

surface epithelium by goblet cells at 13weeks. In trachea the mucous 

secretion starts at eight weeks and in the bronchi at twelve to thirteen 

weeks.  The major part of the alveolus lined by thin cells which lack 

microvillus and the inclusion bodies, few mitochondria and little 

endoplasmic reticulum were present. 

                          The blood –air barrier is formed by thin cells. The other 

type of cells in the alveoli is large and round contains numerous 
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microvilli, inclusion bodies, numerous mitochondria and well developed 

rough endoplasmic reticulum. They are responsible for surfactant 

production. Inadequate production of surfactant leads to respiratory 

distress syndrome of the newborn.     

Alison H et al (1974) described the development of the respiratory acinus 

in the human lung and stated that at the end of the 16 weeks of gestation 

the preacinar airway branching will be completed. The epithelium of the 

distal airway becomes thin and forms the alveolar epithelium of the adult 

at 16 weeks of gestation.  

                         The capillaries grow adjacent to the respiratory 

bronchioles. The further growth of the distal airway forms the saccules at 

24 weeks of gestation. The saccules are lined by both cuboidal and 

flattened epithelium.  

                     The saccules are separated by loose connective tissue 

matrix. The blood-gas barrier is started at 28 weeks of gestation. The 

respiratory bronchioles are increased in length and the saccules have 

shallow depressions in their walls and this will increase the surface area 

and they are the primitive alveoli at birth.  

Sinclair –Smith CC et al (1976) studied the cartilage in the lungs of 

children from 24 weeks of gestation to 12 years and found out    that 
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about 10weeks of intrauterine life the fragments of cartilage become 

identifiable in the trachea. They appear in segmental bronchi at around 12 

weeks of intrauterine life.   

                        All generations of bronchial tree appeared by 16weeks. 

There is a progressive increase in the total number of air tubes bearing 

cartilage up to the age of 2months after birth. The number of such bronchi 

appears to remain constant after that. 

Smolich JJ et al, (1978) studied the development of the sub mucosal 

glands of the respiratory tract in the fetal sheeps, dogs and rats. They 

studied both in light microscopy and scanning microscopy. In light 

microscopy the gland bud was developed first before the development of 

matured gland.   

                              The gland bud was spheroid in shape and had closely 

packed cells with rounded nuclei. Neck was a constricted portion 

connecting the bud with the thinned, flattened or mounded portion of the 

epithelium. The gland had lumen of 1-2 micrometers in diameters were 

present within the interior and near the upper limit of the epithelium.   

                              The basal extremity of the gland was extended into the 

sub mucosa of the bronchial tubules. The size, number and the 

complexity of the mucosal glands were enhanced in the matured period. 
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In dog and sheep the glands were present till the level of small bronchi 

and it was present in the cartilaginous and intercartilaginous areas.  

                               In 93 days old specimen of sheep, the gland buds were 

spheroid with basophilic irregular nuclei and protruded beyond the basal 

epithelial layer and lumen were poorly defined.  

                              In the later age group the lumen were well defined and 

more of the glands were seen in the lamina propria and sub mucosa. The 

mucous and serous cell differentiation took place in the distal tubules. 

The development of gland in rat took place even after birth.  

Osamu et al (1980) studied the human fetal lung of 4
th
 month to tenth 

month by histology and stated that the lung looked like tubular structure 

of the epithelial ducts in the mesenchyme at first half of fourth month. 

The tubules were divided and the lobule formation did not present.  

                           The tubules near the terminal bud were lined with 

continuous simple columnar epithelium and the epithelial cells had 

regularly arranged nuclei in the center and with eosinophilic cytoplasm.  

                      The mesenchyme was arranged around the tubules and the 

condensation was not present. The proximal part of the bronchial tree had 

apically placed nuclei and fold of its epithelium. Precartilage or cartilage 
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plates were not seen. The smooth muscle fibers were seen around the 

tubules.   

                           In later half of fourth month the lung had glandular 

appearance. The terminal buds were increased and lined by low columnar 

epithelium with centrally placed rounded nuclei and clear cytoplasm. The 

mesenchymal cells were more and they surrounded the terminal bud.    

                        The proximal parts of the bronchial tree were lined by 

columnar epithelium with irregular lumen and apically placed deeply 

stained nuclei. The cilia appeared in the bronchi. The epithelial cells had 

fold so they were irregularly arranged. The capillaries were appeared in 

the mesenchyme.   

                         In fifth month the lung lost the glandular appearance. The 

tubules were increased and had the irregular lumen. The terminal bud 

epithelial lining was low columnar or cuboidal cells with centrally placed 

rounded vesicular nuclei and clear cytoplasm. The proximal tubules were 

lined by irregularly arranged columnar or cuboidal epithelium with oval 

nuclei. The bronchi were lined by ciliated columnar epithelium. The basal 

cells were present. The capillaries were developed in the mesenchyme.  

             In sixth month the tubules were expanded and lined by cuboidal 

cells with rounded vesicular nuclei. Some of the tubules were invaded by 
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capillaries. The mesenchymal cells were condensed around the bronchi 

and tubules. The columnar epithelium was folded in the bronchi with 

irregularly arranged deeply stained elongated or oval shaped nuclei. The 

cilia were present in all the epithelial cells.  

              In seventh month the bronchial tree were well differentiated 

from the respiratory part by the deeply stained epithelial nuclei. The 

mesenchyme was reduced and the growths of the tubules were increased.  

The mesenchyme was arranged as septa.  

                The capillaries were increased in the mesenchyme and invaded 

the epithelium. The expanded lumens were rough-surfaced and the 

epithelial cells had rounded vesicular nucleus or flattened dark nuclei. 

The lobular formation becomes well defined.   

                  In the eighth, ninth and tenth month fetuses the nuclei of the 

epithelial cells were flatten. The cytoplasmic processes had increased in 

number without the nuclei. The lobules were well defined and the ciliated 

cells appeared at the terminal bronchi in the tenth month of the fetus.  

Alisonhislop et al (1984) studied the airway branching pattern in the 

developing lung of monkey. They found that at 61 days of gestation the 

lung was in glandular period. The airways were branched and they were 

surrounded by loose connective tissue.   
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                    The hilum of airways was lined by pseudostratified columnar 

epithelium which was supported by the cartilaginous plates. These 

cartilage plates were found in the proximal nine generation of airways. 

The following 18 generations of airways were lined by simple columnar 

epithelium and next 3 generations were lined by cuboidal epithelium.  

                     The canalicular stage was seen in 91 days of gestation. The 

connective tissue became less and the walls of some peripheral airways 

showed thinning. The differentiation of epithelium is of cuboidal and 

some of them were flattened in the respiratory bronchiole in 12 

generations beyond the cartilage airways. 

                         At birth the amount of cartilage were decreased towards 

the distal airways. The airways that were present in the hilum were lined 

by pseudostratified columnar epithelium and then became simple 

columnar and then cuboidal towards periphery. The respiratory 

bronchiole consists of alveolar ducts; alveolar sacs and they were lined by 

cup shaped alveoli.  They also found that the fetal life of monkey lung 

passes through the same stages of development as human fetal lung.  

                      At birth the monkey has full completed airways and mature 

alveoli. In human fetal lung there is an increase in the number of alveoli 

and alveolar ducts after birth and as well as increase in their size.  
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Susan A D (1984) studied the development of the human respiratory 

acinus by plastic corrosion cast and by using scanning electron 

microscope in the fetuses of 19 weeks of gestation to term, stated that in 

19 weeks fetuses the airspaces were clearly identified.  

                                 The first order bronchioles identified by regular 

indentation of cuboidal or columnar cells that formed the epithelium and 

lined the airways up to 50micrometer from the periphery.  

                          The indentation of cuboidal or columnar cells that didn’t 

form the complete epithelium was the second order respiratory 

bronchioles. The second order respiratory bronchioles ended by dividing 

into two to five smooth walled domes shaped air spaces and they lacked 

the indentation.  

                        In 22 to 23 weeks fetuses the branching of the cuboidal or 

columnar lined airways were increased and the saccules were formed in 

the acinus. The impressions in the most peripheral part of the lung 

parenchyma were of flattened epithelium.  

                         The 28 to 34 weeks of gestation fetuses showed that the 

terminal clusters had composed of numerous saccules and they were not 

able to count due to the merging of the saccules. The 36 to 38 weeks 
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fetuses showed that there were further enlargement and increase in the 

complexity of the final airspaces.  

Davies et al (1985) described the development of the human lung and 

stated that the lung buds appear as endodermal outgrowths in the 

beginning and they are surrounded by condensation of mesenchyme. 

Because of the branching the right lung bud divides into three and left 

bud divides into two and they become asymmetrical. These branches will 

develop into lobar bronchi.  The endodermal component subdivides 

further into the surrounding mesenchyme and forms the segmental 

bronchi.  

                             The development of lungs is divided into three stages. 

They are glandular, canalicular and alveolar stages.  

                         The glandular stage extends up to fourth month of 

intrauterine life.  The segmental bronchi continue to divide up to the 

terminal bronchioles in the glandular stage. The blindly ended tubules are 

lined by cuboidal epithelium at 4
th
 month of intrauterine life.  

                          From fifth month to seventh month the vascularization of 

tubules is increased with thinned out epithelium.  The peripheral tubules 

are also lined by thinned out epithelium.  
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                          The respiratory bronchioles, terminal sacs, primitive 

alveoli are clearly formed and can be identified in the last three months of 

intrauterine life. The true alveoli are not well differentiated before birth. 

The respiratory passages are filled with surfactant, a phospholipid 

material in the last week of intrauterine life. 

Hoan L J et al (1986) studied the morphological development of human 

fetal lung from 9 weeks to 38 weeks of gestation and found that the 

branching of trachea from the oesophagus at 4
th
 week of gestation. The 

right and left stem bronchi were appeared at 5
th
 week of gestation. The 

lobar bronchi were visible at 6
th
 week. The segmental bronchi at 7

th
 week 

and the sub segmental bronchi appeared at 8
th
 week of gestation.    

                         Through the histological picture they found that at 5
th
 to 

8
th

 week of gestation, the tubules were lined by pseudostratified columnar 

epithelium and the muscle fibers were found around the tubules at 5
th
 

week of gestation.  

                           The cartilage appeared in the stem bronchi at 8
th
 week of 

gestation. The interstitial cells and the capillary plexus infiltrated with red 

blood cells were arranged around the tubules. The lobes of the lung were 

well defined at 6
th

 week of gestation and the cells with darkly staining 

nuclei were seen in the periphery of the lung.  
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                         In the 9
th
 to 12

th
 week old fetusus they identified that the 

lung looked like glandular in appearance. The proximal tubules were 

lined by corrugated pseudostratified columnar epithelium, and the central 

portion tubules were lined by tall columnar epithelium with hyper 

chromatic nucleus present near the lumen and sub nuclear vacuoles. The 

distal tubules were lined by columnar epithelium with less basophilic 

nucleus in the centre and sub and supranuclear vacuoles. These were seen 

at 9
th
 and clearly differentiated at 10

th
 week of gestation.  

                      Loose connective tissue developed in the mesothelial cell 

layer at 11
th

 week of gestation and lobulation were also well defined.  The 

cartilage and a layer of smooth muscle fibers were developed in the large 

bronchi and the muscle fibers were appeared in the tubules with hyper 

chromatic nuclei.  

                          The arteries and veins were seen around the large bronchi 

and loose connective tissue. The capillary plexus were identified in the 

interstitial cells.  

                      In the 13 to 16 weeks of fetuses they found that the 

proliferating tubules were crowded the interstitial tissue. The tubules had 

less hyper chromatic nuclei and muscle layer, semicircular cartilage; 

primitive mucous glands were seen in the large bronchial walls.  
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                      The epithelium was ciliated pseudostratified columnar 

epithelium. The interstitial tissue was decreased around the tubules and 

mitosis was seen in the tubules.  

                The 17 to 20 weeks fetuses showed the further development of 

mucous gland in the bronchial wall and the presence of cilia were noted 

in the lining epithelium of the bronchioles and that formed the terminal 

bronchioles. The lining cells of the distal tubules began to flatten out and 

the lung lost its glandular appearance.  

                             The lining epithelium showed decrease in the vacuoles 

and the canalicular structure had irregular lumen and they were increased 

at 18 weeks of gestation. The capillaries were dilated and it was in close 

relation with the epithelium and formed the air-blood-barrier at 17 weeks 

of gestation. 

                             The 21 to 24 weeks of gestation fetus showed that the 

cartilage was well developed in the peripheral part of the bronchial wall. 

The canals had irregular lumen and the cytoplasm attenuation started 

from proximal part of the acinus. The tubules that were lined by cuboidal 

epithelium were decreased. The numbers of air- blood-barrier were 

increased. 
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                             The 25 to 28 weeks of gestational age fetus showed that 

the canals were appeared as wavy or tortuous and they had papilliform 

projections into the air spaces. The interstitium were thinned out and 

proliferation of capillaries was seen. 

                          The 29 to 32 weeks of gestational age fetus showed that 

the proliferation of capillaries was increased and papilliform projections 

were also increased and the secondary crests were appeared.  

                            The 33 to 36 weeks of gestational age fetus showed that 

the primitive alveoli were identified between the secondary crests. The 

type II pneumocytes were seen in the lining epithelium as a foamy and 

plump cells. The further proliferation of capillaries and thinning of the 

interstitial tissue were present.  

                              The 37 to 40 weeks of gestational age fetus showed 

that the alveoli had delicate septum and single capillary structure was 

identified.  

Hoan et al (1986) found that the weight of the human fetal lungs was 

increased from 0.7gm to 45.2gm from 9 weeks to 40 weeks of gestation. 

They divided the gestational weeks of the fetus as 9 to 12 weeks fetus had 

0.7gm lung weight, 13 to 16 weeks fetus had 11gms lung weight, 17 to 20 

weeks fetus had 15gms lung weight, 21 to 24 weeks fetus had 20gms lung 
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weight, 25 to 28 weeks fetus had 23gms of lung weight, 29 to 32 weeks 

fetus had 28gms of fetal lung weight, 33 to 36 weeks fetus had 32gms of 

fetal lung weight, 37 to 40 weeks fetus had 35gms of fetal lung weight. 

Keith et al (1987) studied the growth of the bronchial tree in human fetal 

lungs of 5 weeks to 17 years of age by using resin cast. The branches of 

the resin casts were ordered by the method of Strahler (i.e.) the peripheral 

branches were taken as order 1 and when two of the peripheral branches 

meet that formed the order two and the order number were increased by 

one in each time when two equal order branches meet and they also 

measured the diameter and length ratio.                       

                           The branching ratios were found out. The diameter ratio 

was about 1.35 at 5 to 12 weeks of gestation. The diameter ratio increased 

to 1.45 at 13 months. This indicates there was a faster growth in the larger 

airways. The peripheral conducting airways were large in diameter at 1-3 

months and it will attain adult proportion at about one year. The length 

ratio showed no difference. The mean numbers of orders between the 

terminal bronchiole to trachea were estimated as 12 by assuming of 

25,000 terminal bronchioles. 

Jeffery PK et al (1992) described about the human secretory cells during 

development and in mature airway epithelium. They stated that the 

intracellular mucous developed at 13 weeks of gestation in trachea. The 
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columnar mucous secreting cells are gathered into small group of cells 

with centrally placed rounded nucleus.  

              Goblet cells appear at 14 weeks of gestation It appeared in the 

proximal airways at 14 weeks of gestation and then towards the distal part 

of airways. The numbers of mucous secreting cells have increased in the 

second trimester and decreases in the term and they are replaced by 

ciliated cells. The serous cells are found in the proximal bronchi at 25-27 

weeks of gestation.  

Peter K J (1998) described the development of human fetal lung and 

stated that the lobar and segmental bronchi are appeared at 5
th
 week of 

gestation. In the right lung the intrasegmental branching is faster than left 

lung at 10
th
 to 14

th
 week of gestation. The airway branching pattern will 

complete at 16
th
 week of gestation. 

                                      The airways continue to increase in size and lung 

volume increases after the completion of the airway branching pattern. 

The airways increase in the diameter from the bronchi to terminal 

bronchiole from 22 weeks to birth. The epithelial thickness decreases 

from proximal to distal airways.  
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                    The epithelial lining of the bronchi is stratified and it has the 

vertically oriented cells with the thinning ends extend to basally situated 

cells during early pseudoglandular stage.  

                      The differentiation of ciliated epithelium is apparent 

between 11
th
 and 16

th
 week of gestation. The number of bronchial tubes is 

increased in the late stage of pseudoglandular stage. The cartilage and the 

smooth muscle cells are differentiated from the mesenchymal tissue in the 

late pseudoglandular period.  

                       The goblet cells appear in the large bronchi at 22weeks of 

gestation. The goblet cells extend to peripheral airways with the 

advancing gestational age. The nonciliated Clara cells appeared during 

the second half of the gestation in the terminal bronchiole.  

                The sub mucosal glands develop at 4
th

 month of intrauterine life 

in the bronchi. The smooth muscle cells are appeared at 6
th
 to 8

th
 week of 

gestation in the trachea, main and lobar bronchi. They spread from the 

segmental bronchi, terminal bronchioles and respiratory bronchioles.  

                    The cartilage appeared in trachea at 4
th

 week, 10
th
 week in 

main bronchi and 12
th

 week in segmental bronchi. The cartilage 

development extends till 2 months after birth. The pulmonary 

vascularisation starts at 12
th
 week of gestation.  
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Wu J et al, (2000) studied the development of lung by creating the 

surgical congenital diaphragmatic hernia in fetal rabbits of 23, 25, 27, 29 

and 30 days of gestation. The development of lung in the embryonic and 

pseudoglandular phase showed there was decreased number of bronchial 

and vascular generations.  

                             During later phases the respiratory airways, alveoli and 

cell differentiation were affected. The rabbit of 23 day of gestation with 

surgical congenital diaphragmatic hernia had the same effect with the 

human lung with lung congenital diaphragmatic hernia associated with 

hypoplasia. 

 

Deutsch et al (2002) described about the prenatal human lung 

development and stated that the columnar epithelium of the bronchi had 

cilia at 8weeks. Some cells are differentiated into goblet cells. The 

cartilage and smooth muscle appears in large airways at 12 to 14 weeks 

of gestation. 

              The alveolar ducts, alveolar sacs, and alveoli are differentiated in 

the canalicular stage. The mesenchymal tissue is reduced and the 

epithelium will be closely approximated with the pulmonary vasculature.  
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                        The type I and type II alveolar cells are differentiated from 

cuboidal cells in the peripheral airways between 20 to 22weeks of 

intrauterine life. Type II alveolar cells act as stem cells for type I alveolar 

cells. The epithelial lining is thinned out and the differentiation of type I 

and type II alveolar cells are continued in saccular stage. The type I 

alveolar cells are more when compared to the type II alveolar cells.  

                          The peripheral airway spaces appear as sac at 28 weeks 

onwards. These sacs form the future alveolar ducts and alveoli. The 

terminal saccules are invaginated by the expansion from the walls of the 

epithelial cells. These expansions form the primitive alveoli at term. 

Parthak P et al (2002) stated the development paradigms in terminal 

lung development by using the lung model. The terminal bud formation is 

the extension of the branching morphogenesis and there is an extension of 

the tip followed by branching.  

                         The molecular control of the bud formation is due to the 

balance between the promoters which induce the branching and inhibitors 

which will affect the branching pattern. The surface area of the lung 

tissue that comes in contact with the air is due to the formation of the 

primary and secondary septa in the walls of the terminal sac.  
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According to Peter K Jeffery (2003), in the development and growth of 

the human lung the preacinar branching pattern of airways and blood 

vessels are appeared at 5 weeks of gestation. The lobar and segmental 

bronchi appear in fifth week of intrauterine life. The differentiation of 

ciliated epithelium is apparent between 11weeks to 16weeks. The pattern 

of conducting airway branching is completed by 16weeks.  

                        The respiratory portion of the lung develops and 

vascularization of peripheral mesenchyme rapidly increases during 

canclicular period. The lining epithelium differentiates into thin 

squamous (type I) and early cuboidal secretory cells (type II) at 

canalicular stage.  

According to Johannes C S et al (2007), the proximal airway tubes are 

lined by highly columnar epithelium. The distal airway tubes are lined by 

cuboidal cells. The mucous glands are found in the bronchi at 12 to 13 

weeks of gestation. The smooth muscle cell precursors are seen in the 

proximal part of the bronchial tree at 12 weeks of gestation.  

                        The vascular development will occur along with the 

bronchial tree. The epithelial differentiation takes place in canalicular 

stage into flat lined type I and cuboidal type II pneumocytes. 
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Michael A Gatzoulis  et al (2008) described the development of human 

fetal lung in that the during embryonic phase the lung buds grow dorsally  

passing on each side of oesophagus and bulge into the medial walls of 

pericardioperitoneal canals. The splanchnopleuric mesenchyme that 

surrounds the lung buds has mixed cell population. These mesenchymal 

cells are differentiated into smooth muscle cells and other connective 

tissue cells in the further developmental stages of the lung.  

                                   In stage 13 embryos the adjacent splanchno pleuric 

coelomic epithelium is proliferated. In stage 14 embryos the proliferative 

activity decreases and mesenchyme is arranged in zones around the 

developing endoderm.   

                 At stage 15 the primary bronchi is surrounded by mesenchyme. 

Lobar and secondary bronchi can be seen at stage 16 and 

bronchopulmonary segment are present at stage 17. Later stages of 

respiratory development involve the repeated division of the bronchial 

tree to form the sub segmental bronchi. The smooth muscle appear in the 

proximal airways from 6 weeks of gestation onwards.  

              The cartilage develops during pseudoglandular stage and it looks 

like adult distribution at 24 weeks of gestation. The basal cells appear at 

11 weeks of gestation in the proximal airways. The mucous gland 

develops in the proximal airways at 12 weeks of gestation. The branching 
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of the conducting airways will be completed by 16 weeks and the airway 

subsequently increases in size but not in number. 

                             In canalicular stage further two or three generations of 

branching takes place. The mesenchyme decreases around the branching 

tips of dividing respiratory tree and distal airspaces widen. At 23 weeks 

the capillaries are in close contact with the respiratory cuboidal 

epithelium.  

                          The primitive cuboidal epithelial cells differentiate into 

two types of cells at 24 weeks of gestation. Type I pneumocytes are 

essential for gas exchange. The type II pneumocytes are stem cells of 

alveolar epithelium and secrete the surfactant. By 24 weeks the 

histological structure is the same as that of an adult.  

                  In saccular phase at 28 weeks of gestation the thin walled 

terminal saccules are apparent  and  elastin is deposited  beneath the 

epithelium  which is an  important step  for future alveolar  formation  

and  surfactant  production from type II pneumocytes indicates  

maturation of lungs and is essential for the survival of preterm neonate. In 

alveolar phase (28 -32 weeks)   the distal air space expands during later 

gestational age and continues after birth. 
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Moore KL, (2008) described the development of lung into four stages. In 

pseudoglandular stage (6-16 weeks) the developing lungs histological 

resemble exocrine gland. By 16 weeks all major elements of lung have 

formed.    

                                In canalicular stage (16-26 weeks) the lumina of 

bronchi and terminal bronchioles become larger and lung tissue becomes 

highly vascularized.  By 24 weeks each terminal bronchioles has given 

rise to two or more respiratory bronchioles and divides into six primordial 

alveolar ducts.  

                            Respiration is possible at the end of canalicular stage 

due to the development of the thin walled terminal sacs at the end of 

respiratory bronchioles and lung is well vascularised. 

                       More number of terminal sacs (or) saccules develops from 

25 weeks of gestation onwards. The epithelium of the terminal sacs 

becomes very thin. Intimate contact between epithelial cells establishes 

the blood air barrier which permits adequate gas exchange for survival of 

fetus born prematurely.  

                                By 26 weeks the terminal sacs will be lined by 

squamous epithelial cells of endodermal origin. The squamous epithelial 

cells which are type I pneumocytes and responsible for the gas exchange. 
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Some are rounded secretory epithelial cells which are the type II 

pneumocytes that secrete surfactant. The surfactant production increases 

during the terminal stage of pregnancy and it is more during last 2 weeks.  

                            Surfactant production begins by 20 weeks present in 

small amounts in premature infants. In alveolar stage each respiratory 

bronchioles terminates in a cluster of thin walled alveolar sacs, separated 

by loose connective tissue. These saccules represent future alveolar ducts.  

Anthony Seaton (2008) described the development of human fetal lung 

and stated that the developing lung at 16 weeks of gestation has the 

narrow bronchial tubes that are surrounded by cuboidal (or) columnar 

epithelium on a basal lamina and in a mesenchymal stroma.  

                               The goblet cells and mucous glands have developed at 

16weeks in the bronchial tubes. The ciliated cells are present throughout 

bronchial epithelium at 16 weeks of gestation. 

            The terminal saccules become well defined in saccular stage at 

26weeks. The type I and type II pneumocytes can be identified in 

saccular epithelium and osmiophilic bodies appear in type II 

pneumocytes.  The lung has developed the ability to secrete surfactant at 

26 weeks of gestation. 

10 
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       Cartilage will appear in trachea at 4weeks and gradually spreads to 

the segmental bronchi at 12weeks and by 26weeks it will further extend 

to the peripheral bronchial tree until the early weeks of postnatal life. 

        Smooth muscle first appears at 6weeks in lobar bronchi also spread 

to the terminal bronchioles. Smooth muscles are present in pulmonary 

arteries at 12weeks and spread to the vessels at the terminal bronchioles 

at 26weeks. At 26weeks the lung has reach the stages of maturity.   

According to Anthony (2008), described the trachea divides into two 

main bronchi. The left main bronchi run more horizontally than the right 

main bronchi. The right main bronchus divides into right upper lobe 

bronchus. The upper lobe bronchus divides into anterior, apical, posterior 

bronchi and bronchus intermedius. The bronchus intermedius gives off 

middle lobe and apical lower lobe bronchi and then divides into anterior, 

posterior, medial, lateral basal segmental bronchi. The middle lobe 

bronchus divides into medial and lateral segmental bronchi.     

                                       The left main bronchus divides into upper and 

lower lobe bronchi. The upper lobe bronchus divides into apico-posterior 

and anterior segmental bronchi and lingular bronchus, the lingular 

bronchus divides into superior and inferior segmental bronchi.   The left 

lower lobe bronchus gives off apical bronchus and then divides into 

anterior, lateral, posterior segmental bronchi.  
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                                  The trachea, main bronchi, lower lobe bronchi are 

outside the lung substance. All other bronchi are situated within the lung. 

Mason JR et al (2010) described the human fetal lung development. The 

lung development has five stages based on the histological appearance. 

Branching pattern of pulmonary tree and vascular plexus will appear 

during embryonic and pseudoglandular stages. 

                In embryonic stage, human lung development begins with 

appearance of laryngotracheal groove from the floor of foregut endoderm 

during fourth week of gestation. The caudal end of the groove enlarges 

and bifurcates and gives rise to right and left bronchial buds. In fifth week 

of gestation there is further branching occurs and appearance of three 

secondary buds in right lung and two in left lung. Further branching give 

rise to bronchial tubules that will become as bronchopulmonary segments 

in mature lung.  

                      Lung epithelium is tall columnar and has no morphologic 

evidence of differentiation in this stage. The pulmonary arteries and veins 

grow into the lung by angiogenesis with new branches arising from 

preexisting vessels near the end of this stage. 

         The pseudoglandular stage extends from 5weeks to 17weeks of 

gestation. The dichotomous and lateral branching of lung epithelium 
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continues leads to final pattern of pulmonary tree. Those pulmonary trees 

have 22-23 generations of bronchial tubules.  

                           Terminal bronchioles branch distally to give rise to 

acinar and acinar buds that will form the pulmonary acini in adult. The 

proximal epithelium is undifferentiated columnar, glycogen rich cells, 

ciliated or non-ciliated, goblet, mucous, basal and neuroendocrine cells 

are seen in this stage.  

               Distal epithelium has precursor of type II alveolar cells which 

are cuboidal (or) columnar are seen in this stage. Smooth muscles are 

differentiated in the mesenchyme. They surround the epithelium and the 

differentiation proceeds from proximal to distal pattern. Pulmonary 

vascular system goes along with airway epithelium. Pulmonary 

lymphatics buds from veins are present in the pseudoglandular stage. 

                       The canalicular stage extends from 16weeks to 26weeks of 

intrauterine life. The branching pattern of pulmonary tree is completed. 

The proximal epithelium continues to differentiate. Clara cells appear. 

Acinar tubules and buds lined by cuboidal epithelium expand and 

differentiate into pulmonary acini which have respiratory bronchioles, 

alveolar ducts, alveoli.  
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                       Nascent type II alveolar cells become prominent in distal 

epithelium. Differentiation of squamous type I alveolar cells from type II 

alveolar cells begins at canalicular stage. 

                          Expansions of pulmonary capillary bed in lung 

parenchyma are seen in the canalicular stage. The pulmonary capillary 

bed surrounds the developing acini and come in direct contact with 

epithelium and gives rise to primordial air-blood barrier. 

                        The saccular stage continues from 24weeks to term. The 

terminal acinar tubules in lung periphery continue to branch and air space 

size increases. Type II alveolar cells are well differentiated. Squamous 

type I pneumocytes continue to differentiate and thereby increase the 

effective area for gaseous exchange. Fusion of basal lamina of distal 

epithelium and endothelium brings capillaries into close association with 

type I cells in this stage. 

             The alveolar stage extends from 36weeks to first 18 months of 

postnatal life. The generation of true alveoli from terminal saccules 

occurs. More amount of type II and type I cells accompany alveolar 

expansion with 97% of alveolar surface area will be covered by type I 

cells. 
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Bryan C et al (2011) described the development of human fetal lung and 

stated that the smooth muscle cells of the bronchi appeared from the 

mesenchymal tissue takes place at 7 weeks. The sub mucosal glands 

appeared at 8 weeks of gestation.  

                   The bronchial cartilage appeared at 10 weeks of gestation. 

They are differentiated from the mesenchymal tissue. The well defined 

branching pattern of the blood vessels is developed at 14 weeks of 

gestation. 

                     The preacinar arteries appeared at 16 weeks of gestation. 

The bronchial branching is completed at 16 weeks of gestation. The 

appearance of basal cells at 17 weeks and Clara cells at 25 weeks of 

gestation takes place in this stage.  

                      The appearance of the blood capillaries into the acinar 

mesenchyme were seen in the canalicular stage. The epithelial 

differentiation starts and also the appearance of type II alveolar cells 

during canalicular stage.  

 Dudek (2011) described about the development of the respiratory system 

in fetal lung and stated that the endodermal tubules are lined by simple 

columnar epithelium and surrounded by mesenchyme and capillary 

network at pseudoglandular stage.  
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                               The terminal bronchioles, respiratory bronchioles and 

alveolar ducts are lined by simple cuboidal epithelium and are surrounded 

by mesenchyme and capillary network at canalicular stage. The simple 

cuboidal epithelium in the terminal sacs are differentiated into flat cells as 

type I pneumocytes and remaining cuboidal cells as type II pneumocytes 

at terminal sac period. More number of capillaries is present in the 

mesenchyme. 

Enas AA (2012) studied about the development of the respiratory acinus 

in the rabbit lung and stated that in the 25
th
 gestational day the rabbit lung 

was in canalicular stage. During canalicular stage, the airway generations 

were more and they were widened and elongated and it makes the 

reduction of pulmonary interstitial connective tissue. The acinar canals 

appeared as straight canals from the terminal bronchioles.  

                     Some of the cells in the epithelial lining started to flatten out 

and they were differentiated into type I pneumocytes. The other epithelial 

cells were cuboidal and they showed the metachromatic reaction when 

stained with toludine blue. The mesenchyme was highly vascularised. 

The capillaries were closely related with the acinar canals.     

            The 27
th

 gestational day rabbit lung was in saccular stage. The 

terminal sacs were developed from the terminal portion of the acinar 
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canals seen in the saccular period. The interstitial tissue forms the 

intersaccular septa and lined with double capillary layer. 

                The 29
th
 gestational day rabbit lung was in alveolar stage. The 

primitive alveoli were developed in the alveolar stage. The primitive 

alveoli were lined by flattened type I pneumocytes and mature type II 

pneumocytes with deeply stained intracytoplasmic inclusions.  

                 The mesenchymal were differentiated into elastic fibers, 

smooth muscle cells, fibroblast, chondrocytes and endothelial cells in 

different stage of rabbit fetal lung. 

Deepali A (2013) studied the histogenesis of the human fetal lung from 

16 weeks of gestation to 36 weeks of gestation by light microscope and 

found out that the lung section of the fetuses of gestational age group 15 

weeks to 18 weeks resembled that of the exocrine gland. The pleura lined 

by single layer by flattened cells in the periphery of the lung field. The 

connective tissue septa from the pleura divided the lung parenchyma into 

lobules. The conductive portion of the lung was developed during this 

stage.  

                   The bronchial tubes were seen in the mesenchyme. The 

bronchial tubes were of varying size. The bronchial tubes were lined by 

simple cuboidal to low columnar epithelial cells with eosinophilic 
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cytoplasm with rounded nuclei. The bronchi were lined by tall columnar 

cells. They were of large tubes.  The bronchi that were present near the 

hilum were lined by pseudostratified columnar epithelium.  

                         The developing cartilage with large polygonal cells and 

eosinophilic homogenous matrix with few cell nests was present in the 

walls of the bronchi. The primordial glands were seen with accumulation 

of cells and dark bulging nuclei from basal epithelium at 16
th
 week of 

gestation. There was no lumen in the primordial glands. The tubular 

glands with lumen detected at 18 weeks and the mucous acini appeared at 

23
rd

 week and serous acini at 24 weeks of gestation. 

          The fetus with gestational age of 19 weeks to 22 weeks had 

numerous bronchial tubes with large lumen and branching was seen from 

the bronchial tubes. The bronchial tubes were lined by low columnar to 

cuboidal epithelium. The amount of mesenchyme in this stage was 

reduced.  

                             The large bronchi were lined by pseudostratified 

ciliated columnar epithelium. The distal bronchi had simple columnar 

epithelium with cilia were present. The glands were numerous in the 

lamina propria of the bronchi. The gland had lumen in this stage. The 

proximal bronchi had the central basophilic matrix. The distal bronchi 

had the eosinophilic matrix. 

50 



                              The fetus with the gestational age of 23 weeks to 26 

weeks showed that in the walls of the large bronchus had more number of 

glands. The most of the glands were mucous type but some amount of 

serous glands was also present.  

                          The bronchi were fully differentiated in this stage. They 

were lined by pseudostratified ciliated columnar epithelium and cartilage 

plate was present in the bronchi. The serous and mucous glands, smooth 

muscle, connective tissue were present in the walls of the bronchi. 

               The respiratory bronchioles were appeared in the 28 weeks of 

gestational fetus. The respiratory bronchiole was lined by ciliated 

cuboidal epithelium. The walls of the respiratory bronchioles were 

interrupted at intervals by thin saccular out pocketings.  

                               The primitive alveoli were present at the end of the 

respiratory bronchioles and they were lined by flattened cells. The true 

alveoli were present at the end of the alveolar ducts. The type II 

pneumocytes were seen in more amounts in the true alveoli.  

            The bronchi, bronchioles, and primitive alveoli pouching from 

respiratory bronchioles were well differentiated.  The alveoli were lined 

by flat cells and they were surrounded by more number of the capillaries 

in the 28 weeks of gestational fetus. 
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               The fetus of 29 weeks of gestation had primitive alveoli in 

abundance. They were further divided into alveolar ducts and they were 

lined by cuboidal cells. 

           The fetus of 31 weeks had clusters of alveolar sacs that were 

opened from alveolar ducts. All the elements of intrapulmonary bronchial 

tree were well developed in the fetus of 33 weeks to term. The alveoli 

were thinned out and lined by squamous epithelium.  

                                  They were supported by fine fibers. The capillaries 

were in close proximity to the alveolar walls are seen in this stage. The 

lung section looked like that of the adult. The new alveoli continue to 

develop till 8 years of age. 

Semeh A I et al (2014) studied the broncho-pulmonary segments of the 

lung in the albino rat fetuses. At the embryonic day 14 to 18, the fetal 

lung appeared in pseudo glandular stage. In human fetus of gestational 

age from 5 to 17weeks of intrauterine life, the lung had bronchial tubes 

lined by thick layer of epithelium with unclear cytoplasm.  

                       The bronchial tubes were surrounded by closely packed 

mesenchymal tissue. The terminal buds formed from the bronchial tubes 

are lined by the pseudostratified columnar epithelium. The mesenchyme 

was more in this stage. The primitive bronchiolar tubules appeared in this 
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stage. They were lined by pseudostratified to columnar epithelium. The 

sinusoidal spaces were lined with flat endothelial cells and had 

erythrocytes.  

                              Further branching of the lung lead to increase in the 

number of tubular air spaces and their shape had changed from round to 

wavy or undulating tubules. The blood capillaries were increased in the 

periphery. The primitive bronchioles were lined by columnar epithelium 

and the tubular air spaces were lined by cuboidal epithelium. 

                       Some of the capillaries were closely approximated with the 

tubular air spaces. The vacuolated cuboidal cells of the terminal airway 

spaces epithelium were the precursor of the type II alveolar cells.  

               The embryonic day of 18.5 to 20 of rat fetus was in the 

canalicular stage. This corresponds with human fetus from 16 to 

26weeks. The airway became widened and lead to the reduction in the 

interstitial connective tissue.  

                         The terminal bronchiole was branched 2-3 wide and 

straight canals as acinar canals. The epithelial lining differentiated into 

flattened shape. These flattened cells were type I alveolar cells. Other 

cells were cuboidal. Capillaries were closely approximated with type I 

alveolar cells.  
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                           The differentiation of type I alveolar cells from type II 

alveolar cells during canalicular stage. The acinar canals were arranged in 

clusters and canalization of lung parenchyma by capillaries took place in 

this stage.  

                             At the time of birth of the albino rat had saccular stage. 

This corresponds from 24weeks to term in human fetus. The terminal part 

of the acinar canals formed the clusters of widened airspaces called as 

saccules or terminal sacs.  

                                 The saccules were lined by squamous type I alveolar 

cells and type II alveolar cells. The walls of the sacs were closely 

approximated with capillaries, poorly defined mesenchymal tissue, elastic 

fibers more in the extracellular matrix.  

Zareena S K (2014)   studied the completeness of the both horizontal and 

oblique fissure in 40 adult lung specimens and 10 fetal lung specimens 

and she reported the results based on the Craig and Walker classification. 

They are  

Grade I – Complete fissure with entirely separate lobes. 

Grade II – Complete visceral cleft but with parenchyma fused at the base 

of the fissure. 

Grade III –Visceral cleft evident for a part of the fissure. 
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Grade IV –Complete fusion of lobes with no evident of fissure line. 

She found that in 4 fetuses, the right side lungs showed the normal pattern 

of oblique fissure, in 2 fetuses they showed incomplete oblique fissure 

and in 4 fetuses the right side lungs showed incomplete horizontal fissure. 

In 6 fetuses the left side lung showed the normal pattern of complete 

oblique fissure.  

Shinichi A et al (2014), studied the fetal development of the minor lung 

segment in human fetuses and stated that the mediobasal segment of the 

right lung (S7) were absent in the 17 specimens at 7- 8 weeks of gestation 

and 6 of 8 specimens at 15 to 18 weeks of gestation and present in 2 

specimens. 
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Materials and methods: 

                    Study material consisted of 50 spontaneously aborted fetuses 

ranging from 10 weeks to 39 weeks of gestation. Ethical clearance was 

obtained from institutional ethical committee. 

Method of collection: 

                   50 spontaneously aborted fetuses were collected from the 

labour room of PSG IMS&R after getting informed consent from the 

parents. After collection, the fetuses were immersed in 500-1000ml of 

10% formalin for fixation. 

                   The aborted fetuses were incised by the conventional ‘I’ 

shaped incision (Fig–1) extending from the hyoid bone to xiphoid 

process. The thoracic cage was opened by cutting through the midsternal 

area. The heart and lungs were removed in toto along with the trachea. 

The heart was removed separately from the lungs and trachea. 

                  The specimens thus removed were washed thoroughly with running 

water. Then they were fixed with 10% formalin solution by immersion and 

placed in a closed plastic container. After 24 hours the specimens were taken 

from the container and washed thoroughly in running water. The colour of the 

lung before 20 weeks of gestation was pale and above 20 weeks the colour of the 

lung was black & gray. The oblique and  
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Fig – 1: ‘I’ shaped incision. 

 

 

 

 

 

 

 

 

 

 



horizontal fissures development was studied in 50 fetuses. The weight of 

the lungs was measured and the results were tabulated. 

                    The left lung of 35 fetuses in the age group of 20 weeks to 39 

weeks of gestation was used for studying the branching pattern of the 

bronchial tree by piecemeal dissection and results were reported.  

                    The lower lobe of the right lung was removed in fetuses of 

early weeks whereas in later weeks of gestation 7-10mm thickness of 

right lower lobe lung tissue was taken in 50 fetuses and they were used 

for histological study.  

                        The tissue which was used for histological studies was 

covered by gauze and tied with thread. Then the tissue was processed by 

immersion in alcohol (70%, 90% and 100%) for dehydration and with 

xylene for clearing. 

                         Processing was done by soaking the tissue in 70% of 

alcohol for 12hours and in 90% of alcohol for 2hours and then in 100% of 

alcohol for 2hours. The tissues were processed in Xylene-1 for 1 ½ hours 

and in Xylene- 2 for 1 ½ hours. Impregnation was done with Paraffin 

wax-1 for 2 hours and in Paraffin wax-2 for 2hours. 
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                 Subsequently embedding of the tissue was done using ‘L’ 

block. Blocks were cut into pieces of 5-7 micron thickness using rotary 

microtome. The cut pieces were put in the water bath and were taken in 

the slides smeared egg albumin. The slides were kept in the incubator for 

1 hour before staining was done by using haematoxylin and eosin. 

               Before staining with haemotoxylin and eosin, the slides were 

put successively in Xylene-1, Xylene-2, and Xylene-3 for 15 minutes for 

the purpose of deparaffinization. The slides were put in graded alcohol as 

in 100% of alcohol for 1minute, 90% of alcohol for 1minute, 70% of 

alcohol for 1minute and in 50% of alcohol for 1minute. The slides were 

dipped twice in running water. Then the slides were put in haemotoxylin 

for 3-4 minutes for the purpose of differentiation. The slides were dipped 

twice in running water and dipped in 1% hydrochloric acid once and then 

kept in running water for 10minutes.  

                        The slides were dipped in eosin once or twice for counter 

staining and dipped in 100% alcohol and in xylene with alcohol for 

dehydration. The slides were kept in xylene for half an hour for clearing 

purpose. Finally the prepared slides were mounted using DPX.  

                      The slides obtained were studied under light microscope 

under 10x, 40x, 100x magnification and the results were recorded.  
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EXCLUSION CRITERIA: 

 Macerated fetuses. 
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Observations: 

After the dissection of the fetuses the lungs were taken from the thoracic 

cavity and the weight of the lungs were measured. Fissures of the lungs 

were studied. The bronchopulmonary segments of the left lung were 

counted. The histological features of the lungs were studied using 

Haemotoxylin and Eosin stain in the lower lobe of the right lung. 

Weight of the fetal lungs: 

The weight of the human fetal lungs was increasing from 7gms to 30gms 

from the age group of 10 weeks to 39 weeks of gestation. The weight of 

the lung was 2gms in the age group of 10-12 weeks of gestation, 5gms in 

the age group of 13 to 15 weeks of gestation, 9gms in the age group of 

16-18 weeks of gestation, 12gms in the age group of 19 to 21 weeks of 

gestation, 15gms in the age group of 22 to 24 weeks of gestation, 18gms 

in the age group of 25 to 27 weeks of gestation, 22gms in the age group 

of 28 to 30 weeks of gestation, 25gms in the age group of 31 to 33 weeks 

of gestation, 26gms in the age group of 34 to 36 weeks of gestation, 

30gms in the age group of 37 to 40 weeks of gestation (Table – 1). 
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WEIGHT OF THE LUNGS: 

Table 1 – Weight of the lungs 

S. No Gestational age of the fetus 

in weeks 

Weight of the lungs 

   1 10 - 12 2gms 

   2 13 - 15 5gms 

   3 16 - 18 9gms 

  4 19 - 21 12gms 

  5 22 - 24 15gms 

  6 25 - 27 18gms 

  7 28 - 30 22gms 

  8 31 - 33 25gms 

  9 34 - 36 26gms 

  10 37 - 40 30gms 
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WEIGHT OF THE LUNGS: 

 

                       GESTATIONAL AGE OF THE FETUSES 
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HORIZONTAL FISSURE IN THE RIGHT LUNG: 

The fetal age group was divided into 3 age groups. Variations in the 

horizontal fissure were noted (Table -2).  

1. Group I - 10 – 20 weeks of gestation. 

2. Group II - 21 – 30 weeks of gestation. 

3. Group III - 31 – 40 weeks of gestation. 

                         In Group –I age group of 10 to 20 weeks of gestation, 16 

fetuses were observed to have incomplete horizontal fissure (Fig-2) and 1 

fetus was observed to have complete horizontal fissure (Fig-3) and in 1 

fetus with absent horizontal fissure (Fig-4). 

                       In Group –II age group of 21 to 30 weeks of gestation, 

incomplete fissure was observed in 17 fetuses (Fig-5) and complete 

horizontal fissure in 7 fetuses (Fig-6) and accessory lobe was observed in 

1 fetus (Fig-10). 

                       In Group –III age group of 31 to 40 weeks of gestation, 

incomplete fissure was noted in 2 fetuses (Fig-7, Fig-8) and complete 

horizontal fissure (Fig-9) in 6 fetuses.  
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OBLIQUE FISSURE: 

                         The fetal lungs were examined for any variations in the 

oblique fissure. The oblique fissure was found to be normal without any 

variations in both lungs. 
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HORIZONTAL FISSURE IN THE RIGHT LUNG: 

Table 2 – Horizontal fissure in the right lung 

S.No Group (weeks of 

gestation) 

Incomplete Complete Absent 

 1 I (10-20 weeks) 16 1 1 

 2 II (21-30 weeks) 17 7 Nil 

 3 III (31-40 weeks) 2 6 Nil 
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HORIZONTAL FISSURE IN THE RIGHT LUNG: 

 

                            GESTATIONAL AGE OF THE FETUSES 

Group I – 10 – 20 weeks of gestation. 

Group II – 21 – 30 weeks of gestation. 

Group III – 31 – 40 weeks of gestation. 
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Group – 1(10 – 20 weeks of gestation) 

 

Fig - 2 : Incomplete horizontal fissure in right lung. OF- Oblique fissure, 

ICHF – Incomplete horizontal fissure, TR – Trachea, LL – Left lung. 

 

 

Fig – 3 : Complete horizontal fissure in right lung. CHF – Complete 

horizontal fissure, TR – Trachea, LL – Left lung. 
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Fig – 4 : Absent horizontal fissure in right lung.  AHF – Absent 

horizontal fissure,  TR – Trachea, LL – Left lung. 

Group  - II (21 – 30 weeks of gestation) 

 

Fig – 5 : Incomplete horizontal fissure in right lung. ICHF - incomplete 

horizontal fissure, TR – Trachea, LL – Left lung.  
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Fig – 6 : Complete horizontal fissure in right lung. CHF – Complete 

horizontal fissure, TR – Trachea, LL – Left lung.  

Group – III (31 – 40 weeks of gestation) 

 

Fig – 7: Incomplete horizontal fissure in right lung. ICHF – Incomplete 

horizontal fissure, TR – Trachea, LL – Left lung.  
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Fig – 8 : Incomplete horizontal fissure in right lung. ICHF – Incomplete 

horizontal fissure, TR – Trachea, LL – Left lung.  

 

Fig – 9: Complete horizontal fissure in right lung. CHF – Complete 

horizontal fissure, TR – Trachea, LL – Left lung. 
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Fig – 10: Accessory lobe in right lung, TR – Trachea, LL – Left lung. 
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BRONCHOPULMONARY SEGMENTS: 

The left sided fetal lung of age groups 20 weeks to 39 weeks of gestation 

was dissected to study the bronchopulmonary segments. The 

bronchopulmonary segments of left lung were counted and reports were 

tabulated (Table – 3). 

                              The trachea was dividing into right and left main 

bronchi. The right lung was in line with trachea. The main bronchi were 

dividing into three lobar bronchi for right lung and two for the left lung. 

The lobar bronchi divide into segmental bronchi in both the lungs. 

Relations of lobar bronchi to pulmonary artery: 

Right lung: 

                        Lobar bronchus for the upper lobe was eparterial and was 

related above the pulmonary artery in all the lungs. The other two lobar 

bronchi for the middle and lower lobe were hyparterial and related below 

to the pulmonary artery in all the lungs. 

Left lung: 

                The upper lobar and lower lobar bronchi were related below the 

pulmonary artery in all the lungs. 
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The bronchopulmonary segments were counted only in the left lung. The 

fetuses were divided into four age groups.  

Group I – 20 – 25 weeks of gestation. 

Group II – 26 – 30 weeks of gestation. 

Group III – 31 – 35 weeks of gestation. 

Group IV – 36 – 39 weeks of gestation.  

BRONCHOPULMONARY SEGMENTS: 

LEFT LUNG: 

 Group I (20 – 25 weeks of gestation): 

                             The fetal lungs of this age group (Specimen No’s-5, 6, 

7, 14, 24, 26, 30, 33, 39, 40, 43, 47 and 48) were observed to have well 

developed lobar bronchi with single lobar bronchus for upper lobe and 

one lobar bronchus for the lower lobe. The lobar bronchi for the upper 

lobe again divided into two. 

                         The segmental bronchi were observed to be ill-defined 

(Fig – 11). 
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Group II (26 – 30 weeks of gestation): 

                             The fetal lungs were observed to have the division of 

lobar bronchi to segmental bronchi. The segmental bronchi aerate the 

bronchopulmonary segments. The bronchopulmonary segments of the left 

lung were studied. 

Upper lobe: 

                    In eleven fetuses (Specimen No’s -8, 9, 13, 15, 18, 21, 25, 

28, 31, 32 and 42) there were three segments for the upper lobe and they 

were apical, posterior and anterior and the segments for lingular lobe 

were two and they were superior and inferior. 

Lower lobe: 

                           Six fetuses (Specimen No’s -9, 15, 25, 28, 31 and 32) 

were observed to have five segments in the lower lobe. They were apical, 

anterior basal, medial basal, posterior basal and lateral basal   (Fig – 12). 

                           In five fetuses (Specimen No’s -8, 13, 18, 21 and 42) the 

lower lobe was found to have only four segments. They were apical, 

anterior basal, posterior basal and lateral basal (Fig – 13). 
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Group III (31 – 35 weeks of gestation): 

Upper lobe: 

                       In seven fetuses (Specimen No’s -2, 34, 35, 41, 44, 49 and 

50) the bronchopulmonary segments was observed to be normal with 

three divisions which were apical, posterior and anterior and two for 

lingular lobe which were superior and inferior. 

Lower lobe: 

               In three fetuses (Specimen No’s -2, 41 and 44) were observed to 

have normal division of bronchopulmonary segments which were 

dividing into five segments. They were apical, anterior basal, medial 

basal, posterior basal and lateral basal (Fig – 14, Fig - 16). 

                In four fetuses (Specimen No’s -34, 35, 49 and 50) the 

bronchopulmonary segments for the lower lobe were observed to have 

variations with only four divisions which were apical, anterior basal, 

posterior basal and lateral basal (Fig – 15). 
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Group IV (36 – 40 weeks of gestation): 

Upper lobe: 

                       In four fetuses (Specimen No’s -3, 27, 29 and 36) the 

bronchopulmonary segments was observed to be normal with three 

divisions which were apical, posterior and anterior and two for lingular 

lobe which were superior and inferior. 

Lower lobe: 

                     In three fetuses (Specimen No’s -3, 29 and 36) were 

observed to have normal division of bronchopulmonary segments which 

were dividing into five segments. They were apical, anterior basal, medial 

basal, posterior basal and lateral basal (Fig – 18). 

                In one fetus (Specimen No’s -27) the bronchopulmonary 

segments for the lower lobe were observed to have variations with only 

four divisions which were apical, anterior basal, posterior basal and 

lateral basal (Fig – 17). 
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BRONCHOPULMONARY SEGMENTS IN LEFT LUNG: 

Table -3 – Bronchopulmonary Segments in left lung 

S.No Gestational age of 

fetuses in weeks 

Bronchopulmonary 

segments 

     Nine      Ten 

    1   Group I (20 – 25 weeks) 

– 13 fetuses 

Not well defined 

    2 Group II (26 – 30 weeks) 

– 11 fetuses 

  6 (54.5%)    5 (45.4%)     

    3 Group III (31 – 35 

weeks) – 7 fetuses 

   3 (42.8%)     4 (57.2%) 

    4 Group IV (36 – 40 

weeks) – 4 fetuses 

   1 (25%)     3 (75%) 
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Group I - 20 – 25 weeks of gestation (Fig -11) 

 

Fig – 11 : Three lobar bronchi in left lung. UL – Upper lobe, LIL –

Lingular lobe, LL – Lower lobe. 
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Group II – 26 – 30 weeks of gestation (Fig - 12,13) 

 

Fig – 12 : Ten bronchopulmonary segments in left lung. UL – Upper 

lobe, SL – Superior lingular, IL – Inferior lingular, LL – Lower lobe. 

 

Fig – 13 : Nine bronchopulmonary segments in left lung. UL – Upper 

lobe, SL – Superior lingular, IL – Inferior lingular lobe, LL – Lower lobe. 
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Group III - 31 – 35 weeks of gestation (Fig – 14,15,16) 

 

Fig – 14 : Ten bronchopulmonary segments in left lung. UL – Upper 

lobe,  SL – Superior lingular, IL – Inferior lingular, LL – Lower lobe 

 

Fig – 15 : Nine bronchopulmonary segments in left lung. UL – Upper 

lobe, SL – Superior lingular, IL – Inferior lingular lobe, LL – Lower lobe. 
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Fig – 16 : Ten bronchopulmonary segments in left lung. UL – Upper 

lobe, SL – Superior lingular, IL – Inferior lingular, LL – Lower lobe. 

 

 

 

 

LL 4 

LL 5 

UL 1 

UL 2 

SL 

IL 

LL 1 

LL 2 

LL 3 

UL 3 

Anterior view 

Posterior view 



Group IV -36 – 40 weeks of gestation (Fig – 17,18) 

 

 

Fig – 17 : Nine bronchopulmonary segments in left lung. UL – Upper 

lobe, SL – Superior lingular, IL – Inferior lingular, LL – Lower lobe. 
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Fig – 18 : Ten bronchopulmonary segments in left lung. UL – Upper 

lobe,  SL – Superior lingular, IL – Inferior lingular, LL – Lower lobe. 
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Microscopic structure: 

Microscopic structures of the lower lobe of right sided fetal lungs were 

studied from 10 weeks of gestation (Table -4). 

10
th

 week of gestation: 

The section of the fetal lung showed minimal number of the bronchial 

tubules with varying size from small to large which were present in 

mesenchyme made of loose connective tissue. The bronchial tubules were 

found to be lined by pseudostratified columnar epithelium with ill-

defined nucleus in the apex of the epithelium with clear cytoplasm. 

Primitive smooth muscles were also found to be present surrounding the 

bronchial tubules (Fig-19, Fig-20). 

12
th

 week of gestation: 

The fetal lung section of 12 weeks fetus had a glandular appearance. The 

bronchial tubules were found to be highly differentiated with presence of 

more number of bronchi in the mesenchyme. Some of the bronchi were 

found to be lined by pseudostratified ciliated columnar epithelium with 

the nucleus in the apex of the epithelium. The remaining bronchial 

tubules were lined by cuboidal epithelium with well defined centrally 

placed nuclei. Blood vessels were found to follow the branching pattern 

of the bronchi. 
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           The cartilage plates were also observed to be present around the 

bronchi with homogenous basophilic matrix. Most of the bronchial 

tubules were well developed and differentiated with lumen and few of the 

bronchial tubules were in the primitive stage (Fig-21, Fig-22 and Fig-23). 

13
th

 week of gestation: 

 The most marked appearance in the fetal lung of 13 weeks of gestation 

was the lobulation of the lung. The bronchial tubules were well 

differentiated with lining of cuboidal epithelium. The bronchi were lined 

by pseudostratified ciliated columnar epithelium. The bronchi were 

observed to have pre-cartilage (Fig-24). 

15
th

 week of gestation: 

The section of the 15
th

 week fetal lung showed that the undifferentiated 

bronchial tubules were found to be well differentiated and enlarged and 

lined by simple cuboidal epithelium. There was also decrease in the 

amount of the mesenchymal tissue surrounding the bronchi. The cartilage 

plates were found to be well developed surrounding the bronchial wall 

and homogenous basophilic matrix. Presence of bronchial buds in the 

submucosa with lumen in some gland buds and without lumen in other 

gland buds were observed surrounding the bronchi. There was more 

number of smooth muscles surrounding the bronchi. The section showed 
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the appearance of bronchioles having irregular lumen lined by tall 

columnar epithelium with hyper chromatic nuclei. The periphery of the 

lung parenchyma was observed to have presence of capillaries (Fig-25, 

Fig-26, Fig-27, Fig-28 and Fig-29). 

16
th

 week of gestation:  

The peripheral part of the lung parenchyma was found to be well 

developed. The lung was found to have well defined lobules (Fig-30, Fig-

31 and Fig-32). 

18
th

 weeks of gestation: 

Undifferentiated bronchial tubules were found to be lined by simple 

cuboidal epithelium where as well differentiated bronchial tubules were 

found to have ill-defined lining epithelium with absence of the cell wall 

and disrupted nuclei. The cartilage plates surrounding the bronchi were 

observed to have the appearance of few cell nests. The bronchioles were 

found to increase in numbers which were lined by columnar epithelium 

accompanied by blood vessels (Fig-33, Fig-34 and Fig-35). 

20
th

 week of gestation: 

The fetal lung tissue was observed to have presence of undifferentiated 

bronchial tubules lined by cuboidal epithelium in the periphery of the  
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Fig – 19: Section of Lung in 10 weeks fetus (H&E Staining). B – 

Bronchi, MES – Mesenchyme.  (10x X 10)                           

 

Fig – 20: Section of Lung in 10 weeks fetus (H&E Staining). PCCE – 

Pseudostratified columnar epithelium, SM – Smooth muscle.  (10x X 40) 
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Fig – 21: Section of Lung in 12 weeks fetus (H&E Staining). CP – 

Cartilage plate, B – Bronchi, BT – Bronchial tubules. (10x X 10) 

 

Fig – 22: Section of Lung in 12 weeks fetus (H&E Staining). BV – Blood 

vessel, CP – Cartilage plate, B – Bronchi. (10x X 10) 
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Fig – 23: Section of Lung in 12 weeks fetus (H&E Staining).   PSCCE – 

Pseudostratified ciliated columnar epithelium, CP – Cartilage plate,        

(10x X 100) 

 

Fig – 24: Section of Lung in 13 weeks fetus (H&E Staining) showed 

lobulation of the lung. BT – Bronchial tubules,  DBT – Diffentiating 

bronchial tubules. (10x X 10) 
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Fig – 25: Section of Lung in 15 weeks fetus (H&E Staining). CP – 

Cartilage Plate,   BG – Bronchial glands, SM – Smooth muscle.                   

( 10x X 10) 

 

Fig – 26: Section of Lung in 15 weeks fetus (H&E Staining). DBT – 

Differentiating bronchial tubules.(10x X 40) 
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Fig – 27: Section of Lung in 15 weeks fetus (H&E Staining).                

BG – Bronchial glands, SM – Smooth muscle. (10x X 100) 

 

Fig – 28: Section of Lung in 15 weeks fetus (H&E Staining). B –Bronchi,  

CP – Cartilage plate, BG- Bronchial gland. (10x X 10) 
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Fig – 29: Section of Lung in 15 weeks fetus  (H&E Staining). BR – 

Bronchioles, CAP- Capillaries. (10x X 10) 

 

Fig – 30: Section of Lung in 16 weeks fetus (H&E Staining) showed the 

expansion of peripheral part of lung parenchyma. CAP – Capillaries, PL - 

Pleura. (10x X 10) 
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Fig – 31: Section of Lung in 16 weeks fetus (H&E Staining) Showed well 

defined lobulation of the lung. CTS – Connective tissue septa, MES – 

Mesenchyme, BR – Bronchioles, BT – Bronchial tubules. (10x X 10) 

 

Fig – 32: Section of Lung in 16 weeks fetus (H&E Staining). CP – 

Cartilage Plate, B – Bronchi, PSCCE – Pseudostratified ciliated columnar 

epithelium. (10x X 40) 
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Fig – 33: Section of Lung in 18 weeks fetus (H&E Staining). BT- 

Bronchial tubules, DBT – Disrupting bronchial epithelium. (10x X 40) 

 

Fig – 34: Section of Lung in 18 weeks fetus (H&E Staining) showed 

terminal bronchioes lined by columnar epithelum. TB – Terminal 

bronchioles, SM – Smooth muscle. (10x X 100) 
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Fig – 35: Section of Lung in 18 weeks fetus (H&E Staining). TB – 

Terminal Bronchioles, BV – Blood vessel. (10x X 40) 

 

Fig – 36: Section of Lung in 20 weeks fetus (H&E Staining) showed 

respiratory bronchioles. TB – Terminal bronchiole, BV – Blood vessel,  

RB – Respiratory brochioles. (10x X 10) 
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Fig – 37: Section of Lung in 20 weeks fetus (H&E Staining). TB – 

Terminal bronchioles, RB – Respiratory bronchioles, CTS – Connective 

tissue septa. (10x X 10) 

 

Fig – 38: Section of Lung in 21 weeks fetus (H&E Staining) showed the 

mucous gland in the bronchial wall. CP- Cartilage plate, MG – Mucous 

gland. (10x X 40) 
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lung parenchyma. The most marked observation was appearance of 

respiratory bronchioles lined by cuboidal epithelium and terminal 

bronchioles lined by columnar epithelium. Periphery of the lung 

parenchyma was observed to have more number of capillaries (Fig-36 

and Fig-37). 

21
st
 week of gestation: 

The periphery of the lung was observed to have progressive 

differentiation of undifferentiated bronchial tubules. Mucous glands 

started to appear in the submucosa surrounding some of the bronchi. 

There was well defined lobulation. Respiratory bronchioles were found to 

be lined by cuboidal epithelium and terminal bronchioles were lined by 

columnar epithelium. The periphery of the lung parenchyma was 

observed to have more number of capillaries (Fig-38).  

22
nd

 and 23
rd

 week of gestation 

The section was observed to have the appearance of primitive alveoli. All 

the undifferentiated bronchial tubules were well differentiated with 

expansion of the airway. Cartilage plates, glands and smooth muscle were 

present surrounding the bronchi. 
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24
th

 weeks of gestation: 

The cartilage plates were observed to be completely matured surrounding 

the bronchi. The terminal bronchiole was observed to be lined by 

columnar epithelium. The cuboidal epithelium lining the respiratory 

epithelium was observed to become flat cells which were invaded by 

capillaries (Fig- 39, Fig-40, Fig-41, Fig-42 and Fig-43). 

26
th

 weeks of gestation: 

The pseudostratified ciliated columnar epithelium of the bronchi was 

observed to have increased folding (Fig-44). 

29
th

 to 33 weeks of gestation: 

The lung section showed the progressive maturation of the cartilage, 

increased number of capillaries. The capillaries were found to invade the 

distal part of epithelium which was differentiated into flat cells from 

cuboidal cells. The mesenchyme was found to be condensed and present 

surrounding the alveolar epithelium (Fig-45, Fig-46 and Fig-47). 

34
th

 to 39
th

 weeks of gestation: 

Well defined lobulation of lung was present. The lining epithelium of the 

alveoli were well differentiated into squamous cells which were type I 

pneumocytes and cuboidal cells which were type II pneumocytes. Well 

defined cartilage and submucous glands were seen around the bronchi. 
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The distal part of the alveolar epithelium was found to be discontinuous 

and invaded by more number of capillaries (Fig-48, Fig-49, Fig-50,      

Fig-51, Fig-52 and Fig-53). 
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Fig – 39: Section of Lung in 24 weeks fetus (H&E Staining). B – 

Bronchi, CP – Cartilage plate. (10x X 10) 

 

Fig – 40: Section of Lung in 24 weeks fetus (H&E Staining) showed the 

matured cartilage in the bronchial wall. CP – Cartilage plate. (10x X 100) 

B 

CP 

CP 



 

Fig – 41: Section of Lung in 24 weeks fetus showed the capillaries 

invaded the respiratory epithelium (H&E Staining). CAP – Capillaries, 

RB- Respiratory bronchioles. (10x X 40) 

 

 

Fig – 42: Section of Lung in 24 weeks fetus showed type I and type II 

pneumocytes in the alveolar epithelium (H&E Staining). TIP – Type I 

pneumocyte, TIIP – Type II pneumocyte, AL – Alveolus. (10x X 100) 
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Fig – 43: Section of Lung in 24 weeks fetus (H&E Staining).                                        

TIP – Type I pneumocyte, TIIP – Type II pneumocyte, Al – Alveolus.  

(10x X 100) 

 

Fig – 44: Section of Lung in 26 weeks fetus (H&E Staining) . B -Bronchi, 

CP – Cartilage plate ( 10x X 40). 
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Fig–45: Section of Lung in 29 weeks fetus (H&E Staining). TIP – Type I 

pneumocyte, TIIP -  Type II pneumocyte , AL – Alveolus. (10x X 40) 

 

Fig – 46: Section of Lung in 29 weeks fetus (H&E Staining) more of 

capillaries in the peripheral part of lung parenchyma. Cap – Capillaries, 

BV – Blood vessel, TB – Terminal bronchioles, RB – Respiratory 

bronchioles, AL – Alveolus. (10x X 10) 
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Fig – 47: Section of Lung in 32 weeks fetus (H&E Staining). TB – 

Terminal bronchiole, SM – Smooth muscle, BV – Blood vessel, MES – 

Mesenchyme.  (10x X 40) 

 

Fig – 48: Section of Lung in 34 weeks fetus (H&E Staining). B – 

Bronchi, CP – Cartilage plate, BV – Blood vessel. (10x X 4) 
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Fig – 49: Section of Lung in 34 weeks fetus (H&E Staining).  B –

Bronchi, CP – Cartilage plate, SM – Smooth muscle, BG – Bronchial 

gland. (10x X 40) 

 

Fig – 50: Section of Lung in 34 weeks fetus (H&E Staining).  TB – 

Terminal bronchioles, SM – Smooth muscle, CAP – Capillaries.             

(10x X 40) 
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Fig – 51: Section of Lung in 39 weeks fetus (H& E Staining) showed 

capillaries invaded the alveolar epithelium. RB – Respiratory bronchioles, 

CAP – Capillaries, PL – Pleura, AL – Alveolus. (10x X 10) 

 

Fig – 52: Section of Lung in 39 weeks fetus (H&E Staining) showed 

blood present inside the alvoelus.CAP – Capillaries, Al – Alveolus.  (10x 

X 40) 

AL 

RB 

CAP 

PL 

CAP 

AL CAP 



 

Fig – 53: Section of Lung in 39 weeks fetus (H&E Staining) showed 

discontinous alveolar epithelium. TIP – Type I pneumocyte, TIIP – Type 

II pneumocyte, AL – Alveolus, CAP – Capillary. (10x X 100) 
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MICROSCOPIC STRUCTURE OF LOWER LOBE OF RIGHT         

LUNG: 

Table – 4 – Microscopic structure of lower lobe of right lung 

Appearance of Gestational age of fetuses 

Pseudostratified    ciliated 

columnar epithelium in 

bronchi   

10 weeks of gestation 

Simple cuboidal epithelium 

in bronchial tubules 

12 weeks of gestation 

Cartilage plate in the 

bronchial wall 

12 weeks of gestation 

Bronchial gland buds 15 weeks of gestation 

Primitive alveoli 20 weeks of gestation 

Type II pneumocytes 

(Matured) 

 

34 – 39 weeks of gestation 

Blood Vessels 12 weeks of gestation 

 

79 



 

 

 

 

 

                                DISCUSSION 

 

 

 

 

 

 

 

 

 

 



DISCUSSION: 

Hoan (1986) reported that the weight of the fetal lungs were increasing 

from 0.7gm to 45.2gms in the fetuses of gestational age group of 9 weeks 

to 40 weeks but in the present study the weight of the fetal lungs were 

increasing from 2gms to 30gms in fetuses of gestational age 10 weeks to 

39 weeks (Table – 5). 
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WEIGHT OF THE LUNGS: 

Table 5 – Weight of the lungs 

Gestation age of the 

fetuses 

Weight in grams – 

Hoan Study (1986) 

Weight in grams – 

Present study (2014) 

10 – 12 0.7 gms 2gms 

13 – 15 11gms 5gms 

16 – 18 15gms 9gms 

19 – 21 20gms 12gms 

22 – 24 20gms 15gms 

25 -27 23gms 18gms 

28 – 30 28gms 22gms 

31 -33 32gms 25gms 

34 – 36 32gms 26gms 

37 – 40 35gms 30gms 
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WEIGHT OF THE LUNGS: 

    

 

                             GESTATIONAL AGE OF THE FETUSES 

 

 

 

 

 

Weight of the lungs Hoan’s Study 
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Zareena (2014) observed that out of 10 specimens, in 4 fetuses the right 

side lungs showed the normal pattern of oblique fissure, in 2 fetuses they 

showed incomplete oblique fissure in the right lung and in 4 fetuses the 

right side lungs showed incomplete horizontal fissure. In 6 fetuses the left 

side lung showed the normal pattern of complete oblique fissure. In 

contrary to the above study there was no variation in the oblique fissure 

in both sides in the present study (Table –6). Variations were present in 

the horizontal fissure. Out of 50 specimens in the age group of 10 weeks 

to 39 weeks of gestation the horizontal fissure was incomplete in 35 

fetuses out of which 16 fetuses were in age group of 10-20 weeks, 17 

fetuses in age group of 21-30 weeks and 2 fetuses in age group of 31-39 

weeks of gestation (Table –7).  
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OBLIQUE FISSURE IN BOTH LUNGS: 

Table 6 – Oblique fissure in both lungs 

S.No Oblique fissure Zareena Study (2014) – in 

10 specimens 

Present study (2014) –  

in 50 specimens 

Right Left Right Left 

  1 Incomplete 2 (20%) 4 (40%) Nil Nil 

  2 Complete 8 (80%) 6 (60%) 50(100%)  50(100%) 
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HORIZONTAL FISSURE IN RIGHT LUNG:  

Table 7 – Horizontal fissure in right lung 

S.No Horizontal Fissure Zareena Study 

(2014)  

Present Study 

(2014) 

  1 Incomplete 4 (40%) 35 (70%) 

  2 Complete 6 (60%) 14 (28%) 

3 Absent Nil 1 (2%) 
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HORIZONTAL FISSURE IN RIGHT LUNG:  

      

 

                       HORIZONTAL FISSURE IN RIGHT LUNG 
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Hardie (1939) reported that the left lung had 10 bronchopulmonary 

segments. In the present study the left lung had ten bronchopulmonary 

segments in 12 fetuses which were similar to the above findings and nine 

bronchopulmonary segments in 10 fetuses in the age group from 20 to 39 

weeks of gestation which were not coinciding with the above reports. 

Anthony (2008), Micheal (2008) describes that the left lung has nine 

bronchopulmonary segments. Similar to the author’s description the 

present study showed nine bronchopulmonary segments in 10 fetuses and 

in contrary to author’s description there were ten bronchopulmonary 

segments in 12 fetuses. 

Hamilton (1966) stated that the epithelium lining the bronchial tubules 

were continuous cuboidal epithelium till late fetal life but in the present 

study in contrary to the above report the bronchial tubules were lined by 

cuboidal epithelium till 22
nd

week of gestation and the bronchi were lined 

by pseudostratified ciliated columnar epithelium from 12
th
 week of 

gestation. Terminal bronchioles were lined by columnar epithelium and 

the respiratory bronchioles were lined by cuboidal epithelium from 20
th

 

week of gestation.   
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Osamu (1980) has reported that the lining epithelium of the bronchial 

tubules were simple columnar epithelium with apically placed deeply 

stained nuclei. In contrary to the above report in the present study the 

bronchial tubules were lined by cuboidal epithelium with centrally placed 

nuclei.             

 Hoan (1986) reported that the lining epithelium of the bronchial tubules 

in the proximal tubules was pseudostratified and in the middle was lined 

by columnar epithelium and in the distal tubules were lined by cuboidal 

epithelium at 9 to 12 weeks of gestation but in the present study the 

bronchial tubules were studied as a whole and the lining epithelium of the 

bronchi was pseudostratified ciliated columnar epithelium and the 

terminal bronchioles were lined by columnar epithelium and the 

respiratory bronchioles were lined by cuboidal epithelium.      

Anthony (2008) reported that the narrow bronchial tubules are lined by 

cuboidal (or) columnar epithelium at 9 to 16 weeks of gestation and in the 

present study the bronchial tubules were lined by simple cuboidal 

epithelium till 22
nd

 week of gestation which coincides with the above 

report.    

 Seizi (1936) and Shinji (1951) reported that the lining epithelium of the 

bronchi was pseudostratified columnar epithelium with apically placed 

nucleus at 8
th

 week of gestation and in the present study the bronchi were 
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lined by pseudostratified ciliated columnar epithelium with nuclei in the 

apex of the epithelium from 10 weeks of gestation which coincides with 

the above study. 

Seizi (1936), Shinji (1951), Osamu (1980) observed that the bronchial 

tubules (alveolar rudiments) were lined by simple columnar epithelium 

with centrally placed rounded nucleus. In contrary to the above report the 

lining epithelium of the bronchial tubules was simple cuboidal epithelium 

in the present study.  

Hoan (1986) found that the bronchial tubules were lined by simple 

cuboidal epithelium from 9 weeks of gestation. In the present study the 

bronchial tubules were lined by simple cuboidal epithelium from 12 

weeks of gestation which is not coinciding with the above reports. 

Deepali (2013) observed that the bronchial tubules (alveolar rudiments) 

were lined by simple cuboidal epithelium or low columnar epithelium 

with centrally placed rounded nucleus at 9 to 12 weeks of gestation. 

Similar to the above report the lining epithelium of the bronchial tubules 

was simple cuboidal epithelium at 12 weeks of gestation in the present 

study.  

Bucher (1961), Hoan (1986), Peter (1998) and Bryan (2011) reported that 

the cartilage plates appeared in the bronchi at 10 weeks of gestation.  In 
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contrary to the above study in the present study the cartilage plates 

appeared only at 12
th
 week of gestation. 

Arey (1961) described that incomplete cartilaginous rings appeared at the 

end of 7
th
 week of intrauterine life. In contrary to the above study 

incomplete cartilaginous rings appeared only at 12
th
 week of gestation in 

the present study.   

Anthony (2008) describes that the cartilage appear in the bronchi at 12
th
 

week of gestation and in the present study the cartilage appeared at 12
th
 

week of gestation which coincides with the above description. 

Shinji (1951) and Hamilton (1966) found that the cilia appeared in the 

bronchial epithelium at 20
th
 week of gestation but in the present study the 

cilia appeared in the bronchial epithelium at 12
th
 week of gestation which 

was not coinciding with the above study.  

Bucher (1961) found that the cilia appeared in the bronchial epithelium at 

10
th
 week of gestation and in contrary to Bucher the cilia appeared in the 

bronchial epithelium at 12
th

 week of gestation in the present study.   

Osamu (1980) and Deepali (2013) observed that the cilia appeared in the 

bronchi at 19
th

 week of gestation. In contrary to the above study the cilia 

appeared in the lining epithelium of the bronchi at 12
th
 week of gestation 

in the present study. 
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Peter (1998) stated that the differentiation of the ciliated epithelium takes 

place in the bronchi between 11
th

 to 16
th
 weeks of gestation and in the 

present study the cilia appeared in the bronchial epithelium at 12
th
 week 

of gestation which was not coinciding with the above reports. 

Bucher (1961) reported that the bronchial gland buds were seen at 13
th
 

weeks of gestation and the lumen was detected in the gland bud at 14
th
 

week of gestation. The acini of the mucous appeared at 24
th
 week but in 

the present study the bronchial gland buds were found in the lamina 

propria at 15
th

 week of gestation and the mucous acini appeared at 21
st
 

week of gestation which was contrary to the above findings. 

Arey (1961), Hoan (1986) and Peter (1998) stated that the gland buds 

appeared in the bronchi at 16
th

 week of gestation. In contrary to the above 

study the gland buds appeared in the bronchi at 15
th
 week of gestation in 

the present study. 

Johannes (2007) describes that the mucous gland appears at 12 to 13 

weeks of gestation but in the present study the mucous gland appeared at 

21
st
 week of gestation that was not coinciding with the author’s 

description. 
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Bryan (2011) describes that the submucosal glands appeared at 8
th
 week 

of gestation but in the present study the mucosal glands appeared at 15
th
 

week of gestation which was not coinciding with the author’s description. 

Deepali (2013) observed that the bronchial gland buds appeared at 16
th
 

week of gestation and they appeared as cluster of cells and the tubular 

glands with lumen at 18
th
 week of gestation. Mucous acinar pattern 

appeared at 23
rd

 week of gestation but in the present study the bronchial 

gland buds appeared at 15
th
 week of gestation and the mucous acini was 

found to appear at 21
st
 week of gestation which was contrary to above 

reports. 

Seizi (1936) and Hoan (1986) reported that the alveolar rudiments which 

were round in shape during the earlier weeks and were developing into 

complicated branching pattern at 20
th

 week of gestation. The present 

study showed that all the bronchial tubules were differentiated into 

complicating branching pattern at 23
rd

 week of gestation which was not 

coinciding with the above studies.  

Deepali (2013) reported that all the bronchial tubules differentiated into 

complicating branching pattern at 23
rd

 week of gestation. In the present 

study all the bronchial tubules were differentiating into complicated 

branching pattern at 23
rd

 week of gestation which coincides with above 

findings. 
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Deepali (2013) found that the respiratory bronchioles were lined by 

ciliated cuboidal epithelium and primitive alveoli appeared at 25
th

 week 

of gestation. In the present study the respiratory bronchioles were lined 

by simple cuboidal epithelium without cilia and primitive alveoli 

appeared as early as 20
th
 week of gestation which was not coinciding with 

the above reports.  

Seizi (1936) observed that the respiratory bronchioles and alveolus 

appeared at 24
th
 week of gestation but contrary to Seizi’s findings the 

respiratory bronchioles and primitive alveoli appeared at 20
th
 week of 

gestation in the present study. 

Hoan (1986) observed that the lining epithelium of the primitive alveoli 

started to differentiate from 24
th
 week of gestation and well defined type I 

and type II pneumocytes appeared at 33 to 36 weeks of intrauterine life. 

In the present study the respiratory epithelium started to differentiate into 

flat cells from cuboidal cells at 24
th

 week of gestation and well 

differentiated into type I and type II pneumocytes at 34
th

 and 39
th
 week of 

gestation which coincides with above findings.  

Michael (2008) describes that the primitive respiratory cuboidal epithelial 

cells differentiate in to type I and type II pneumocytes at 23
rd

 week of 

gestation. In contrary to author’s description in the present study the 
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differentiation of the respiratory epithelium into flat cells from cuboidal 

cells was observed at 24
th
 week of gestation. 

Deepali (2013) found out that the type II pneumocytes appeared at 28
th
 

week of gestation. In contrary to the above report the present study 

showed the appearance of type II pneumocytes at 24
th
 week of gestation.  

Seizi (1936) reported that blood vessels started to appear as early as 8th 

week of gestation but in the present study the blood vessels started to 

appear at 12
th

 week of gestation which was not coinciding with above 

reports. 

Osamu (1980) found out that the blood vessels appeared at 16
th

 week of 

gestation. In contrary to the above report in the present study the blood 

vessels appeared at 12
th
 week of gestation. 

Hoan (1986) found that the blood vessels were seen along the branching 

pattern of the bronchi at 9
th
 to 12

th
 week of gestation. In the present study 

the blood vessels were seen along the branching pattern of the bronchus 

from 12 weeks onwards which was coinciding with the above findings. 

Deepali (2013) found out that the blood vessels were seen in the 

connective tissue septa and in the lung parenchyma at 16
th
 week of 

gestation. In the present study the blood vessels started to appear at 12
th
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week of gestation and were present along with the branching pattern of 

the bronchus which was contrary to the above reports (Table -8). 
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MICROSCOPIC STRUCTURE LOWER LOBE OF RIGHT LUNG: 

Table 8 – Microscopic structure of the lower lobe of right lung 

Appearance of Hoan study 

(1986) 

Deepali  Study 

(2013) 

Present Study 

(2014) 

 Pseudostratified    

ciliated columnar 

epithelium in bronchi   

9 – 12 weeks of 

gestation 

16 weeks of 

gestation 

10 weeks of 

gestation 

Simple cuboidal 

epithelium in 

bronchial tubules 

9 – 12 weeks of 

gestation 

16 weeks of 

gestation 

12 weeks of 

gestation 

Cartilage plate in the 

bronchial wall 

8 weeks of 

gestation 

16 weeks of 

gestation 

12 weeks of 

gestation 

Bronchial gland buds 16 weeks of 

gestation 

16 weeks of 

gestation 

15 weeks of 

gestation 

Primitive alveoli 20 weeks of 

gestation 

25 weeks of 

gestation 

20 weeks of 

gestation 
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Type II pneumocytes 

(Matured) 

33 – 36 weeks of 

gestation 

28 weeks of 

gestation 

34 – 39 weeks 

of gestation 

Blood Vessels 9 – 12 weeks of 

gestation 

16 weeks of 

gestation 

12 weeks of 

gestation 
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SUMMARY: 

A study of the intrasegmental branching pattern of the bronchial tree was 

done with 50 spontaneously aborted fetuses. 

The fetuses were fixed with 10% Formalin. The lungs were removed 

from the fetuses. The external appearances of the lungs were observed. 

The weight of the both lungs was measured in fetuses of 10 weeks to 39 

weeks of gestation. The weight of the lungs was found to increase from 

2gms to 30gms and the results were tabulated and compared with the 

previous results.  

                                   The oblique fissure in both the lungs did not show 

any variation whereas the horizontal fissure had variations. Out of 50 

specimens in the age group of 10 weeks to 39 weeks of gestation the 

horizontal fissure was incomplete in 35 fetuses out of which 16 fetuses 

were in age group of 10-20 weeks, 17 fetuses were in age group of 21-30 

weeks and 2 fetuses were in age group of 31-39 weeks of gestation.  

                                   The bronchopulmonary segments were studied in 

the left lung of fetuses in age group of 20 to 39 weeks of gestation and 

results were tabulated. Group I fetuses of 20 to 25 weeks of gestation had 

ill-defined segmental bronchi. Group II fetuses of 26 to 30 weeks of 

gestation had nine bronchopulmonary segments in 6 fetuses and ten 
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bronchopulmonary segments in 5 fetuses. Group III fetuses of 31 to 35 

weeks of gestation were found to have nine bronchopulmonary segments 

in 3 fetuses and ten bronchopulmonary segments in 4 fetuses. Group IV 

fetuses of 36 to 39 weeks of gestation had nine bronchopulmonary 

segments in 1 fetus and ten bronchopulmonary segments in 3 fetuses. 

                           The histology of the branching pattern in the lower lobe 

of the right lung was seen. The tissues were processed and stained with 

Haemotoxylin and Eosin method. The microscopic structure was studied 

in the lower lobe of right lung in the fetuses. 

                          The histological picture showed that the bronchial 

tubules were lined by simple cuboidal epithelium till 20
th
 week of 

gestation and the bronchi were lined by pseudostratified ciliated columnar 

epithelium from 12 weeks of gestation. The terminal bronchioles were 

lined by columnar epithelium and respiratory bronchioles were lined by 

simple cuboidal epithelium. 

                               The cartilage plates around the bronchial wall, cilia in 

the bronchial epithelium and blood vessels started to appear at 12
th
 week 

of gestation. The bronchial gland buds appeared at 15
th
 week of gestation 

and mucous acini appeared at 21
st
 week of gestation. The respiratory 

epithelium started to differentiate at 24
th
 week of gestation and well 
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differentiated into type I and type II pneumocytes at 34
th

 and 39
th
 week of 

gestation.   
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CONCLUSION: 

The study was conducted in the fetal lungs to find out the branching 

pattern and appearance of the cartilage and the type II pneumocytes by 

microscopic study. In this modern era the knowledge of variation in the 

bronchial branching pattern is helpful for Anatomists in teaching 

purposes.  

                             

                          Pulmonologists should have an idea about the variations 

in the bronchial branching pattern while performing the bronchoscopy 

and in treating the lung abscess or tuberculosis and lung cancer patients.  

                         The knowledge about the variations in the branching 

pattern is very important for the cardiothoracic surgeons while 

performing the lobectomies for lung abscess and in cancer condition.  

                           

                          The knowledge about the developmental stages of the 

lung is most useful for the Pediatricians since failure of development of 

the cartilage leads to pulmonary hypoplasia and congenital emphysema. 

                             

                             Obstetrician and gynecologists should have an idea 

about the developmental stages of the lung and the time of appearance of 

type II pneumocytes while performing normal and caesarian section 
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deliveries. Since type II pneumocytes is responsible for the production of 

surfactant and this is helpful in finding the viability period of the fetus. 

Inadequate production of surfactant leads to respiratory distress syndrome 

in the fetus.  
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