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Abstract

Background: The lungs play a crucial role in gas exchange, supported by specialized cells
and tissues. While many studies have focused on the development of the human lung,
limited research exists on the histogenesis of the human lung, particularly with the use of
specific histochemical stains like Masson's Trichrome. Our study aims to address this gap
by employing hematoxylin and eosin staining, along with Masson's Trichrome staining, on
sections of aborted fetal lungs.

Materials & Methods: This cross-sectional observational study conducted at KAMS&RC,
Hyderabad, and TS involved 77 aborted fetuses without congenital anomalies, aged between
12 to 40 weeks of gestational age. Lung tissues from the fetuses were collected after
inevitable abortion, spontaneous miscarriage, stillbirth, or medical termination of pregnancy
(MTP). The lung tissues were fixed in 10% neutral buffered formalin and subjected to
Haematoxylin-Eosin (H&E) staining for general observations, and Masson's Trichrome
staining to assess connective tissue deposition during lung development. The study aimed to
provide insights into lung histogenesis in aborted fetuses using specific histological
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techniques.

Results: At 12-16 weeks of gestation, the lungs have abundant mesenchymal tissue, and
the bronchi are lined by columnar epithelium. Between 17-20 weeks, bronchi are surrounded
by hyaline cartilage. At 21-24 weeks, bronchial tubes are lined by simple cuboidal epithelium
with cartilaginous islands in their walls. From 25-28 weeks, the mesenchyme reduces, and
multiple branching bronchi with cartilaginous plates and lymphatics are evident. At 29-32
weeks, numerous air spaces with an increased capillary network are observed. At 33- 36
weeks, bronchioles with developing alveoli are seen. By 37-40 weeks, many alveoli
separated by thin septa and a single layer of alveolar capillary network are present.
Masson's trichrome stain was used to highlight connective tissue elements such as collagen
and smooth muscle fibers around bronchi and blood vessels at various gestational ages.
The study provides important insights into the morphological progression of fetal lung
development throughout gestation.

Conclusion: In the present study, multiple staining methods were employed to document the
appearance and organization of lung tissue during development in aborted fetuses at
different gestational ages. As the gestational age advanced, a gradual decrease in the
amount of mesenchymal tissue and the height of the epithelium was observed. Additionally,
the study planned to investigate the expression of FGF-10 in the specimens. FGF-10 is a
growth factor that plays a critical role in lung development, and its examination may provide
further insights into the molecular mechanisms underlying fetal lung maturation at different
stages of gestation.

Keywords: Human fetal lung, bronchial tubes, alveoli, cartilage, Hematoxylin and Eosin stain,

Masson’s trichrome.

Introduction

The lungs, a pair of respiratory organs located in the thoracic cavity, play a vital role in gas
exchange facilitated by specialized cells and tissues. Congenital lung diseases often stem
from developmental defects during gestation, making lung development a complex and

critical process influencing the fetus's independent survival.

Respiratory system development commences in the fourth week of gestation from the ventral
foregut endoderm. The formation of the lung begins with cells evaginating from the foregut
endoderm into the splanchnic mesenchyme, forming the respiratory diverticulum or lung bud.
The respiratory system has a dual origin, with the foregut endoderm differentiating into

various epithelial cell types lining the lung and trachea's inner surface, while the lung
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mesenchyme originates from the lateral plate mesoderm. The mesenchyme gives rise to
multiple lung components, including connective tissue, endothelial cell precursors, smooth
muscle surrounding airways and blood vessels, tracheal cartilage, lymphatics, and

mesothelial cells covering the lung's outer surface and pleura.

Human Ilung development is categorized into five stages based on histological criteria:
Embryonic, Pseudoglandular, Canalicular, Saccular, and Alveolar stages. Postnatally, lung
growth mainly involves an increase in the number of respiratory bronchioles and alveoli,
rather than their size. New alveoli continue to form during the first ten years of postnatal
life. Although many studies have investigated human lung development, few have explored
the histogenesis of the lung using special histochemical stains like Masson's Trichrome. In
our study, we examined sections of aborted fetal lungs using hematoxylin and eosin, along

with Masson's Trichrome staining to gain further insights into their histological characteristics.

Aim Of The Study:
To study the histoarchitecture of human fetal lung with H&E and Special histochemical

stains in aborted fetuses at different weeks of gestation

Objectives

The objective of this study is to analyze the micro-development and determine the timing of
appearance of various functional components in the developing lung. Additionally, the
chronological pattern of histogenesis will be observed.

Another aim of this study is to examine the appearance of connective tissue elements in

the fetal lung at different gestational ages.

Materials & Methods

Study Design & Duration of Study

This cross-sectional observational study was conducted at the Department of Anatomy,
Kamineni Academy of Medical Sciences & Research Centre (KAMS&RC) in Hyderabad, TS.
Ethical clearance was obtained from the institutional ethics committee to perform autopsies
and conduct additional studies. The study was carried out over a period of three years,

from 2020 to 2023.

Sample size

This study included 77 aborted fetuses without any apparent congenital anomalies, ranging
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in age from 12 weeks to 40 weeks of gestational age (GA). The fetuses were obtained
from the Obstetrics & Gynecology department (OBG) after experiencing inevitable abortion,
spontaneous miscarriage, stillbirth, or medical termination of pregnancy (MTP). Prior to

participation, informed consent was obtained from the parents and/or legal guardians.

Inclusion Criteria
The study included aborted fetuses of various gestational ages (GA) obtained from medical
termination of pregnancy (MTPs), stillbirths, or spontaneous miscarriages. All fetuses

selected for the study did not have any obvious congenital anomalies.

Exclusion Criteria

Abnormal aborted fetuses with gross congenital anomaly.
Macerated fetuses.

Maternal history of infections such as TORCH, HIV.

Mothers below 18 years of age.

Methodology

The duration of amenorrhea and ultrasound fetometry were collected from medical records.
Fetal weight, Crown Rump Length (CRL), Head Circumference (HC), and Biparietal diameter
(BPD) measurements were also recorded and computed using the chart from the textbook
"Human Embryology" by Boyd, Hamilton, and Mossman. The fetuses were well-preserved,
and a thorough examination was conducted to identify any gross congenital malformations.
To estimate fetal age accurately, different fetal parameters, such as CRL, BPD, and
ultrasound data, were used, along with the last menstrual period of the mother. This

approach aimed to minimize errors in the estimation of fetal age.

In this study, lung specimens were collected by dissecting the thoracic cage following
standard protocol. The dissected lungs were then fixed in 10% formalin for 24-48 hours.
Two sections were taken from each lung. Subsequently, the fixed lung tissues were
embedded in paraffin. Serial paraffin sections, 5y thick, were cut for further analysis. The
following staining methods were employed in this study for histological examination and

characterization of the lung tissues.

In this study, two staining methods were used for the analysis of lung specimens:
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Hematoxylin and eosin staining were employed to demonstrate the microscopic structure of
the lungs. This staining technique provides detailed information on cellular and tissue

morphology, aiding in the examination of lung maturation.

Masson's trichrome staining was used to visualize and assess connective tissue deposition
in the developing lung. This staining method specifically highlights collagen and other

connective tissue elements, allowing for a comprehensive evaluation of lung development.

All stained sections were examined under a microscope to observe lung maturation, and
images were captured for further analysis. The study samples were categorized into 7
groups based on gestational age, and fetuses from each age group were studied to

understand the developmental changes at different stages of gestation.

Results

The present study involved a total of 77 fetuses, ranging in gestational age from 12 to 40
weeks. The fetal lungs were grouped based on both gestational age and gender. Out of the
total fetuses,

43 were male, and 34 were female (Table-1). The highest number of study samples was
observed in fetuses with a gestational age of 21 and 23 weeks, with 5 cases each. On the
other hand, there was only one case each in gestational ages 19, 25, 35, and 39 weeks,

and no representation in gestational ages 13, 15, 24, 30, and 37 weeks.

The study analyzed various parameters, including head circumference (HC), Bi-parietal
diameter (BPD), fetal weight, and crown-rump length (CRL), and their means were observed
to increase as gestational age increased, except in cases suspected of intrauterine growth
retardation (IUGR) (Table-2).

The study population consisted of 77 pregnant females, with 3 (3.90%) in the first trimester,
44 (57.14%) in the second trimester, and 30 (38.96%) in the third trimester. The age range
of the females included in the study was from 20 to 36 years, and their gravidity ranged
from 1 to

Among them, there were 41 cases in gravida-1, 20 cases in gravida-2, 13 cases in gravida-

3, 2 cases in gravida-4, and one case in gravida-5.
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Table -1: Grouping of fetal lungs according to gestational age & gender

Groups
I

VI

\l

GA in weeks

12-16

17-20

21-24

25-28

29-32

33-36

37-40

Total

8

13

13

13

09

14

7

77

No of fetuses

Lung
Male:
05

08
08
07
05

06
4

43

specimenslung

Vol 14, No. 2 (2023)

specimens

Female:

03

05

05

06

04

08

3

34

Table-2: Showing the fetal anthropometric measurements and their mean as per groups

Groups

VI

VI

https://rifanalitica.it

GA

weeks

12-16

17-20

21-24

25-28

29-32

33-36

37-40

birth

weight

grams
22-
145
160.5-
370
250-
650
414-
1210
1050-
2250
1950-
3100
2240-
3750

inRange ofMean

birth

inweight

88.94

253.81

463.85

868.77

1569.44

2540

3150.71

ofRange ofMean ofRange

inCRL

CRL

mm

52-
105
94-
149.5
144-
196.5
191-
230.5
258-
315
284-
380
380-
415

73.56

129.67

172.73

214.92

284.13

336.20

407.93

Mean ofRange

BPD in mm BPD

of HC inHC
mm

66- 98.13
132

130- 155.00
183

187- 201.46
222

186.2- 252.63
271

275- 287.56
302

290- 317.93
330

329- 339.86
350

18-34

32-50

48.5-58

54-75

73-82.2

80.5-91

87-96.5

ofMean of

26.5

41.08

53.36

68.23

77.23

86.54

91.79
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Table-3: Showing the distribution of pregnancies as per gravida

Groups GA inTotal Gravida
Weeks  Aborted
foetuses
Primi Gravida- 2 Gravida- 3 Gravida- 4 Gravida- 5
I 12-16 8 3 3 2 0 0
I 17-20 13 9 3 1 0 0
Il 21-24 13 9 2 1 0 1
v 25-28 13 7 3 2 1 0
\ 29-32 9 4 1 3 1 0
Vi 33-36 14 7 5 2 0 0
Vil 37-40 7 2 3 2 0 0
total- 77 41 20 13 2 1

Table-4: Showing the Distribution of foetuses as per trimester

Stages of Pregnancy

First Trimester

Second Trimester

Third Trimester

No Foetuses

44

30

The observations in our study are as follows Group | (12-16 weeks of gestational age):

During the gestational age of 12-16 weeks, the lung tissue showed an abundance of

mesenchymal tissue. The bronchus was initially lined by pseudostratified ciliated epithelium

in the early weeks and later by columnar epithelium with subnuclear vacuoles (Fig: 1a).

Additionally, a few blood vessels and cartilaginous plates began to appear during this stage.

Smooth muscle fibers were observed around blood vessels and the bronchus. Masson's

trichrome stain was utilized to highlight the presence of smooth muscle fibers surrounding

the bronchus and blood vessels (Fig: 1b).

Group Il (17-20 weeks of gestational age):

During the gestational age of 17-20 weeks, the bronchi were surrounded by mesenchymal
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tissue. The lining epithelium of the bronchus appeared cuboidal and non-vacuolated. There
was an observed increase in branching of the bronchus (Fig: 2a). Additionally, cartilaginous
plates were identified in this stage. Masson's trichrome stain effectively highlighted thin
collagenous interlobular septae (Fig: 2b).

Group Ill (21-24 weeks of gestational age):

During the gestational age of 21-24 weeks, there was a notable decrease in mesenchymal
tissue. An increasing number of bronchi were observed to be lined by cuboidal non-
vacuolated epithelium (Fig: 3a). Furthermore, well-formed cartilaginous plates and blood
vessels were clearly highlighted by Masson's trichrome stain (Fig: 3b). This stage of lung
development indicates the maturation and formation of key structural elements essential for
proper respiratory function.

Group IV (25-28 weeks of gestational age):

During the gestational age of 25-28 weeks, there was a significant decrease in
mesenchymal tissue observed around the bronchus. This period showed an increase in
complex air spaces with flattened epithelium lining (Fig: 4a), and a few primitive alveoli
were present. Smooth muscle fibers around blood vessels were increased, and there was
an apparent rise in collagen fibers in the interlobar septae (Fig: 4b). This stage indicates a
more advanced lung development, with the establishment of intricate air spaces and
structural components essential for proper respiratory function.

Group V (29-32 weeks of gestational age):

During the gestational age of 29-32 weeks, there was almost negligible mesenchymal tissue
observed. This stage demonstrated an increase in the number of bronchioles with alveolar
ducts and developing alveoli, along with a rich capillary network (Fig: 5a). The bronchus
was surrounded by blood vessels, and cartilaginous plates were evident as seen in the
Masson's trichrome stain (Fig: 5b). This stage of lung development indicates a significant
advancement towards a more mature respiratory system, with a well-developed network of
bronchioles and alveolar structures essential for gas exchange.

Group VI (33-36 weeks of gestational age):

During the gestational age of 33-36 weeks, the bronchioles exhibited numerous
outpouchings known as saccular crests, which represent primitive alveoli (Fig: 6a). These
structures were accompanied by a thin capillary network and smooth muscle. A marked
decrease in mesenchymal tissue was noted at this stage, indicating a further advancement
in lung development. Well-formed blood vessels surrounded by collagen and smooth muscle
were observed (Fig: 6b), along with the presence of cartilaginous plates. This stage signifies

the maturation of the respiratory system, with well-developed alveoli and vascular structures
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essential for gas exchange and proper lung function.

Group VII (36-40 weeks of gestational age)

During the gestational age of 37-40 weeks, the lung parenchyma exhibited marked
vascularization. There was a prominent presence of respiratory bronchioles, alveolar ducts,
and well-arranged alveoli (Fig: 7a). The lung parenchyma showed well-formed blood vessels
with increased smooth muscle and collagen (Fig: 7b), contributing to the establishment of a

mature vascular network essential for gas exchange.

In addition to the vascularization, lymphatics and cartilage were observed around the
bronchus, indicating a fully developed respiratory system with all necessary components for
efficient gas exchange and proper lung function. This stage signifies the final stages of lung

maturation, ensuring the fetus is ready for independent breathing after birth.

Fig -1a: Lung (14 weeks GA, H&E, x10) Mesenchymal tissue is more (red
arrow) and bronchi are lined by columnar epithelium with sub nuclear

vacuoles (blue arrow)

Fig -1b: Lung (14 weeks GA, Masson’s trichrome, x10) Masson’s trichrome staining

highlighting the smooth muscle fibres around blood vessels (red arrow).
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Fig-2a: Lung (GA:18 weeks, H&E, x10) Bronchi are lined by cuboidal

epithelium
with increased branching of bronchi (red arrow) & appearance of cartilage

(blue arrow) is seen

Fig 2b: Lung (GA:18 Weeks, Masson’s trichrome, x40) Masson trichrome showing dividing

bronchi separated by thin collagenous interlobular septae (red arrow)
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Fig 3a: Lung (GA:21Weeks, H & E, x10) Bronchial tubules lined by cuboidal
non-vacuolated epithelium (red arrow) in the mesenchyme along with
appearance of blood vessels (blue arrow),

smooth muscle and islands of cartilage (yellow arrow)

Fig 3b:(GA:21 Weeks, Masson’s trichrome .x10): Well-formed cartilaginous plates (red
arrow) & blood vessels (yellow)around bronchus surrounded by collagen & smooth

muscle fibres.
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Fig 4a: Lung (GA: 26 Weeks, H & E, x10) Bronchial tubules are lined by
flattened epithelium

(red arrow) with appearance of capillary network in decreasing mesenchymal tissue.

Dy

Fig 4b: Lung (GA: 26 Weeks, Masson’s trichrome, x10) Masson’s trichrome
highlights interlobular septae with blood vessels (yellow arrow) and increased

collagen fibres.
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Fig 5a: Lung (GA: 30 Weeks, H &E, x10) Increased respiratory bronchioles with
alveolar duct, alveoli in rich capillary network (yellow arrow) & markedly reduced

mesenchymal tissue.

Fig 5b: Lung (GA: 30 Weeks, Masson’s trichrome, x10) Masson’s

trichrome showing bronchus and respiratory bronchioles surrounded by

vessels (blue arrow) and cartilage nests (yellow arrow).
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Fig 6a: Lung (GA:35 Weeks, H&E, x10) Alveolar sacs showing saccular

outpouchings of alveoli (blue arrow) with increased capillary network

-~

: 2
& _A .._..3\

Fig 6b: Lung (GA: 35 Weeks, Masson’s trichrome, x10) Masson’s trichrome

showing bronchi (green arrow) & bronchioles (red arrow) surrounded by smooth

muscle &vessels (yellow arrow) surrounded by collagen & smooth muscle.
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Fig 7a: Lung (GA: 37 Weeks, H &E, x10) Back to back arranged alveoli (red
arrow) with single layer of flattened epithelium with increased vascularisation
and mesenchymal tissue is

completely reduced.

Fig 7b: Lung (GA:37 Weeks, Masson’s trichrome, x10) MT stain highlighting the
collagen (blue arrow) and smooth muscle (yellow arrow) around the well-formed

blood vessel
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Discussion

Histogenesis is a crucial series of integrated processes that take place during embryonic
development. In this complex phenomenon, undifferentiated cells acquire the specific
characteristics of various tissues found in the human body and attain functional maturity. For
the lungs, the process of histogenesis is particularly significant as it directly impacts the

fetus's ability to survive independently.

In this present study, we categorized fetal lung specimens into seven groups based on their
gestational age. By using Hematoxylin and Eosin (H&E) staining, we examined the
maturation of lung tissue, enabling us to observe its microscopic structure and cellular
development. Additionally, we utilized Masson's trichrome stain to evaluate the connective
tissue deposition in the developing lung. This comprehensive approach allows us to gain
valuable insights into the developmental progression of the lung, which is crucial for

understanding proper lung function and respiratory health.

Mesenchymal tissue:

During the gestational age of 12-16 weeks, the lung parenchyma exhibited a significant
amount of mesenchymal tissue. However, as the gestational age progressed, we observed a
replacement of the lung parenchyma by an increasing number of bronchi. These bronchi
eventually differentiated into alveoli, completely replacing the mesenchymal tissue in the

developing lung (ref: 8).

These findings in our study were consistent with the results reported in other studies by
Nagajyothi et al (ref: 9) and Jessy et al (ref: 10). Additionally, the mesenchymal tissue
surrounding the bronchi showed spindle-shaped nuclei with round to oval vesicles in the

periphery, which was in agreement with the findings reported by Tanaka et al (ref: 11).

These correlations with previous studies validate the reliability of our findings and contribute

to a better understanding of lung development during different stages of gestation.

Epithelium:

In the present study, during the gestational age of 12-16 weeks, the bronchi were observed
to be lined by columnar epithelium with subnuclear vacuoles, which was consistent with the
findings reported by Sanjukta et al (ref: 12) and Kate et al (ref: 13). Additionally,

pseudostratification of the epithelium was observed at certain locations, in line with the
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findings reported by Edward et al (ref: 14).

Moving on to the gestational age of 21-24 weeks, the lining epithelium of the bronchi was
identified as cuboidal and non-vacuolated, which also correlated with the observations made
by Kate et al (ref: 13). At around 25-28 weeks, air spaces within the lung were found to be

lined by flattened epithelium.

These correlations with the studies mentioned above help to strengthen and validate the
findings of our present study. The similarities in observations across multiple studies
contribute to a more comprehensive understanding of lung development during different

stages of gestation.

Development of bronchi, bronchioles and alveoli:

In the present study, as the gestation advanced, the lung parenchyma demonstrated a
progression of developing bronchi that further differentiated into bronchioles, alveolar ducts,
and alveoli. The epithelium of the air spaces also transitioned from columnar with

subnuclear vacuolation to cuboidal and eventually to flattened epithelium.

At 12-16 weeks of gestation, the bronchi were surrounded by pre-cartilaginous plates, with
very few smooth muscle fibers seen around bronchi and vessels, as highlighted by
Masson's trichrome stain, which agreed with the findings reported by Jessy et al (ref: 10).
At 17-20 weeks, the bronchioles were lined by columnar to cuboidal epithelium, consistent
with the observations made by Nagajyothi et al (ref: 9). After 20 weeks of gestational age,
smooth muscle fibers around the bronchus increased along with a few collagen fibers

highlighted by Masson's trichrome.

Around 21-24 weeks, the bronchioles were lined by a single layer of cuboidal epithelium,
and thin collagen fibers were observed in the interlobar septae along with vessels,
correlating with Jessy et al (ref: 10). After 25 weeks, more respiratory bronchioles appeared,

similar to Bucher et al (ref: 15).

Around 25-28 weeks, the airways were lined by flattened epithelium, and primitive alveoli
were observed, in line with the findings of Keith Moore et al (ref: 16) and Kate et al (ref:
13). Alveolar ducts with alveoli increased from 32 weeks onwards, and a capillary network

was evident around 29-32 weeks of gestation, which continued to increase after 32 weeks.
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At 36-40 weeks of gestational age, there was marked vascularization of the lung
parenchyma, correlating with the findings reported by Nagajyothi et al (ref: 9). These
observations provide a comprehensive understanding of lung development during different
stages of gestation and are consistent with findings from other studies, reinforcing the

reliability and significance of our present study.

Cartilage and smooth muscle:

In our study, we observed cartilaginous plates at around 12-16 weeks of gestational age, in
agreement with the findings reported by Bucher and Reid et al (ref: 15) and Edward et al
(ref: 14). At this stage, very few smooth muscle fibers were seen around the bronchi,

consistent with the observations made by Jessy et al (ref: 10).

After 18 weeks of gestational age, well-formed cartilage was noted in our study. Smooth
muscle fibers were observed around bronchial tubules at 21-24 weeks, similar to the
findings reported by Jessy et al (ref: 10) and highlighted by Masson's trichrome stain.
Furthermore, smooth muscle and collagen content increased around vessels and the

bronchus from 23 weeks onwards in our study, as shown by Masson's trichrome staining.

These findings contribute to a better understanding of lung development during different
stages of gestation and are consistent with the results reported in previous studies,

validating the reliability and significance of our present study.

Glands:

In our study, we observed the appearance of glands surrounding the bronchi at around 21
weeks of gestational age. This finding indicates a developmental milestone in the lung,
where glandular structures begin to form and surround the bronchial tubes. The presence of
glands is significant as they play a role in producing mucus and other substances that help
in maintaining the health of the respiratory system. The development of glands around the

bronchi is an essential part of lung maturation and is crucial for proper respiratory function.

Blood vessels and lymphatics:
In our study, we observed a few blood vessels at around 16 weeks of gestational age,
which is consistent with the findings reported by Reid and Histop (refs: 18, 19) and

Nagajyothi et al (ref: 9). As the gestational age increased, the number of vessels also
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increased, indicating the progressive development of the vascular network in the lung.
Additionally, a few vessels were seen in the interlobular septa in our study, further

contributing to the lung's vascularization.

Capillaries began to appear around airspaces at 24-28 weeks in our study, which is similar
to the findings reported by Reid and Hislop (refs: 18, 19). By 34-36 weeks, a double
capillary layer wall was observed in the walls of alveoli, resembling the findings reported by
Nagajyothi et al (ref: 9). Lymphatics were also observed at 24-28 weeks of gestational age,

indicating the establishment of a functional lymphatic system in the developing lung.

The use of Masson's trichrome stain in our study highlighted various components, including
smooth muscle fibers around vessels and bronchus, cartilaginous plates around bronchi, and
collagen fibers around vessels, interlobular septae, and bronchi. These observations provide
valuable insights into the development and composition of the lung during different stages of
gestation, supporting the findings of previous studies and reinforcing the importance of our

present study in understanding lung histogenesis.

Conclusion

The usage of multiple staining methods in the present study allowed us to document
appearance and organization lung tissue during development. As the gestational age
advances, gradual decrease in the amount of mesenchymal tissue and the height of
epithelium

was seen. A better understanding of human fetal lung histogenesis will help the anatomists
and the pathologists for studying the histopathological abnormalities. Developmental delay of
lung leads to histopathological abnormalities. This information may use full for future
research activities in lung transplantation and the clinicians during the clinical procedures
and the management of premature infants.

We have also planned to look into the immunohistochemistry (expression of FGF-10; the
factor for onset of branching morphogenesis). This may help in the development of targeted

therapeutic strategies to combat lung diseases.
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