
Histological Study of an Experimentally 

Constructed Decellularized Rat Lung as 

a Model of Whole Organ Three-

Dimensional Natural Scaffold 

Thesis  

Submitted for Partial Fulfillment of Master Degree in 

Histology and Cell Biology   

By 

Marium Romany Abdelsayed 
Demonstrator of Histology and Cell Biology 

Faculty of Medicine, Ain Shams University 

 
Under Supervision of 

Prof. Dr. Suzi Sobhy Atalla 
Professor of Histology and Cell Biology 

Head of Histology and Cell Biology Department 

Faculty of Medicine, Ain Shams University 

Prof. Dr. Gehan Khalaf Megahed 
Professor of Histology and Cell Biology 

Faculty of Medicine, Ain Shams University 

Dr. Asmaa Abd El-Monem Abo Zeid 
Lecturer of Histology and Cell Biology 

Faculty of Medicine, Ain Shams University 
 

 

Histology and Cell Biology Department 

Faculty of Medicine  

Ain Shams University 

2019 



AAAccckkknnnooowwwllleeedddgggmmmeeennnttt 

First and foremost, I would like to thank GOD, for helping me 

achieve every success in my life. 

I would like to express my deepest thanks and gratitude to 

Prof. Suzi Sobhy Atalla, Professor of Histology and Cell Biology, 

Faculty of Medicine, Ain Shams University, for her precious time 

and generous advice. It was a great honor to work under her 

guidance. 

My deepest thanks to Prof. Gehan Khalaf Megahed, 

Professor of Histology and Cell Biology, Faculty of Medicine, Ain 

Shams University, for her precious time, and valuable instructions. 

Her careful supervision and skillful comments were so helpful to me. 

I also wish to express my deepest gratitude to Dr. Asmaa Abo 

Zeid, Lecturer of Histology, Faculty of Medicine, Ain Shams 

University, for her skillful and generous scientific guidance 

throughout our journey. Her close supervision and encouragement 

were the cornerstone to complete this work. 

Finally, I would like to thank my husband, my biggest 

support; for always believing in me and pushing me forward. I also 

wish to thank my lovely Son Pavly; as a mother, the look in his eyes 

is always a great motivation to me.  

Words fail to express my gratefulness to my dear father, 

mother, brothers & sisters who were always there for me. 

Marium Romany 

 



List of Contents 

Title       Page No.  

List of Tables ............................................................................................ i 

List of Figures ......................................................................................... ii 

List of Histograms .............................................................................. viii 

List of Abbreviations ............................................................................ ix 

Abstract .................................................................................................... x 

Introduction ............................................................................................. 1 

Aim of the Work ...................................................................................... 5 

Review of Literature .............................................................................. 6 

Materials and Methods ....................................................................... 24 

Results .................................................................................................... 37 

Discussion .............................................................................................. 70 

Summary ................................................................................................ 80 

Conclusion .............................................................................................. 83 

Recommendations ................................................................................ 84 

References .............................................................................................. 85 

Arabic Summary ......................................................................... –– 



 

 i 

List of Tables 

Table No.     Title   Page No.  

Table (1): Showing the area percentage of collagen. .............................. 57 

Table (2): Showing mean area percentage of elastic. .............................. 58 

Table (3): Showing mean value of optical density of PAS reaction. ...... 59 

 

 

 

 



 

 ii 

List of Figures  

Fig. No.     Title   Page No.  

Figure (1):  Gross appearance of rat lung 

decellularization ...................................................... 40 

Figure (2):  A photomicrograph of a normal rat lung 

section showing alveolar spaces with thin 

interalveolar septa (↑). Clusters of alveoli 

open into alveolar sacs (S). The bronchiole 

exhibits mucosal folds (^). ..................................... 41 

Figure (3):  A photomicrograph of a normal rat lung 

section showing respiratory bronchiole (R) is 

interrupted with alveolar outpocketings and 

directly connected to the alveolar ducts (D) 

and the alveoli. A small branch of pulmonar 

artery is seen (A). .................................................... 42 

Figure (4):  A photomicrograph of a rat lung section 

showing a bronchiole lined by simple 

cuboidal epithelium (↑). Notice the presence 

of small branches of pulmonary vessels 

accompanying the terminal bronchiole (V). ...... 43 

Figure (5):  A photomicrograph of a normal rat lung 

section showing the alveoli are lined by 

simple squamous pneumocyte type I (^) with 

flat nuclei and rounded pneumocyte type II 

(↑) with large rounded nuclei. The alveolar 

septa consist of thin connective tissue and 

blood capillaries (C). ............................................... 44 



 

 iii 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (6):  A photomicrograph of a semithin section of a 

rat lung showing thin interalveolar septa 

separating wide patent air filled spaces 

alveoli (A). The alveoli are mostly lined by 

flat pneumocyte type I (P1) with flat nuclei 

and few cuboidal pneumocytes type II (P2) 

with their large rounded nuclei and 

vacuolated cytoplasm present at the angels 

of interalveolar septa. Notice the presence of 

a blood capillary (C) in the alveolar septa 

containing RBCs. The capillary is lined by 

flat endothelial cells (E) that resting on 

continuous basement membrane fused with 

the basement membrane of alveolar wall (*). 

The alveolar macrophage appears free in the 

alveolar space (M) ................................................... 45 

Figure (7):  A photomicrograph of a normal rat lung 

section showing well developed continuous 

reddish-brown elastic fibers in the lamina 

propria of the bronchiole extending into the 

mucosal folds (↑). Notice the presence of 

elastic fibers in the inter alveoli septa (^) ......... 46 

Figure (8):  A photomicrograph of a normal rat lung 

section showing a branch of pulmonary 

artery with relatively thin wall in relation to 

its diameter. Notice the well-developed 

internal elastic lamina (↑) and the presence 

of reddish-brown elastic fibers in the wall of 

the artery (*). ........................................................... 47 



 

 iv 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (9):  A photomicrograph of a section of a rat lung 

showing few green collagen fibers 

surrounding the wall of the bronchiole (↑). ....... 48 

Figure (10):  A photomicrograph of a section of a rat lung 

showing few green collagen fibers 

surrounding the wall of the pulmonary 

artery (↑). Notice the presence of scanty 

collagen fibers in the alveolar septa (*). ............ 49 

Figure (11): A photomicrograph of a section of a rat lung 

showing bronchiolar epithelial cells with 

pink PAS-positive material resting on well-

developed basement membrane (↑). Notice 

the Clara cells show strong PAS-positive 

reaction (C). .............................................................. 50 

Figure (12):  A photomicrograph of a section of a rat lung 

showing the cytoplasm of the pneumocytes 

type II exhibit strong PAS positive material 

(↑). Notice the well-developed basement 

membranes of alveolar septa (^). ........................... 51 

Figure (13):  A transmission electron micrograph showing 

the alveolar wall lined by pneumocyte type I 

with large flat nucleus with thin rim of 

cytoplasm (P1) and pneumocyte type II with 

rounded euchromatic nucleus (P2). The 

cytoplasm of pneumocyte type II is filled 

with vesicles containing phospholipid in the 

form of lamellar bodies (L). ................................... 52 

Figure (14):  A transmission electron micrograph showing 

a blood capillary with continuous basement 

membrane present in the alveolar septum 

containing the erythrocytes in its lumen 

(Er).............................................................................. 53 



 

 v 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (15):  A transmission electron micrograph showing the 

blood air barrier consists of cytoplasm of 

pneumocyte type 1 (P1), fused basement 

membranes (↑) and the thin cytoplasm of a 

capillary endothelial cells (E). Notice the presence 

of an erythrocyte in the capillary lumen (Er). ................. 54 

Figure (16):  A photomicrograph of a decellularized rat lung 

section showing alveolar spaces with intact 

interalveolar septa (↑). The bronchiole exhibits 

mucosal folds (^) without epithelial lining. 

Notice the absence of nuclei of cells in the 

lamina propria and nuclei of smooth muscle 

fibers around the bronchiole. Adjacent to the 

bronchiole a small branch of the pulmonary 

artery is present with prominent internal 

elastic lamina(A). Clusters of alveoli opening 

into alveolar sacs can be seen (S). .............................. 60 

Figure (17):  A photomicrograph of a section of 

decellularized rat lung showing preserved 

normal lung architecture with thin 

interalveolar septa (↑). Notice patent 

alveolar sacs (S), alveoli (A), intact branch of 

pulmonary artery (Ar). Notice the absence 

nuclei of alveolar epithelial cells, smooth 

muscles, endothelial cells and fibroblasts. ........ 61 

Figure (18):  A photomicrograph of a decellularized rat 

lung section showing terminal bronchiole (T) 

without epithelium nor smooth muscle 

fibers. The terminal bronchiole divides into 

thinner walled respiratory bronchiole (R). 

Notice the absence nuclei of alveolar 

epithelial cells, bronchiolar epithelial cells, 

smooth muscles and fibroblasts. .......................... 62 



 

 vi 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (19):  A photomicrograph of a section of 

decellularized rat lung showing preserved 

normal lung architecture with intact 

interalveolar septa (↑). Notice patent 

respiratory bronchiole (R), alveolar sacs (S), 

alveoli (A). Notice the absence nuclei of 

alveolar epithelial cells and smooth muscles. ... 63 

Figure (20):  A photomicrograph of a section of 

decellularized rat lung showing preserved 

normal lung architecture. Collagen fibers 

present in the wall of the bronchiole (*) and 

alveolar septa are preserved (↑). .......................... 64 

Figure (21):  A photomicrograph of a decellularized rat 

lung section showing a branch of pulmonary 

artery. Notice the well-developed internal 

elastic lamina (↑) and the presence of 

reddish-brown elastic fibers in the wall of 

the artery (*) ............................................................. 65 

Figure (22):  A photomicrograph of a deccellularized rat 

lung section showing well developed reddish-

brown elastic fibers in the lamina propria of 

the bronchiole (↑). As well as in the inter 

alveolar septa (^). .................................................... 66 

Figure (23):  A photomicrograph of a section of a 

decellularized rat lung showing preserved 

PAS positive material in the basement 

membrane of the alveolar septa (↑). .................... 67 

Figure (24):  A transmission electron micrograph showing 

alveolar spaces (A) with interalveolar septa 

(↑) containing collagen fibrils (*). Notice the 

absence of pneumocyte type I, pneumocyte 

type II, and endothelial cells. ............................... 68 



 

 vii 

List of Figures Cont... 

Fig. No.     Title   Page No.  

Figure (25):  A transmission electron micrograph 

showing inter alveolar septum with 

preserved basement membrane (↑) and 

intact collagen fibrils (*) Notice the absence 

of pneumocyte type I, pneumocyte type II, 

and endothelial cells ............................................... 69 

 

  

 



 

 viii 

List of Histograms 

Histo. No.     Title  Page No.  

Histogram (1):  Showing the area percentage of collagen. ..... 57 

Histogram (2):  Showing mean area percentage of 

elastic. ................................................................... 58 

Histogram (3):  Showing mean value of optical density of 

PAS reaction. ....................................................... 59 



 

 ix 

List of Abbreviations  

Abb.    Full term  
 

3D ....................... Three Dimensional 

Arg ...................... Arginine  

bFGFs ................ Basic Fibroblast Growth Factors 

CHAPS ............... Cholamidopropyl dimethyl Ammonia pro 

Panesulfonate 

CHOH-CHOH ... Carbon to Carbon bond 

dECM ................. Decellularized Extracellular Matrix  

dH2O .................. Deionized Water 

ECM ................... Extracellular Matrix  

EDTA ................. Ethylenediaminetetraacetic acid 

EGTA ................. Ethylene Glycol Tetra-acetic Acid 

GAGs .................. Glycoseaminoglycans 

HCL .................... Hydrochloric Acid 

HUVECs ............ Human Umbilical Cord Endothelial Cells 

Lys ...................... Lysine  

MHC ................... Major histocompatibility complex 

MVECs ............... Micro Vascular Endothelial Cells 

PAS ..................... Periodic acid–Schiff 

PBS .................... Phosphate-buffered saline 

PCO .................... Pressure of Carbon monoxide 

PO ....................... Pressure of Oxygen 

SB-10 .................. Sulfobetaine-10 

SB-16 .................. Sulfobetaine-16 

SD ....................... Standard Deviation 

SDS ..................... Sodium Dodecyl Sulfate 

SEM .................... Scanning Electron Microscope 

TEM .................... Transmission Electron Microscope 

 

  



 

 x 

Abstract 

Introduction: With the increase of end stage lung diseases and 

the great problems facing lung transplantation tissue 

engineering become a promising solution. The first step in lung 

engineering is to obtain a 3D Extracellular matrix lung scaffold 

via decellularization. Decellularization aims to remove cells 

from tissue ultrastructure while preserving the mechanical and 

biological properties of the tissue. Intact ECM provides critical 

cues for differentiation and migration of cells that are seeded 

onto the organ scaffold.  

Objectives: This study aimed to obtain an intact and well-

preserved ECM lung scaffold by decellularization of rat lungs. 

Methods: Decellularization of lungs of seven Wistar rats was 

achieved by perfusing detergents through the pulmonary artery. 

The resultant scaffolds were fixed and analyzed histologically. 

Results: It was found that the decellularization process 

effectively removed the cellular and nuclear material while 

retaining native the 3D ECM of lung tissue. The architecture of 

the collagen and elastic fibers networks were preserved as 

comparable to the native lungs. Furthermore, the basement 

membranes of the bronchiolar and interalveolar septa were 

intact. 

Conclusions: This methodology is expected to allow 

decellularization of human lung tissues and permits future 

scientific exploration in tissue engineering.  

Keywords: extracellular matrix , lung, decellularization, rat. 
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INTRODUCTION 

Recently, end stage pediatric and adult lung diseases are 

increased dramatically. This represent one of the great 

problems facing healthcare systems worldwide as human lungs 

do not generally repair or regenerate. These diseases include 

chronic lung diseases of prematurity (bronchopulmonary and 

alveolar capillary dysplasia), chronic obstructive pulmonary 

disease which includes emphysema and chronic obstructive 

bronchitis, idiopathic pulmonary fibrosis, cystic fibrosis and 

idiopathic pulmonary arterial hypertension (Minino et al., 

2011; Robert and Gabriel, 2011). 

The only current viable option for patients with end stage 

diseases is lung transplantation as pharmacological intervention 

helps only to decrease the symptoms at the various disease 

stages (Mark et al., 2014). 

But unfortunately, lung transplantation still has many 

problems, for example to choose a suitable candidate you must 

exclude those with recent malignancy, active infection with 

virus B or C with proved liver damage, proved extrapulmonary 

vital organ dysfunction and some HIV positive recipient 

(Robert and Gabriel., 2011). 

Another problem facing lung transplantation is waiting 

for a suitable donor. The most common and available donor is 

brain-dead organ donor, but for sorrow usually there is insults 
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that can happen to the lung during the hospital admission of the 

donor. Such as volume overload, acute lung injury, contusion, 

aspiration and pneumonia. So, the gap between the number of 

patients who have received a transplant and those who are in 

the waiting list has become wider than ever (Orens and 

Garrity, 2009). 

Also, there are many complications after lung 

transplantation. This include primary graft dysfunction (acute 

graft rejection with noncardiogenic pulmonary edema in the 

first 72 hours post transplantation), air way ischemia, infections 

that may be viral or bacterial and considered a leading cause of 

early and late deaths, acute rejection and chronic graft 

dysfunction (King-Biggs et al., 2003). 

Over the years, the researchers kept thinking in 

alternative sources of organs, they have investigated 

xenotransplantation and tissue engineering. 

"Xenotransplantation is the transplantation of living 

cells, tissues or organs from one species to another; thus far, 

organ transplant from animals to humans has been impossible 

because of the overwhelming rejection and the risk of 

transmitting animal viral diseases to humans" (Baptista et al., 

2009). 

Tissue engineering is a relatively new field that uses 

living cells, biocompatible materials, and suitable biochemical 


