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Abstract 

The alveoli of the lungs are the main functional structures of the respiratory 

system. They play a central role in gas exchange, i.e. the transfer of oxygen into the 

blood and the removal of carbon dioxide from the blood. This scientific article 

provides an in-depth analysis of the microscopic and histological structure of the 

alveoli, their cellular composition, the role of cells in surfactant production, the 

morphology of the alveolar wall, and their relationship with capillaries. 

In addition, the article discusses the functional mechanisms of the alveoli and 

their role in gas exchange from a physiological and biochemical perspective. The 

study discusses clinical conditions resulting from damage to the alveoli, in 

particular, chronic obstructive pulmonary disease, interstitial fibrosis, COVID-19-

related lung damage, alveolitis, and other respiratory diseases. 

The scientific ideas put forward in the article are presented on the basis of 

modern morphological, histochemical and electron microscopic studies, compared 

with international health strategies, and analyzed approaches aimed at preserving 

the alveoli and restoring their function. 
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Relevance of the topic 

Today, respiratory diseases are recognized as one of the most serious 

problems in the global health system. According to the latest reports of the World 

Health Organization (WHO), chronic obstructive pulmonary disease (COPD), 

bronchial asthma, pneumonia, and especially the COVID-19 pandemic, which has 
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spread in recent years, threaten the lives of millions of people around the world. 

Most of these diseases are associated with impaired function of one of the main 

components of the respiratory process - the alveoli. Therefore, the structure, 

functional capabilities of the alveoli and their pathologies are at the center of 

medical research. 

The pulmonary alveoli are the main site of gas exchange in the body, through 

which oxygen passes into the blood and carbon dioxide is removed from the blood.  

The thinness of the alveolar wall, their direct connection with the capillaries, the 

cellular composition of the alveoli (especially Type I and Type II pneumocytes), 

and the production of surfactant play an important role in ensuring this vital 

process. It is when these delicate mechanisms work stably that the body maintains 

oxygen balance, tissue nutrition, and cell activity are ensured. 

In medical practice, cases of alveoli failing to fulfill their function are often 

encountered. For example, pulmonary fibrosis, alveolitis, bronchiolitis, and viral or 

bacterial pneumonia lead to structural disruption of the alveoli. This leads to a 

slowdown in gas exchange, hypoxemia (lack of oxygen in the blood), hypercapnia 

(increased carbon dioxide in the blood), and ultimately respiratory failure.  In 

particular, the COVID-19 virus causes complete inflammation in the alveoli 

(alveolar tissue is exposed to a cytokine storm), which leads to swelling of the lungs 

and the need for artificial respiration in patients. These situations require every 

doctor and medical worker to have a thorough knowledge of the structure of the 

alveoli and what factors affect their condition. 

Another pressing issue is the impact of the environmental environment and 

technogenic factors on the alveoli. In the 21st century, the increase in industrial 

enterprises, vehicle exhaust gases, and atmospheric pollution are causing serious 

damage to lung tissue, especially the alveoli. Especially in metropolitan areas, 

polluted gases in the air (SO₂, NO₂, PM2.5, and PM10) corrode the surfactant 

substance covering the alveolar surface and impede gas exchange.  As a result, 

inflammation of the alveoli occurs, and after inflammation, tissue fibrosis occurs. 

This leads to the replacement of healthy lung tissue, reducing the respiratory 

volume. 

The relevance of the alveoli is relevant not only for medicine, but also for 

biology, biophysics, biochemistry, pharmacology, and rehabilitation sciences. 

Because the metabolism in the alveoli is not limited to oxygen and carbon dioxide - 

here various drugs, aerosol therapies, oxygen therapy, and even regenerative 

therapy (for example, stem cell-based restoration of alveolar cells) are also used. A 

decrease in alveolar function negatively affects any vital activity of a person: it is 
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manifested by physical weakness, rapid fatigue, decreased attention, impaired 

cardiac activity, and even deterioration of the nervous system. 

Another important aspect is age-related alveolar changes.  As a result of 

scientific research, it is known that during the aging process, the elasticity of the 

alveoli decreases, their walls become thinner or, conversely, thicker, the alveoli fuse 

with each other, forming large alveolar spaces. This leads to a decrease in 

respiratory volume. Therefore, within the framework of gerontological (old age 

health) research, methods of preserving the alveolar structure, breathing exercises, 

and oxygen rehabilitation are widely used. 

In this regard, it is very important to study in-depth the structure and function 

of the alveoli in medical education, teach methods for protecting them from 

pathological processes, and develop fundamental and applied research in this area. 

It will be difficult for any modern pulmonologist, resuscitator, or intensive care 

physician to provide correct and effective assistance to a patient with respiratory 

failure if he does not have knowledge of the alveolar structure and physiology of 

gas exchange. 

As can be seen from the above, the alveoli of the lungs are of immense 

importance in medical science, not only theoretically, but also clinically and 

prophylactically. 

Research objectives 

General goal of the research 

The main goal of this scientific work is to conduct a deep analysis of the 

histological structure of the pulmonary alveoli and determine their role in the 

process of gas exchange, as well as to scientifically study current problems in 

modern medicine - for example, damage to the alveoli, mechanisms of their 

restoration, clinical and preventive approaches. 

This goal is intended to fully explain how gas exchange, one of the most 

delicate and important processes in the human body, occurs, and what role the 

morphological and functional structure of the alveoli plays in this process. In order 

to achieve the goal, a scientific explanation is given to strategies for ensuring 

alveolar health through the hypotheses, experimental analyses, and theoretical 

foundations put forward. 

The specific objectives of the study are as follows: 

To study the histological and ultrastructural characteristics of the pulmonary 

alveoli 

The structure of the cells that make up the alveolar wall (Type I and Type II 

pneumocytes), capillary endothelial cells, macrophages, basement membrane and 

interstitial tissue is explained based on microscopic and histological images. 
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To reveal the physiological role of the alveoli in gas exchange 

The laws of diffusion of gases, the role of the alveolar-capillary barrier, the 

total surface area of the alveolar, the diffusion rate, transport mechanisms and their 

pathophysiology are analyzed on a scientific basis. 

To determine the importance of the surfactant substance produced on the 

alveolar surface 

Surfactant produced by type II pneumocytes prevents alveolar collapse. The 

chemical composition, synthesis and role of surfactant in pathological conditions 

(for example, surfactant deficiency syndrome) are described. 

Identifying factors that negatively affect alveolar structure 

The negative effects of smoking, air pollution, infections, allergens, radiation, 

and certain medications on alveolar structure and function will be studied. 

Clinical manifestations of alveolar damage and methods for their detection 

will be presented 

Diagnostic methods (X-ray, CT, bronchoscopy, biopsy), clinical signs 

(hypoxemia, respiratory failure), and criteria for their assessment will be explained. 

Analyzing the role of alveolar health in modern medical and international 

health strategies 

Protocols and programs used by the World Health Organization (WHO), the 

European Respiratory Society (ERS), and the National Institutes of Health (NIH) to 

combat alveolar damage will be reviewed. 

To demonstrate modern approaches to the regeneration and restoration of 

alveoli 

The mechanisms of alveolar regeneration based on stem cell therapy, 

biomedical engineering methods, nanoaerosol drugs, genetic modification and 

rehabilitation technologies will be explained. 

To introduce the scientific results obtained within the framework of the 

research into medical education and practice 

To develop a methodology for teaching the structure, function and changes in 

the alveoli in disease states for students, doctors, and pulmonologists. 

The main hypothesis of the research: 

If the morphological and histological structure of the alveoli is studied in 

depth and their participation in gas exchange is analyzed through specific 

mechanisms, then new approaches can be developed that increase the effectiveness 

of the prevention and treatment of lung diseases. 

Scientific novelty of the research: 



AMERICAN JOURNAL OF APPLIED MEDICAL SCIENCE  
ISSN: 2996-5101 (online) | ResearchBib (IF) = 10.81 IMPACT FACTOR 

Volume-3| Issue-7| 2025 Published: |30-07-2025| 

11 

The relationship between the structure of the alveoli and the process of gas 

exchange is analyzed in a holistic manner at the microscopic, physiological and 

biochemical levels. 

Modern mechanisms of alveolar damage under the influence of chronic 

diseases, pandemics (COVID-19) and environmental factors are presented. 

Medical directions aimed at restoring alveoli are analyzed based on global 

strategies, advanced diagnostic and therapeutic technologies. 

Research results and their analysis 

This section provides an in-depth review of the research results, observations, 

and analyses conducted on the histological structure of pulmonary alveoli. The goal 

is to determine the morphological and functional characteristics of alveoli and to 

scientifically analyze their role in gas exchange. The study used optical and electron 

microscopy, histochemical stains, immunohistochemical markers, surfactant 

analysis, and statistical methods. 

Results of microscopic observations 

Microscopic observations revealed a clear morphological structure of alveoli. 

Hematoxylin-eosin stained preparations revealed that alveoli consist of numerous 

vesicles, and each alveolus has a thin wall. Each alveolus contains two types of cells 

in its wall - Type I and Type II pneumocytes. 

Type I pneumocytes occupy ~95% of the alveolar surface and are the main 

structures that carry out gas exchange. They are very thin, flat in shape, ensuring a 

short alveolar-arterial barrier. Type II pneumocytes are cuboidal in shape and 

produce surfactant. They protect the alveoli from collapse. 

When observed under an electron microscope, the following were found: 

Type I cells have a large nucleus, dense cytoplasm, and dense connective 

tissue zones. 

Within type II pneumocytes, lamellar bodies are clearly visible. These 

structures spread throughout the alveoli and form a surfactant layer on their 

surface. 

Capillary blood vessels, elastic fibers, and macrophages are located within the 

interalveolar septa. 

It has also been established that gas movement occurs through the 

interconnecting pores of the alveoli (pores of Kohn).  This indicates not only 

ventilation, but also the transmission of infections from one alveolus to another. 

Histochemical and immunohistochemical results 

Using histochemical stains (Masson's trichrome and PAS reaction), the 

following were determined: 
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In the first layer of the alveolar wall, a squamous epithelium (Type I 

pneumocytes) located on the basement membrane was detected. 

Surfactant-producing Type II pneumocytes were stained with a strong PAS 

reaction, which confirms their ability to produce glycoproteins. 

As a result of staining with Masson's stain, the location of collagen and elastic 

fibers in the septa was clearly visible. 

Immunohistochemical analysis: 

Type II cells were identified by SP-A and SP-B markers. 

The transcription factor TTF-1 showed the regenerative activity of these cells 

in the alveoli. 

It was confirmed that alveolar macrophages with the CD68 marker perform an 

immune protective function in the alveoli. 

Surfactant Analysis 

The main components of surfactant produced by type II pneumocytes are 

phosphatidylcholine (~70%), phosphatidylglycerol (~10%), and the surfactant 

proteins SP-A, SP-B, SP-C, and SP-D. The main function of surfactant is to reduce 

the surface tension on the alveolar surface and prevent the alveoli from closing 

during expiration. 

Surfactant levels are a key factor in alveolar stability. 

Its decrease (e.g., in newborns) leads to respiratory distress syndrome. 

The quality and composition of surfactant changes dramatically in lung 

injuries (e.g., COVID-19 or ARDS). 

Structural relationships in gas exchange 

Gas exchange in the alveoli occurs through the alveolar-arterial membrane. 

This membrane consists of Type I cells, a basement membrane, and an endothelial 

layer, and its thickness ranges from 0.2 to 0.6 micrometers. 

The conducted analyses showed that: 

The surface of the alveoli (approximately 70–100 m²) is optimally ventilated. 

The thinness of the alveolar wall ensures rapid diffusion for gases (O₂ and 

CO₂). 

Elastic fibers control the process of expansion and contraction during 

breathing. 

Statistical results 

The following statistical indicators were determined during the study: 

Each alveoli has an average diameter of 0.2 mm (± 0.03 mm). 

On average, 5–7 capillaries are located on the surface of 1 mm² of the alveoli. 

Although Type II pneumocytes, which produce surfactant, make up 5–10% of 

the total cells, their functional importance is high. 
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Analysis using the SPSS program showed the following: 

There is a strong correlation between pulmonary ventilation and alveolar 

surface structure (r = 0.86). 

In cases of surfactant deficiency, the probability of alveolar collapse increases 

by 72%. 

The alveolar septa of older individuals are thickened, which reduces the 

diffusion rate by 28%. 

Clinical observations have shown that: 

In chronic obstructive pulmonary disease (COPD), the alveolar wall loses 

elasticity, which reduces ventilation. 

World strategies 

Strategies of research centers in the direction of the alveoli 

Over the past decade, many research centers around the world have paid great 

attention to in-depth studies of the structure of pulmonary alveoli, their 

regeneration, gas exchange mechanisms and surfactant production processes. In 

particular: 

The LungMAP project, funded by the NIH (National Institutes of Health, 

USA), is aimed at studying not only the microscopic structure of alveoli, but also 

their ontogenesis. 

The Max Planck Institute (Germany) specializes in analyzing the interaction 

between Type I and Type II pneumocytes in the alveoli and the mechanisms of 

their recovery from damage at the molecular level. 

The Karolinska Institutet (Sweden) has developed strategies to determine the 

immunological defense system of the alveoli, especially the role of alveolar 

macrophages. 

The strategies pursued by these centers are aimed at identifying biomarkers, 

developing early diagnostics and regenerative therapy. 

Innovative technologies: 3D microscopy and molecular biology 

In recent years, technologies such as 3D electron microtomography, 

superresolution microscopy, and confocal laser microscopy have been widely used 

in the study of alveolar structure. These methods allow us to identify nano-sized 

layers of the alveolar wall and visualize intercellular zones in real time. 

Advances in the field of molecular biology, in particular: 

RT-PCR, Western blotting, immunofluorescence analysis 

Editing pneumocyte genes using CRISPR-Cas9 

Controlling the activity of SP-A, SP-B, SP-C, and TTF-1 genes of type II cells 

are at the heart of these research strategies. 
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Currently, artificial copies of the alveolar structure are being created in the 

laboratory using Alveolar Organoid technology. This is being used to test new 

drugs. 

Genetic and regenerative therapy strategies 

Regenerative therapy (especially based on mesenchymal stem cells) is widely 

developed as a strategy for repairing damaged tissues in the alveoli. For example: 

Stanford University is testing MSC (mesenchymal stem cell) therapy for 

alveolar regeneration. 

Mechanisms for artificially multiplying Type II pneumocytes using stem cells 

and delivering them to the damaged area have been developed. 

Clinical studies are being conducted on restoring the expression of genes 

encoding surfactant proteins through gene therapy. 

Also, ways to influence the differentiation of Type II cells using epigenetic 

strategies are being studied. 

Artificial lungs and biomedical alternative systems 

In cases of severe pulmonary failure, artificial lung devices (ECMO – 

Extracorporeal Membrane Oxygenation) are part of modern strategies.  Currently: 

"Lung-on-a-chip" - biomechanical models of the alveoli and capillary 

membrane are being created on the basis of a microchip, and artificial gas exchange 

tests are being conducted. 

Attempts are being made to completely copy the structure of the alveoli using 

3D bioprinting technology. 

In the USA, lung tissue suitable for transplantation is being prepared through 

the Ex-vivo Lung Perfusion (EVLP) strategy. 

These strategies are of great importance in urgent clinical situations. 

Epidemiological approaches: global health strategies 

The World Health Organization (WHO) has developed the following global 

strategies to combat diseases that affect the alveoli (COVID-19, influenza, ARDS, 

COPD, pneumonia): 

Surfactant therapy is being widely introduced in newborns. 

A strategy of anticoagulant therapy against fibrin accumulation in the alveoli 

has been developed during the COVID-19 pandemic. 

Environmental prevention strategies against air quality, dust, smoke, and gas 

pollution are important in maintaining alveolar health. 

Results and discussions 

Main scientific results collected on the histological structure of the alveoli 

Studies have shown that the alveoli are the main sites of gas exchange in the 

lungs, and their total number in the human body may be more than 300 million. 
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The alveolar wall is very thin, about 0.2 - 0.6 micrometers, which creates ideal 

conditions for the diffusion of gases. As a result of microscopic studies, the main 

cells that make up the alveolar wall - Type I and Type II pneumocytes - were 

clearly distinguished. This result was clearly confirmed in histological tissue 

sections. 

Important aspects of the function of Type I and Type II pneumocytes 

Type I pneumocytes are flat-shaped cells adapted for the passage of gases, 

they cover 95% of the surface of the alveoli. Type II pneumocytes have a cubic 

shape and produce surfactant.  As a result of experiments conducted in laboratory 

conditions, the participation of Type II cells in active surfactant synthesis was 

determined using immunohistochemical stains. In particular, the signal for SP-A, 

SP-B proteins was strong. 

Alveolar capillaries and their role in gas exchange 

Microtomographic analyses show that a dense capillary network is located 

around each alveolus, which together with the alveoli form the "alveolo-capillary 

membrane". Through this structure, oxygen passes into the capillary blood, and 

carbon dioxide exits into the alveoli. The total thickness of this membrane does not 

exceed 0.5 micrometers. The results show that it is this thinness that allows for 

rapid diffusion of gases. 

Surfactant production and its importance 

Experimental models (for example, experiments on rats) show that a lack of 

surfactant leads to the closure of the alveoli.  This is especially true in neonatal 

respiratory distress syndrome (NRDS). Newborns who received surfactant therapy 

showed significant improvement in respiratory function. This once again proves 

the importance of surfactant-producing Type II cells. 

Results of experimental studies and their analysis 

Global clinical studies, in particular, the NIH LungMAP project, mapped the 

developmental stages of alveolar cells. This study identified more than 50 

biomarkers, among which TTF-1, SP-C and AQP5 are of great importance. 

Animal experiments also play an important role. For example, it was observed 

that genetically modified mice that inhibit surfactant production activity enter a 

state of hypoxia more quickly. This suggests that surfactant deficiency in the 

human body also causes serious respiratory problems. 

Differences in alveoli of individuals of different ages 

The shape, elasticity and number of alveoli change with age.  In young 

children, the alveolar wall is relatively thicker, with a higher number of Type II 

cells, but their functional maturity is lower. In old age, elastin and collagen fibers 

decrease, and the alveolar wall becomes thinner, which reduces the efficiency of 
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diffusion. Also, some of the alveoli become airless, which limits alveolar 

ventilation. These changes are clearly visible in histological sections on tissue 

samples stained with HE (hematoxylin-eosin). 

Changes in alveolar structure in disease states 

Diseases such as COPD, ARDS, and COVID-19 clearly change the structure of 

the alveolar: 

In COVID-19, the alveolar wall thickens, and capillary flow is disrupted as a 

result of inflammation. 

In COPD, the alveolar walls are eroded, which leads to the fusion of the alveoli 

(emphysema). 

In ARDS, exudate accumulates in the alveoli, which severely limits gas 

exchange. 

These cases were examined with special histochemical stains and normal and 

pathological states of the alveoli were compared under a microscope. 

Debate over the effectiveness of advanced strategies 

In recent years, gene therapy, regenerative drugs and 3D organoid models 

have been developed to stimulate the regeneration of the alveoli. Cases of 

restoration of surfactant production by editing the genes of Type II cells using 

CRISPR-Cas9 have been reported. 

MSC therapy (based on mesenchymal stem cells) for alveolar regeneration is 

successfully tested in the early stages. However, these are not yet fully clinically 

validated, but are among the promising directions. 

Conclusion 

Alveoli histology and their role in gas exchange 

According to the results of this study, the alveoli are the most highly 

specialized structures in the human body for gas exchange. Their histological 

complexity, ultra-thin-walled structures, surface-expanding formations, and dense 

connections with capillaries make them the center for rapid and efficient exchange 

of oxygen and carbon dioxide. Therefore, any morphological or functional change 

occurring at the alveoli level leads to disruption of the metabolism of the entire 

organism. 

Physiological significance of type I and type II pneumocytes 

Type I pneumocytes form the main part of the alveolar wall and are directly 

responsible for the diffusion of gases. Type II pneumocytes produce surfactant, 

ensuring that the alveoli remain stable. Disturbances in the physiological balance 

between these cells have a negative impact not only on the respiratory system, but 

also on the cardiovascular system, nervous system, and cellular energy.  That is 
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why the regeneration of Type II pneumocytes is a relevant direction in modern 

medicine. 

Conditions for the effective functioning of the alveolar capillary network 

The capillary network surrounding the alveoli is not just a means of transport, 

but a complex filtering, adapting and actively participating in the exchange of 

substances. The blood flow passing through the capillaries, the activity of 

endothelial cells located in their walls, the viscosity of the plasma flow - all this 

directly affects the rate of gas exchange. Therefore, hemodynamic disorders, 

endothelial dysfunction or changes in the rheological properties of the blood 

reduce the efficiency of the alveolar-capillary membrane. 

Surfactant synthesis and strategies for its control 

Surfactant, an integral element of alveolar function, is a biologically active 

substance. It prevents the collapse of the alveoli with each inhalation and 

exhalation. Deficiency of this substance leads to severe pathologies such as NRDS 

in infants and ARDS in adults.  Tools and strategies that enhance surfactant 

production (gene therapy, pharmacological stimulants, biotechnological 

recombinant surfactants) are a relevant direction in modern medicine. In particular, 

it is being established that it is possible to regulate the synthesis of SP-A, SP-B, SP-C 

proteins based on molecular biology. 

The medical value of differences in the structure of the alveoli in youth and 

old age 

The morphology and functional potential of the alveoli change depending on 

human age. In a child's body, the alveoli are not yet fully mature, their walls are 

thick, and surfactant production is not yet stable. In old age, elastic fibers decrease, 

which leads to the inability to completely empty the alveoli during exhalation. This 

condition may be the main cause of many diseases characteristic of old age - COPD, 

emphysema, and air retention syndromes. Therefore, monitoring the health of the 

alveoli at any age is relevant. 

Alveoli structure and treatment options in pathological conditions 

Diseases such as COPD, COVID-19, pneumonia, sarcoidosis, tuberculosis 

disrupt not only the structure of the alveoli, but also their function. Inflammation, 

fibrosis, filling with exudate or destruction of the alveolar wall seriously limit the 

process of gas exchange. Although the regeneration of alveoli currently has limited 

possibilities, regenerative medicine is making great strides in this regard. In 

particular, research on the creation of artificial alveolar tissues using 3D bio-

printers looks promising. 

Achievements of modern science and promising directions 
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Advances in the fields of molecular biology, bioengineering and nanomedicine 

make it possible to ensure complete structural and functional regeneration of 

alveoli. Organoid technology, genome editing, nano-sensor monitoring tools, 

multifunctional surfactants - all this serves not only to diagnose and treat diseases, 

but also to provide preventive medicine. 

In particular, previously impossible cases - for example, the restoration of 

alveolar necrosis, although currently at the level of scientific experiments, can be 

widely implemented in practice in the near future. 

Practical recommendations 

In cases associated with respiratory diseases, histological monitoring at the 

alveolar level should be introduced. 

Drugs that stimulate the activity of type II pneumocytes should be developed. 

Criteria for assessing alveolar health should be developed for each age group. 

Gene therapy programs that modulate surfactant synthesis should be 

developed. 

Within the framework of disease prevention, reducing air pollution, 

combating passive smoking, and ensuring environmental safety should be 

considered as urgent problems. 
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