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Abstract 

This article provides a detailed analysis of the anatomical and physiological foundations of the 

respiratory system, the mechanics of ventilation, the principles of gas exchange across the 

alveolar-capillary membrane, and the transport of respiratory gases in the blood based on 

scientific sources. In addition, the neural and humoral regulatory mechanisms of respiration, 

the significance of the ventilation-perfusion (V/Q) ratio, and the molecular-physiological 

aspects of gas exchange are discussed. Based on the fundamental research of foreign scholars, 

the role of the respiratory system in maintaining body homeostasis is scientifically 

substantiated. 
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Introduction 

The respiratory system is one of the most essential functional systems ensuring the vital activity 

of a living organism. At the cellular level, the process of energy production—biological 

oxidation—cannot occur without the participation of oxygen. Therefore, the continuous and 

coordinated delivery of oxygen to the body and the elimination of carbon dioxide are 

indispensable for sustaining life. According to Arthur C. Guyton, the respiratory system works 

in close cooperation with the cardiovascular system to maintain the balance of blood gases and 

ensure the stability of the internal environment of the body. For this reason, respiratory 

physiology is significant not only as a theoretical discipline but also as one of the fundamental 

areas of clinical medicine. 

Anatomical and Physiological Foundations of the Respiratory System. The respiratory 

system consists of the upper and lower airways and the lungs. The lungs are composed of 

numerous alveoli, which represent the primary morphofunctional units where gas exchange 

occurs. The walls of the alveoli are formed by a single layer of epithelial cells, and their outer 

surface is surrounded by a dense network of capillaries. In an adult human, the lungs contain 

approximately 300 million alveoli, providing a total surface area of about 70–100 m². Such an 

extensive surface area ensures efficient diffusion of gases. The thickness of the alveolar-

capillary membrane is approximately 0.5 micrometers, which facilitates rapid diffusion. 

John B. West demonstrated in his studies that ventilation and perfusion are unevenly distributed 

in different regions of the lungs. His scientific work played a crucial role in revealing the 

clinical significance of the ventilation-perfusion (V/Q) ratio. 

Mechanics of Ventilation and Its Physiological Significance. Ventilation is the process by 

which air moves into and out of the lungs, resulting from changes in thoracic cavity volume. 

During inspiration, the diaphragm contracts and moves downward, while the external 
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intercostal muscles expand the rib cage. This creates negative pressure within the lungs, 

allowing atmospheric air to flow inward. 

Expiration at rest is primarily a passive process, occurring due to the elastic recoil of lung tissue 

and thoracic structures. During physical exertion, internal intercostal and abdominal muscles 

actively participate in forced expiration. At rest, tidal volume averages about 500 ml, and 

minute ventilation ranges between 6–8 liters. During intense physical activity, this value may 

increase up to 100 liters per minute. The efficiency of ventilation depends on alveolar 

ventilation, which is calculated by subtracting anatomical dead space from total ventilation. 

Gas Exchange and Diffusion Mechanisms. Gas exchange in the alveoli occurs by diffusion. 

This process is based on the law described by Adolf Fick. According to Fick’s law, the rate of 

gas transfer is directly proportional to the difference in partial pressures and the surface area, 

and inversely proportional to membrane thickness. In the alveoli, the partial pressure of O₂ is 

approximately 100 mmHg, whereas in venous blood it is about 40 mmHg. This gradient 

enables oxygen to diffuse into the blood. Although the diffusion gradient for CO₂ is smaller, 

its higher diffusion capacity ensures efficient exchange. Oxygen is transported in the blood 

primarily bound to hemoglobin. Joseph Barcroft studied the kinetics of oxygen binding to 

hemoglobin and substantiated the physiological significance of the oxyhemoglobin 

dissociation curve. An increase in temperature, a decrease in pH, and elevated CO₂ levels 

reduce hemoglobin’s affinity for O₂, thereby facilitating oxygen release in tissues (Bohr effect). 

Carbon dioxide is transported in the blood in three forms: dissolved in plasma (7%), as 

bicarbonate ions (70%), and bound to hemoglobin (23%). 

Neural and Humoral Regulation of Respiration. The respiratory center is located in the 

medulla oblongata and pons, where it generates automatic rhythmic impulses. The rate and 

depth of breathing are regulated according to the levels of CO₂, O₂, and blood pH. Research 

conducted by Julius H. Comroe demonstrated the stimulatory effect of CO₂ on the respiratory 

center. Central chemoreceptors are sensitive to changes in CO₂ levels in the cerebrospinal fluid, 

while peripheral chemoreceptors (carotid and aortic bodies) respond primarily to decreases in 

O₂ levels. Reflex regulation of respiration enables the organism to adapt to various 

physiological conditions, including physical exertion, high-altitude environments, and 

pathological processes. 

Conclusion 

The respiratory system is a complex, highly coordinated, and dynamically regulated 

physiological system that ensures continuous gas exchange between the organism and the 

external environment. Ventilation, diffusion, perfusion, and the transport of gases through the 

blood occur in a harmonized manner, providing tissues with an adequate supply of oxygen and 

ensuring the effective elimination of carbon dioxide. In this way, cellular metabolism and 

overall homeostasis are maintained. The efficiency of pulmonary gas exchange depends on 

several critical factors: the structural integrity and thickness of the alveolar-capillary 

membrane, the adequacy of alveolar ventilation, the optimal level of the ventilation-perfusion 

(V/Q) ratio, and the ability of hemoglobin to bind and release oxygen appropriately. Even 

minor disturbances in these mechanisms may lead to hypoxemia, hypercapnia, acid-base 

imbalance, and dysfunction of vital organs. Neural and humoral regulation of respiration 

ensures the body’s adaptation to various physiological and environmental conditions. During 

physical exertion, stress, high-altitude exposure, or pathological processes, the respiratory 

system demonstrates rapid and precise adaptive responses. This highlights the close functional 
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relationship between the respiratory center, central and peripheral chemoreceptors, and the 

cardiovascular system. 
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