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Respiratory physiology 

• Lung ventilation 

• Negative pressure in the pleural cavity 

• Types of respiratory movements 

• Vital lung volume 

• Respiratory physiology, air content 

• Transmission of gases by blood 

• Gas exchange in lungs (partial pressure) and tissue respiration, respiration 

regulation 

• Respiration musculature during load 

• Relationship of the respiratory system to other body systems 
 

Lung ventilation 

 

Inspiration and expiration mechanism – this occurs at the expense of the chest wall 

movement and the increase and decrease of the lung volume. 

Inspiratio – breathing in; active process involving inspiration muscles, diaphragm, 

ribs. 

Reference: http://nesaap.lv/images/text/sapes_krushkurvi_anatomiska_bilde.jpg

 

Fig. 1. Topography of the lungs 

1. Aortal arch  2. Ribs  3. Diaphragm  4. Upper cave vein 5. Heart 6. The left lung 

• Inspiration mechanism:  

1. the diaphragm pushes on the abdominal organs;  

2. the abdominal organs pass in caudal direction,  

3. the abdominal wall bulges out and the lungs are expanding, the air is filling 

lung alveoli; 

 4. The air slightly rarefies and the air pressure in the lungs is dropping;  

5. the air pressure decreases lower than the atmospheric pressure, 

6. INSPIRATION follows. 
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Exspiratio – breathing out: passive process 

• Expiration mechanism:  

1.  the pressure in the chest is rising; 

2.  the air comes out of the lungs - EXHALATION which is maintained by 

expiration muscles. 

During breathing, the chest and lung volume decreases.  

 

1. the pressure in the chest is rising; 

2. 2. the air flows out of the lungs                                                    

EXHALATION 

 

Negative pressure in the pleural cavity 

 
The lungs are located in a closed space in the thoracic cavity, consisting of: 

1. chest wall which is lined up with parietal pleura; 

2. diaphragm. 

The lungs are surrounded by the visceral membrane. Between visceral and parietal 

pleura there is a narrow space – the pleural cavity with a small amount of fluid that 

facilitates lung slip during respiratory movements. 

There is negative pressure in the pleural cavity, lower than the atmospheric pressure. 

1. The diaphragm pushes on 
the abdominal organs

2. The abdominal organs pass in caudal 
direction

3. The abdominal wall bulges 
out and the lungs are 

expanding, the air is filling 
lung alveoli

4. The air slightly rarefies and 
the air pressure in the lungs is 
dropping

5. The air pressure decreases lower than the 
atmospheric pressure

6. INSPIRATION
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In case of injured chest wall the air gets into the chest wall (pneumothorax); then the 

pleural cavity pressure and the atmospheric pressure equalizes, the respiration is 

interrupted and the animal dies. 

Types of respiratory movements 
 

Animals shall have 3 respiratory movement types which are determined by inhalation: 

1. rib type or the chest type – the inspiration is provided by the contractions of 

the external intercostal muscles; 

2. diaphragm type or the abdominal type – this is defined by diaphragm 

contractions, and the abdomen is dilated; 

3. combined type or the chest - diaphragmal type, in which the diaphragm, the 

external intercostal muscles and the abdominal musculature are involved 

equally. 

In farm animals, the mixed breathing type (the third) prevails. 

The respiratory changes indicate: 

1. diseases of the thoracic organs (then the diaphragm, or abdominal , type will 

be present), 

2. diseases of the abdominal organs (then the rib, or thoracic, type will be 

present). 

 

Vital lung volume 

 

The air within the living body is divided into: 

1. breathing air  – it is inhaled and exhaled in a rest. The optimum amount of 

such air in the dog is 0.3 to 0.5 L (5-6 L in the horse). 

2. additional air – the air which is likely to be inhaled in addition to the inhaled 

air. The dog can additionally inhale 0.5-1 L (horse 10–12 L). 

3. Spare air – after a calm expiration it is possible to expire the same amount of 

air. 

Vital lung volume is the sum of amount of the breathing air (1) + additional air (2) + 

extra air (3). 

Vital lung volume: 

 1.4-3 L in the dog (26-30 L in the horse). 

There is no air in the lungs of a stillborn animal - placing such lungs in the water, they 

are sinking. 
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Respiratory physiology, air content 

 

The spare air, or the residual air, remains in the lung alveoli - this is called as alveolar 

air (70% of the inhaled air). 

30% of the inhaled air remains in the upper respiratory tract (nasal cavity, larynx, 

trachea, bronchi, bronchioles). 

Lung ventilation ratio is the ratio between the volume of the the inhaled air and the 

volume of the alveolar air.      

The minimum lung ventilation volume is the amount of air which passes through 

lungs within one minute.                                                                                         

The minimum lung ventilation volume is is variable and depends on: 

     1. the breathing frequency, 

     2. intensity of the work, load.  

This reflects the dynamics of metabolism. 

For example: studies show that, the lung minute ventilation volume in cattle is 22.9 L 

(litre) in the morning, 30 L around the noon, 29 L in the evening. During the intense 

muscle working hours in horses, the minute ventilation volume may have 10 times in 

comparison with resting position and reach 400 to 500 L. The same applies to dogs 

and cats during exercise. 
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Composition of inhaled, exhaled and alveolar air 

Atmospheric air contains: oxygen (O2) -20.82%, carbon dioxide (CO2) - 0.03%, 

nitrogen (N2) - 79.03%, and inert gases - 0.12%. 

 Table 1. 

Air composition 

Indicators Atmosphere 

% 

Exhaled air, % Alveolar air 

% 

O2 20.82 16.30 14.00 

CO2 0.03 4.00 62 

N2 79.03 79.70 ~80 

 

   The difference between the exhaled and the alveolar air is caused by the so-called 

"dead air" space (it consists of the nasal cavity, trachea, bronchi), because the air here 

consists of the atmospheric air. 

   In closed spaces with many animals the atmosphere air contains more CO2, water 

vapour, ammonia, hydrogen sulphide, etc. 

 Transmission of gases by blood 

 

   Oxygen (O2) in the blood is transported by the red blood cells which contain a non-

persistent, readily dissociable, reversible, reversible compound consisting of oxygen 

and haemoglobin of red blood cells called oxyhaemoglobin. 

   The association of haemoglobin (Hb) with O2 occurs in the lung alveoli.  It depends 

on the partial pressure of O2 in the blood and the alveolar air, as well as the transfer of 

CO2 from blood to the alveolar air. 

   In the tissue oxyhaemoglobin releases O2 from the blood plasma, while during O2 

rise, the blood oxyhaemoglobin level decreases. In the blood, the reaction goes to the 

acid side which accelerating the breakdown of oxyhaemoglobin,and O2 pass into the 

tissues. 

   The most intense supply of O2 to tissue occurs in animals with the most intense 

metabolism. For example, such are muscle tissue during exercise, when muscle 

pigment myoglobin binds O2 (even stronger than haemoglobin). The highest levels of 

myoglobin are contained by the muscles of rhythmic movements, such as the heart, 

breathing muscles and limb muscles. 



    
 

 

This publication reflects the views only of the authors, and the 
European Commission cannot be held responsible for any use 

which may be made of the information contained therein. 
Project  No. 2016-1-LV01-KA202-022652 

7 
 

The amount of O2 which can be bound by 100 ml blood, in case all haemoglobin 

is capable of converting into oxyhaemoglobin, is referred to as  blood oxygen 

capacity. 

1 g haemoglobin is able to bind 1.34-1.36 ml of oxygen. 

Venous blood contains 50-58% of carbon dioxide (CO2) which in a bounded and 

dissolved way is spread within plasma and and red blood cells as well as forms a 

compound with haemoglobin in the form of carbohaemoglobin. 

 

Gas exchange in lungs (partial pressure) and tissue respiration, respiration 

regulation 

 

   Blood transport of gas is carried out mainly by erythrocytes. This association is 

weak - the lung haemoglobin easily binds oxygen, but when blood flows through 

tissues with little oxygen it is released just as easily. Most of the carbon dioxide in the 

blood is in the form of carbonic salts.  

Only approximately 4.5% of the carbon dioxide is dissolved in the blood, but about 

10% of CO2 is associated with haemoglobin. The conversion of carbon dioxide into 

the salts of carbonic acid occurs under the influence of the erythrocyte enzyme 

carbonic anhydrase. The exchange of gases between blood and tissue occurs in the 

same way as between blood and air in the lung alveoli. That is, in the following way - 

the oxygen diffuses from the blood in the tissue fluid through the capillary wall, and 

from there - in the cells that are involved in the oxidation processes. Only 40% from 

the O2 delivered by blood passes from the blood to tissues. During physical work, 

muscles use 50-60% of oxygen. Biological oxidation or tissue respiration occurs 

within each living cell. This process involves complex chemical reactions carried out 

by enzymes, with oxygen participation. In these reactions, nutrients or spare 

substances are broken down and decomposed, energy is released, most of which 

accumulates in the form of adenosine triphosphate (ATF), which is used 

immediately for muscle work, gland secretion and many other processes of life 

course.  

The main end products of the process are water and carbon dioxide, which are 

eliminated from the body during respiration. When the supply of oxygen to the tissues 

ends, then biological oxidation also ends. This interrupts life processes and cells die. 

The brain cell death begins already 5 - 8 minutes after the termination of the oxygen 

supply.. 

    Breathing in the body is regulated by changes in respiratory muscle activity. This 

muscle activity is driven mainly by the respiratory center - a special nerve cell in the 

http://www.medicine.lv/raksti/hemoglobins_pme
http://www.medicine.lv/raksti/fermenti_pme
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brain stem. The trigger of the respiratory center cells can occur automatically, but it is 

mainly originated due to an increase in the concentration of carbon dioxide in the 

blood, a decrease in oxygen concentration, and impulses from the pulmonary 

receptors.  

Oxygen from the inhaled air through the walls of the alveoli diffuses (moves towards 

the lowest concentration) in the blood, but carbon dioxide, on the contrary, from the 

blood moves through the walls of the alveoli to the inhaled air. This process is called 

gas exchange in the lungs. 

In the venous blood the partial pressure of CO2 

(carbon dioxide) is 47 mm/Hg (Hg - mercury 

column). 

 

In the alveolar air, the partial pressure is 40 

mm/Hg 

 

 

The difference of the partial pressure (7mm/Hg) 

leads to the transfer of CO2 from blood to the lung 

alveolar air. 

 

 

Fig. 1. Gas exchange in the lungs 

http://uzd-resources.azureedge.net/10cb1f8f-63e8-457c-8d7e-

e931f56f6ee9/PUL_gas_exchange_alveolara.gif 

Gas exchange within the lungs  - Red blood cells contain a substance called 

haemoglobin, which attracts and carries oxygen and some of the carbon dioxide. 

https://youtu.be/AO0MH0Gv5nQ  (lasts 4:30) 

Video about gas exchange in the lungs: Gas exchange  Inside the Lungs 

 VIDEO: What's inside the lungs?    

Lung Dissection | At-Bristol Science Centre  

 

http://uzd-resources.azureedge.net/10cb1f8f-63e8-457c-8d7e-e931f56f6ee9/PUL_gas_exchange_alveolara.gif
http://uzd-resources.azureedge.net/10cb1f8f-63e8-457c-8d7e-e931f56f6ee9/PUL_gas_exchange_alveolara.gif
http://youtu.be/d-f3RL0KiUg
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https://youtu.be/yE3Y-XR8Ax4 (lasts 4:10)                           Video: What's inside a 

heart? Heart Dissection | At-Bristol Science Centre 

 

 

 

 

 

 

Tissue respiration 

 

Fig. 3. Respiratory system  Source: Wikipedia, “tissue respiration”. 

https://youtu.be/yE3Y-XR8Ax4
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The respiration rate, also called as frequency, depends on: 

1. species of the animal, 

2.  age, 

3.  body metabolism, 

4.  ambient temperature, 

5.  atmospheric pressure, etc. 

The respiratory rate at rest for the dog is 10 – 30 times within 1 minute (in small 

breeds of dogs 18 – 26; in large breeds of dogs 14 - 22), in puppies – 40 – 50 times 

per 1 minute; in cats 20 – 30 times within 1 minute, in kittens 80 – 100 times per 1 

min. 

In newborn animals and animals with less body weight the respiration frequency is 

faster.  During the rest period, respiration decreases, but, at the time of feeding, the 

lactation increases respiratory rate. 

Respiratory organs, providing the body with O2 and releasing CO2, provide the 

homeostasis (balance) of the internal environment of the body. 

 

  


