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 بسم هللا الرحمن الرحيم

- This sheet was written according to the recording of section 2. 

- Note: in respiratory system physiology course, you are only required of what is 

mentioned during the lectures. Any piece of information written in the slides or 

in Guyton and not mentioned during lectures is just not that important to know 

and memorize.    

-------------------------------------------------------------------------------------- 

 Respiratory system physiology : 

 

 Respiratory system works along with the cardiovascular system ( 

cardiopulmonary system) to make sure that – in an adult male- the 

oxygen concentration in the systemic arterial blood is 20mlO2 /dl of 

blood(20ml O2/ 100ml of blood – 20%). 

 The cells – on average- extract 5ml of O2 , 5ml out of 20 ml of 

oxygen (per dl of blood) is equal to 25%. Thus, the extraction ratio of 

oxygen ( by cells) is 25%, leaving 15ml of oxygen in the venous 

blood, which means that the venous blood contains significant amount 

of oxygen to start with.  

 

 

 To guarantee this, we need : 

1. Normal lungs ( to oxygenate the blood) 

 To know whether the lungs are doing their job or not ( to 

evaluate the function of the lungs), I look for the results of a 

specific test which is the ABG ( arterial blood gases). 

 According to the test :  

              ● Arterial PO2  100 mmHg 

              ● Arterial PCO2  40 mmHg 

              ● PH  7.4 

 We conclude that the main function of  Respiratory system is to maintain 

Homeostasis of PO2, PCO2, Hydrogen ion concentration. 
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2. Normal cardiovascular system ( to eject the blood) 

3. Normal bone marrow (to provide us with hemoglobin). 

 Thus, if you have 15g of hemoglobin /dl of blood, and this 

Hb is 100% saturated with oxygen  you can guarantee 

20ml O2/dl of blood. 

---------------------------------------------------------------------------------------------------- 

 As said earlier, the cells extract 5ml of oxygen for each dl of blood. How do 

cells consume this oxygen then ? 

As you know, cells contain mitochondria. oxygen works in the mitochondria 

as electron acceptor  so that the electron transport chain proteins and 

enzymes can generate ATP.  

 

 If, for some reason, the cells are not utilizing sufficient amount of oxygen  

 hypoxia. 

 Hypoxia: is a decrease in oxygen utilization by the cells.  

 

 The major causes of Hypoxia : 

 The potential causes of hypoxia are 10. Thus, we’ll have 10 lectures, each 

discussing one cause. Now, we will mention some of them briefly : 

1. No oxygen in the outside air. 

 

2. Stenosis or obstruction of the airways. 

 

3.stiff, rigid, non-inflatable lung. 

 

4. Thickening of the membrane (between alveoli and capillaries) through 

which oxygen diffuses. Making it more difficult for oxygen diffusion to occur.  

 

5. Heart failure. 

 

6. arteries are- somehow- closed (stenosed). 

 

7. the cells are poisoned, examples: 



 

3 

A. in cyanide poisoning where the cells have oxygen but cannot utilize it. 

B.  or like in septicemia (septic shock),where the toxins produced by Gram  -ve 

bacteria poison the respiratory chain enzymes, oxygen is available but cannot 

be utilized . 

 

8. in order to inflate the lungs, you need to contract the diaphragm. Diaphragm 

is a skeletal muscle thus it needs to be supplied by motor neurons, these motor 

neurons require high centers in the medulla. As there are cardiac centers, there 

are respiratory centers as well. Thus, the respiratory centers in the medulla 

order the motor/diaphragmatic/phrenic neurons to contract the diaphragmatic 

muscle. 

Thus if we have muscle weakness, nerve problem, or CNS problem this will 

affect breathing. 

Now, let’s discuss the causes with more details. 

 

------------------------------------------------------------------------------- 

 

1. The level of oxygen in outside air  

 At sea level, atmospheric pressure is equal to 760 mmHg.  

O2 contribution = 21%  160mmhg 

N2 contribution is =79%  600mmHg 

CO2 contribution = 0.03 ~ 0%  

 

 As you go High (ex: on top of a mountain), the atmospheric pressure 

decreases. 

 For each 5.5km height, the atmospheric pressure decreases by one 

half )يقل طول عمود الهواء(. The percentage of oxygen, in contrast, remains 

constant (21%) . 

 Thus:  

 At 5.5 km height, atmospheric pressure is 380mmHg . partial 

pressure of oxygen is 21% of the 380mmHg  that is, 80mmhg 

(instead of 160mmHg at sea level) 
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 At 11km Height, atmospheric pressure decreases by one fourth , 

190 mmHg. Partial pressure of oxygen is 21% of the  190mmHg 

 40 mmHg (very low) 

 

 Mount Everest is almost 9800 meters high, there is no enough oxygen on top 

of mount Everest. Thus, if you stand on top of mount Everest for an hour 

without oxygen supply, you will die.  

 

-------------------------------------------------------------------------------------------------- 

2. obstruction, stenosis or narrowing of the airways . 

 The respiratory system is composed of two zones : 

 

 The conducting zone : This zone only conducts the air in and out with NO 

exchange of gases across the wall . 

- This zone starts with the nasal and oral cavities  pharynx and larynx  

trachea  left and right main/primary/mother bronchi  secondary bronchi 

 tertiary bronchi ..etc. till we reach 23 divisions/generations/branches. 

 The first 16 generations are the conducting zone. 
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 Lets talk about the left bronchi for example (this applies to the right side 

also): 

 we are going to name the first one  left primary bronchus 

 and the last one in conducting zone (number16)  terminal 

bronchiole. 

 Number 17  respiratory bronchiole  

 Number 23  Alveolus. (we have around 3- 6 million 

alveoli) 

 

  Respiratory zone:  

- The last 7 divisions/ generations. Starting from division number 17 ( the first 

respiratory bronchiole). 23rd division is the alveoli. 

 

- Each alveolus is surrounded by a huge network of capillaries. As you can see 

in the figure. 

 

 
 

----------------------------------------------------------------------------------- 

 We will deal with the respiratory system as a tube that ends with a 

balloon.  

 The tube : represents the conducting zone/ airways. It is sometimes called 

the anatomic dead space – it’s dead because of its anatomy, no gas 

exchange occurs across the walls.  

 The balloon: represents the respiratory zone/ Lungs. 
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 Diseases of respiratory system are classified into three main 

families: 

 

1. chronic obstructive pulmonary diseases (COPDs) /Obstructive pattern. 

 

 It affects the conducting zone, ex: 

a. Emphysema. 

    b. chronic bronchitis. 

    c. bronchial asthma ( if it is chronic) 

 Account for 70-75% of  RS diseases. 

 

2. The Lung (balloon) is rigid and not inflatable/ restrictive pattern. 

a. pulmonary fibrosis. 

b. Respiratory distress syndrome – RDS 

 Account for 20-25% of RS diseases. 

 

3. Vascular diseases. 

 account for 5-10% of  RS diseases. 

 

 Now, if outside air is okay, the airways are okay, and lung is okay 

and inflatable , what other problems we may have ? –you’ll see later. 

------------------------------------------------------------------------------ 

 

 Looking at an alveolus surrounded by a capillary, you will notice the 

following : 

 

 Each alveolus is made up of two types of cells. One is Thin and 

suitable for gas exchange, and second is columnar and not 

suitable for gas exchange and produces a very important factor, 

the surfactant . 

- Surfactant  surface active  agent 

 

 Oxygen is going to cross the alveolar wall to the capillaries 

surrounding the alveolus to bind Hb.  
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 In order for oxygen to diffuse, it has to cross 6 layers : 

I. Surfactant layer  

II. Alveolar epithelium 

III. Basement membrane (of alveolus) 

IV. Interstitium 

V. Basement membrane (of capillary) 

VI. Capillary endothelium 

 Collectively, these six layers are called the respiratory membrane whose 

thickness is 0.2-0.6 micrometer.  

 Thus, a problem may reside in this membrane. This membrane can be very 

thick, minimizing diffusion rate, as diffusion is inversely proportional with 

membrane thickness.  

 

 Important note:  

 Oxygen can cross any biological membrane as if it is not existed, it 

passes passively through the lipid bilayer without the need of any 

carrier or channel or transporter. This means that diffusion should not 

be a problem!  

 If we have lower availability of oxygen, it’s unlikely to be due to a 

diffusion problem. Thus, oxygen is usually not diffusion-limited . 

 And CO2 even crosses the membrane 20 times easier than oxygen. 

 

 

 If you have lung disease in the early stage, you are more likely to 

encounter a problem with oxygen and not with CO2, but if you face a 

problem in both oxygen and CO2, then there is a very advanced case ( 

huge destruction). 

 

--------------------------------------------------------------------------------- 

 

 If we look to the drawing, we can see that the alveolus is surrounded 

by capillary ( right ventricle --> left atrium) 

- The capillary is occupied by RBCs. 
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-  When the HR= 75 beat/sec and cardiac cycle duration is 

0.8 sec, the RBC will spend 0.8 seconds inside the 

capillary. 

- The time the RBC spends In the capillary = cardiac cycle 

duration ( which In turn is determined by HR) 

 

 Is 0.8 sec enough for the RBC to be fully oxygenated? Knowing that 

once the RBC leaves the capillary and moves to the heart, it has no 

second chance to be exposed to another alveolus and be re-oxygenated?  

 

The answer is here .. 

 When we come from the venous side, PO2= 40mmHg , PO2 will become 

100mmhg (the same as alveolus) when the RBC crosses one third of the 

distance only! i.e. 0.25 sec is enough and RBC continues the journey with 

no more oxygenation.  

 

 If we have thickening of the membrane, due to pulmonary fibrosis, 

pneumonia or pulmonary edema .. etc. (figure) 

 

Here, O2 becomes diffusion-limited. 

 

----------------------------------------------------------------------------- 

 Three levels of the respiratory system : 

 
 First level : 

- Outside air, here we have mainly two gases : O2 and N2 (CO2 is 

negligible). 

PO2= 160mmHg , PN2= 600mmHg. 

 

 second level ( the anatomic dead space/airways): 

The anatomic dead space is not actually dead! It has many 

important physiological functions. As follows: 
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 The lining epithelium is ciliated pseudostratified columnar 

epithelium. The cilia trap any foreign particle in the air and 

remove it from the airway. 

 It warms the inspired air.  

 It adds water vapor  goblet cells in the lining epithelium secrete 

mucus and mucus is mainly water.  

- The pH2O at body temperature is 47 mmHg. Thus, here we 

have three gases instead of two. 

O2, N2 and H2O. 

 Now the partial pressures of O2 and N2 are different: 

PH2O = 47mmHg 

PO2= 150mmHg PO2 here never goes beyond 150mmhg unless 

you are below sea level, it could be less if you are on top of mountain. 

PN2= 563mmHg. ( you can find the numbers by easy calculations) 

No CO2 ! 

 

 Third level ( the lungs) : 

-Here, CO2 appears as it comes with the venous blood. 

- thus : 

PO2= 100 

PCO2= 40 

PH2O= 47 ( as long we talk about normal body temp. 37) 

PN2= 573 

 

 N2 is a spectator molecule ( متفرج), and PH2O is always constant at normal 

body temp., thus we will not bother with them anymore and just focus on 

PO2 and PCO2.  

------------------------------------------------------------------------------------------------ 

Thus: 

 Outside air: PO2=160mmHg, PCO2= zero 

 Anatomic dead space: PO2= 150mmHg, PCO2= zero 

 Alveoli: PO2=100mmHg, PCO2= 40mmHg  - Note here that PO2 

becomes 100mmHg After oxygenation.  
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 The blood that comes from the right heart (venous) has PO2= 40mmHg. 

 What do we mean by partial pressure of oxygen ? 

Partial pressure means that in a mixture of gases, each gas 

behaves as it is the only gas in this mixture. ( the same manner by 

which sodium, potassium and other ions contribute to membrane 

Potential) . 

 

 Let’s apply this principle :  

There is little oxygen in the capillaries and there is oxygen in the 

alveolus. In order for this oxygen to pass from the alveolus to 

capillary, its pressure in the alveoli should be greater than its pressure 

in capillaries, Regardless of concentration of other gases.( PO2 is 

100 in the alveoli and 40 in the capillaries/ blood coming from the 

right side). 

 

 And as said earlier, PO2 will become 100mmHg in the first third of 

the distance and continues as 100mmHg. 

 I only used 1/3 of the surface area only.  

 

 Some people have noticed something wired!( pretend that you’re one of 

them) .. 

According to what mentioned earlier, at equilibrium, the PO2 in both alveoli 

and capillaries will become 100mmHg. How come? Isn’t it supposed to be 

140/2=70 in the capillaries and 70 in the alveoli !? 

The answer is NO (they will become 100 – 100mmHg) ! ( now pretend you’re 

not one of them) 

 

 Then why is that? 

● one of suggestions is that oxygen keeps getting inward ( what goes from 

alveoli to capillaries will be replaced directly by oxygen inspired), but …  
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● The real cause however :  

 The total volume of the blood in the capillary is very small in comparison 

with the volume inside the alveolus, so addition of small amount of oxygen  

to the capillary is sufficient to elevate its oxygen conc. : 

 Remember that PO2 is a another way to represent oxygen conc. 

 And Conc. = amount/volume. So it’s a ratio. 

 When you connect two closed systems that differ in their conc. for 

solute A, this solute will diffuse from higher conc. to lower conc. until 

it reaches equilibrium. 

 So at equilibrium, C Alveolus = C capillary, so: 

O2 Alveolus / V Alveolus = O2 capillary / V capillary 

But if V Alveolus is very low, a negligible amount of O2 capillary (that will 

not affect C capillary) will diffuse to alveolus and been added to C Alveolus, 

elevating O2 Alveolus. 

 So we conclude that the greater conc. will affect the smaller by 

shifting the equilibrium near its value. 

 

 If you are lost, read this explanation:    

● Cardiovascular system is a closed system. Blood volume equals 7% of our body 

weight (5 liters in a 70kg man). Where does blood volume reside mostly ?  

 3 liters reside in systemic veins (60%) 

 750ml reside in systemic arteries (15%) 

 450ml reside in the pulmonary circulation 

 350 ml in systemic capillaries 

 400 ml in the heart  

 

●We can divide the blood distribution into two divisions instead of two : 

 350ml in the systemic capillaries  --  

 4650ml in the rest of circulation   (350)الكل في خدمة ال  
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● Pulmonary circulation contains450 ml : 

 190 ml in the pulmonary artery 

 190 ml in the pulmonary veins 

 70ml in the pulmonary capillaries  these 70 ml are exposed to a 

huge volume that contains oxygen thus definitely the greater will 

affect the smaller not the opposite (we are not comparing equal 

volumes) . 

 

● Same applies to systemic capillaries ( 350ml) and interstitium 

 

 Explanation: our bodies contain 42 liters of blood – on average-, 28 of which 

are intracellular and 14L are extracellular, out of the 14 liters, 11 liters are 

interstitial fluid and 3 liters are intra vascular plasma. 11 liters are further 

divided into 1L which is free fluid ( spare in case of hemorrhage).  

 Thus as you see, systemic capillary volume is 350ml, while IF is 11 liters 

and there IF is the one that will affect capillaries conc. and not the opposite. 

 Po2 in capillary is 100mmHg and in IF is 40mmHg, at equilibrium both will 

become 40mmHg. 

●but what about PO2 inside the cells?  

 It’s value is any thing less than 40mmHg, to have a gradient that forces O2 

to enter the cells. 

 

 

THE END 


