
11  
  

  
Pulmonary Lecture 7: Gas Transport  
  
At the end of the lecture, you should be able to:  

- Describe how oxygen and carbon dioxide are transported in blood  
- Draw the oxyhemoglobin dissociation curve  
- Name physiological factors that affect the oxyhemoglobin dissociation curve  
- Explain how CO affects O2 transport in blood  
- Define the oxygen capacity of hemoglobin  
- Describe the relationship between blood oxygen saturation and content  
- Define tissue hypoxia and explain the four major types of hypoxia   
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Oxyhemoglobin dissociation curve showing the relationship between the partial pressure of  

O2 in blood and the percentage of Hgb binding sites that are occupied by oxygen molecules 
(percent saturation). The sigmoid shape of the HbO2 curve reflects the four-stage cooperative 

Dissolved, total blood and hemoglobin bound oxygen  
concentration at a hemoglobin concentration of 15 g/dL  
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loading of oxygen. Adult hemoglobin (HgbA) is about 50% saturated at a PO2 of 27 mm Hg, 
90% saturated at 60 mmHg, and about 98% saturated at 100 mmHg. The P50 is the partial 
pressure at which Hgb is 50% saturated with O2. When the O2 dissociation curve shifts to the 
right, P50 increases. When the curve shifts to the left, P50 decreases.  

  

 

Factors that shift the  
oxyhemoglobin dissociation  
curve (Bohr effect)  
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Blood oxygen content and saturation:  
Oxygen content depends on the oxygen transport capacity of blood = Hb concentration. Hb 
saturation is independent of the Hb concentration.  
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Mechanisms of CO2 transport in blood. The predominant mechanism by which CO2 is 
transported from tissue cells to the lung is in the form of HCO3-. RBC, red blood cell.  

  

 
  

- 10% dissolved  
- 20-30% as carbamino  
- 60-70% as HCO3-  

  
Erythrocytes are as crucial for carbon dioxide transport in the blood as they are for oxygen 
transport in the blood. When intracellular [H+] and [HCO3-] increase in erythrocytes, [HCO3-] 
diffuses out and Cl- in to maintain electrical neutrality = chloride shift.  
CO2 dissociation curve  

CO 2   transport in the blood:   



20  
  

  

 

The CO2 dissociation curve shows the dependency of the total CO2 content of the blood (mL 
CO2/dL) as a function of PCO2. The shape of the CO2 dissociation curve is hyperbolic (without 
a flat-top), unlike the oxygen dissociation curve which is sigmoid (with a flat-top).  
The curve accounts for all three forms of CO2 (dissolved CO2 + carbamino CO2 + 
bicarbonate CO2).  

  
The position of CO2 dissociation curve depends upon the prevailing PO2. At any given PCO2, 
venous blood (at PO2 = 40 mm Hg) can hold more carbon dioxide than arterial blood (at PO2 
= 95 mm Hg). What this means is that increase in PO2 shifts the CO2 dissociation curve to the 
right. Or any increase in PO2 causes the CO2 affinity of blood to decrease.  

  
In pulmonary capillaries where the environmental PO2 is high, the presence of oxygen 
decreases the affinity of hemoglobin for CO2 and assists in the unloading of CO2 from the 
blood to the alveolar spaces. This effect is called the Haldane shift. Conversely, in tissue 
capillaries where the environmental PCO2 is high, the presence of carbon dioxide decreases 
the affinity of hemoglobin for O2 and assists in the unloading of O2 from the blood to the tissue 
spaces. This effect is called the Bohr shift.  
Tissue Hypoxia:  
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Four major types of tissue hypoxia  
  

1. Hypoxic hypoxia: Diseases/conditions with decreased PaO2 leading to 
insufficient O2 delivery to tissues, such as suffocation, COPD or pulmonary 
fibrosis. The typical clinical symptom is cyanosis (bluish discoloration) because of 
lack of oxygen and increased deoxyhemoglobin. Note: Approximately 6 g/dL of 
deoxyhemogobin are required to appear cyanotic. Thus, in patients with anemia 
cyanosis may not occur despite hypoxic hypoxia.  

  
2. Circulatory (stagnate hypoxia): Reduced blood flow to tissues, e.g. vascular 

disease or cardiac insufficiency.  
  

3. Anemic (hypemic) hypoxia: Inability of blood to carry sufficient oxygen, e.g. in 
severe anemia or CO poisoning.  

  
4. Histotoxic hypoxia: Inability of the cell to utilize oxygen, e.g. in cyanide or 

sodium azide poisoning.  
Key concepts: Gas Transport  

  
• O2 transport is mostly bound to hemoglobin  
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• Oxyhemoglobin binding is reversible and cooperative o Hb is mostly 
oxygen-bound; binding falls off significantly below ~60 mmHg, facilitating 
transport and release  

• Physiological factors shift the oxyhemoglobin dissociation curve o Temp, 
CO2 & pH (Bohr effect), 2,3-DPG  

o CO binds 200x more tightly than O2 and inhibits O2 unloading  

• CO2 transport is mostly bicarb; also dissolved & carbamino o Carbonic 
anhydrase facilitates CO2  bicarb in erythrocytes  

• Hb-CO2 binding decreases with increasing PO2 (Haldane effect)  

• Four major types of tissue hypoxia are  o hypoxic hypoxia o 
anemic/hypemic hypoxia  

o Diffusion/stagnate/hypoperfusion/circulatory hypoxia (this is ridiculous…) o 
Histotoxic hypoxia  
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