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       Figure 1. An overview of the body’s handling of carbon dioxide. 

As you know from your study of metabolism and indirect calorimetry, the body produces 
carbon dioxide from cellular metabolism and blood proton buffering through the carbonic 
anhydrase reaction, as we will once again study in this topic.  Thus, carbon dioxide 
needs to be transported in blood from the cells to the lungs so that it can be eliminated 
from the body.  As you will learn, compared to oxygen transport, blood transport of 
carbon dioxide is a more complex issue to study, as there are several forms and 
processes in which carbon dioxide can be transported in blood.  In addition, there are 
other physiological variables and conditions connected to body and blood carbon 
dioxide content. 

Figure 1 presents an overview of the body’s handling of carbon dioxide.  Carbon dioxide 
is produced by cells, transported in blood to the lungs, where it is then eliminated.  Of 
course, we used the expired fraction of carbon dioxide (FECO2) and ventilation (VE) to 
compute whole body carbon dioxide production (VCO2) via indirect calorimetry. 
 
Blood CO2 Transport 
A shown in Figure 1, the multiple components of blood CO2 transport consist of; 

1. dissolved CO2 
2. bicarbonate (HCO3

-), and 
3. protein binding 

 
We will look at each component in order. 
 
As carbon dioxide has approximately 23-fold the solubility of oxygen, dissolved CO2 is a 
quantifiably important component of blood CO2 transport, approximating 10% of total 
blood carbon dioxide transport. 
 
The conversion of carbon dioxide to bicarbonate occurs via the carbonic anhydrase 
reaction as presented in Equation 1. 
 

  33222 HCOHCOHOHCO
anhydrasecarbonic

          Equation 1 
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The majority of bicarbonate production occurs in the red blood cell, as this is where the 
enzyme carbonic anhydrase is located.  The carbonic anhydrase reaction converts 
carbon dioxide and water to carbonic acid, which then dissociates at physiological pH 
to a free proton and the bicarbonate ion.  Bicarbonate production accounts for 60% of 
total blood CO2 transport.  The bicarbonate ion diffuses out of the red blood cell and 
interacts with either potassium or sodium to form bicarbonate salts, with sodium 
bicarbonate being the major form due to the higher blood content of sodium than 
potassium.  To maintain charge neutrality within the red blood cell, the accumulating 
protons (H+) bind to proteins within the red blood cell, such as hemoglobin (Equation 2). 
 

22 OHbHHbOH             Equation 2 

 
As shown in Equation 2, hemoglobin (Hb) has preferential binding to oxygen.  However, 
in the peripheral tissues there is a reduced PO2 and a higher PCO2, which favors the 
unloading of oxygen from hemoglobin, freeing hemoglobin to bind with protons 
associated with the carbonic anhydrase reaction (Equation 1).  Deoxygenated 
hemoglobin is also more capable of binding with carbon dioxide (occurs on the terminal 
amine groups), forming carbamino hemoglobin.  Due to the solubility of carbon 
dioxide, additional carbon dioxide binding occurs to plasma proteins, with total carbon 
dioxide binding to proteins accounting for 30% of blood CO2 transport.  The ability of 
deoxygenated blood to increase blood CO2 content (by functioning as a proton sink and 
binding CO2 directly) is referred to as the Haldane effect.  Note that this process is 
reversed in the oxygenated environment of the lung, and helps unload carbon dioxide 
from the blood for exhalation. 
 
Bicarbonate Proton Buffering 
Blood bicarbonate approximates 24 mEq/L in arterial blood, and can be reduced to < 10 
mEq/L in venous blood during intense exercise.  This is because protons transported 
out of contracting skeletal muscle bind with bicarbonate, forcing a reversal in direction of 
the carbonic anhydrase reaction (Equation 3). 
 

OHCOCOHHCOH
anhydrasecarbonic

22323 
            Equation 3 

 
Blood bicarbonate is therefore an important proton buffering agent, and can generate 
added carbon dioxide production.  Such added carbon dioxide production, not caused 
by cellular respiration, is referred to as non-metabolic CO2 production.  It is this 
source of added CO2 that can increase the respiratory exchange ratio above 1.0 during 
intense exercise, signifying the onset of metabolic acidosis. 
 
See the Section on Metabolic Acidosis to read on the complex and multiple 
determinants of blood and muscle acid-base balance. 
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Glossary Words 
 
carbonic anhydrase reaction is the reaction that converts bicarbonate and a proton to 
carbonic acid, which then dissociates to water and carbon dioxide.  This is a readily 
reversible reaction depending on blood pH, blood PCO2, and [bicarbonate]. 
 
bicarbonate (HCO3

-) is the main blood proton (H+) buffer. 
 
carbonic acid (H2CO3

-) is the intermediary acid formed from the buffering of blood H+ 
by HCO3

-. 
 
carbamino-hemoglobin is the protein complex formed when CO2 binds to hemoglobin. 
 
Haldane effect refers to the unloading of CO2 from carbamino-hemoglobin in the lung 
when the PAO2 is typically high (compared to cellular PO2). 
 
Non-metabolic CO2 production refers to the production of CO2 from systemic (non-
cellular metabolic) sources, such as the carbonic anhydrase reaction during exercise or 
hypoxia. 

 


