Lecture 17 



TRANSPORT OF OXYGEN AND CARBON DIOXIDE 
              IN BLOOD AND BODY TISSUES 

OBJECTIVES: 
1. To learn the partial pressures of oxygen and carbon dioxide in arterial blood, interstitial space, the cell, venous blood, and the alveolus. 
2. To learn how oxygen and carbon dioxide are transported in blood. 
3. To study the oxygen and carbon dioxide dissociation curves. 

Transport of Oxygen and Carbon Dioxide 
   Both oxygen and carbon dioxide require red blood cells for most of the transport. 
   Only 3% of oxygen and 7% of carbon dioxide is transported dissolved in plasma.

I. Pressures of Oxygen and Carbon Dioxide in Lungs, Blood and Tissues 
    The diagram below shows the partial pressures of oxygen and carbon dioxide at major locations. 
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A. Uptake of oxygen by pulmonary blood 
      
      Pressure difference between arteries and veins -   (AVO2 difference )  = 64 mm.Hg.

      EXERCISE - need to increase oxygen delivery by 20X

      1. Inc. rate of blood flow in lungs ( 1/2 time ) 

      2. Inc. diffusion capacity for oxygen 3X 

          Inc. # of capillaries 

more ideal ventilation/perfusion ratio in upper lung

      3. Shift in the oxygen-hemoglobin dissociation curve to the right

   B. Transport of oxygen in arterial blood
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       98% in l. atrium fully saturated    104 mm. Hg. 
       2% from bronchial circ.              40 mm. Hg. 
      AVE. oxygen concentration in arterial blood - 95-100 mm. Hg.

   C. Diffusion of oxygen from capillaries to interstitial fluid 

      95 mm. Hg. (PO2) -------------40 mm.Hg. (P02) 
      rapid diffusion

   D. Diffusion of oxygen from capillary to cells 

      Intracellular PO2 is low, constant O2 usage 
      Range: 5 mm.Hg. to 40 mm. Hg.  ave. 23 mm.Hg. 
      Required: 1-3 mm.Hg. to support cell metabolism

   E. Diffusion of carbon dioxide 
                1. Diffusion from tissue cells to capillaries 

                2. Diffusion from pulmonary blood to the alveolus
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CO2 diffused 20 X that of oxygen, requires less pressure difference 
      LEVELS: 
    Intracellular - 46 - 50 mm.Hg. 
    Interstitial - 45 - 46 mm.Hg. 
    Arterial blood - 40 mm.Hg. 
    Venous blood -  45 mm.Hg. 

                 Alveolus - 40 mm.Hg. 

       EFFECT of tissue metabolism 
       metabolic level changes the PCO2 level at the tissues and in venous blood 

II. Transport of Oxygen in Blood 

   A. Oxygen/hemoglobin  - loose and reversible 
              97% - oxygen bound to  hemoglobin 
               3%  dissolved in plasma water 

      1. Oxygen-hemoglobin dissociation curve
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              Look at arterial and venous saturation levels 
                         Arterial saturation =97-98% at PaO2 of 100 mm.Hg 
                         Venous saturation = 75% at PvO2 of 40 mm. Hg. 

      2. Maximum oxygen-hemoglobin saturation 
                15 g. Hg./100ml. blood 

      1 gm. hemoglobin carries 1.34 ml. of oxygen 
      100 ml. blood carries 20 ml. oxygen at 100% saturation 
      20 vol. % or 20 ml/dl


       3. Oxygen released at the tissues ( normal conditions) 

    arterial blood = 97% sat. = 19.4 ml. O2/100 ml. blood 
    venous blood   = 75% sat.= 14.4.ml. O2/100 ml. blood 
    * 5 ml. O2/100 ml. blood delivered to the tissues

      4. Oxygen released during moderate to severe exercise 
  

         Cardiac output increases 6-7 times 
         3X more oxygen delivered to tissues 
         3 X 7 = 21 fold increase oxygen transport to tissues 
         (limit of oxygen delivery)


   B. Role of Hemoglobin as a "buffer" of tissue Oxygen levels 
               1. Role in maintaining constant level in the tissues 
                   look at steep slope of oxygen dissociation curve 


                   Hemoglobin maintains a significant oxygen saturation until the partial 

 
      pressure of oxygen is about 20 mm. Hg. 

               2. Shift of the oxygen-hemoglobin dissociation curve 
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   A shift in the oxygen-hemoglobin dissociation curve alters the affinity 
   that hemoglobin has for oxygen 
                          Shift to the right = decreased affinity for oxygen (tissues) 
                          Shift to the left = increased affinity for oxygen (lung) 

                  FACTORS that can cause a shift in the curve 

         a. carbon dioxide - inc. to right 

         b. hydrogen ions - inc. to right 

         c. temperature - inc. to right 

         d. DPG release - inc. to right

      3. BOHR effect - CO2/H ion 

         Dec. levels - shifts to left - inc. O2 binding in the lungs 

         Inc. levels - shifts to right - release O2 at tissues

      4. Exercise: shift to the right 
         Inc. CO2, acid, muscle temperature, DPG


   C. Metabolic Use of oxygen by cells 

      1. Oxygen conc. of 1 - 3 mm. Hg. is required for resting metabolism 
          Oxygen is NOT usually a limiting factor 

conc. of ADP is limiting factor

      2. Diffusion distance from capillary to cell 
          Not normally a limiting factor 
          diffusion limited - when O2 levels fall below functional level because 
          of diffusion distance 

      3. Total oxygen available each minute 
           oxygen transported/100 ml. blood 
           rate of blood flow 
           dec. blood flow and oxygen levels fall below functional 
           level = blood flow limited

     D. Transport of Oxygen in the dissolved state
To calculate oxygen transported in the dissolved state: 
.003 x partial pressure of oxygen  (Example: .003ml/dl/mm.Hg. x PaO2 of 100 = .30 ml. of Oxygen/dl. of blood)


     E. Hemoglobin - carbon monoxide 
         greater than .4 mm.Hg. CO or .1% CO is lethal


III. Transport of Carbon Dioxide 

   A. Chemical forms
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      1. plasma-dissolved state - 7% 

      2. hemoglobin - carbaminohemoglobin - 23% 



      3. bicarbonate ion - 70% 

         RBC - carbonic anhydrase

   B. Carbon dioxide dissociation curve 
        total blood CO2 -  40 to 45 mm. Hg. 

      1. Effect of oxygen/hemoglobin transport on CO2 

                 a. At the alveolus - oxygen binds with hemoglobin and it becomes 
                    more acidic and decreases its affinity for carbon dioxide 

                 b. hemoglobin releases H+  which combines with bicarbonate and 

       reverses the reaction to carbon dioxide and water
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            Haldane effect - The binding of oxygen with hemoglobin decreases the affinity   

                                 
hemoglobin has for carbon dioxide. This increases the release of carbon dioxide at the 
lungs. 

            At the tissue level,  release of oxygen by hemoglobin increases the affinity hemoglobin 
has for carbon dioxide and facilitates carbon dioxide transport. 
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   C. Carbon dioxide transport and pH 

       pH in arterial blood - 7.41 
       pH in venous blood - 7.37 (from CO2 transport)

                                       CO2 + H2O --------H2CO3 --------HCO3-+ H+
	Breathing Pattern
	Plasma Carbon Dioxide 
	Plasma Hydrogen ion Concentration
	Plasma pH

	Hyperventilation
	decreases
	decreases
	increases (alkalosis)

	Hypoventilation
	increases
	increases
	decreases (acidosis)


   

D. Respiratory Exchange Ratio or Respiratory Quotient 
       CO2 output/O2 uptake  = .825   (mixed diet); CHO =1, P = 0.8 & Lipids = 0.7



