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1.The bicarbonate–carbonic acid buffer system (ECF)

2.The hemoglobin buffer system in RBCs

3.The phosphate buffer system in all types of cells

4.The protein buffer system of cells and plasma.

Buffer systems in the body:
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CO2(g) CO2(aq)

CO2(aq) + H2O(l) H2CO3(aq)

H2CO3(aq) H+
(aq)  + HCO3

-
(aq)

Net: CO2(g)  + H2O(l) H+
(aq) + HCO3

-
(aq)

The bicarbonate–carbonic acid 
buffer system in blood 
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pKa of H2CO3 is 6.1, while the pH of human blood is 
7.4

7.4 = 6.1 + log [HCO3
-] / [CO2]

1.3 = log [HCO3
-] / [CO2]

[HCO3
-] / [CO2] = 20

most of the dissolved CO2 is present as HCO3
-

CO2(g)  + H2O(l) H+
(aq) + HCO3

-
(aq)

Normal values: 
pH = 7.4
pCO2 = 40 mm Hg (~ 1.2 mM)
[HCO3

-] = 25 mM

The bicarbonate–carbonic acid 
buffer system in blood 



What happens when the pH of the 
blood drops?

- Low pH means more H+

H+
(aq)  + HCO3

-
(aq)                       H2CO3(aq)

H2CO3(aq) CO2(aq) + H2O(l)

CO2(aq) CO2(g) exhaled by the lungs

-Aspirin

-High altitudes - rate of respiration increases.

-Athelete example

CO2
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Presentation Notes
In contrast, hyperventilation (excessively deep and rapid breathing)removes such large amounts of carbon dioxide from thelungs that it raises the pH of blood, sometimes to dangerouslyhigh levels that bring on weakness and fainting. Athletes, however,have learned how to use the increase in blood pH caused byhyperventilation. Short bursts of strenuous exercise produce highlevels of lactic acid in the blood as a result of the anaerobic breakdownof glycogen. The presence of so much lactic acid tendsto lower the pH of the blood, but a brief (30-second) period ofhyperventilation before a short-distance event (say, a 400-m dash,100-m swim, 1-km bicycle race, or any event that lasts between 30seconds and about a minute) counteracts the effects of the addedlactic acid and maintains the pH balance.the conjugate base, lactate, is removed by the bloodand makes its way to the liver. Once in the liver, it is convertedto glucose via a process called gluconeogenesis that we will see inChapter 18. Hospital patients are often given intravenous lactatesolutions to indirectly help keep their blood glucose levels up.lacticacid actually maintainedthe muscle membrane’sability to depolarize andrepolarize longer, allowingthe muscles to continueto contract even thoughthey were fatigued.



What happens when the pH of the 
blood increases?

- Higher pH means more OH-

NaOH + H2CO3                       NaHCO3 + H2O

CO2 +   H2O H2CO3 to replace the 
consumed acid 

[CO2] decrease and respiration decrease to reduce 
the rate of CO2 consumption.

[HCO3
-] / [CO2] = 25 mM/ 1.25 m M = 20

Buffer range = 6.1 + 1 = 5.1-7.1
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Protein Buffers 

-Because of the presence of the dissociable acidic  
(-COOH) and basic (-NH2) groups, proteins act as 
buffers.

-Particularly the imidazole group of the side chain of 
histidine residue (pKa = 7.3)

Proteins, specifically Albumin,
account for 95% of 
non-carbonate buffering action
in plasma (has 16 His/mole)

Histidine
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Phosphate Buffer systems
-Phosphate anions and proteins are important buffers 
that maintain a constant pH of ICF.

-Intracellular and tubular fluids of kidney 

- H2PO4
- dissociates to H + and HPO4

-2 

-pKa is 7.1-7.2 

- In RBCs 2,3 BPG is 4.5 mM contributing to ~16%
Non carbonate buffer function.

- Glu-6P, ATP act as buffers

H+ + Na2HPO4  

OH- + NaH2PO4                      
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Hemoglobin (Hb) Buffer 

-Major intracellular buffer of the blood

-Hb has a high number of His (38 molecules/mole of 
Hb)

-Works cooperatively with the bicarbonate buffer 
system

-It buffers CO2 and H2CO3 

More details in the 3rd year
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Buffer systems of the body

Mark’s 2012
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Done or not yet?!
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