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2010b(15)/2003a(9): Explain the role of Hb as a buffer 
 
General:  

- A buffer is a solution containing a weak acid and its conjugate base. 
- It resists pH change when exposed to a stronger acid or base. 
- In the body, the buffer binds H+ ions reversibly to minimise the change in 

pH 
o Generally; Buffer + H+ ↔ H.Buffer 

- Effectiveness of a buffer is dependent on: 
o Amount of buffer present 
o pKa (the pH at which 50% of the acid is dissociated) 
o pH of the carrier solution 
o Whether it follows an “open” (physiological) or “closed” (chemical) 

system 
- The major buffer systems of the body: bicarbonate, Hb, Protein/phosphate 

(intracellular) 
Hb as a buffer: 

- Hb is present within erythrocytes, however it has a major role in buffering 
acid in ECF (extracellular fluid), 1° non-bicarbonate buffer of blood. 

1. It is present in large quantities (~150g/L) 
2. Structure of Hb  
-  Hb molecule contains multiple (38) histidine residues (with imidazole side 
chain) 

o Imidazole is anionic (pKa 6.8) and binds H+ 
o High concentrations of Hb present within RBCs 
o This is the main buffering capacity of Hb 

- Amino acid groups of Hb 
o CO2 and H2CO3 bind with amino acid groups forming carbamino 

compounds (accounts for 15% CO2 transport) 
3. Hb is a weak acid 

o Hb buffers H+ and forms bicarbonate within RBC 
o Intracellular HCO3

- increases, leading to diffusion down the 
concentration gradient out of the cell 

o The presence of an acid in the ECF leads to a maintenance of the 
concentration gradient and the continued movement of HCO3

- from 
within the RBC 

o This contributes to 30% of the Haldane effect 
4. DeoxyHb is a better buffer than OxyHb Haldane Effect 

o DeoxyHb (pKa 8.2) dissociates more than OxyHb (pKa 6.6) 
o Isohydric buffering – for each mmol oxyHb that is reduced, 0.7mmol 

H+ can be taken up and 0.7mmol CO2 can enter venous system 
without changing pH. 

o Advantage that in capillaries, after O2 unloading, oxyHb is reduced 
and has an increased buffering capacity. Explains why pH venous 
blood is only slightly more acidic than arterial blood. 


