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Buffers-definition, mechanism of action

and importance of buffers in medicine
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Animation of the inhibition of enzymes active site when in 

unbuffered acidic solutions
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➢ Buffer is system (solution) composed of two substances

that effectively stabilise (limit the change of the [H+] ions 

when H+ ions are added or removed from a given solution.

➢ buffers do not eliminate H+ from body – but REVERSIBLY bind

H+ until balance is re-established.

HA         H+ + A-

➢ Reaction direction (& dissociation rate) dependent on effective 

concentration of each chemical species.

➢ If [H+ ]↑ then equation moves leftwards and vice versa if 

[H+ ]↓ - minimises changes in [H+].

HA = undissociated acid

A- = conjugate base (any anion)

➢ General form of buffering reaction usually in form of conjugate 

acid-base pair:
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Definition: Buffers are chemical systems (water solutions) that are

composed of WEAK ACID and SALT of the ANION of that weak acid,

or WEAK BASE  and salt of the CATION of the weak base
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REMEMBER!!!
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Mechanism of how carbonate buffer is formed….
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What buffer systems exist in the body?

1) Bicarbonate buffer system

- Most important buffering system. Works by acting 

as proton acceptor for carbonic acid. 

Control of [H+] - Buffers
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Example of how one buffer works when

Strong ACID (H+) or STRONG Base (OH-)

Is added
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Control of [H+] - Buffers
2) Phosphate Buffering System

➢ Phosphate buffer system not important as extracellular fluid

buffer (concentration too low).  

➢ However, major INTRACELLULAR buffer and important

in RENAL TUBULAR FLUID. 

H+ + HPO4
2- ↔ H2PO4

-

(Strong acid converted to weak acid  less effect on pH)

➢ Main components are HPO4
2- and H2PO4

-

OH- + H2PO4
- ↔ H2O + HPO4

2-

(Strong base converted to weak base  less effect on pH)
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Control of [H+] - Buffers
3) Protein Buffers

➢ Carboxyl and amino groups on plasma proteins are effective 

buffers;

➢ ~ 60 - 70% of total chemical buffering of body fluids is located

intracellularly, mostly due to intracellular proteins. 

➢ Proteins among most plentiful buffers in body, particularly

highly concentrated INTRACELLULARLY.

RCOOH ↔ RCOO- + H+

RNH3
+ ↔ RNH2 + H+



➢ pH of cells changes in proportion to pH of extracellular fluid 

– CO2 can rapidly traverse cell membrane.

➢ Most important non-bicarbonate buffering proteins are 

titratable groups on HAEMOGLOBIN

(Hb also important for buffering CO2). 

CO2 + H2O  H2CO3  H+ + HCO3
-

H+ + Hb-  HHb
(DeoxyHb a better buffer

than OxyHb)

Control of [H+] - Buffers
3) Protein Buffers



➢ However, important source of buffer in CHRONIC metabolic

acidosis (i.e. renal tubular acidosis & uraemic acidosis).

➢ Probably involved in providing a degree of buffering (by ionic

exchange) in most acid-base disorders.

➢ CaCO3 (base) is most important buffer released from bone

during metabolic acidosis.

➢ Results in major depletion of skeletal mineral content

(e.g. Chronic metabolic acidosis that occurs with 

renal tubule acidosis (RTA) can lead to development of 

Rickets / osteomalacia).

Control of [H+] - Buffers
4) Bone
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Remember: Buffer capacity is HIGHEST if we use EQUIMOLAR concentrations

of weak acid (or weak base ) and their salts
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REMEMBER THESE BUFFER SYSTEMS in the BODY
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