Acid base balance
Acid base balance :
►pH = - log [H+]
►extra-cellular pH = 7.4 (7.3 - 7.5 )

►pH regulation is important for the function of body enzyme 

►acid : substance which donate a proton H+
►base : substance which accept a proton H+
● strong acid ( completely dissociate ( HCl , H2SO4 )
● weak acid ( partially dissociate ( H2CO3 )

►buffering : chemical reactions which reduce the effect of adding acid or base to a solution pH

Hydrogen ions concentration and pH 

● lower concentration of H+ ( high pH 

● high concentration of H+ ( low pH
Blood pH

acidosis :  decrease in arterial pH (< 7.4 ) due to excess accumulation of H+ ●
● alkalosis : an elevation in arterial pH (> 7.4 ) due to excess base 

►pH = pKa + log 10 [base / acid] ( Henderson - hasselbach equation 

pH of arterial blood 
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Extra-cellular pH
kept constant at 7.4
►three buffer system :
1) chemical buffer in the blood 

2) respiratory system 
3) renal system 

Blood buffer 

immediately combine with any excess acid or base to prevent pH change 
● bicarbonate 

● protein 
● phosphate 

● heamoglobin 

bicarbonate buffer 

► important extracellular  buffer 

► 24 - 28 meq/ml

► present in large quantities 

► can be regulated by respiratory and renal 

►it consists of weak acid H2CO3
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►bicarbonate salt NaHCO3    
NaHCO3 ( Na + HCO3 
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►when a strong acid is add " how bicarbonate will act ?"
H + HCO ( H2CO ( CO2 + H2O " transformed to H2O and pH not affected "
►strong base is add 

NaOH + H2CO3 ( NaHCO3 + H2O

● pH = 6.1 + log HCO3 /H2CO3
● pH = 6.1 + log HCO3 / 0.03 × PCO2 " 40"
Proteins

►acidic and basic amino acids in plasma and cell protein act as buffers
►Hb is important buffer

►carboxyl group give up H+
►amino acid group accept H+
►side chains that can buffer H+ are present on 27 amino acid 

►cannot be regulated physiological 

Phosphates 

►both intra and extracellular phosphate act as buffer 

►minor role compare to HCO3 or Hb

►there are intracellular buffers because H+ dose not cross plasma membrane 
►intracellular pH is more acidic 7.2
◙ Notes :
* intracellular buffers are proteins and phosphate 
* ectracellular buffers are bicarbonate ,protein ,and phosphate 
Respiratory regulation of pH

►maintain normal pH by maintaining constant PCO2 

►normal gas exchange and ventilation 

►controlled by chemoreceptors 
►increase in PCO2 ( decrease pH
Renal regulation of pH

1) tubular mechanism of H+
2) tubular reabsorption of HCO3
►H+ excreted in urine is buffered by :
HCO3 - HPO4 - NH3
Diagnosis of acid -base imbalance 

●note whether the pH is low (acidosis ) or high ( alkalosis ) 
●decide which value PCO2 or HCO3 is outside the normal and could be the cause of the problem 

●if the cause is a change in PCO2 ,the problem is respiratory .if the cause is HCO3 the problem is metabolic 

●look at the value that doesn't correspond to the observed pH change . if it is inside the normal range , there is no compensation occurring . if it is outside the normal range , the body is partially compensating for the problem .
	►alkalosis 
high pH 

metabolic cause 

respiratory cause 
	acid-base disturbance :
►acidosis  

low pH 

metabolic cause 

respiratory cause 


	respiratory acidosis 
►low pH 

►high PCO2 

Cause :

●depressed ventilation 

correction :
↑ HCO3 reabsorption by the kidney (
 ↑ HCO3 ( ↑ pH


	metabolic acidosis 
►low pH 

►low HCO3
Cause :

● production of lactic acid ( anerobic metabolism )
● production of ketoacid ( diabetes )
● excessive loss of alkali ( diarrhea )
●renal failure 

correction :
stimulate ventilation ( ↓ PCO2 ( ↑ pH



	respiratory alkalosis 
►high pH 

►low PCO2
Cause :

●hyperventilation ( hysterical , pneumonia)
correction :
↓ HCO3 reabsorption by the kidney ( ↓ HCO3 ( ↓ pH


	metabolic alkalosis 
►high pH 

►high HCO3
Cause :

●loss of gastric acid (vomiting )
●excessive intake of alkali (antiacid)
correction :
depressed ventilation (↑ PCO2 ( ↓ pH
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