
AcidAcid--base equilibriumbase equilibrium



Physiologic pHPhysiologic pH

�� Plasma and most extracellular fluidsPlasma and most extracellular fluids

pH = 7.40 pH = 7.40 ±± 0.020.02pH = 7.40 pH = 7.40 ±± 0.020.02



Significance of constant pHSignificance of constant pH

pH influencespH influences

�� properties of proteinsproperties of proteins

–– enzyme activityenzyme activity–– enzyme activityenzyme activity

–– structure of cell componentsstructure of cell components

�� permeability of membranespermeability of membranes

–– distribution of electrolytesdistribution of electrolytes

pH < 7.0 or > 7.7 is lethalpH < 7.0 or > 7.7 is lethal



HH++ and other cathionsand other cathions
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Proton sourcesProton sources

�� Anaerobic glycolysisAnaerobic glycolysis

1Glc 1Glc →→ 2lactate2lactate–– + 2+ 2HH++1Glc 1Glc →→ 2lactate2lactate + 2+ 2HH

�� LipolysisLipolysis

TAG TAG →→ 3FA3FA–– + glycerol + 3+ glycerol + 3HH++

�� Formation of ketone bodiesFormation of ketone bodies

FAFA––
→→ →→ acetoacetateacetoacetate-- + hydroxybutyrate+ hydroxybutyrate-- + n+ nHH++



Proton sourcesProton sources

�� Oxidation of SOxidation of S--containing AAcontaining AA

�� Metabolism of org. phosphatesMetabolism of org. phosphates�� Metabolism of org. phosphatesMetabolism of org. phosphates

�� Oxidation of other AAOxidation of other AA

�� Ureasynthesis from NHUreasynthesis from NH44
+ + 

COCO22 + 2NH+ 2NH44
++

→→ urea + Hurea + H22O + 2O + 2HH++



Consumption of protonesConsumption of protones

�� Oxidation of lactateOxidation of lactate
lactatelactate–– + 3O+ 3O22 + + HH++

→→ 3CO3CO22 + H+ H22OO

May be separated in time or 
Anaerobic glycolysisAnaerobic glycolysis

1Glc 1Glc →→ 2lactate2lactate–– + 2+ 2HH++

2lactate2lactate–– + 2+ 2HH++ + 6O+ 6O22 →→ 6CO6CO22 + 2H+ 2H22OO
Oxidation of lactateOxidation of lactate

May be separated in time or 
space
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Snímek 8

MV6 Udělat ještě jeden obrázek?
Martin Vejražka; 9.4.2006



Consumption of protonesConsumption of protones

�� GluconeogenesisGluconeogenesis
2lactate2lactate–– + 2+ 2HH++

→→ GlcGlc

�� Oxidation of neutral AAOxidation of neutral AA�� Oxidation of neutral AAOxidation of neutral AA

�� Oxidation of dicarboxylic AAOxidation of dicarboxylic AA

�� Oxidation of anions of org. acidsOxidation of anions of org. acids

MV4



Snímek 9

MV4 Udělat ještě jeden obrázek?
Martin Vejražka; 9.4.2006



Proton sourcesProton sources

�� Food containsFood contains

–– Compounds metabolised to organic Compounds metabolised to organic 

acidsacidsacidsacids

–– compounds metabolised to sulphuric compounds metabolised to sulphuric 

acidacid

–– compounds metabolised to phosphoric compounds metabolised to phosphoric 

acidacid



Maintaining pHMaintaining pH

�� Fast but incompleteFast but incomplete

–– BUFFERSBUFFERS–– BUFFERSBUFFERS

�� Complete but slowComplete but slow

–– CONTROL of METABOLISMCONTROL of METABOLISM

respiration, transporting mechanisms…respiration, transporting mechanisms…
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Maintaining acidity of inner Maintaining acidity of inner 

environmentenvironment

COCO22

NHNHNHNH33

HH++

HCOHCO33
--

formation of
urea
glutamin
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RespirationRespiration

��COCO22 + H+ H22O O HH22COCO33

�� ↑ ventilation↑ ventilation →→ ↓ pCO↓ pCO2 2 →→ alkalinisationalkalinisation

�� ↓ ventilation↓ ventilation →→ ↑↑ pCOpCO2 2 →→ acidificationacidification



LiverLiver

COCO22 + 2NH+ 2NH44
++

→→ urea + 2urea + 2HH++ + H+ H22OOCOCO22 + 2NH+ 2NH44 →→ urea + 2urea + 2HH + H+ H22OO

NHNH44
++ + Glu+ Glu--

→→ Gln + HGln + H22OO
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KidneyKidney

BLOOD URINE

H+

Na+ Na+

© Martin Vejražka, 2003© Martin Vejražka, 2003

H+



KidneyKidney

CO2 CO2 H2O

H CO

+

BLOOD URINE

H2CO3

H+
HCO3

-

C

A

Na+ Na+

© Martin Vejražka, 2003© Martin Vejražka, 2003



KidneyKidney

H2CO3

HCO3
-

BLOOD URINE

CO2

H2O

H2CO3

H+

+

Na+

Na+

© Martin Vejražka, 2003© Martin Vejražka, 2003

CO2
C

A

HCO3
-



KidneyKidney
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BuffersBuffers

7 %7 %
plasmaplasma

proteinsproteins

3 %3 %

inorganicinorganic
phosphatesphosphates

2 %2 %

organicorganic
phosphatesphosphates

53 %53 %

HydrogenHydrogen--
carbonatescarbonates

35 %35 %

haemoglobinhaemoglobin



Haemoglobin bufferHaemoglobin buffer

HH
++

HH
++

HH

--

++++HbHbHbHb
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HH --

HH
++

HH
++++++HbOHbO22HbOHbO22

Oxyhaemoglobin is more acidic than desoxyHbOxyhaemoglobin is more acidic than desoxyHb

•• partially compensates pH change in lungs after exhalation COpartially compensates pH change in lungs after exhalation CO22

•• easier to release Oeasier to release O22 in acidic environment (hypoxic tissue)in acidic environment (hypoxic tissue)



Bicarbonate bufferBicarbonate buffer

HH22O + COO + CO22HH22O + COO + CO22
HH22COCO33HH22COCO33 HCOHCO33

–– + H+ H++HCOHCO33
–– + H+ H++



HendersonHenderson--Hasselbalch equationHasselbalch equation
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log 3HCO
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−

+=
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log
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•• pKpKaa = 6,1= 6,1

•• [HCO[HCO33
--] = 24 mmol.l] = 24 mmol.l--11
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In tables:

pKpKaa = 6,35= 6,35 > 10 !> 10 !



HendersonHenderson--Hasselbalch equationHasselbalch equation
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Bicarbonate bufferBicarbonate buffer

tissuetissuetissuetissue

HH22O + COO + CO22HH22O + COO + CO22
HH22COCO33HH22COCO33 HCOHCO33

–– + H+ H++HCOHCO33
–– + H+ H++

lungslungslungslungs kidneykidneykidneykidney



pH change in vomitingpH change in vomiting

�� loss of ca. 0.5 L of gastric juice, pH 0.8loss of ca. 0.5 L of gastric juice, pH 0.8

–– w/o buffer              pH 7,4 w/o buffer              pH 7,4 → > 14→ > 14–– w/o buffer              pH 7,4 w/o buffer              pH 7,4 → > 14→ > 14

–– insulated system     7,4    →   7,9insulated system     7,4    →   7,9

–– opened system     7,4 → 7,415opened system     7,4 → 7,415
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Bicarbonate bufferBicarbonate buffer

COCO22 HH++

HH22COCO33

H2O
HCOHCO33

--

N.B.: Boxes differ in scale!N.B.: Boxes differ in scale!



Bicarbonate bufferBicarbonate buffer

COCO22 HH++

HH22COCO33

HH22OO
HCOHCO33

--



Bicarbonate bufferBicarbonate buffer

COCO22 HH++

HH22COCO33

HH22OO
HCOHCO33

--
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Bicarbonate bufferBicarbonate buffer

COCO22 HH++

HH22COCO33

H2O
HCOHCO33

--

Metabolic partRespiratory part
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Actual and standard bicarbonatesActual and standard bicarbonates

COCO22 HH++

HH22COCO33

HH22OO
HCOHCO33

--



Actual and standard bicarbonatesActual and standard bicarbonates

COCO22 HH++

HH22COCO33

HH22OO
HCOHCO33

--
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ABE and ionsABE and ions

�� Electroneutrality must be keptElectroneutrality must be kept

�� HCOHCO33
-- charged, COcharged, CO22 w/o w/o 

chargechargeCl– chargecharge

�� ABE connected with ion ABE connected with ion 
metabolismmetabolism

�� Disturbances in ion Disturbances in ion 
concentrations are most easily concentrations are most easily 
compensated by HCOcompensated by HCO33

--

CaCa2+2+

Na+

K+

MgMg2+2+

Cl–

HCO3
-

prot-

SOSO44
22--, HPO, HPO44

22--, , 
lactate, ketoacidslactate, ketoacids



Hypochloremic alkalosisHypochloremic alkalosis

�� Lack of ClLack of Cl-- is replaced with is replaced with 
increased HCOincreased HCO33

--

�� Change of ration of Change of ration of Cl– �� Change of ration of Change of ration of 

bicarbonate and CObicarbonate and CO22 leads to 
alkalosis

� E.g. vomitting

CaCa2+2+

Na+

K+

MgMg2+2+

Cl–

HCO3
-

prot-

SOSO44
22--, HPO, HPO44

22--, , 
lactate, ketoacidslactate, ketoacids



HH++ and other cationsand other cations
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HendersonHenderson--Hasselbalch equationHasselbalch equation
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log
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•• pKpKaa = 6,1= 6,1

•• [HCO[HCO33
--] = 24 mmol.l] = 24 mmol.l--11

•• [H[H22COCO33] = 1,2 mmol.l] = 1,2 mmol.l--11
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pH change in vomitingpH change in vomiting

�� loss of ca. 0.5 L of gastric juice, pH 0.8loss of ca. 0.5 L of gastric juice, pH 0.8

–– w/o buffer              pH 7,4 w/o buffer              pH 7,4 → > 14→ > 14–– w/o buffer              pH 7,4 w/o buffer              pH 7,4 → > 14→ > 14

–– insulated system     7,4    →   7,9insulated system     7,4    →   7,9

–– opened system     7,4 → 7,415opened system     7,4 → 7,415
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Hypochloremic alkalosisHypochloremic alkalosis

HCl

HCO -

H+

Cl-

CO2

H2CO3

HCO3
-

• Chlorides replaced with bicarbonates

• HCO3
- rises, pCO2 constant

© Martin Vejražka, 2007© Martin Vejražka, 2007



Hypochloremic alkalosisHypochloremic alkalosis

�� Lack of ClLack of Cl-- is replaced with is replaced with 
increased HCOincreased HCO33

--

�� Change of ration of Change of ration of Cl– �� Change of ration of Change of ration of 

bicarbonate and CObicarbonate and CO22 leads to 
alcalosis

� E.g. vomitting

CaCa2+2+

Na+

K+

MgMg2+2+

Cl–

HCO3
-

prot-

SOSO44
22--, HPO, HPO44

22--, , 
lactate, ketoacidslactate, ketoacids



AcidAcid--base equilibriumbase equilibrium

Don‘t think about change in Don‘t think about change in 

HH++ or OHor OH--

but about changes in but about changes in but about changes in but about changes in 

concentration of major ionsconcentration of major ions

pH change is secondary to change of pH change is secondary to change of 

HCOHCO33
-- / pCO/ pCO22 ratioratio
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Proton sourcesProton sources

�� Anaerobic glycolysisAnaerobic glycolysis

1Glc 1Glc →→ 2lactate2lactate–– + 2+ 2HH++1Glc 1Glc →→ 2lactate2lactate + 2+ 2HH

�� LipolysisLipolysis

TAG TAG →→ 3FA3FA–– + glycerol + 3+ glycerol + 3HH++

�� Formation of ketone bodiesFormation of ketone bodies

FAFA––
→→ →→ acetoacetateacetoacetate-- + hydroxybutyrate+ hydroxybutyrate-- + n+ nHH++

„strong“ acids„strong“ acids
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KetoacidosisKetoacidosis

�� Excess of ketoExcess of keto--acid anions acid anions 
leads to decrease of leads to decrease of 
bicarbonate concentrationbicarbonate concentration

Cl–
�� E.g. decompensated diabetes E.g. decompensated diabetes 

mellitus type 1, starvation…mellitus type 1, starvation…

CaCa2+2+

Na+

K+

MgMg2+2+

Cl–

HCO3
-

prot-

SOSO44
22--, HPO, HPO44

22--, , 
lactate, ketoacidslactate, ketoacids



Physiologic saline is „acid“Physiologic saline is „acid“

Cl– Relative excess of 

Na+

Cl–

Na+ Cl–

plasma physiologic saline

Relative excess of 

chloride anions in 

physiologic saline



ABE and potassiumABE and potassium

�� Exchange of KExchange of K++ a Ha H++ on cell on cell 

membranemembrane

–– acidemia acidemia →→ hyperkaliemiahyperkaliemia–– acidemia acidemia →→ hyperkaliemiahyperkaliemia

–– alkalemia alkalemia →→ hypokaliemiahypokaliemia

–– hyperkaliemia hyperkaliemia →→ acidemiaacidemia

–– hypokaliemia hypokaliemia →→ alkalemiaalkalemia



ABE and calciumABE and calcium

�� Exchange of HExchange of H++ and Caand Ca2+2+ on plasma on plasma 
proteinsproteinsproteinsproteins

�� acidemia acidemia →→→→→→→→ hypercalcemiahypercalcemia

�� alkalemia alkalemia →→→→→→→→ hypocalcemiahypocalcemia


