
Disorders of acidDisorders of acid--base equilibriumbase equilibrium

Pathobiochemistry and diagnostics of Pathobiochemistry and diagnostics of 

acidacid--base and mineral metabolismbase and mineral metabolism



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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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



Proton sourcesProton sources

�� Food containsFood contains

–– salts of organic acidssalts of organic acids

compounds metabolised to sulphuric compounds metabolised to sulphuric –– 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

© Martin Vejražka, 2007© Martin Vejražka, 2007



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



Blood buffersBlood buffers

7 %7 %
plasmaplasma

proteinsproteins

3 %3 %

inorganicinorganic
phosphatesphosphates

2 %2 %

organicorganic
phosphatesphosphates

53 %53 %

hydrohydro--
carbonatecarbonate

35 %35 %

haemoglobinhaemoglobin



Bicarbonate bufferBicarbonate buffer

HH22O + COO + CO22HH22O + COO + CO22
HH22COCO33HH22COCO33 HCOHCO33

–– + H+ H++HCOHCO33
–– + H+ H++



HendersonHenderson--Hasselbalch equationHasselbalch equation
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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



Bicarbonate bufferBicarbonate buffer

COCO22 HH++

HH22COCO33

HH22OOHH22OO
HCOHCO33

--

NB: box size does not correspond to concentration!NB: box size does not correspond to concentration!



Bicarbonate bufferBicarbonate buffer

COCO22 HH++

HH22COCO33

HH22OOHH22OO
HCOHCO33

--



Bicarbonate bufferBicarbonate buffer

COCO22 HH++

HH22COCO33

HH22OOHH22OO
HCOHCO33

--



COCO22

Bicarbonate bufferBicarbonate buffer

HH++lungslungs
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COCO22

Bicarbonate bufferBicarbonate buffer

HH++lungslungs

HH22COCO33

HH22OOHH22OO
HCOHCO33

--



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

–– isolated system          7,4    →   7,9isolated 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

--

Metabolic partRespiratory part
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Redistribution of ions among Redistribution of ions among 

compartementscompartements

�� Transport of HTransport of H++, OH, OH–– or HCOor HCO33
–– over over 

membranesmembranes

–– NaNa++--HH++ antiportantiport–– NaNa++--HH++ antiportantiport

–– HH++ -- KK++ exchangeexchange

–– HH++ -- CaCa2+ 2+ exchangeexchange



ABE and ionsABE and ions

�� Electroneutrality must be keptElectroneutrality must be kept

�� thus: ABE influences mineral thus: ABE influences mineral 
metabolismmetabolismCl– metabolismmetabolism

�� Deviations in ion Deviations 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 comensated by is comensated by 
increased HCOincreased HCO33

--

�� Changed ratio bicarbonate /  Changed ratio bicarbonate /  Cl– �� Changed ratio bicarbonate /  Changed ratio bicarbonate /  

COCO22 causes alkalosis

� E.g. in vomiting

CaCa2+2+

Na+

K+

MgMg2+2+

Cl–

HCO3
-

prot-

SOSO44
22--, HPO, HPO44

22--, , 
lactate, ketoacidslactate, ketoacids



KetoacidosisKetoacidosis

�� Excess of βExcess of β--hydroxybutyrichydroxybutyric
and acetacetic acid leads to and acetacetic acid leads to 
decreased bicarbonatedecreased bicarbonate

Cl–
�� E.g. decompensed diabetes E.g. decompensed diabetes 

mellitus, starvation…mellitus, starvation…
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ABE disordersABE disorders

�� Acidemia, alkalemiaAcidemia, alkalemia

–– pH of blood deviationpH of blood deviation–– pH of blood deviationpH of blood deviation

�� Acidosis, alkalosisAcidosis, alkalosis

–– excess/lack of acids/basesexcess/lack of acids/bases



AlkalemiaAlkalemia

�� ↓↓↓↓↓↓↓↓ CaCa2+2+ →→→→→→→→ ↑↑↑↑↑↑↑↑ neuromuscular excitabilityneuromuscular excitability

↓↓↓↓↓↓↓↓ →→→→→→→→�� ↓↓↓↓↓↓↓↓ KK+    +    →→→→→→→→ heart arrhythmiasheart arrhythmias

�� Shift of haemoglobin dissociation curveShift of haemoglobin dissociation curve

→→→→→→→→ tissue hypoxiatissue hypoxia



ABE disordersABE disorders

�� CompensationCompensation

–– Metabolic disorder is compensated by Metabolic disorder is compensated by 

respiration and v.v.respiration and v.v.respiration and v.v.respiration and v.v.

�� CorrectionCorrection

–– Metabolic disorder is corrected Metabolic disorder is corrected 

metabolicallymetabolically

•• respiration: 12 respiration: 12 -- 24 hours24 hours

•• kidney: about 5 dayskidney: about 5 days



Metabolic acidosis (MAC)Metabolic acidosis (MAC)

�� Lactate acidosisLactate acidosis

–– hypoxia, poor lactate degradationhypoxia, poor lactate degradation

�� KetoacidosisKetoacidosis�� KetoacidosisKetoacidosis

–– diabetes, starvation, alcoholism…diabetes, starvation, alcoholism…

�� Renal acidosisRenal acidosis

–– accumulation of sulphates, phosphates…accumulation of sulphates, phosphates…

�� IntoxicationIntoxication



MAC in loss of HCOMAC in loss of HCO33
--

�� Diarrhoea and other loss from GITDiarrhoea and other loss from GIT

�� Renal tubular acidosisRenal tubular acidosis

–– disorder of HCOdisorder of HCO33
-- reabsorption in tubulireabsorption in tubuli

�� Dilution acidosisDilution acidosis

–– large amount of infusions lacking buffering large amount of infusions lacking buffering 

systemsystem

(pCO(pCO22 constant, HCOconstant, HCO33
-- quickly diluted)quickly diluted)



Treatment of MACTreatment of MAC

�� NaHCONaHCO33

�� salts of organic acidssalts of organic acids

–– metabolised to COmetabolised to CO2 2 in Krebs cyclein Krebs cycle

Ringer solution with lactateRinger solution with lactate



Metabolic alkalosis (MAL)Metabolic alkalosis (MAL)

�� Excessive loss of chloridesExcessive loss of chlorides

–– vomiting, diureticsvomiting, diuretics

�� Dehydratation (concentration Dehydratation (concentration 
alkalosis)alkalosis)

�� HypoproteinemiaHypoproteinemia

�� HyperaldosteronismHyperaldosteronism

–– retention of Naretention of Na++ at the expense of Kat the expense of K++ & H& H++



MAL treatmentMAL treatment

�� Arginin chlorideArginin chloride

�� NaClNaCl

–– ClCl-- refillrefill–– ClCl-- refillrefill

–– NaNa22HPOHPO4 4 excreted istead of NaHexcreted istead of NaH22POPO44

–– HCOHCO33
-- dilutiondilution

�� KClKCl

–– additionaly: hypokalaemia correctedadditionaly: hypokalaemia corrected



Liver failureLiver failure

�� AlkalosisAlkalosis

–– hypoproteinaemiahypoproteinaemia

–– hyperaldosteronismhyperaldosteronism

–– ↓ of ureasynthesis from ammonia↓ of ureasynthesis from ammonia



Renal failureRenal failure

�� AcidosisAcidosis

–– phosphate and sulphate retentionphosphate and sulphate retention–– phosphate and sulphate retentionphosphate and sulphate retention

–– poor urine acidificationpoor urine acidification



Combined ABE disordersCombined ABE disorders

�� MAC + MALMAC + MAL

–– vomiting + starvationvomiting + starvation

–– vomiting + diarrhoeavomiting + diarrhoea

–– renal failure + uraemic vomitingrenal failure + uraemic vomiting

–– hepatorenal failurehepatorenal failure

�� MAC + RALMAC + RAL

–– salicylate intoxicationsalicylate intoxication



Combined ABE disordersCombined ABE disorders

�� 22×× MACMAC

–– decompensated diabetes mellitusdecompensated diabetes mellitus–– decompensated diabetes mellitusdecompensated diabetes mellitus

ketoacidosis + hypovolaemia ketoacidosis + hypovolaemia →→ lactate MAClactate MAC

�� RAC + MACRAC + MAC

–– cardiopulmonary failurecardiopulmonary failure


