List of contents

List of contents

1 Introduction 1
2 Literature review 3
2.1 POMASSIUIL .oeonieiceiict ettt st s s b bbb bbb e b e s b b et ae s ene s 3
2.1.1  Characteristics Of POtasSili..........cccoeurieminmmiiniii et 3

2.1.2  Physiological role of POtasSitMi.........ceevvveeeviieemmeineineenr et st enas 4

2.1.3  Potassium NOMEOSTASIS ..c.eoreveitrurriruriirnrircererieecennee s eseereecsaers s stsse st sas e 4

2.1.4  Disorders of potassium balance..........cccvcvereierinecinniennieecii i 6
2.1.4.1 HypoKalemia.......ccovviiiiiiiiiiicriercec it 7

2. 1411 DEfIITION ....coiii ettt cere e res st 7

2.1.4.1.2 Etiology and pathophysiology ... 7

2.1.4.1.3  Clinical SYMpPtOMS .....ccoeveiirieniiiieiiiiriee ettt s 10

2.1.4.2 HyperKalemia.........ccoovciniieeoreieiiecniiininici i enee 11
2.1.4.2.1  Definition...coo.oviiiiiiciniirccccinnese it 11

2.1.42.2 Etiology and pathophysiology ......ccccociveriimercncncinninciiii s 12

2.1.42.3  Clinical SYMPIOMS .......ccciecirrieiiniiie et en s san e 13

2.1.5  Relationship between muscle potassium and plasma potassium...............cc.ceeueen. 14

2.2 SO oottt 15
2.2.1  Characteristics of SOQIUM ......ccccocoiviiec s 15

222 Physiological role of SOGIUM ......cooevriiviiiernc et s 15
223 Sodium hOMEOSLASIS .....coveeeiieriereneiiiee et et seeneesneen ... 15

2.2.4  Disorders of sodium balance ...

22.4.1 Hyponatremia..... .17
22.4.1.1  Definition.....cococveornmeeiiieniicnecee e 17
2.2.4.1.2 Etiology and pathophySiology .......ccooecirviiriniiioren e 17
2.2.4.1.3  Clinical SYMPUOIMS .......cotruierriirrcmieirirerereeeete e s seasis st ers e seaenenes 18

2.2.4.2 HyPErNATemIa. ......cocoiviriiniiiicniiient e s sss s s s enssssasns 19
2.24.2.1  DEfINItION...c.ciiiiiiiiiieiee ettt e 19
2.2.42.2 Etiology and pathophySiology ........ccocccecccimnnernreieniiiiiniiiisciicnns 19
2.2.42.3  Clnical SYMPIOMS .....covovvivieeiriericeerenieeniseeseecsesesasrreeerssenesessiesesensesess 20

|
Bibliografische Informationen HE
digitalisiert durch 1 L
http://d-nb.info/1074120450 ‘BI THE


http://d-nb.info/1074120450

List of contents

2.3 Pre-analytical fACIOTS......ccoovieiieiieiie vttt 20
2.4 Standard test methods for determination of sodium and potassium in body fluids......... 22
24.1  Instruments for measurements of potassium and SOdiUM..........oeevvevrvrrrrierirennns 22
2.4.1.1 Flame atomic SPECIIOSCOPY -.....cueurrieuemiriimriricerieciecircersraeteereresersneensneresesssenees 22
2.41.1.1 Flame atomic emission SPECITOSCOPY ......cuuvviriiivenierienmreemressiineimcenasennes 23
24.1.12 Flame atomic-absorption SPECIIOSCOPY ...c.coveereerirrerirntisreriereesiereereaeereneens 23
2.4.1.1.3  Flame atomic fluorescence SPeCtrOmMEIrY ......cccevevviverirerevenireenernsireereens 24
2.4.1.2 Tonselective electrode.........ooooiiiiiiiiiiiiiiiiiiccic e 24
2.4.1.2.1 Solid-state membrane electrodes.........c..cccoveiveeiireniirnennecencceeeae 26
2.4.1.2.2 Liquid ion selective electrode..........covveririnieiieniiiinieineeccnere e 27
2.4.1.2.3  Glass membrane electrodes ..........ocvmiveeviiiniicinecc e 27
2.4.1.3 Inductively coupled plasma SPECIIOMELTY ......cccvvrevirrcreniveireeeneerenennennees 27
2.4.1.4 Flow injection analySis .........cc.eeorereruiririerienienirei sttt 28
Objectives 30
Materials and methods 31
4.1 General infOrMation .....c....ouiueerieeriieceireen et st ee s e e eebens 31
4.1.1  Origin of blood samples and muscle BIOPSIES ........c.vvreeriiiiiirinicinceen e 31
412 SAMPUNG ..ttt ettt n e 31
4.1.3  SAMPIE PrOCESSING ..vvrreueriieeirrerreereerenesretermeeneereieeaeseseeneseete e s mraessoaesssacrsassians 32
4.2 Trial I, agreement analysis between FAES (AAS, SOLAAR M6) and ISE (EML™
05 )ttt et e ekt e e et 33
42.1  Standardization of ISE (EML™ 105) and FAES (AAS, SOLAAR M6)................. 34
422  Measurement of total potassium and sodium concentration by FAES (AAS,
SOLAAR MB) ..ottt ettt 35

4.2.2.1 Calibration of FAES (AAS, SOLAAR M6) ...
4.2.2.2 Measurement Ofi SAMPIES......ccccveiriirireiniiren e 36

423  Measurements of potassium and sodium ion concentration by direct ISE

(EML™ 105).... oo eeeese e st saeee s e eess s sesen s sess s ess e senss s 38

423.1 Calibration of ISE (EML™ 105) .. .ot 38
4.2.3.2 Measurement of SAMPES........ococoiviniiiiiiiiin e 38
4.2.4  Blood a5 analysis ......ccceceiermeoiiiiciiiiiiiti e s 40

uy



List of contents

42.5  Determination of total protein, albumin, globulin and cholesterol...............ccc.c.... 41
42.6 Determination of water mass concentration . .42
4.2.7  Statistical ANALYSIS. . ..coveveeiieeirerei e ettt ...42
4.3 Trial I1, pre-analytical factors (effect of storage duration and temperature)........c........... 43
431 ADIMAIS. ittt e r e er e 43
4.3.2  Blood samples and sampling procedures........c..ociriiieciiiccinnimieencee e 43
433  Measurement of potassium and sodium i0ns CONCENIrAtION......ccoivvviriniierrerernnes 44
4.3.4  Blood gas analysis ......c.ccccoerieceiineienreiiii it 44
4.3.5  StatiStical ANALYSIS.......ccvroerrerireeirriienesieee et st 45
4.4 Trial III, effect of in vitro hemolysis on potassium ion concentration.............c.coeueveuenee 45
441 ADIMALS..c.oiiioiiicitiei ettt s e bbb 45
442  Blood samples and sampling procedures............coouveiniiiiieisiniciiicin s 45
443  Measurements of plasma potassium cONCentration ............ccoevivemeeinieiiiieiinininnne 46
444  Measurements of free plasma hemoglobin levels (FPHgb).........cccoovniiiiinnn. 47
4.4.5  Statistical @nalysis..........ccooevirieieiiiniiii e e 47
4.5 Trial IV, the relationship between muscle and plasma potassium concentrations........... 47
451 ANIMALS ..o s 47
452  Blood samples and sampling procedures............oouviiiviniiiminninninieciee 48
453  Measurement of potassium and sodium in plasma.............coeeeiiiiiniiiniininnnns 48
4.5.4  Blood gas analysis ..........ccccceveeeninnininieniiintsi e s 48
4.5.5  MUSCIE BIOPSY .cviiiieiecieciecr s s 49
4.5.5.1 Sampling teChNIQUE......cc.cmurinieiiiiicerriceee ettt e 49
4.5.5.2 Measurement of potassium and sodium content in muscle biopsy samples...... 50
4.5.6  StatistiCal ANALYSIS.....c.vveeeiieciriiiere s et 50
5 Results 53
5.1 Trial 1, agreement analysis between FAES (AAS, SOLAAR M6) and ISE
(EMLTM 105} ettt ettt et e et sb st st s enn 53
5.1.1  Results of standardization PrOCESS.......cc..ccrrrertrmeerrerrnurneereeensseerserereseereeniensssasons 53
5.1.2  Agreement analysis between FAES (AAS, SOLAAR M6) and ISE
(EMLT™ 105).c.ciiieeriitietniceretniercreisies s enerer e sessaesn e st ssb s st st renins 54

(I



List of contents

10
11
12
13
14

5.1.3  Effects of total protein and cholesterol contents and pH on results of

potassium and sodium measurements obtained by FAES (AAS,

SOLAAR M6) and ISE (EML™ 105) ......ccccuvrrmiimemnecnmimneeerereerieesesnerenen: 58

5.2 Trial II, pre-analytical factors (effect of storage duration and temperature).................... 68

5.3 Trial I, effect of in virro hemolysis on potassium i0n CONCEeNtration...........veereevenevenes 78

5.4 Trial IV, the relationship between muscle and plasma potassium concentrations........... 81

Discussion 87
6.1 Trial I, agreement analysis between FAES (AAS, SOLAAR M6) and ISE

(EML™ 105) oo eeeeeeeeeeseesssaess e ees s s e 87

6.2 Trial I, pre-analytical factors (effect of storage duration and temperature).................... 91

6.3 Trial III, the effect of in vitro hemolysis on potassium ion concentration in bovine

BloOd SAMPLES ....cveeceireceeiccce e s 96

6.4 Trial IV, the relationship between muscle and plasma potassium concentrations........... 98
Conclusions 103
Summary 105
Zusammenfassung 109
References 113
Appendix 129
List of publications 147
Acknowledgements 148
Seibstindigkeitserklirung 149

vy



