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Errata 
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In dem Beitrag von E. Nieschlag und E. J. Wickings, diese Z. 13, 2 6 1 - 2 7 1 (1975) müssen die Formelschemata (Abb. 2 u. 3) auf 
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Chloramphenicol 372 
Chlorid 

Blut 217 
— , Fehler, lagerungsbedingte 

217 
- , Plasma 217 
— , Fehler, lagerungsbedingte 

217 
- , Serum 203 
— , mit dem GSA II 203 

, Interferenzen 203 
Cholestase 
- , Lipoprotein X 242 
- , Phosphatase, alkalische 242, 

277 
— , Rattenleber 277 
Cholesterin 
- , Blut 217 
— , Fehler, lagerungsbedingte 

217 

Cholesterin 
- , gesamtes 493 
— , Bestimmung 493 

, enzymatische 493 
, mit Zentrifugalana-

lyzern 493 
- , Hyperüpidämie 61 
- , Methodenvergleich 247 
- , Myotonie 225 
— , experimentelle, Ratte 225 
- , Plasma 217 
— , Fehler, lagerungsbedingte 

217 
- , Serum 117 
— , Bestimmung, enzymatisch-

kinetische 117 
- , Veresterung 246 
Cholesterinester 
- , Bestimmung 231 
— , gaschromatographische 231 
Cholinesterase 
- , Serum 
— , Dibucainzahl 133, 259 

, mit Succinylbischolin 
133 

— , Varianten 133 
, Eingruppierung 133 

Cholinoxidase 
- , Gewinnung 133 
Chromatographie s. a. Dünn
schicht-, Gas-, Gel-, Papier-
- , Jodthyronin 563 
- , Thyroxin 97 
Chymodenin 372 
Chymotrypsin 
- , Hemmung 429 
— , Proteaseinhibitoren 429 
Ciliotoxizität 
- , Zigarettenrauch 325 
— , und Adenylatkinase 325 
Citrullin 

bei Leukodystrophie 239 
Clearanceraten 
- , Steroide 319 
— , Leber 319 
CO2 s. a. Kohlendioxid 
--, Blut 217 
— , Fehler, lagerungsbedingte 

217 
- , Plasma 217 
— , Fehler, lagerungsbedingte 

217 
Coeruloplasmin 
- , Methodenvergleich 117 
- , Serum 445 
— , Bestimmung 445 

, enzymatische 445 
, immunologische 445 

— , Heterogenität 445 
— , Geschlechtsunterschiede 

445 
— , Methodenunterschiede 445 
- - , und Östrogeneinnahme 445 
Co mp u terprogr amm 
- , Radioimmunassay 511 
Concanavalin-A. 
-, 7-Glutamyltransferase 251 
Corticosteroide 
- , Bindungsglobulin 291 
Cortisol 
- , Gewebsverteilung 250 
- , Liquor 245 
- , Plasma 245, 351 
— , Mutter 351 

, während Wehen 351 
, während Entbindung 

351 
— , Foetus 351 
- — , während Wehen 351 

, nach Geburt 351 



Cortisol 
—, Proteinbindungsanalyse 173 
- , Radioimmunoassay 173 
- , Transcortinbindung 291 
Corynebacterium 
- , Steroidabbau 41 
Cyclophosphamid 

und Dünndarm 254 
Cytidindesaminase 
- , 2LUSE. coli 149 
— , Gewinnung 149 
—,KM 149 
Cytochrom 
- , und Ascorbinsäure 372 
Cytochrom b 2 
- , Lactatbestimmung 533 
— , mit Lactatsensor 533 
Cytochrom b s 370 
Cytochrom-Oxidase 133 
Cytochrom P-450 373, 375, 
376 
- , Carben-Komplexe 376 

Dansylchlorid 381 
Darmerkrankungen 
—, Serotonin 575 
— , Harn 575 
Dehydroepiandrosteron 
- , Abbau, bakterieller 41 
- , Radioimmunassay 261 
TV-Demethylierung 374 
Desmosterin 
- , Myotonie 225 
— , experimentelle, Ratte 

225 
Desoxycorticosteron 
- , Serum 143 
- , Normalwerte 143 
— , Papierchromatographie 

143 
— , Radioimmunoassay 143 
Deuteriummagnetische Reso
nanzmessungen 368 
Dialyse 
- , Phosphatase, alkalische 

246 
— , Isoenzyme 246 
20.25-Diazacholesterol 225 
Dibucainzahl 133 
Digoxin 

Radioimmunassay 257 
Dihydrotestosteron 333 
- , Plasma 249 
— , Radioimmunassay 249 
Dijodthyronin 
- , Jodierung 563 
5,8-Dioxo-6-amino-7-chloro-
chinolin 371 
Disaccharidasen 

Hormoneinfluß 254 
— , Glucoseabsorption 254 
Dopa 
- , Harn 252 
— , Bestimmung 252 

, mit Katecholaminauto-
analyzer 252 

Dopamin-j3-hydroxy1ase 
- , Serum 273 
— , Bestimmung 273 
— , Eigenschaften 273 
Druckaufgabe 129 
Druckfiltration 
- , Liquor 79 
Dünndarm 
- , Okklusion 253 
- , und Verdauung 253 

nach Cyclophosphamid 254 
Dünndarmschleimhaut 

, Phosphatase, alkalische 437 

Dünnschichtchromatographie 
s. a. Chromatographie, Gas-, 
Gel-, Papier-
- , Katecholamine 273 
- , Katecholaminmetaboliten 

273 
- , Koproporphyrin 299 
- , 3-Methoxy-4-hydroxyphe-

nyläthylenglykol 231 
— , bei Neuroblastoma 231 
- , Östriol 381 
- , Tryptophan 273 
- , Tryptophanmetaboliten 273 

EDTA 
- , Inhibitor 273 
— , Dopamin-/3-hydroxylase 

273 
Eisen 
- , Bestimmung 21 
— , Centrifichem 21 
Elektrode 
- , ionenselektive 197, 256 
— , Fluoridbestimmung 197 

, in Knochenproben 197 
Elektrolyte 
- , Bestimmung 256 
— , mit Elektroden 256 
Elektronentransportkette 
- , mikrosomale 370 
— , Proteine 370 

, Struktur 370 
Elektrophorese 
- , 0-N-acetylglucosaminidase 

413 
- , Liquor 79, 137 
Enzyme 
- , Aktivität 355, 499 
— , Alterabhängigkeit 355 
— , nach Aufbewahren der 

Proben 355 
, Plasma 355 
, Serum 355 

— , Geschlechtsabhängigkeit 
355 

— , und Probenahme 499 
- , Konzentration, katalytische 

471 
— , Messung 471 

, IFCC-Empfehlung471 
, Methodenwahl 471 
, Reaktionstemperatur 

471 
- , Maus 499 
- , Ratte 499 
- , Steroidstoffwechsel 333 
Erythrocyten 
- , ATP 461 
- , L-Glutamat-L-Cystein-7-

Ligase 157 
— , Normalwerte 157 
- , Enzyme 250 
— , Methodenvergleich 250 
— , Purinstoffwechsel 251 
- , Uroporphyrinogen I-Syn-

thetase 259 
— , Bestimmung 259 
Escherichia coli 
- , Steroidabbau 42 
Extinktionskoeffizient 
- , Glykocyamidin 53 
- , Glykocyamin 53 
- , Guanidinverbindungen 53 
- , Hydantoinverbindungen 

53 
- , Kreatin 53 
- , Kreatinin 53 

NADH 507 
- , NADPH 507 

Extraktion 
- , Hormonanalytik 173 
- , Lipide 231 

Faeces 
- , 5'-Nucleotidase 437 
- , Phosphatase, alkalische 437 
Färbung 
- , Liquorelektrophorese 79 
Faktor VII/X 75 
Fehler 
- , lagerungsbedingte 217 
Fettsäuren 
- , freie 407 
— , Serum 407 

, Mikrobestimmung 407 
, Veresterung 407 

- , Gaschromatographie 231 
- , Liquor 183 
- , Resorption 553 
— , Jejunum 553 

, Ratte 553 
Fettstoffwechsel 
- , Störungen 246 
- - , nach Nierentransplanta

tion 246 
Fibrinogen 75 
Fließschema 
- , Glucose 101 ,541 
- , Harnsäure 89, 549 
- , Hydroxyprolin 549 
Fluorcarbon FC 43 
- , Leberperfusion 319 
— , Steroidstoffwechsel 319 
— , Östrogene 319 
Fluorid 
- , Bestimmung, potentiometri-

sche 197 
— , in Knochenproben 197 
Fluorimetrie 

5-Hydroxyindolessigsäure 
283 

- , Östriol 381 
Füttern 
- , Normalbereich 401 
— , Einfluß auf 401 
Funktionskriterien 
- , Vitalität 2 5 , 3 1 
— , Zellen, isolierte 25, 31 

Galaktose 
- , Absorption 253 
Galle 
- , Phosphatase, alkalische 437 
Gallensäuren 243 
Gamma-Spektrometrie 
- , Zählgerät für Filmstreifen 

481 
Gangliosidosis 413 
Gaschromatographie/Massen-
spektrometrie 
- , Aminosäuren 248 
- , Cholesterinester 231 
- , Extraktionskammer 545 
— , Blutgase 545 
- , Fettsäuren 231 
- , Kohlendioxid 545 
— , Blut 545 
- , Lachgas 545 
- , Lecithin 231 
- , Luftanalyse 129 
- , Sauerstoff 545 
— , Blut 545 
- , Triglyceride 231 
Gastrektom ie 
- , 5-Hydroxytryptamin 247 
- , Serotonin 247 
Gelfiltration 
- , Transcortin 291 

Gerinnungsanalysen 
- , Qualitätskontrolle 75 
Gesamteiweiß 
- , Blut 217 
— , Fehler, lagerungsbedingte 

217 
- , Liquor cerebrospinalis 137 
— , Altersabhängigkeit 137 
— , Normalbereich 137 
- , Plasma 217 
— , Fehler, lagerungsbedingte 

217 
Geschlechtsabhängigkeit 
- , Coeruloplasmin 445 
- , Desoxycorticosteron 143 
- , Enzymaktivität 355 
a i-Globulin 
- , Liquor cerebrospinalis 137 
<*2-Globulin 
- , Liquor cerebrospinalis 137 
/^-Globulin 
- , Liquor cerebrospinalis 137 
Globuline 
- , Hormon bindende 250 
— , bei Lebercirrhose 250 
Glucose 
- , Absorption 254 
- , Bestimmung 541 
— , AutoAnalyzer 541 
— , mit Glucosedehydroge-

nase 252 
— , Hexokinasemethode 541 

- , Plasma 187 
— , Glucose-Dehydrogenase-

Methode 187 
— , enzymkinetische Be

stimmung 187 
Glucosedehydrogenase 
- , Aktivitätsbestimmung 101 
- , Gewinnung 101 
- , Glucosebestimmung 101, 

252 
— , Autoanalyzer 101 

, Fließschema 101 
— , enzymkinetische 187 
— , Farbtest 101 
— , Methode, kinetische 101 

, mit Zentrifugalanalysator 
252 

— , UV-Methode 101 
, Richtigkeit 101 

- , Hemmung, kompetitive 187 
- , Spezifität 101 
- , Störsubstanzen 101 
Glucosetoleranztest 
- , nach Magenresektion 254 
Glutamatdehydrogenase 
- , Leber 241, 311 
— , inhomogene Verteilung 241 
— , Methodik 311 
— , Verteilung 311 
L -Glu tamat-Z.-Cy stein-7-Ligase 
- , Erythrocyten 157 
— , Normalwerte 157 
7-Glutamyltransferase 
- , und Concanavalin-A 251 
Glutathion 
- , Biosynthese 157 
Glutathionreduktase, NADPH-
abhängige 
- , Serum 123 
— , Bestimmung 123 
— , Eigenschaften 123 
- - , Inhibitoren 123 
Glycerinaldehydphosphatdehy-
drogenase 325 
- , Trachea 325 
— , Goldhamster 325 
Glykocyamidin 
- , Extinktionskoeffizient 53 



Glykocyamin 
—, Extinktionskoeffizient 53 
—, UV-Spektrum 53 
Goldhamster 

Trachea 325 
, Adenylatkinase 325 
, Glycerinaldehydphosphat-

dehydrogenase 325 
Granaticin 
- , RNA-Synthese 371 
— , Hemmung 371 
Greiner Electronic Selective 
Analyzer s. GSA II 203 
G S A II 
- , Chlorid 203 

, Serum 203 
, Kalibrium 203 

Guanidinverbindungen 
—, Extinktionskoeffizient 53 
Hämatokrit 
—, Ratte 499 
Hämatologie 
—, Automation 387 
—, Qualitätskontrolle 395 
— , mit Patientenwerten 395 
Hlämolyse 
—, Bilirubin 461 

,und ATP 461 
—, nach Bromsulfalein 257 
Hlalothan 
- , Hepatotoxicität 376 
Hlarn 
- , Adrenalin 341 
— , Normalwerte 341 
- . , Dopa 252 
— , Bestimmung 252 
- . , Noradrenalin 341 
— , Normalwerte 341 
- . , Glucose 541 
— , Bestimmung 541 

, Auto-Analyzer 541 
- . , Hydroxyprolin 549 
— , automatische Bestim

mung 549 
-„ Östriol 163 
— , Bestimmung 163 
-„ Schwangeren- 381 
--.Östriol 381 

, Fluorimetrie 381 
-„ Serotonin 575 
— , nach gastrointestinalen 

Operationen 575 
-Steroide 41 

, Abbau, bakterieller 41 
—,, Steroidkonjugate 163 

, Hydrolyse 163 
, enzymatische 163 
, Hemmung 163 

Harnsäure 
—, Bestimmung 244 
— , mit NAD 244 
- , Bestimmung, kinetische 169 
— , in Gegenwart von KSCN 

169 
Blut 217 

— , Fehler, lagerungsbedingte 
217 

- , Plasma 217 
— , Fehler, lagerungsbedingte 

217 
- , Serum 89 
— , maschinelles enzymati

sche s Verfahren 89 
, Fließschema 89 
, Interferenzen 89 
, Methodenvergleich 89 

Harnsteinanalyse 255 
Harnstoff 

Bestimmung, kinetische 244 

Harnstoff 
- , Blut 217 
— , Fehler, lagerungsbe

dingte 217 
- , Plasma 
- - , Fehler, lagerungsbe

dingte 217 
Hemalog 395 
- , Evaluation 387 
Hepatitis 
- , Phosphatase, alkalische 437 
— , Faeces 437 
Hejfatocyten, Isolierung 25 
Herzinfarkt 
- , Diagnostik 85 
— , Kreatinkinase 85 
Hirntumoren 
- , Antigen, carcinoembryo-

nales 245 
Homocystein 
- , bei Leukodystrophie 239 
Hormonanalytik 
- , automatisierte 173 
— , simultane Säulenchromato

graphie 173 
Hormone, intestinale 254 
Hydantoinverbindungen 
- , Extinktionskoeffizient 53 
Hydrolasen 
- , mikrosomale 371 
— , und Arzneimittelstoff

wechsel 371 
Hydrolyse 
- , enzymatische 163 
— , Steroidkonjugate 163 

, Hemmung 163 
, Methodenvergleich 163 

3-Hydroxyanthranilsäure 1 
a-Hydroxybutyrat-Dehydro-
genase 
- , Plasma 355 
— , Hund 355 
— , Mensch 355 
— , Ratte 355 
- , Serum 355 
— , Hund 355 
— , Mensch 355 
— , Ratte 355 
8-Hydroxychinaldinsäure 1 
5-Hydroxyindolessigsäure 
- , Liquor 283 
— , Fluorimetrie 283 
Hydroxylierung 
- , durch Cytochrom P-450 

373 
— , Sauerstoff, aktivierter 373 
Hydroxyprolin 

Ausscheidung 255 
- - , Knochentumoren 255 
- , Harn 549 
— , automatische Bestim? 

mung 549 
, Fließschema 549 

5-Hydroxytryptamin 
- , nach Gastrektomie 247 
- , Harn 575 
Hyperlipidämien 
- , Differenzierung 61 
— , Methodenvergleich 61 
- , Epidemiologie 257 
- , Triglyceridumsatz 242 
Hypothyreose 
- rT3 571 
— , Serum 571 
IgA 
- , Liquor 245 
— , Normbereich 245 
- , Serum 245 
— , Normbereich 245 

IgG 
- , Küvettenschnelltest 248 
- , Liquor cerebrospinalis 137, 

245 
- - , Altersabhängigkeit 137 
— , Normalbereich 137, 245 
- , Serum 245 
— , Normbereich 245 
IgM 

Liquor 245 
— , Normbereich 245 
- , Serum 245 
— , Normbereich 245 
Immunisierung 
- , gegen Steroide 261 
Immunpräzipitation 
- , mechanisierte 117 
Immuntitration 
- , Kreatinkinase 85 
- , Phosphatase, alkalische 277 
— , aus Rattenleber 277 

, nach Gallengangsligatur 
277 

Inhibitoren 
- , und enzymkinetische 

Glucose-Bestimmung 187 
- , kompetitive 169 
— , zur kinetischen Substrat

bestimmung 169 
- , A4-3-Oxosteroid-5a-reduk-

tase 333 
Isoenzyme 

Aspartataminotransferase 
179 

--»Temperaturverhalten 179 
- , Kreatinkinase 85 
— , Bestimmung 85 
— , Herkunft 85 

Phosphatase, alkalische 260 
— , Bestimmung 260 

, immunologische 260 
Isotope 
- , Calcium 417 
Jejunum 
- , Ratte 553 
— , Fettsäureresorption 553 
Kalibration 
- , Standards 523 
Kalium 

Blut 217 
— , Fehler, lagerungsbedingte 

217 
- , Plasma 217 
— , Fehler, lagerungsbedingte 

217 
Kallikrein 
- , Hemmung 429 
— , Proteaseinhibitoren 429 
Kappaket ten 
- , Liquor 305 
— , Panencephalitis, sklerosie

rende 305 
— , Sklerose, multiple 305 
- , Serum 305 
— , Panencephalitis, sklero

sierende 305 
— , Sklerose, multiple 305 
Katecholamine 
- , Dünnschichtchromato

graphie 273 
- , Harn 341 
— , Säulenchromatographie 

341 
— , Trihydroxyindolme-

thode 341 
Ketogenese 
- , Leber 241 
Klinischer Chemiker 
- , Aufgaben 465 

Knochen 
- , Fluoridbestimmung 197 
Körperflüssigkeiten 
- , Arzneimittel 254 
— , Anreicherungsverfahren 

254 
Metaboliten 254 

— , Anreicherungsverfahren 
254 

Komplement 258 
Koproporphyrin I und III 
- , Trennung 299 
— , Dünnschichtchromato

graphie 299 
Koproporphyrin III 
- , Porphyrin 299 
- , Bleivergiftung 299 
Kohlendioxid s. a. C 0 2 
- , Blut 545 
— , Gaschromatographie 545 
Kohlenwasserstoffe 
- , Liquor 183 
Konzentrierung 
- , Liquor 79 
— , Druckfiltration 79 
— , Ultrafiltration 79 
— , Vakuumfiltration 79 
Kreatinkinase 
- , Serum 85, 251 
— , Bestimmung 251 
— , Isoenzyme 85 

, Herkunft 85 
, Bestimmung 85 
, Immuntitration 85 
, Herzinfarkt 85 

Kreatinin 
- , Bestimmung 244 
— , Störung durch Bilirubin 

244 
- , Extinktionskoeffizient 53 
- , p K - W e r t e 5 3 
— , Ermittlung, spektral-

photometrische 53 
- , UV-Spektrum 53 
Kupfer 
- , Serum 489 
— , Atomabsorptionsspektro-

metrie 489 
Laboratoriumstiere 
- , Auswahl 517 
- , Blutentnahme 517 
- , Blutgewinnung 499 
— , Methodenvergleich 499 
- , Klinisch-chemische 

Parameter 
— , Bestimmung 517 
- , Referenzwerte 517 
Lachgas 

Blut 545 
— , Gaschromatographie 545 
Lactat 

Bestimmung 533 
— , schnelle 533 

, mit Lactatsensor 533 
- , Bildung 
— , in vitro 533 

, im Blut 533 
- , Sensor 533 
— , Korrelation 533 

, zu enzymatischer Me
thode 533 

Lactatdehydrogenase 
Aktivierungsenergie 17 

-, Arrhenius-Plot 17 
Bestimmung 

— , bei verschiedenen Tempe
raturen 17 
, erforderliche Bedingun

gen 17 



Lactatdehydrogenase 
- , Plasma 355 
— , Hund 355 
— , Mensch 355 
— , Ratte 355 
- , Serum 355 
— , Hund 355 
— , Mensch 355 
— , Ratte 355 
Lambdaketten 
- , Liquor 305 
— , Panencephalitis, sklero

sierende 305 
— , Sklerose, multiple 
- , Serum 
— , Panencephalitis, sklero

sierende 305 
— , Sklerose, multiple 305 
Leber 
- ,Cirrhose 191 

porto-cavale Anastomose 
191 
»Aminosäuren 191 

,Blut 191 
—»Globuline 191 

, Hormon bindende 191 
- , Glutamatdehydrogenase 

311 
— , Verteilung 311 

, inhomogene 241 
- , und Halothan 376 
- , Homogenat 256 
— , UDP-Glucuronyltrans-

ferase 256 
Mikrosomen 371 

— , Carboxylesterasen 371 
- - , Oxydasen, mischfunktio-

nelle 374 
— , Testosteronstoffwechsel 

374 
Nekrose, zentrale 311 

- , Parenchymzellen 25 
— , Isolierung 25 
- .Perfusion 2 4 1 , 2 4 3 , 3 1 9 , 

376 
— , Fluorcarbon FC 43 319 

, Steroidstoffwechsel 
319 

— , Organspektrophotometrie 
376 

- , Phosphatase, alkalische 242 
- , Ratte 241 
— , Acetatbildung 241 
— , Ketogenese 241 
— , Phosphatase, alkalische 

277 
, nach Gallengangsligatur 

277 
, Immuntitration 277 

- , UDP-Glucuronyltransferase 
69 

— , Bestimmung 69 
— , Normalwerte 69 
- , Zellen 375 
— , isolierte 375 

, und Arzneimittelstoff
wechsel 375 

, Lebensfähigkeit 375 
, Kriterien 375 

Zellinhomogenität 311 
— , Bedeutung, diagnostische 

311 
Lecithin 

Bestimmung 231 
— , gaschromatographische 

231 
L -Leu cin-4-n i tro an i lid 
- , Substrat 45 
— , von Aminopeptidasen 45 
— , von Arylamidasen 45 

Leukodystrophie, metachroma
tische 
- , -Aminosäureanalyse 239 
Lipide 
- , Serum 243, 327 
— , Bestimmung 243 
— , Klärung 327 

, durch Extraktion 327 
Lipämie 327 
Lipidmembranen 
- , Dynamik 368 
- , Struktur 368 
Lipoproteine 61 
- , Cholesterin 61 
- , Phänotypen 255 
— , und bakterielle Kont

amination 255 
- , Serum 243 
— , Bestimmung 243 
Lipoprotein X 

Cholestase 242 
- , bei Neugeborenen 256, 257 
Liquor 
- , AMP, cyclisches 245 
- , Cortisol 245 
- , Elektrophorese 79, 137 
— , Färbung 79 
- , Fettsäuren, freie 183 
- , Gesamteiweiß 137 
- , Glucose 541 
— , Bestimmung 541 

, Auto-Analyzer 541 
- , 5-Hydroxyindolessigsäure 

283 
— , Fluorimetrie 283 
- , IgA 245 
- , IgG 137 ,245 
- , IgM 245 
- , Kappaketten 305 
— , Panencephalitis, sklerosie

rende 305 
— , Sklerose, multiple 305 
- , Kohlenwasserstoffe 79 
- , Konzentrierung 79 
— , Druckfiltration 79 
- , Lambdaketten 305 
— , Panencephalitis, sklero

sierende 305 
— , Sklerose, multiple 305 
- , Probeverwahrung 79 
- , Proteinfraktionen 137 
- , Ultrafiltration 79 
— , Vakuumfiltration 79 
Luftanalyse 
- , Gaschromatographie/Mas-

senspektrometrie 129 
— , Probenaufgabe 129 
— , Probennahme 129 

Magenerkrankungen 
- , Serotonin 575 
— , Harn 575 
Magenresektion 

Glucosetoleranztest 254 
Magnesium 
- , biolog. Material 254 
Magnesiummangel 

Tumorzellen 361 
— , Permeabilität 361 
Malatdehydrogenase 
- , mitochondriale 509 
— , Schweineherz 509 

, KM Oxalacetat 509 
Massenspektrometrie vgl. auch 
Gaschromatographie 129 
Maus 
- , Enzyme 499 
Mechanisierung 
- , Hormonanalytik 173 

Membranen 
- , Lipid- 368 
- , biologische 369 
— , Lipid-Protein-Wechsel-

wirkung 369 
, elektrostatische 369 
, hydrophobe 369 

- , Struktur 369 
— , Einfluß von Phospholi-

piden 369 
, auf NADH: Semidehy-

droascorbat-Oxydo-
reduktase 369 

Metaboliten 
- , Anreicherungsverfahren 254 
M e thode nvergle ich 
- , Arylamidase 51 
- , Blutgewinnung 499 
- , Cholesterin 247 
- , Steroide 261 
2- Methoxyäthanol 
- , Umesterung von Fettsäu

ren 231 
3- Methoxy-4-hydroxyphenyl-
äthylenglykol 
- , Dünnschichtchromatogra

phie 213 
- , bei Neuroblastoma 213 
a-Methyldopa 
- , und Katecholaminbestim-

mung 341 
a-Methylglucopyranosid 
- , Aufnahme 361 
Methylthymolblau 

Calciumbestimmung 248 
Metopiron 143 
Mic/uze/is-Konstante 
- , Malatdehydrogenase 509 
— , Oxalacetat 509 
- , Zwei-Substrat-Reaktion 509 
Micrococcus 
- , Steroidabbau 41 
Mitomycin 371 
Monooxygenase 376 
Mucopolysaccharidose III B 
285 
Myotonie 
- , experimentelle, Ratte 225 
— , Cholesterin 
— , Desmosterin 225 
NADH 
- , Extinktionskoeffizienten 

507 
NADH: Semidehydroascorbat-
Oxydoreduktase 369 
NADPH 
- , Extinktionskoeffizienten 

507 
NADPH: Coenzym Qi0-Oxy-
doreduktase 374 
Natrium 
- , Blut 217 
— , Fehler, lagerungsbedingte 

217 
- , Plasma 217 
— , Fehler, lagerungsbedingte 

217 
Nebennierenrinde 
- , Stimulation 143 
Nephropathien 
- , Ratte 246 
Neugeborene 
- , Lipoprotein-X. 256, 257 
- rT3 571 
— , Serum 571 
Neuroblastom 
- , sezeruierendes 213 
— , 3-Methoxy-4-hydroxy-

phenyläthylenglykol 213 

Neutronenaktivierungsanalyse 
- , 4 6 C a 4 1 7 
Niere 
- , Tubuli 31 
— , Isolierung 31 
Nierentransplantation 
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A Modular Analyzer System for Double Antibody Radioimmunoassays1) 

By /. Marschner, F. Erhardt, /. Henner and P. C Scriba 
Aus der II. Med. Klinik (Direktor: Prof. Dr. E. Buchborn) der Universität München 
(Eingegangen am 27. Mai/4. Juli 1975) 

Summary: The increasing number of determinations performed by radioimmunoassays necessitates rationalization 
of the procedures. An analyzer system has been developed in order to fully mechanize double antibody radioimmuno
assays, which is essentially composed out of four independently working modules. The samples, in microliter vials, 
are carried in sample chains of up to 650 links. The first pipetting step is performed by syringes with displacement 
pistons. Additional reagents are rapidly added by an electronically controlled Hamilton repeating dispenser, which 
makes shaking procedures for mixing unnecessary. The bound/free separation is achieved discontinuously by use of 
Nuclepore-filters, which are carried in 3 inches distance (76 mm) by a 35 mm dark leader film. After covering the 
radioactive filter positions with an adhesive plastic foil from both sides, the film spool is directly inserted into a 
specially constructed gamma-counter. The results of the evaluation of the efficiency and of the precision of each 
module are presented in this paper. 

Ein modulares Analysensystem für Doppelantikörper-Radioimmunoassays 
Zusammenfassung: Die wachsende Anzahl radioimmunologischer Bestimmungen erfordert die Rationalisierung der 
Arbeitsgänge. Zur Vollmechanisierung von Doppel-Antikörper-Radioimmunoassays wurde ein Analysensystem ent
wickelt, das aus vier unabhängig voneinander arbeitenden Modulen besteht. Als Probenträger werden Mikroliterge-
fäße in Reaktionsketten bis zu 650 Gliedern verwendet. Der erste Pipettierschritt wird mit Verdrängungskolben-
Dosiervorrichtungen vorgenommen, weitere Reagentien werden unter Verwendung einer elektronisch gesteuerten 
Hamilton-Repitierspritze in scharfem Strahl zugefügt, was Schütteivorgänge erübrigt. Zur bound/free-Trennung wird 
diskontinuierlich über Nuclepore-Membranen filtriert, die in 3 Zoll Abstand (76 mm) von einem 35 mm Vorspannfilm 
getragen werden. Die radioaktiven Filterpositionen werden beidseitig zur Vermeidung von Kontamination mit Klebe
folie abgedeckt. Die Film-Auffangspule kann direkt in einen eigens konstruierten Gamma-Zähler eingelegt werden. 
Die Ergebnisse der Präzisionsprüfung und die Leistung der einzelnen Module werden in der Arbeit aufgeführt. 

Introduction 
Approximately 6000 radioimmunological determinations 
are performed weekly in our laboratories, of which 80 % 
are double antibody assays. Therefore, we were primarily 
interested in the developement of an analyzer system, 
which would provide mechanization for the double anti
body methods. The intention was to design a machine 
with sufficient flexibility, so that manually performed 
assays could be adapted without markedly altering the 
reaction-procedures, solutions and incubation times. 
Among the different chemical and physico-chemical 
methods of the bound/free separation, the double anti
body procedure is especially suitable for automation 

l ) Supported by the Deutsche Forschungsgemeinschaft, SFB 51 

purposes. When the precipitating second antibody is 
not linked to carrier particles, as it is the case in certain 
solid phase assays, shaking procedures are unnecessary. 
Generally, shaking is difficult to realize in a continuously 
working system. In our system the discontinuous filtra
tion replaces the centrifugation and its various manipu
lations as loading and emptying of the centrifuge and 
sucking off or decanting the supernatant (1). 
The analyzer system includes four modules: 
1. A diluter system, to pipet serum and a reagent, which 

is either the first antibody in non-equilibrium condi
tions or tracer in equilibrium conditions. 

2. A pipetting unit for the addition of constant quanti
ties of further reagents, e.g. tracer, first or second anti
body. 
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0 0 M 

Fig. 1. Sample chain during incubation. 
On the left of the axis the frontal view is depicted, on the right the sectional view, in the lower part the induction motor. 
A = foam rubber, adhesive to the cover plate. B = base plate. C = clip holding the leader and the ending band. D = cover plate. 
F = plastic foil. G = open microliter vial. H = linkage between chain and leader. K = chain link. L = incubating sample. S = screw, 
pressing the cover plate on the vials. V = ending band. M = casing of the induction motor. T = support for the base plate B. 

3. The filtration unit. 
4. The specially constructed gamma-counter. 
Preliminary results have been presented at the 21 st Sym
posium der Deutschen Gesellschaft für Endokrinologie 
(2). 

Materials and Methods 
Descr ipt ion o f the Modular A n a l y z e r S y s t e m 
The first two modules of the system are not specific for separa
tion-techniques and may be universally used. The sample carrier 
used for the first three modules is a commercially available chain, 
containing open microliter vials. These chains are coiled on discs 
with a diameter of 30 cm for 300 links, or 50 cm for 650 links. 
During the incubation (fig. 1) the chains are covered with one 
plastic foil and closed with one common screw cover. A 35 mm 
dark leader film is used as filter carrier. It contains Nuclepore-
membranes of 20 mm diameter and 0.2 urn pore size at distances 
of three inches. One film has the length of 1000 feet (304.80 m) 
and carries 4000 filters. The chains and the film are the connec
ting links between all four modules of the system. 
Diluter system 
The diluter system2) uses the double chain principle. Four induc
tion motors cause an even winding and unwinding of the chains 

(fig. 2). The primary chain contains the standards and the sera, 
succesively; the secondary chain holds empty vials. The sample 
is sucked into the needle by a syringe with displacement piston. 
Thereafter, the pipetting arm moves to the secondary chain and 
the sample is ejected into the vial, followed by the selected 
reagent through the same needle. The pipetting volume of both 
syringes is infinitely adjustable and may be set digitally. The 
number of replicates may be varied from 1 to 9. Three displays 
show the sample numbers of the primary and the secondary 
chain and the number of the replicate, which is actually pipet
ted. The dead volume of both syringes and of their tubings to
gether is approximately 2 ml. The initial filling of the syringes is 
performed automatically by pressing a special button. 
During incubation periods, the discs carrying the sample-chains 
are removed from the motors, covered as mentioned above and 
stored at room temperature or 4 °C, depending on the assay. 

Pipetting Unit 
The pipetting unit2) permits the addition of tracer, or first or 
second antibody (fig. 3). It employs the Hamilton3) repeating 
dispenser as dosage equipment. The volume may be varied 
between 50, 100 and 200 i±\ per piston stroke by using three dif
ferent sizes of syringes. The ejection of the reagent is fast enough 
for perfect mixing in the vials. A highly precise toothed rack 
guarantees that the piston strokes are constant. The dead volume 
of the syringe and the tubing is 0.4 ml. The syringes of the diluter 
and the pipetting unit are fixed with bayonet fittings to the ca
sings, which allows fast changing from one reagent to another. 

2) RIA-E 6000, ISMATEC, CH-8031 Zurich, Switzerland. 3) Hamilton Micromesure B.V., The Hague, Holland. 
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Fig. 2. Diluter system, frontal and plan view. 
I - I V = induction motors with discs and sample chains, a = pipetting arm with needle. A = dosage syringe for the sample volume. 
B = dosage syringe for the buffer volume. C = infinitely adjusting for the pipetting volume. V = slide-valve. 
The arrows show the direction of the traction of the induction motors. The transport of the chains is performed at the pipetting 
place by means of cogwheels (not shown in the figure). 

Filtration Unit2) 
The incubation mixture is separated into antibody-bound and 
free fractions by filtration through Nuclepore4) filters with a 
pore size of 0.2 ßtn. Figure 4 shows schematically one filtration 
place. By means of the peristaltic pump P 2 the sample is pumped 
onto the filter membrane, through which the fluid phase is sucked 
by a vacuum pump. A concavely cut porous glass disc is used as 
support for the filter. The filter position is pressed onto the sup
port. With the peristaltic pump P 1, the vials are washed twice 
with adjustable volumes of buffer containing 2 g/l albumin. The 
washing solution is likewise passed through the filter. The speed 
of the transport of the volumes passed and the duration of one 
filtration cycle, respectively, may be varied by altering the velo
city and the time set to each of the two peristaltic pumps. At 
the end of the filtration cycle, the vacuum is switched off by an 

) Nuclepore Corporation, Pleasanton, California, U.S.A. 

electric valve and the space below the filter is reventilated. There
after, the film is lifted and the next filter membrane is promoted 
to its position. Because of the water repellent quality of the 
Nuclepore filters, the membrane is almost dry when removed 
from the support. Subsequently, the film is covered on both 
sides with an adhesive plastic foil, in order to avoid radioactive 
contamination. At the exit of the filtration unit, the film is 
taken up by a film spool. 
The described filtration cycle is performed simultaneously with 
six samples. Figure 5 shows in frontal view the structure of the 
filtration unit. 
The diluter system as well as the pipetting and the filtration unit 
may also be used at constant temperatures, as checked down to 
4 °C. However, most assays, especially the radioimmunoassays 
for proteo and glycoproteid hormones work perfectly well at 
room temperature. 
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Gamma-Counters) 
The insertion of the film-spool into the gamma-counter replaces 
the laborious charging of commonly used sample changing 
counters equipped with well-type crystals. The counter (fig. 6) 
consists essentially of three pairs of scintillation detectors, 
each with 3 mm inside width. The crystals cover the radioactive 
samples almost totally, giving an 8 - 1 2 % higher counting 
efficiency than commonly used gamma-counters. The time for 
the printing of the count rates and for the changing to the next 
three samples is approximately 5 seconds. A film roll with 800 
samples has a diameter of about 14 cm and does not take much 
space in the radioactive waste deposit. 
Calculation of the Standard Curves and the Unknowns 
The count rates of the samples are simultaneously printed and 
punched onto an 8 track paper tape. The latter is subsequently 
read into a Siemens 404 /3 computer with a core of 64 kilobytes. 
The calculation of the radioimmunoassay standard curve and the 
evaluation of the unknown hormone concentrations from count 
rates is performed by smoothing with spline functions (3, 4). The 
evaluation of an assay with 800 samples, including on-line plotting 
of the standard curve and printout of the results by a high speed-
printer, takes approximately four minutes. 

s ) BF 6000, Labor Professor Berthold, D-7547 Wildbad, FRG. 

Results 
Results of the evaluation of the accuracy and the preci
sion of the different modules of the analyzer system are 
listed in table 1. In addition, the table contains informa
tion about the carry-over of the pipetting steps. The 
capacities per hour of the different modules are: 170 to 
250 secondary samples for the diluter system depending 
on the volumes, 1700 samples for the pipetting unit, and 
150 to 360 samples for the filtration unit depending on 
the volumes and the filtration speed, respectively. 

The comparison between filtration through cellulose ace
tate and Nuclepore, respectively, is shown in table 2 for 
an insulin assay, other radioimmunoassays gave identical 
results. The Nuclepore material is polycarbonate and has 
a higher tensile strength and flexibility. Another practical 
advantage is, that Nuclepore filters must not be premoi-
stened and are water repellent. 
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Fig. 4. Schematic representation of one filtration process. 
A = adhesive foil. C 1 = spool for stock film. C 2 = spool for covered film, carrying the filters with the bound fractions. 
D = pressing roll. F = filter. G = concave cut porous glass support for the filter. H = holding device for the sucking and washing 
needles. N = needle, dropping the sample or washing solution upon the filter. 
P 1 = peristaltic pump for B = washing solution. P 2 = peristaltic pump for the sample transport. R = ring, pressing the film 
around the filter on the glass support during the filtation. Ra = radioactive waste. S = sample in microliter vial. V = magnetic 
valve. VP = vacuum pump. 

Fig. 5. Frontal view of the filtration unit and the film covering device. 
Symbols as in Fig. 4 
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M7 
Fig. 6. Gamma-counter for 1 2 5 I and printer/tape punch. 

C 2 = film spool as shown in figure 5, holding the uncounted part of the film. C 3 = film spool receiving the counted part of 
the film. E = electronic device. Z 1 a - Z 3b = three pairs of scintillation crystals. TTY = Teletype with paper tape device. 

Tab. 1. 1) Accuracy and precision of the pipetting steps: 

adjusted volume number mean value 
(micro balance) standard deviation coefficient of variation 

a) Diluter system 
300 M1 
b) Pipetting Unit 
100 M1 

50 

150 

294 Mg 

98 M g 

1.51 Mg 

0.86 Mg 

0.53 1 

0.88 % 
2) Carry-over in needles and plastic tubings: 

a) Diluter System 
sample volume (M0 100 buffer volume added (MD 
carry-over (% radioactivity) 

100 
2.4 

100 
200 
1.0 

100 
300 
0.5 

b) Filtration unit 
The remaining radioactivity in plastic tubes after washing once with 0.6 ml buffer containing 2 g/1 bovine serum albumin as meas
ured by using labeled insulin is less than 0.1 %. 
The carry-over of radioactivity from one sample with high radioactivity to a subsequent sample without radioactivity using the same 
filter position and thereby the same tube, is approximately 0.75 %, as measured by the count rates of the corresponding filters. 
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Tab. 2. Comparison of cellulose acetate6) with Nuclepore4) filters 
of different pore sizes. 

Assay: Amersham insulin kit (preprecipitated antibody) 
Cellulose 
acetate: 10 500 cpm = 100 % 
Nuclepore: pore size 3.0 /um 1.0 jum 0.6 pm 0.4 jim 0.2 /um 

cpm 855 2136 1664 9657 10059 
% 8 20 16 92 96 

Tab. 3. Working instructions for the thyrotropin double anti
body radioimmunoassay. 

1. Diluter System: 
sample 1 st anti- buffer number of 

body7) replicates 
zero-standard (B0) _ 200 Ml 100 Ml 9 
standards8) ( 0 . 3 9 - 100 M l 200 Ml _, 3 
100 mU/1) 
nonspecific binding - - 300 Ml 6 
unknowns 100 Ml 200 Ml - 2 

Incubation for 60 hours at room temperature. 

2. Pipetting Unit: 
Addition of 100 M! 125Mabelled thyrotropin9) (20000 cpm, 
specific activity 50 Ci/g) to each vial. 
Incubation for 40 hours at room temperature. 

3. Pipetting Unit: 
Addition of 100 M! 2nd antibody1 0) to each vial. 
Incubation for 14 hours at room temperature. 
4. Filtration Unit: 
Filtration of 6 samples simultaneously (30 s), washing twice 
with 0.5 ml buffer (50 s), covering of the filters with adhesive 
foil. 

5. Gamma-counter: 
Counting of 3 filters simultaneously, printing and punching of 
sample numbers and count rates. 

6. Data Processing: 
Punched tape input, calculation and plotting of the standard 
curve by spline approximation, calculation and printing of 
sample number, count rate, percent binding, hormone concen
tration, and limits of confidence for each sample. 

6) Schleicher & Schüll GmbH, D-3354 Dassel, FRG, Nr. CA 250/0 
7) TSH-antibody (rabbit), op. 137/81171, Behring, Marburg/ 

Lahn, FRG. 
8 ) NIMR 68 /38 , Mill Hill, London, GB. 
9 ) TSH for labeling, NIAMD, Bethesda, U.S.A. 

10) Anti-rabbit precipitating serum (donkey), Deutsche Well
come GmbH, D-3006 Großburgwedel, FRG. 
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Fig. 7. Correspondence of two human growth hormone stan
dard curves: 
solid line = conventional hand pipetting and cellulose 
acetate filtration, dotted line = analyzer system (com
pare text). The horizontal lines represent the limits of 
detection. 

So far, the following double antibody assays have been 
performed with the modular analyzer system described 
in this paper: thyrotropin, insulin, gastrin, luteinizing 
hormone, follicle stimulating hormone, growth hormone, 
and thyroxine binding globulin. Figure 7 shows as an 
example for all assays the agreement of the two standard 
curves of an human growth hormone assay, performed 
with the machine, and performed with conventional 
hand pipetting and cellulose acetate filtration, using the 
same reagents. Table 3 contains as an example the wor
king instructions for our routinely performed radio
immunoassay of thyrotropin (5). 

Discussion 
In most of the larger laboratories which perform radio
immunoassays, the critical length of the series (6) for 
manual performance is exceeded. This is especially true 
for those assays, which are used for screening purposes. 
Generally, mechanization means improvement of the 
results and reduction in price. Roughly calculated, we 
assume the critical length with 300 samples (not speci
mens) per day, which may be derived from different 
assays. In spite of the increasing numbers of radio-
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immunological determinations, only a few systems have 
been specially developed for radioimmunoassays. 
In contrast to the Darias1l) of Bagshawe(7), which also 
uses the principle of discontinuous filtration, our ana
lyzer system is not on-line controlled by a computer. The 
on-line operation blocks the expensive computer for 
other purposes (8). Moreover, the data flow is very slow 
as compared to the access time of a computer. The term 
"automated" in Darias is not in agreement with the 
definition of the "Commission on Nomenclature" of the 
IUPAC (9), since there is no feed-back mechanism or self-
monitoring system controlling the quality of the results 
and adjusting the machine accordingly. The use of the 
tray system for the sample transport makes a positive 
identification (10) in the present stage impossible and 
does not overcome the "tunnel-effect" (11). The advan
tage of the use of sample chains is their easy adaptability 
to the actual number of samples. Both systems are wor
king with the simultaneous counting of more than one 
sample in the gamma-counting unit. This principle mar
kedly accelerates the speed-limiting step in the whole 
assay procedure and considerably enlarges the capacity, 
as compared with commonly used counters. 
Currently the problems of positive sample identification 
are under study. The analyzer system was developed for 
the use of Eppendorf microliter vials and chains12). It is 
possible, however, by minor modifications, to use coded 
Silab cups and chains13). The following system for posi-
n ) u£)igico automated Äadio-Tmmunoassay /Inalytical System", 

Digico Ltd., Stemage, Herfordshire, GB. 
1 2) Eppendorf Gerätebau, D-2000 Hamburg, FRG. 
1 3) Siemens AG., D-8510 Erlangen, FRG. 

tive sample identification is now in development: pre-
coded Silab cups are used for the specimen as well as for 
the requested number of sample cups. Both are arranged 
in the same sequence within the primary and secondary 
chain. Reader devices at the pipetting place of the diluter 
system control only the identity of the codes. The pipet
ting unit adds to each sample the same amount of reagent 
and therefore does not need any decoding. At the filtra
tion unit, the information on each cup is decoded and 
punched on the film close to the corresponding filter 
membrane. The information is picked up again in the 
gamma-counter and is then printed out, and/or punched 
on the paper tape together with the count rate for the 
final off-line data processing. There is at no step within 
the system any disconnection of the samples and their 
codings so that no so-called tunnel effect appears. 
The precision of the modular analyzer system described 
here corresponds to that of an attentively working tech
nician, however, mix-ups and fatigue do not occur even 
in large series. The modular construction of the analyzer 
system permits in itself the independent operation of the 
four respective units, and allows the full utilization of 
the capacity and an economical performance of radio
immunoassays. 
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