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Cycloheximid 207 
Cystin 133 
—, Serum 133 
Cytochrom P 450 543 

Datenerfassung 479 
Datenfluß 478 
Datenverarbeitung 478 
Dekapazitierung 139 
Depotfett 327 
—, Fettsäuremuster 327 
Dermatansulfatpeptide 3 
—, Aminosäuregehalt 3 
—, Isolierung 3 
Desoxycholsäure 30, 323 
11-Desoxycortisol 
—, Bestimmung 67 
Dextran 548 
—, Störeinfluß 548 

, Proteinbestimmung 548 
, Beseitigung 548 

Dextran T 70 260 

Dextranase 548 
Dialyse 
—, von Lipiden 172 
Digitalphotometer 121 
Diphenylamin 569 
—, zur Fructosebestimmung 569 
Disc-Elektrophorese s. auch 

Polyacrylamidgel-Elektro-
phorese 220 

Dosierung 
—, von Blut 438, 453 
Drifteffekte 235, 239 
Dünnschichtchromatographie 
—, Aminosäuren 573 
—, Benzodiazepine 528 
—, Carbamazepin 112 
—, Cortisol 243 
—, Gallensäuren 29 
—, (5-Hydroxy-3-indolyl)-

essigsäure 108 
—, Lorazepam 528 
—, Methaqualon 346 
—, Oxazepam 528 
—, Tryptophanmetaboliten 

174, 175, 176 
—, Vanillinmandelsäure 108 
Duodenum 
—, Proteaseninhibitoren 450 

EDV 474, 478 
—, Erfordernisse 478 
—, Möglichkeiten 478 
Eisen 
—, Bestimmung 359, 467 

, Fehlermöglichkeiten 467 
, maschinelle 359 

, Methoden 360 
—, Bindungskapazität 359 
Eisentransferrinkomplex 566 
—, Laser-Raman-Spektroskopie 

566 
Einheiten 293, 302 
—, Zehnerpotenzen 303 
Eiweiß s. auch Protein 
—, Bestimmung 531 

, Fehlermöglichkeiten 531 
Elektrode 
—, ionensensitive 516 
Elektrophorese s. auch 

Agar-Elektrophorese, 
Disc-Elektrophorese, 
Immun-Elektrophorese, 
Polyacrylamidgel-Elektro-
phorese 

—, Aspartattransaminase 61 
—, Lipoproteine 552 
—, Phosphatase 78 
—, RNA 57 
Elliptizität, molare 375 
Entkopplung 425 
—, durch Magnesiummangel 425 
Enzymantiserum 536 
Enzyme 334 
—, Bestimmung 334 
—, Bestimmungsmethoden 182 

, Standardisierung 182 
Enzyminhibitorreaktion 
—, Mechanismus 139 
Epimerisierung 5 
Erythrocyten 
—, Galaktokinaseaktivität 430 
—, Hämoglobingehalt 114 
—, Hämoglobinkonzentration 

114 

Erythrocyten 
—, Hypoxanthin-Guanin-Phos-

phoribosyltransferase 535 
—, Membranbestandteile 267 
—, Schatten 267 

, Präparation 267 
—, Zahl 114 

, Bestimmung 114 
Exkretionsrate 
—, Aldosteron 555 
Extinktionskoeffizient 
—, RNA 58 

Färbeverfahren 
—, Lipoproteine 225 
—, Proteine 225 
—, RNA 225 
FC 75 416 
Femur 
—, Lipidspektrum 128 
Fettgewebe 
—, Glucuronsäure-Xylulose-

Zyklus 355 
, Enzyme 355 

—, Halothananflutung 521 
—, Halothanelimination 521 
Fettgewebe, braunes 425 
—, Funktion 425 

, im Magnesiummangel 425 
—, Struktur 425 

, im Magnesiummangel 425 
Fettsäuren 
—, Subcutanfett 326 
Fettsäuren, freie 
—, Plasma 37 
—, Serum 270 
Fettsucht, hypothalamische 326 
Fibrocytenkultur 
—, Glucuronsäure-Xylulose-

Zyklus 355 
, Enzyme 355 

Fließschema 
—, Eisenbestimmung 360 
—, Gesamteiweiß 551 
—, Harnsäurebestimmung 17 
—, Kupferbestimmung 360 
Florisil 255 
—, Bindungskonstante 255 

, Cortisol 255 
Fructose 569 
—, im Sperma 569 

, Bestimmung, chemische 
569 

, Bestimmung, enzymatische 
570 

Fruchtwasser 
—, Aminosäuren 573 

Galaktokinase 430 
—, Bestimmung 430 
—, bei Erwachsenen 432 
— Mangel 430 
—, bei Säuglingen 432 
Galaktosämie 430 
Galaktosamin 3, 420, 539 
—, Hepatitis 539 

, Leberenzyme 539 
, und Prednisolon 539 
, und Triton 539 

—, Vergiftung 420 
, Glucoseregulation 420 
, Harnstoffsynthese 420 

Galaktosedehydrogenase 430 



Gallensäuren 29 
—, Dekonjugation 322 
—, Gaschromatographie 323 
—, Isolierung 322 
—, Leber 322 
—, Serum 29 

, Isolierung 29 
Gaschromatographie 521 
—, Aldosteron 555 
—, quaternäre Ammonium­

verbindungen 156 
—, Cholin 156 
—, Gallensäuren 323 
— Halothan 521 
—, Methylcurarin 156 
—, Neostigmin 156 
—, Scopolamin-butylbromid 156 
—, d-Tubocurarin 156 
GeMSAEC-Analyzer 476 
Gerätefunktion 477 
Gerinnungsfaktoren 207 
—, Einfluß von Vitamin K 207 
Globuline 
—, CD-Spektrum 374 
—, Liquor 380 
Glucosamin 3 
Glucose 171, 453 
—, Bestimmung 171, 372, 453 

, im Blut 453 
, Fehlermöglichkeiten 454 
, mit Glucoseoxydase 372 

--—, im Liquor 453 
, reflektrometrische 171 
, im Urin 453 

Glucoseoxydase 372 
Glucuronsäure-Xylulose-Zyklus 

355 
Glutamatdehydrogenase 74, 77 
—, Bestimmung 334 
—-—, Hähnchen 334 
——, Kaninchen 334 

, Puten 334 
, Ratten 334 
, Schafe 334 

— Hepatitis 74 
—-, Standardmethode 187, 286 
Glutaminsäure 133 
—, Serum 133 
y-Glutamyltranspeptidase 
—, Isoenzyme 211 

, bei Lebererkrankungen 211 
Glycin 133 
—, Serum 133 
Glykochenodesoxycholsäure 30 
Glykocholsäure 30 
Glykodesoxycholsäure 30 
Glykoproteine 
—y Prostata 363 
—, Samenplasma 363 
Glykosaminoglykane 3 
—, Isolierung 3 
—, Säulenchromatographie 3 
Glykosaminoglykanpeptide 
—»Analyse 4 
—, Hydrolyse 3 

: Glyoxylsäure 370 
—, im Harn 370 

, bei Gesunden 370 
- L —, bei Leucinose 370 
- — , bei Phenylketonurie 370 
Gonadotropine 403, 509 
—, Bestimmung 403, 509 
—r, Extraktion 509 

Graphitrohrküvette 434 
—, Querschnitt 435 
Größen 302 
Gulonatdehydrogenase 355 

Hämagglutinationshemmtest 403 
—, Choriongonadotropin 403 
Hämiglobincyanid 
—, Bezugspräparat 292 
Hämoglobin 
—, Gehalt des Blutes 114 
Häufigkeitsverteilung 
—, Chlorid 36 
—, Harnsäure 19 
Halothan 521 
—, Aufnahme 521 
—, Bestimmung 521 
—, in Organen 521 
—, Pharmakokinetik 521 
—, Toxizität 521 
Haltbarkeit 
—, Plasmalipide 37 
Hand-Schüller-Christian'sche 
Erkrankung 
—, Biochemie 127 
Harn s. auch Urin 
—, Benzodiazepinnachweis 528 
—, Choriongonadotropin 403 

, bei Chorionepitheliom 403 
—, Chrombestimmung 434 
—, Corticoide 495 

, nach ACTH 495 
, bei Cushingsyndrom 495 
, Extraktion 495 
, bei Nebennierenrinden-

insuffizienz 495 
, Normalbereich 495 

—, Creatinin 447 
—, Gonadotropine 509 
—, 3-Hydroxy-anthranilsäure 445 
—, 3-Hydroxy-kynurenin 445 
—, Hydroxyprolin 25,195 

, klinische Bedeutung 195 
, Bestimmung 25 
, Normalwerte 25 

—, Kynurenin 445 
—, N'-Methylnikotinamid 445 
—, Oxocarbonsäuren 367 
Harnblasenkarzinom 445 
—, und Tryptophanmetaboliten 

445 
Harnsäure 17 
—, Bestimmung 136 

, enzymatische 136 
, Normalwerte 136 

—, automatisierte Bestimmung 
17 

, Fließschema 17 
, Häufigkeitsverteilung 19 
, Normalwerte 18 
, mit Phosphor-Wolfram­

säure 17 
Harnstoffsynthese 416 
—, Ammoniakverwertung 416 
—, bei Galaktosaminvergiftung 

420 
Hemmung 
—, Proteasen 104 
Heparin 512 
—, und Reninaktivität 512 
Heparinpeptide 3 
—, Aminosäuregehalt 3 
—, Isolierung 3 
Hepatitis 74, 539 
—, Alanintransaminase 74 

Hepatitis 
—, Aspartattransaminase 74 
—, Galaktosamin- 539 
—, Glutamatdehydrogenase 74 
—, Malatdehydrogenase 74 
Herz 
—, Halothan 523 
Hexokinasemethode 453 
Hexosamine 7 
—, Entfernung 7 

, mit Acetylaceton 7 
—, Trennung 9 

-, Ionenaustauschchromato-
graphie 9 

Histidin 133 
—, Serum 133 
Huminbildung 5 
Hyaluronsäurepeptide 3 
—, Aminosäuregehalt 3 
—, Isolierung 3 
3-Hydroxy-anthranilsäure 178, 

179,445 
—, Bestimmung 445 
«-Hydroxybutyratdehydrogenase 
—, Standardmethode 189, 288 
(5-Hydroxy-3-indolyl)-essig-

säure 108 
—, Dünnschichtchromatogra­

phie 108 
—, Extraktion 108 
—, Normalwerte 110 
—, im Urin 108 
3-Hydroxy-kynurenin 178, 179, 

445 
—, Bestimmung 445 
-̂Hydroxy-phenylbrenztrauben-

säure 
—, im Harn 370 

, bei Leucinose 370 
, bei Phenylketonurie 370 

Hydroxyprolin 25 
—, Ausscheidung 198 

, Pathologie 199 
, Physiologie 198 

—, Bestimmung 197 
, Methode 197 

—, Harn 25,196 
, Bestimmung 25 
, Normalwerte 25 

—, Kollagen 195 
—, Plasma 195 
—, Stoffwechsel 195 
5-Hydroxy-tryptamin 181 
5-Hydroxy-tryptophan 
—, Zentralnervensystem 176 
Hypercalciurie 516 
Hyperparathyreoidismus 516 
Hyperthyreose 311 
—, Plasmalipoproteine 311 
Hypertonie 
—, und Cadmium 21 
Hypoxanthin-Guanin-Phos-

phoribosyltransf erase 
—, Enzymreinigung 535 
—, Erythrocyten 535 

, Isoenzyme 535 
—, Polyacrylamidgelelektro-

phorese 535 

Identifikationsprozesse 482 
IgA-329 
IgG329 
Ikterus 564 
—, Formen 564 

Ileum 450 
—, Proteaseninhibitoren 450 
Immunelektrophorese 169 
—, mit Präzipitinen 169 
Immunfluoreszenz 329 
Immunglobuline 
—, Antigenreaktion 329 

, bei Pemphigoid 329 
—, Fraktionierung 329 
—, Klassifizierung 329 
Immunisierung 
—, gegen Testosteron 164 
Immunodiffusion 
—, einfache radiale 385 

, umgekehrte 385 
Immunopräzipitation 385 
Ionenaustauschchromatographie 
—, Aminosäuren 132 
—, Oxocarbonsäure 367 
—, Porphobilinogen 230 
—, Porphyrien 230 
Isoenzyme 535 
—, y-Glutamyltranspeptidase211 
—, Hypoxanthin-Guanin-Phos-

phoribosyltransferase 535 
—, Leucinaminopeptidase 211 
—, Phosphatase, alkalische 211 
Isoleucin 133 
—, Serum 133 

Jejunum 450 
—, Proteaseninhibitoren 450 
Jodmarkierung 61 
—, von Enzymen 61 

Kalium 
—, Bestimmung 86, 91 
—, Liquor 462 
—, Serum 462 
Kathepsin D 539 
—, bei Galaktosaminhepatis 539 
Keratansulfatpeptide 3 
—, Aminosäuregehalt 3 
—, Isolierung 3 
Kollagen 
—, Hydroxyprolin 195 
Kontrollkarten 239 
Kupfer 
—, Bestimmung 359, 467 

, maschinelle 359 
Kynurenin 445 
—, Bestimmung 445 

Lactatdehydrogenase 
—, Standardmethode 188, 287 
Lagerungsbedingungen 37 
Laser-Raman-Spektroskopie 566 
—, Eisentransferrinkomplex 566 
Leber 
—, cyclisches AMP 263 
—, Cholesterin 270 
—, Glucuronsäure-Xylulose-

Zyklus 355 
, Enzyme 355 

—, Halothan 523 
—, Homogenat 322 

, Gallensäuren 322 
—, Phosphatide 270 
—, Triglyceride 270 
Leberdystrophie s. auch 

Hepatitis 74 
Lebererkrankungen 
—, Angiotensinase 51 
—, Serumenzyme 211 



Leberverfettung 
—, Halothantoxizität 521 
Lektine 364 
—, Spezifität 364 
Leucin 133 
—, Serum 133 
Leucinaminopeptidase 
—, Bestimmung 334 

, Hähnchen 334 
, Kaninchen 334 
, Puten 334 
, Ratten 334 
, Schafe 334 

—, Isoenzyme 211 
, bei Lebererkrankungen 211 

Leucin- Arylamidase 
—, Standardmethode 192, 291 
Leucinose 367 
Leukocyten 450 
—, Proteasen 104, 450 

, Hemmbarkeit 104 
, Hemmung 450 

—, Zahl 114 
, Bestimmung 114 

Lipid Crimson 225 
Lipide 
—, Gehirn 410 

, Isolierung 412 
—, Isolierung 172 

, Petroläther-Gummidialyse 
172 

—, Plasma 37 
, Haltbarkeit 37 

—, Spektrum, Femur 128 
—, Spektrum, Lunge 128 
—, Trennung 172 
Lipidspeicherkrankheiten 127 
Lipidstatus 554 
—, bei Gesunden 554 
—, bei Lipoproteinämie 554 
Lipolyse 425 
—, im Magnesiummangel 425 
Lipoproteinämietypen 553 
Lipoproteine 
—, Elektrophorese 552 

, Färbung 552 
, Methodik 552 

—, Färbung 225 
—, bei Lipoproteinämie 553 
— Plasma 311 

, Isolierung 311 
, Charakterisierung 311 

—, Verteilung 553 
Liquor 453 
—, Glucosebestimmung 453 
—, Calcium 462 
—, Chlorid 462 
—, Kalium 462 
—, Natrium 462 
—, Magnesium 462 
—, Proteinfraktionen 379 
—, Agarelektrophorese 379 
Lorazepam 
—, Derivatbildung 528 
—, Dünnschichtchromatogra­

phie 528 
Lithbcholsäure 323 
Lunge 
—, Lipidspektrum 128 
Lysin 133 
— Serum 133 

Magnesium 270, 275 
—, Liquor 462 

Magnesium 
—, Mangel 270, 275,425 

, als Arteriosklerosemodell 
270 

—, Serum 462 
Malatdehydrogenase 74 
—, Hepatitis 74 
Mammatumoren 502 
—, östradiolbindung 502 
Mannit 531 
—, Biuret-positive Reaktion 531 
Marcumar 207 
Massenspektrometrie 
—, Methaqualon 346 
Mechanisierung 475 
Membran 
—, Erythrocyten 267 

, Pronasebehandlung 267 
Menädion 207 
Meßgrößen 293 
Methaqualon 346 
—, Dünnschichtchromatogra­

phie 346 
—, Massenspektrometrie 346 
Methionin 133 
—, Serum 133 
Methylcurarin 
—, Bestimmung 156 
—, Gaschromatographie 156 
N'—Methylnicotinamid 445 
—, Bestimmung 445 
Michaeliskonstante 63 
—, Aspartattransaminase 63 
Mikroliterspritze 438 
Mingin 139 
Molybdat/ Jodid 
—, Redox-Katalysator 372 
Morris-Hepatom 
—, Glucuronsäure-Xylulose-

Zyklus 355 
, Enzyme 355 

Muskel 
—, Halothan 524 

Nasensekret 
—, Proteasen 104 
—, Proteaseninhibitor 104 
Natrium 
—, Bestimmung 86, 91 
—, Liquor 462 
—, Serum 462 
Nebennierenrindeninsuffizienz 

495 
—, Harncorticoide 495 
Neostigmin 
—, Bestimmung 156 
—, Gaschromatographie 156 
Niere 
—, cyclisches AMP 263 
—, Cadmium 21 
— Halothan 523 
Nikotinsäureamid 176 
—, aus Tryptophan 176 
Nomenklatur 299 
Normalwerte 436 
—, a- Amylase 16 
—, Angiotensinase 53 
—, Chlorid 36 
—, Chrom im Harn 436 
—, Corticoide im Harn 495 
—, Cortisol 70 
—, Eisen 471 
—, Geschlechtsabhängigkeit 19, 

132 
—, Harnsäure 18,136 

Normalwerte 436 
—, (5-Hydroxy-3-indolyl)-

essigsäure 110 
—, Hydroxyprolin 25 
— Kupfer 471 
—, Liquorelektrolyte 464 
—, Liquorproteine 380 
—, Renin 514 
—, Zink 471 
5'-Nucleotidase 77 
—, Serum 77 
—, Bestimmung 77 

, Automation 78 
Nucleotide 59 
—, RNA 59 

, Spektren 59 

Östradiol 502 
—, Bindung 502 

, in Mammatumoren 502 
—, Rezeptor 502 
Östradiol-17-/S 397 
—, Clearance-Raten 399 
—, Produktionsraten 397 
Östriol 397 
—, Produktionsraten 397 
Östrogene 395 
—, Clearance-Raten 395 
—, Mammatumoren 502 
—, —Bindungskapazität 502 

, Bestimmung 502 . 
—, placentare Sekretion 396 
—, Produktionsraten 395 
Östron 397 
—, Clearance-Raten 399 
—, Produktionsraten 397 
Ornithin 133 
—, Serum 133 
Oxazepam 528 
—, Derivatbildung 528 
—, Dünnschichtchromatogra­

phie 528 
Oxocarbonsäuren 
—, 2,4-Dinitrophenylhydrazone 

367 
, Reduktion 367 

—, Harn 367 
2-Oxoglutarsäure 
—, im Harn 370 

, bei Gesunden 370 
, bei Leucinose 370 
, bei Phenylketonurie 370 

2-Oxo-iso-capronsäure 
—, im Harn 370 

, bei Leucinose 370 
2-Oxo-iso-valeriansäure 
—, im Harn 370 

, bei Leucinose 370 
2-Oxo-3-methyl-valeriansäure 
—, im Harn 370 

, bei Leucinose 370 
Oxygenasen, mischfunktionelle 

543 
—, bei Urämie 543 
Oxytocinase 
—, Serum 345 

, kinetische Bestimmung 345 

Parathormon 201, 516 
—, und ionisiertes Calcium 516 
Pemphigoid, bullöses 329 
—, Reaktion mit Immunglobu­

linen 329 
Perfusion 
—, Rattenleber 416, 420 

Phenylalanin 133 
—, Serum 133 
Phenylbrenztraubensäure 
—, im Harn 370 

, bei Leucinose 370 
, bei Phenylketonurie 370 

Phenylketonurie 180, 367 
Phosphat, anorganisches 
—, Entfernung 215 
—, Serum 215 

, Bestimmung, enzymati-
sche 215 

Phosphatase 
—, Bestimmung 334 

, Hähnchen 334 
, Kaninchen 334 
, Puten 334 
, Ratten, 334 
, Schafe 334 

Phosphatase, alkalische 77 
—, Bestimmung 122 
—, Fraktionierung 78 
—, Isoenzyme 211 
—, bei Lebererkrankungen 211 
—, Standardmethode 189, 290 
Phosphatase, saure 539 
—, bei Galaktosaminhepatitis 539 
Phosphatide 
—, Aorta 270 
—, Leber 270 
—, Plasma 37 
—, Serum 270 
—, Trennung 172 
Phosphatidaläthanolamin 410 
—, hepatocerebrale Degeneration 

410 
Phosphatidylcholin 410 
—, hepatocerebrale Degeneration 

410 
Phosphor-Wolf ramsäure 17 
Plasma s. auch Serum 
—, Albumin 374 

, CD-Spektrum 374 
—, Cholinesterase 374 

, CD-Spektrum 374 
—, Cholesterin 37 
—, Corticoide 67 

Bestimmung 67 
, Normalwerte 70 

, Proteinbindungsmethode 
67 

Plasma s. auch Serum 
—, Cortisol 243, 254 

, Bestimmungsmethoden 
243, 254 

, Spezifiität 243, 258 
—, Eisenbestimmung 467 
—, Fettsäuren, freie 57 
—, Globulin 374 

, CD-Spektrum 374 
—, Hydroxyprolin 195 
—, Lipide 37 

, Haltbarkeit 37 
—, Lipoproteine 311 

, Charakterisierung 311 
, bei Hyperthyreose 311 
:, Isolierung 311 

—, Phosphatide 37 
—, Reninaktivität 512 
—, Testosteron 164 

, Radioimmunoassay 164 
—, Triglyceride 37 
Polyacrylamidgel-Elektropho-

rese s. auch Disk-Elektro-
phorese 220, 535 



Polyacrylamidgel-Elektrophorese 
—, Gelsysteme 220 
—, Hypoxanthin-Guanin-
I Phosphoribosyltransferase 535 
—, Puff er Systeme 220 
Porphobilinogen 230 
—, Ionenaustauschchromato-

graphie 230 
Porphyrien 230 
—, Ionenaustauschchromato-

graphie 230 
— Suchteste 230 
Präalbumin 
—, Liquor 380 
Präzipitine 
—, zur Immunelektrophorese 
Präzision 
—, Analysenautomat 241 
Prednisolon 539 
—, und Galaktosaminhepatitis 

539 
Probenfolge 455 
Probenidentifikation 485 
—, direkte 485 
—, indirekte 486 
—, integrierte 488 
Probenverteilung 486 
Produktionsraten 395 
—, Östrogene 395 
—, Progesteron 395 
Progesteron 395 
—, Bestimmung 67 
—, Clearance-Raten 395 
—, Produktionsraten 395 

, Schwangerschaft 398 
Prolin 133 
—, Serum 133 
Pronase 104, 267 
—, Hemmung 104 
Prostata 
—, Glykoproteine 363 
Proteasen, 104 
—, Hemmung, 104 
Proteaseninhibitoren 104, 139 
—, Bedeutung 139 
—, im Intestinaltrakt 450 
—, Isolierung 139 
—, im Nasensekret 104 
—, Spezifität 139 
—, Vorkommen 140 

, Pflanzen 140 
, Tiere 140 

—, Wirkung 139 
Proteinbindung, competitive 
—, Cortisol 67 

, Bindungsplasma 67 
Proteinbindungsmethode 405 
—, cycl. AMP 260 

, Bindungsprotein 260 
—, Cortisol 254 

, Bindungsplasma 255 
—, Harncorticoide 495 
Proteine s. auch Eiweiß 
—, Serum 270, 548 

, Bestimmung 548 
, und Dextranase 548 
, Störung durch Dextran 

548 
, Färbung 225 
, Trennung 220 

Proteinkinase 
—, Nucleotidbindung 260 

, cycl. AMP 263, 265 
• , ATP 263 

, cycl. CMP 263 

Proteinkinase 
, cycl. GMP 263 
, cycl. IMP 263 
, cycl. UMP 263 

, Butyrrylderivate 265 
Proteinsynthese, ribosomale 207 
Protektine 364 
—, Spezifität 364 
Proteoglykane 3 
—, Analyse 3 
Prothrombin 207 
Prozeßkontrolle 476 
Pyrophosphat 
—, Entfernung 215 

Qualitätskontrolle 
—, mechanisierte Analysen 235 

Radioimmunassay 351 
—, ACTH 351 

, bivalente Antikörper 351 
—, Testosteron 164 
Ratte 428 
—, Depotfett 327 

, Fettsäuremuster 327 
—, Enzyme 207 
—, Fettgewebe 428 

, Mineralgehalt 428 
—, Gerinnungsfaktoren 207 
—, Glucuronsäure-Xylulose-

Zyklus 355 
, Fettgewebe 355 
, Leber 355 

—, Leberenzyme 541, 543 
—, Lipide 270 

, Aorta 270 
, Leber 270 
, Serum 270 

—, Nephrektomie 545 
—, Serumproteine 270 
Rauchgewohnheiten 445 
—, und Tryptophanstoff-
wechsel 445 

Rechner 121 
Remazolbrillant Blau 226 
Renin 151, 512 
—, und Aldosteron 154 
—, Bestimmung 512 

, Wirkung von Heparin 512 
•—, Normal werte 514 
—, Serum 151 

, Schwangerschaft 151 
, Zyklus 151 

—, und Sexualhormone 154 
Resorcin 569 
—, zur Fructosebestimmung 569 
Revonal s. Methaqualon 346 
Ribonucleinsäure 
—, Absorptionsspektrum 58, 59 
—, Bestimmung 56 
—, Hydrolyse 57 

, Verlauf 57 
RNA s. auch Ribonucleinsäure 
—, Färbung 225 

Saccharose 531 
—, Biuret-positive Reaktion 531 
Säulenchromatographie 3 
—, Glykosaminoglykane 3 
Samenplasma 
—, Glykoproteine 363 
Sauerstoffträger s. FC 75 416 
Scatchard plot 166, 264 
Schwangerschaft 
—, Angiotensinase 51 
—, Renin 151 

Scopolamin-butylbromid 
—, Bestimmung 156 
—, Gaschromatographie 156 
Sekretionsrate 555 
—, Aldosteron 555 
Serin 133 
—, Serum 133 
Serindehydratase 207 
Serotonin 
—, Zentralnervensystem 176 
Serum s. auch Blut, Plasma 
—, Alanin 133 
—, Albumin 338 

, Bestimmung 338 
, mit Bromkresolgrun 

338 
—, Aminosäuren 132 
—, cx-Amylase 12 

, UV-Test 12 
, Normal werte 16 

—, Angiotensinase 51 
, Normalwerte 53 
, bei Schwangerschaft 51 
, bei Lebererkrankungen 51 

—, Arginin 133 
—, Asparaginsäure 133 
—, Bilirubin 122 

, Bestimmung 122 
—, Cadmium 21 
—, Calcium 462 
—, Calciumfraktionen 517 
—, Calcium, ionisiertes 516 
—, Chlorid 36, 462 

, Häufigkeitsverteilung 36 
Normalbereiche 36 

—, Chloridbestimmung 86, 91 
—, Cholesterin 270, 275 
—, Citrullin 133 
—, Cystin 133 
—, Eisenbestimmung 359 

, Eisenbindungskapazität 
359 

—, Enzyme 334 
—, Fettsäuren, freie 270 
—, Gallensäuren 29 

, Isolierung 29 
—, Glutaminsäure 133 
—, y-Glutamyltranspeptidase 

211 
—, Glycin 133 
—, Harnsäure 136 
—, Histidin 133 
—, Isoleucin 133 
—, Kalium 462 
—, Kaliumbestimmung 86, 91 
—, Kupferbestimmung 359, 467 
—, Leucin 133 
—, Leucinaminopeptidase 211 
—, Lysin 133 
—, Magnesium 462 
—, Methionin 133 
—, Natrium 462 
—, Natriumbestimmung 91,86 
—, 5'-Nucleotidase 77 
—, Ornithin 133 
—, Oxytocinase 345 

, Bestimmung 345 
—, Phenylalanin 133 
—, Phosphat, anorganisches 215 

, Bestimmung, enzymati-
sche 215 

—, Phosphatase, alkalische 122, 
211 

, Bestimmung 122 

Serum s. auch Blut, Plasma 
—, Phosphatide 270 
—, Prolin 133 
—, Proteinbestimmung 548 

, in Gegenwart von Dextran 
548 

—, Proteine 220, 270 
, Trennung 220 

—, Renin 151 
—, Serin 153 
—, Taurin 133 
—, Threonin 133 
—, Thyroxinbestimmung 99 
—, Triglyceridbestimmung 160 

, Automation 160 
—, Triglyceride 270 
—, Trijodthyroninbestimmung 

99 
—, Tyrosin 133 
—, Valin 133 
—, Zinkbestimmung 467 
Sexualhormone 
—, und Renin 154 
Sialinsäure 509 
—, als Gonadotropinbestandteil 

509 
Sorbitdehydrogenase 
—, Bestimmung 334 

, Hähnchen 334 
, Kaninchen 334 
, Puten 334 
, Ratten 334 
, Schafe 334 

Sperma 
—, Fructosenachweis 569 

, Methoden 569 
—, Plasma 363 

,Glykoproteine, 363 
Sphingomyelin 410 
—, hepatocerebrale Degenera­

tion 410 
Stains-All 225 
Standardisierung 
—, Enzymbestimmungen 182 

Taurin 133 
—, Serum 133 
Taurochenodesoxycholsäure 30 
Taurocholsäure 30 
Taurodesoxycholsäure 30 
Tegretal s. Carbamazepin 112 
Testosteron 
—, Albuminkonjugate 164 
—, Antigenherstellung 164 
—, Hämocyaninkonjugate 164 
—, Immunisierung gegen 164 
—, Plasma 167 

, Werte 167 
—, Radioimmunoassay 164 
Testosteron bindendes Globulin 

167 
Threonin 133 
—, Serum 133 
Thyroxin 
—, Bestimmung 99 
—, Serum 99 

, Werte 99 
—, Trennung 99 
Transcortin 72, 500 
—, Spezifität 72 
Trennung-Reaktion-Trennung-

Technik 528 
Triäthanolamin 531 
—, Biuret-positive Reaktion 531 



Triglyceridbestimmung 160 
—, Automation 160 
Triglyceride 
—, Aorta 270 
—, bei Gesunden 554 
—, Leber 270 
—, bei Lipoproteinämie 554 
—, Plasma 37 
—, Serum 270 
Trijodthyronin 
—, Bestimmung 99 
—, Serum 99 

, Werte 99 
—, Trennung 99 
Tripyridil-S-Triazin 282 
Tris 531 
—, Biuret-positive Reaktion 531 
Triton 539 
—, und Galaktosaminhepatitis 

539 
Trypsin 104, 450 
—, Hemmung 104, 450 

, durch Proteaseninhibitoren 
450 

Tryptophan 
—, Stoffwechsel 174, 445 

, Analytik 174 
, und Rauchgewohnheiten 

445 
—, Metaboliten 174, 175 

, Dünnschichtchromato­
graphie 174 

—, NAD-Biosynthese 177 
—, Zentralnervensystem 176 
Tryptphanhydroxylase 181 
—, Hemmung 181 
Tryptophanpyrrolase 207 
d-Tubocurarin 
—, Bestimmung 156 
—, Gaschromatographie 156 
Tunneleffekt 487 
Tyrosin 133 
—, Serum 133 

Urämie 
—, mischfunktionelle Oxyge-

nasen 543 

Urin s. auch Harn 
—, oc- Amylase 12 

, UV-Test 12 
, Normal werte 16 

—, Carbonsäuren,aromatischel08 
—, Glucosebestimmung 453 
—, (5-Hydroxy-3-indolyl-essig-

säure 108 
—, Vanillinmandelsäure 108 

Valin 133 
—, Serum 133 
Vanillinmandelsäure 108 
—, im Urin 108 
—, Dünnschichtchromatogra­

phie 108 
, Bestimmung 108 

Verschleppung 89, 91, 458 
—, sicherer Bereich 458 
—, Fehler 91 
—, Koeffizient 91 
Verschleppungseffekte 235 
Verschleppungsfehler 118, 235 
—, Korrektur 235 

Verschleppungskoeffizient 453 
Vitamin B 6 

—, abhängige Krämpfe 180 
Vitamin K 
—, Einfluß auf Enzyme 207 
—, Einfluß auf Gerinnungsfak­

toren 207 
—, Mangelzustand 207 

Wegwerfkapillaren 438 

Xylit 355 
—, antilipolytische Wirkung 355 
Xylitdehydrogenase 355 
Xylutokinase 355 

Zellpackungsvolumen 114 
Zink 
—, Bestimmung 467 
Zuverlässigkeit 
—, von Analysenautomaten 86, 

91, 114 
Zyklus 
—, Renin 151 

Berichtigungen 

In Zeile 2 der deutschen Zusammenfassung der Arbeit „A New 
Automated Determination of Uric Acid" von H . BREEBAART 
u. A. M . F. H . H A A N , diese Z. 10, 17 (1972) muß es statt Phosphor-

Molybdänsäure richtig Phosphor-Wolframsäure heißen 
Der Titel der Arbeit von W. KÖRBER und W. RICK, diese Z. 10 
121 (1972) muß richtig lauten: On-line Betrieb von Digitalphoto­

metern und Kleinrechnern 
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Semiautomatic Method for the Separation and Determination 
of Total Triiodothyronine and Thyroxine in Serum 

By K. HORN, T . R U H L and P. C. SCRIBA 1 ) 

IL Medizinische Klinik (Direktor-, Prof. Dr. E. Buchborn) der Universität München 

(Eingegangen am 9. August 1971) 

A semiautomatic procedure is presented for the separate determination of total T 3 and T 4 in serum in approximately 10 hrs simultaneously 
in 25 samples. Removal of the thyroid hormones from the serum, separation of T 3 from T 4 and concentration of the peaks were achieved 
in a closed system, consisting of three consecutive columns. The automatic microchemical iodine determination of T 3 and T 4 respectively, 
had a sensivity of less than 0.5 ng. Recovery for T 3 was 87% and for T 4 88%. High accuracy and reproducibility could be shown with 
pooled control serum. The overspill of T 4 into T 3 was less than 0.1% of total T 4 . 
The means of total serum T 3 and T 4 were 1.46 ± 0.20 (S. D.) //g/1 and 76.5 ± 10.7 âg/1 respectively for euthyroid controls. In patients 
with nontoxic goiter the T 4 levels were significantly lower than in euthyroid controls, whereas the T 3 levels and the T 3 : T 4 ratio were 
significantly higher. 

Es wird eine semiautomatische Methode für die simultane Analyse von 25 Proben beschrieben, welche die getrennte Bestimmung des 
Gesamt-Trijodthyronins und -Thyroxins im Serum innerhalb von etwa 10 Stunden erlaubt. Die Abtrennung der Schilddrüsenhormone 
von den Serumproteinen, die Trennung von T 3 und T 4 und die Konzentrierung der jeweiligen Eluate erfolgte in einem geschlossenen 
System, bestehend aus drei aufeinanderfolgenden Säulen. Die automatische mikrochemische Jodbestimmung für T 3 bzw. T 4 hat eine 
Empfindlichkeit von weniger als 0,5 ng. Die Wiederfinderaten waren für T 3 :87% und für T 4 :88%. Die Richtigkeit und Präzision der 
Methode waren zufriedenstellend. Weniger als 0,1% des gesamten T 4 gehen in die T3-Fraktion ein. 
Bei euthyreoten Kontrollpersonen fanden sich Serum-T3-Spiegel von 1,46 ± 0,20 ĝ/1 (x ± s) und Thyroxin-Spiegel von 76,5 ± 10,7 fi%j\. 
Bei Patienten mit blander Struma waren die Gesamt-Thyroxin-Spiegel signifikant im Vergleich zu Kontrollpersonen erniedrigt, während 
die T3-Spiegel und der T 3 : T4-Quotient signifikant erhöht waren. 

The clinical significance of the levels of total triiodo­
thyronine2) in serum is of growing interest. Several 
techniques for the determination of triiodothyronine in 
serum have been developed. STERLING and W E R N E R 
have both employed paper chromatography (1—7), 
whereas recently radioimmunological methods have 
been developed (8 — 10). All these techniques have been 
subject to substantial criticism (4—7). 
The method developed in our laboratory during the 
past years consists basically of three steps: (1) Removal 
of thyroid hormones from serum proteins, (2) separation 
of T 3 from T 4 and (3) quantitation of T 3 and T 4 by 
microchemical iodine determination. Continuous chro­
matography in a closed system consisting of three 
consecutive columns diminished artefacts. Simultaneous 
chromatography of 25 samples was achieved using a 
25-channel peristaltic pump in order to obtain partial 
automation and standardization of the procedure. 
Preliminary results of the study have been reported 
(11, 12). 

Materials and Methods 
Cation exchange resins: AG 50 W—X 4, minus 400 mesh, hydrogen 
form; Bio-Rex 70, 50—100 mesh, sodium form (Bio-Rad Labo­
ratories, Richmond, Calif.). Dextran gels: Sephadex G-25, super­
fine; Sephadex LH-20 (Pharmacia, Uppsala). 

x) Supported by the Deutsche Forschungsgemeinschaft (Sonder­
forschungsbereich 51). 
2) Abbreviations: T 3 = triiodothyronine, T 4 = thyroxine, 
MIT — monoiodotyrosine, DIT = diiodotyrosine, PBI = 
protein bound iodine. 

Radioactive compounds: Liothyronine- 1 2 5I (3, 5, 3'-triiodo-L-thyro-
nine), 20—50 mC/mg; L-thyroxine- 1 2 5l, 20—50 mC/mg; 3,5-
diido-L-tyrosine-125I, 25—100 mC/mg and 3-iodo-L-tyrosine-L25I, 
0.1—2 mC/mg, all in 50% (v/v) aqueous propylene glycol solution 
(Radiochemical Centre, Amersham). 
Stable compounds: 3,3',5-triiodo-L-thyronine, puriss.; L-thy-
roxine, purum; 3,5-diiodo-L-tyrosine, purum and 3-iodo-L-tyro-
sine, purum (Fluka AG, Buchs, Switzerland); 3, 5, 3', 5'-te-
traiodothyroacetic acid (Serva, Heidelberg). 

Removal of T 3 and T 4 from serum proteins 
The cation exchange resin AG 50 W-X4 (H f-form) was washed 
three times with 0.1N HCl. After discarding the last supernatant, 
an equal volume of 0.1N HCl was added to the washed resin. Two 
ml of this 1:1 (v/v) continuously stirred suspension were pi­
petted into each of 25 glass microcolumns (volume 5 ml) with the 
outlet closed (Fig. 1, a). Serum (2.5 ml) or standard solution were 
added. The microcolumns were then closed by glass stoppers. 
Removal of T 3 and T 4 from serum was obtained by mixing the 
content of each of the 25 microcolumns on a rotor for 30 min at 
room temperature. Each microcolumn was washed with 10 ml 
I N potassium chloride (Fig. 1, b), to exchange all the H+-ions 
against K+-ions. The eluates containing proteins and iodide were 
discarded. The microcolumns with T 3 and T 4 bound to the resin 
were then linked to the second columns. 

Separation of T 3 and T 4 on Sephadex G-25 
Twentyfive glass columns (h — 130 mm, d = 11 mm) mounted 
in a waterbath of 27° C were filled with a suspension of 4 g Se­
phadex G-25 superfine and washed with 0.05M potassium phos­
phate buffer (pH 11.9) at a constant rate of 0.42 ml per min using 
a peristaltic pump (25-channel micro-pump, Ismatec, Zürich). The 
supernatant buffer was removed from the Sephadex. The micro­
columns of the first step were then put on top of these Sephadex 
columns (Fig. 1, c). T 3 and T 4 were eluted together in a narrow 
peak from the resin with 0.05M potassium phosphate buffer pH 11.9 
(peristaltic pump) and simultaneously layered onto the Sephadex 
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2.5 ml serum IN KCl 0.05 M K phosphate buffer 0.05 M K phosphate buffer 

5 m l NH3 residue supernatant 
T3orT4 

Fig. 1 
Schematic presentation of the method. For explanation see text 

columns. One milliliter fractions were collected and good se­
paration could be achieved (Fig. 2). Therefore for routine pur­
poses batch sampling of T 3 and T 4 , combined with separate 
concentration of T 3 and T 4 on cation exchange resins, was per­
formed (Fig. 1, d). 

40.000 " 

Eluate [ml] 
I I I I L_*. 
0 100 200 300 400 

t [min.] 

Fig . 2 
Separation of T 3 from T 4 on Sephadex G-25 superfine 

The figure shows the elution of radioactive standards in serum sub­
jected to the first two steps of the method. The radioactivity of the 
fractions collected is given versus the volume and the time of elution 

respectively 

Concentration of the T 3 and T 4 batches on cation exchange resin 
The concentrating columns (polypropylene syringes, 2 ml) each 
contained 1 ml Bio-Rex 70, H +-form. The latter was prepared from 
the sodium form by repeated washing with hydrochloric acid. 
The first 40 ml from the Sephadex G-25 column were discarded 
(Fig. 2). The eluate (T 3 or T 4) was then continuously acidified 

with O . I N HCl by means of a second 25-channel micro-pump 
(Ismatec, Zürich) at a rate of 0.23 ml per min. The fractions 
containing T 3 or T 4 (Fig. 2) were subsequently layered onto 
Bio-Rex 70 columns for retention of T 3 and T 4 respectively 
(Fig. 1, d). 
The Bio-Rex columns containing T 3 or T 4 were first washed with 
7.5 ml 2N HCl and then with 15 ml water (Fig. 1, e). T 3 or T 4 

were then eluted with 5 ml 5N N H 3 into glass vials. After the 
addition of approximately 10 mg of zinc powder activated by 
cuprous sulfate for reductive dehalogenation (13), the samples 
were evaporated at 70° C within 30 min under nitrogen (Fig. 1, e), 
the gas being recycled in a closed system. This step also provided 
the necessary deiodination of the thyroid hormones (13). The 
evaporated residue was dissolved in 1 ml I N NaOH, mixed for 
20 min and centrifuged briefly. 

Quantitation of T 3 and T 4 

The automatic microchemical iodine determination in the solved 
residues was performed in a continuous flow system as published 
(13). The sensitivity of the microchemical analysis can be seen 
from the standard curve (Fig. 3). — The measured values were 
corrected against the yield of a control serum incubated with 
labeled T 3 and T 4 (Table 1). All data reported represent the mean of 
duplicate analyses. 

T a b l e t 

Quality control of the complete procedure 

Quality control from day to day: T 3 T., 
Recovery of added l25I-labeled 86.7 ± 4.9% 88.4 ± 4.1 % 

hormone (N = 15) (N = 15) 
Reproducibility of control serum 1.45 ± 0 . 1 4 ĝ/1 55.8 ± 3.8 //g/1 

(N = 14) (N = 16) 
Values of healthy controls: 1.46 i 0.20 /*g/l 76.5 ± 10.7 /<g/l 

No goiter, no medication, (N - 23) (N = 23) 
normal weight Means ± S D 

Z. klin. Chem. u. klin. Biochem. / 10. Jahrg. 1972 / Heft 3 



Horn, Ruhl and Scriba: Semiautomatic determination of total triiodothyronine and thyroxine 101 

100 

90 

10 

Iodide [ng] 

Fig. 3 
Standard curve of the microchemical iodine determination 

On the left is shown the automatic recording of the standards. Open 
circles ( O ) are means of triplicate determinations (9) 

Results 
The different steps of the method 

On the first column the T 3 and T 4 content of serum was 
completely retained, as demonstrated by experiments 
with radioactive T 3 and T 4 . From this first column 
94% of radioactive T 3 and T 4 could be concomitantly 
eluted in a volume of 8 ml using continuous chromato­
graphy. Since the eluate of the first column was simul­
taneously layered onto the second column, no inter­
mediate concentration step was necessary. Continuation 
of the chromatography in this closed system with the 
same buffer separated T 3 from T 4 . After the elution 
from the second column, the radioactive T 3 could be 
completely recovered in approximately 45 ml (Fig. 2). 
Complete recovery of the T 4 was obtained in approxi­
mately 60 ml, separated from the T 3 peak by an interval 
of 20 ml free of radioactivity (Fig. 2). 
Prior to quantitation, the eluates containing T 3 or T 4 

had to be reduced in volume. Continuous acidification 
of the eluates from the Sephadex columns (Fig. 1, d) 
in the closed system used, was necessary for complete 
retention of T 3 and T 4 respectively on two separate 
cation exchange resin columns. For the final elution of 
T 3 or T 4 from the Bio-Rex columns a yield of 95% of 
the radioactivity in 5 ml of 5N N H 3 was obtained. 
The sensitivity of the microchemical iodine deter­
mination (13) permitted the measurement of 0.5 ng 
iodine from thyroid hormones (Fig. 3) after subtraction 
of the blank. The introduction of the reductive de-
halogenation step made it possible to estimate the 
iodine content of the thyroid hormones by a standard 

curve of iodide. The yield was 96% for cold hormones 
(13). 
The blank value for the whole procedure was about 
1 ng iodine, mainly due to the concentrating step on 
the Bio-Rex column. Recently, we therefore used 
Sephadex LH-20 instead of Bio-Rex 70. From 1 ml 
Sephadex LH-20 columns T 3 or T 4 were completely 
eluted in 3 ml solution of 15N N H 3 : 50% (v/v) aqueous 
methanol = 1:1, resulting in blank values of less than 
0.5 ng. 

Quality control 
The quality control of the complete procedure (Fig. 1) 
for the separate determination of T 3 and T 4 is presented 
in Table 1. The recovery of added radioactive thyroid 
hormones was checked from day to day and was 87% 
for T 3 and 88% for T 4 . The recovery of cold T 3 was 
studied by the following experiment. Three nanograms 
T 3 were added to 2.0 ml control serum, the latter 
containing 3.26 ± 0.21 ng T 3 (N = 6). After the 
whole procedure 5.90 ^ 0.33 ng T 3 (N = 4) were 
recovered, which is equal to 88% of the originally 
added T 3 . 
The precision of the method was determined from day 
to day with a control serum. The coefficient of varia­
tion was less than 10% for T 3 and 7% for T 4 (Table 1). 
The precision within a single assay was even better, 
namely 6.5% for T 3 and 2.7% for T 4 (12). 

Specifity 
The following rechromatography experiment was 
performed to check the overspill of T 4 into the T 3 peak 
(Table 2, Fig. 2): 
Radioactive standards of T 3 and T 4 were incubated 
each with 2 ml control serum and, after the whole 
separation procedure (Fig. 1, a—d), the peaks of the 
T 3 and T 4 area were concentrated on A G 50 W-X4 
instead of Bio-Rex 70 as the third columns. These 
columns were used as the first columns of the rechro­
matography through the whole procedure (Fig. 1, 
a—d). The results are shown in Table 2. The radio-

Table 2 
Rechromatography of radioactive T 3 and T 4 standards 

For technical details and explanation see text 

I - T 3 T 4 

T s - m I : 1 s t chromatography 2.1% \ 0.99% 
2nd chromatography — 91.7% 0.25% 

T 4 - 1 2 5 I : 1st chromatography 1.6% \ 1 
2nd chromatography — 1.31 % 
of T 3 in T 4 standard 
2"d chromatography \ of T 3 in T 4 standard 
2"d chromatography — 0.09% 92.9% 
of T., 

active standards used were contaminated with 2.1% 
iodide (T 3 ) and 1.6% (T 4 ) respectively. The overall 
yield was 91.7% for T 3 and 92.9% for T 4 after re­
chromatography. The radioactive contamination of the 
T 3 standard found in the T 4 area was 0.99% after the 
first chromatography, 0.25% after the second chro­
matography. These radioactivities were probably due 

Z. klin. Chem. u. klin. Biochem. / 10. Jahrg. 1972/Heft 3 



102 Horn, Ruhl and Scriba: Semiautomatic determination of total triiodothyronine and thyroxine 

to tailing of the T 3 peak and not due to real T 4 con­
tamination. 
The T 4 standard was contaminated with 1.31% of 
radioactivity which was identified as T 3 in the second 
chromatography (Table 2). Rechromatography of the 
T 4 peak showed only a very small amount of T 3 (0.09%). 
Thus, the overspill of T 4 into T 3 was less than 0.1% of 
total T 4 . — Further, 350 ng T 4 of a freshly prepared 
cold standard solution were applied to the procedure 
without prior chromatographic purification. No meas­
urable T 3 was found. 
The iodide content of serum is eluted from the first 
column (Fig. 1) and discarded together with the serum 
proteins. — The MIT and D I T fractions which are 
eluted from the first column onto the second column 
appear before the T 3 peak, as proved with radioactive 
standards. 
Added inactive tetraiodothyroacetic acid (tetrac) was 
eluted together with T 4 . — When a serum heavily 
contaminated with exogenous iodine (e. g. X-ray 
contrast media), as shown by excessively high P B 1 2 7 I 
values, was subjected to the procedure, some overspill 
of the contaminant into the T 3 area was observed. 

Euthyroid controls and nontoxic goiter patients 
The normal ranges of the total serum T 3 and T 4 contents 
calculated from the 23 euthyroid controls studied so far 
are given in Table 1. The T 3 : T 4 ratio in serum was 
1:44 on a molar basis. 

3.0 

2.0 

1.0-

20 40 60 80 100 120 

Fig. 4 
Individual serum T 3 levels versus T 4 levels of patients with nontoxic 

goiter in comparison with the normal range of euthyroid controls 
The rectangle represents the normal range (means ± 2 S D ) of T 3 and 
T 4 of euthyroid controls. Diffuse nontoxic goiter ( £ , N = 24), nodular 
nontoxic goiter ( + , N = 7 ) , recurrent diffuse nontoxic goiter ( O , 

N = 7) and recurrent nodular nontoxic goiter ( > , N = 5 ) 

Figure 4 shows the normal ranges of T 3 and T 4 of 
euthyroid controls and the individual T 3 and T 4 levels 
of patients with diffuse or nodular nontoxic goiter. The 
individual values of T 4 of the goiter patients are in the 
lower half of the normal range or just below. In con­
trast, the T 3 levels are normal or slightly elevated. The 
same was found for recurrent nontoxic goiter. The 
means of the serum levels of patients (N = 43) with 

nontoxic goiter were significantly elevated for T 3 : 
1.71 ± 0.41 (S. D.) /ig/1 compared with euthyroid 
controls (1.46 ± 0.20 ĝ/1, N = 23, p < 0.005)/The 
T 4 values were significantly diminished: 61.9 ± 14.2 ĝ/1 
versus 76.5 ± 10.7 ĝ/1 (p < 0.0005). The T 3 : T 4 ratio 
(ng://g) of nontoxic goiter patients was therefore 
significantly higher than of euthyroid controls: 28.8 
± 8.9 versus 19.6 ± 4.1 (p < 0.0005). 

Discussion 
The normal range of the total T3-level in serum 
(1.06 — 1.86 ,ag/l) obtained by this method is obviously 
lower than the normal ranges reported by other authors 
(1—4, 7). This discrepancy is probably caused by the 
use of different methods. The two main sources for 
excessively high T 3 levels are: (1) T 4 overspill into T 3 

and (2) artefacts arising from chromatography. Paper 
chromatographic techniques have recently been seri­
ously questioned in this respect (4—7). 

The method presented here has the following advantages-. 

1. Column chromatography is used throughout the 
method without intermediary organic solvent ex­
traction or volume reduction steps before the separation 
of T 3 from T 4 . This diminishes the chance of chro­
matographic artefacts, for example ester formation 
(4, 5, 7). In addition this approach permitted simul­
taneous chromatography of 25 samples. 

2. The automation of the chromatography on three 
consecutive columns (closed system) and of the iodine 
determination (13) obviously resulted in sufficient 
standardization of the yields (average 87%). As a 
consequence the addition of internal radioactive stand­
ards to all samples could be omitted. Internal radio­
active standards are probably sources for overcorrection 
(6). This might be of major importance in methods 
with yields of around 50%, especially when the radio­
active standards were contaminated or had low spe­
cific activities. 

3. The chromatographic system used separates T 3 from 
T 4 on the basis of different pK values of the phenolic 
groups of the molecules (6.73 for T 4 and 8.45 for T 3 ) 
(14). T 3 is eluted before T 4 with an overspill of less 
than 0.1% of total T 4 into T 3 . Therefore the error in 
the T 3 determination due to T 4 contamination is less 
than 5%. 
Our results for T 3 levels are in good agreement with 
the recently published data based on radioimmunological 
determination (15). 
The serum T 4 levels of patients with nontoxic goiter tend 
to be low-normal, the serum T 3 levels to be normal or 
slightly elevated. The patients are from an area of 
iodine deficiency with urinary iodine excretions of 
approximately 40 /̂ g/day (unpublished data). Nontoxic 
goiter patients of our area were earlier shown to have 
slightly diminished values of PBI and T 3 - uptake as 
compared with euthyroid controls (16, 17). The same 
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was observed for the group of patients studied here. 
The normal or even elevated total T 3 levels could be 
interpreted as an attempt to preserve euthyroidism in 
the patients with endemic goiter. Determination of 
TSH levels in our patients will show, if the increment 

of T 3 in relation to T 4 is a consequence of elevated 
T S H levels, as postulated by some authors (17, 18) and 
questioned by others (19, 20). T 3 preference could also 
be interpreted on the basis of substrate deficiency 
(iodide) for thyroid hormonogenesis (21). 
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