Table of contents

1 INTFOAUCTION ..t e e ettt e e e e e e e e eeeeaaa e e e e e eeeeeenes 1
1.1 Physiological effects of thyroid hormones.........cccccvvviviiiiiiiiiiiiiiiiiiiiieene, 1
1.1.1 Effects of triiodothyroning (T3) .......ccccuiiiiiiiiiii e 1
1.1.1.1 Effects of T3 at nuclear reCeptors .............cccoocviiiiiiiiiiinc e 1
1.1.1.2 Non-nuclear effects of T3.......cccooiiiiiiii, 3
1.1.2 Physiological effects of diiodothyronines.............ccccovviiiiiiiiiiiiiieeic e 5
1.1.2.1 Physiological effects of 3,5-diiodothyronine (3,5-T2) ....ccccoovvviivriinnnnnn. 5
1.1.2.2 Physiological effects of 3,3'-diiodothyronine (3,3'-T2) ......cccoovvcvvrrvennnnnn. 8
1.2 Rationale for the choice of experiments performed in this study ............ 9
1.2.1 Diiodothyronine serum concentrations in humans with thyroidal and
NONthYroidal IINESSES ......ooeeiiie e 9
1.2.2 Diiodothyronine concentrations in normal brain tissue
and IN Drain tUMOIS ...... e 11
1.2.3 Diiodothyronine concentrations in rat brain homogenates .............ccc......... 11
1.2.4 Diiodothyronine concentrations in subcellular compartments .................... 14
1.2.5 Effects of antidepressant treatment on diiodothyronine concentrations ..... 14
1.2.6 Effects of circadian variations on diiodothyronine concentrations.............. 15
1.3 PUrpose of the StUAY ..o 15
2 Materials and MethodS ... 17
2 R V= 1= =1 PRSP 17
2.1.1 Equipment for subcellular fractionation ..o 17
2.1.2 Equipment for radiolabeling iodothyronines .............ccouviiiiieeeiveeiiiciee e 17
2.1.3 Equipment for extracting, purifying, and separating iodothyronines........... 17
2.1.4 Equipment for RIA quantification...............eoiiiiiiiiieeiiis e 18
2.1.5 Chemicals and reagents for subcellular fractionation..............cccccccceeeeenn. 19
2.1.6 Chemicals and reagents for radiolabeling iodothyronines.......................... 19
2.1.7 Chemicals and reagents for extracting, purifying, and separating
(ToTo (o)1) o] o110 T=2S T PSPPI 20
2.1.8 Chemicals and reagents for RIA quantification ................ccccevvvvviiiiiiieeeeen.. 20
N e B B (U o L PP UPPPPTRRPPIN 21
2.2 StUAIES IN NUMANS ... e e e e e e eeeeees 21
2.2.1 Hormone determination in hUmMan SErum ................uueeeuiieeiimemmiiiiieiannns 21
e 2.2.1.1 Healthy CONrOIS. .. ...ttt 21
e 2.2.1.2 Patients with thyroid diSOrders...........ccovvveuviiiiiiieeeiieeciee e e, 22
e 2.2.1.3 Patients with different somatic, nonthyroidal diseases................... 22

¢2.2.1.3.1 Patients With SEPSIS.......ccoiiiiiiiiiiiiiiii e 22



«2.2.1.3.2 Patients with head and/or brain injury.............c..cceeee 22

«2.2.1.3.3 Patients with brain tumors and metastases.................... 23
+2.2.1.3.4 Patients with liver diseases............ccccccuvrvriiiiiiiiiiiiiienennn. 23
@ 2.2.1.4 ACULE SITESS. ...ttt ettt e et e et e e e e et e e e eana e e e eenna e aaees 24
o 2.2.1.5 Sleep depriVation.........ccooeeiiiiiiiiiiiiie et 24
2.2.2 Hormone determination in human brain tiSSUE..............uvvvviiviviiiiiiiiiiiiiiinnns 25
o 2.2.2.1 Healthy dONOIS.......ouuuiiiiiieieeieiie e e e 25
e 2.2.2.2 Samples of human brain tumors and metastases................ccccceue. 26
2.3 Studies in experimental animals ...........ccoiiiiiiiiiiiii 26
pZ N 1114 F= 1PN 26
2.3.2Group 1: Control @aniMalS ...........eoiiiiiiiiii e 26
e 2.3.2.1 Homogenates of different brain areas, pituitary glands,
and liver of the rat..........oi 26
e 2.3.2.2 Subcellular fractions of rat brain regions ...........cccceevvviiinieeiieeeinnnns 27
2.3.3 Group 2: Antidepressant treatment with desipraming ...........cccccccveeeeeenn.. 27
2.3.4 Group 3: Circadian variations of iodothyronines ............cccoooevvviiiiiiinnnne. 27
2.4 HOrmone determMiNatioN. ... ... coi oo iiieiiiiiiae e e e e e e e e e eeeeees 28
p O YN 1011 = £ RN 28
2.4.2 Synthesis of 3,5-To traCer..........ccoociiiiiiiiiii 28
2.4.3 Synthesis of 3,3"-T2 tracer ...........cocvviiiiiiiiii 28
2.4.4 Preparation of 3,5-T2-binding antibody .............cccoiiiiiiii, 30
2.4.5 Preparation of 3,3'-T2 -binding antibody ..., 31
2.4.6 RIA procedure for 3,5-T2 in serum and tissue samples .............ccccvvvveennnn. 31
2.4.7 RIA procedure for 3,3'-T2 in serum and tissue samples .............cccccvveeeenen. 32
2.4.8 Serum determination of other iodothyronines and thyrotropin (TSH)......... 32
2.4.9 Tissue determination of other iodothyronines .............cccoeeveeiiiiiiiiciiineeee, 33
2.5 Preparation of animal and human tissue samples.........cccccvvvvvviiiiineeeenn. 34
2.5.1 Brain diSsection iN the rat...........coooiiiiiiiiiiiii e 34
2.5.2 Subcellular fraCtioN@LION............uuuuuiiiieiiiiieieiieeiieeeieeriee e 37
e 2.5.2.1 Homogenization of the single areas of the rat brain....................... 38
e 2.5.2.2 Centrifugation of the homogenates............cccooviiiiiiiiiiiiiiieeeeeeies 38
e 2.5.2.3 Isolation of the nuclear fraction .............ccccoeeeeei 38
e 2.5.2.4 Isolation of the mitochondrial fraction..............cccocoeoeii. 39
e 2.5.2.5Isolation of the synaptosomal fraction................cccoeeviiiiiiiiniinnieiinns 39
e 2.5.2.6Isolation of the Mmyelin ... 39
e 2.5.2.7 Isolation of the microsomal fraction.............ccccoeeeeiii, 39
e 2.5.2.8 Electron microscopic characterization of the subcellular
FrACTIONS .. 40
e 2.5.2.9 Characterization of the subcellular fractions by biochemical
MATKETS <. 40
2.5.3 Extraction of iodothyronines from the subcellular fractions........................ 43

e 2.5.3.1 Suspension of the subcellular fractions..............cccvvvviieiiiieiivieennns 43



e 2.5.3.2 Extraction of the subcellular fractions.............cccccoeeeviiiiiiiiiiiiineeee, 43
e 2.5.4.3 Preparation of the subcellular fractions and homogenate

eXIracts fOr HPLC ... 45

2.5.5 Extraction of diiodothyronines from serum..........cccccccceeiiiiieiiiieiiccciee e, 45
2.5.6 Protein qUantifiCatiON. ...........uuuuiiiiiiiiiiiiiie et eeeees 45
FZ G T o | = R 46
2.6.1 Preparation of the tissue sample extracts for the autosampler .................. 46
2.6.2 Purification and separation of the extracted iodothyronines by HPLC ....... 47
2.6.3 lodothyronine collection for RIA quantification .............cccooeveeiiiviiiiiiiineeee, 47
2.7  Data @nalySiS coevvuueiiii i aaas a7
3 RESUITS et aaaaeaae 49
3.1 Method validation ..o 49
UL L HPLC o 49

e 3.1.1.1 Separation of iodothyronines by HPLC .............ccooiiiiiiiiiiiiiniiiieeinns 49

e 3.1.1.2 Recovery of iodothyronines after extraction and HPLC.................. 50
.12 RIA TOF 35T D ittt e e e 50

* 3.1.2.1 RIA sensitivity for 3,5-T2 ..o, 50

e 3.1.2.2 Cross-reactivity of 3,5-To antibody with iodothyronines................. 50

e 3.1.2.3 Cross-reactivity of 3,5-To antibody with drugs.............ccccceeeeeeinne 52

e 3.1.2.4 Recovery of “cold” 3,5-T ..o, 53

e 3.1.2.5 Inter- and intra-assay coefficients of variation....................cceeeeuens 53
Ll B RIATOr 3,3 T Dttt 54

e 3.1.3.1 RIA Sensitivity fOr 3,3 -T2 ....uurriiiiiiieeiiiii e 54

e 3.1.3.2 Cross-reactivity of 3,3-To antibody with iodothyronines................ 55

e 3.1.3.3 Cross-reactivity of 3,3-To antibody with drugs .............cccceeeeeeinns 56

e 3.1.3.4 Recovery Of “Cold" 3,3 -T2 ....uumiiiiiiieiiiiiiiiieiie e 57

e 3.1.3.5 Inter- and intra-assay coefficients of variation...................cccceeeuenns 57
3.2 ClNICAl STUAIES ... e 58
3.2.1 Serum concentrations Of 3,5-T 2 .....cciiiiiiiiiiiiii e 58

e 3.2.1.1 Healthy CONIOIS ......uueiiee e e e e aeaees 58

e 3.2.1.2 Patients with thyroid diSOrders ...........cooeveuiiiiiiiiii e 59

e 3.2.1.3 Patients with different somatic, nonthyroidal diseases................... 60

®  3.2.0.4 ACULE SITESS ...oeiieieeiii e eeeete et e e e e e e e e e e e e e e nnn e eees 60

o 3.2.1.5SIeep depriVation ..........ccceeieeuuuiiiiieeeeeeeeeie e e e e e e 61
3.2.2 Serum concentrations of 3,3'-T2! ......ccccciiiiiiiii 61

e 3.2.2.1 Healthy CONIOIS ....uuuiiiei e 61

e 3.2.2.2 Patients with thyroid diSOrders ...........cooovviiuiiiiiii i 62



e 3.2.2.3 Patients with different somatic, nonthyroidal diseases................... 62

®  3.2.2.4 ACULE SIIESS ....eiieieerii ettt e e e e e e e e e ennn e eeees 63
o 3.2.2.5SIeep depriVatioN ........ccoeeiiiiiiiiiiiiee e 63
3.2.3 Serum concentrations of other iodothyronines and thyrotropin (TSH)........ 64
3.2.4 TiSSUE 1eVEIS OF 3,5-T 2 .ciiiiiiiiiieee e 65
e 3.2.4.1 Human brain areas of healthy donors...............ccoovvviiiiiiiiiiieveeeeinns 65
e 3.2.4.2 Human brain tumors and metastases .........ccccovveeviiiiiiiiinieeeeeeeeinns 67
3.2.5Tissue levels of 3,3'-T2 ..o, 67
e 3.2.5.1 Human brain areas of healthy donors...........cccooooiiiiiiiiiiiieeiinns 67
e 3.2.5.2 Human brain tumors and metastases........cccccccvvviiieieeeniiiiiis 68
3.2.6 Tissue levels of other iodothyronines in human brain areas
Of NEAINY AONOIS.... . e 68
3.2.7 Tissue levels of other iodothyronines in human brain tumors
AN METASTASES ... v i ettt e e ettt e e e e e e eeeaaa e e e e e e eeeenees 69
3.3 ANIMAl STUAIES ..o e e 71
3.3.1 Serum concentrations of 3,5-T2 and 3,3'-T2 in control animals.................. 71
3.3.2 TiSSUE 1EVEIS OF 3,5-T 2 .ceiiiiiiiiiiee e 71
e 3.3.2.1 Homogenates of various brain areas of therat...................ccooeees 71
e 3.3.2.2 Subcellular fractions of brain areas of the rat..............cccooeeeeiiinninns 73
3.3.3 Tissue levels of 3,3'-T2 ..., 74
e 3.3.3.1 Homogenates of various brain areas of therat ..................cccevnnn.... 74
e 3.3.3.2 Subcellular fractions of brain areas of the rat.................cooeeeeeeee. 74
3.3.4 Tissue levels of other iodothyronines...........ccooovvvveiiiiii e 76
¢ 3.3.4.1 Homogenates of various brain areas of therat..................cceevnnnn.n. 76
e 3.3.4.2 Subcellular fractions of brain areas of the rat..................ooeeeeeee. 78
3.3.5 Effects of antidepressant drugs on brain subcellular concentrations
Of 3,5-T2 and 3,3 -T..cccoiiiiiiiiii 79
3.3.6 Effects of circadian variation on concentrations of 3,5-To and other
([oTe [o]1)Y o] 011 T=2S SRR 82
DS CUSSION e 87
4.1 3,5-T» serum and tissue concentrations in humans..............cccccceeeeenniennnee, 87
4.2 3,3-Tp serum and tissue concentrations in humans.............cccccceeeeeeviiinnnee. 91
4.3 3,5-Tp serum and tissue concentrations iN rats .............ocecvvvveeeineeeennnnennne 94
4.4 3,3-Tp serum and tissue concentrations iN ratS.............ccccvvvveeeeeeeennnnnnnnene 100
SUIMIMAIY <.ttt e ettt e ettt e e e et et e e e e eet e e e e eaaa e e eeennn e eeeennnaaaee 103

R I BN CE LISt e e 106



CUTTICUIUM Vi 88 oo e 117
(I ESY Ao )l AU ] o] LTo%= 1 {1 ] o KT 119
Poster and Slide PresSentatioN. ... 121

o3 4 o1V A =Te Lo g 1 1= o 1 S 124



