
eixlocrüio 
fogiea 

Volume 127 

July-December 1992 

Copenhagen 

/ -"V - • 

CHIEF EDITOR 

C. BINDER 

EDITORS 

F. BIDLINGMAIER 

A. G. BURGER 

H. D R E X H A G E 

S. EDEN 

J. F A B E R 

E. H A U G 

I. H U H T A N I E M I 



© A c t a E n d o c r i n o l o g i c a 1992 

Contents, Vol. 127 

Instructions to Authors 3 

fan M Wit. Albert A Massarano. Gerdine A Kamp, Peter C 
llindmarsh. An van Es. Charles CD Brook. Michael A Preece and 
David R Matthews 

G r o w t h h o r m o n e secretion i n pat ients w i t h T u r n e r ' s s y n d r o m e 
as d e t e r m i n e d by t i m e series analysis 7 

Hideo Takahashi. Hiroshi Hondo. Chenyu Zhang. Ryuichi Yamasaki 
and Shiro Saito 

M e c h a n i s m of i m p a i r e d g r o w t h h o r m o n e secret ion i n pat ients 
w i t h Cushing 's disease 13 

Nicola Castro. Vincenza Scafidi and Alberto Notarbartolo 
A l t e r a t i o n s i n c i r c a d i a n r h y t h m of s e r u m t h y r o t r o p i n i n 
c r i t i c a l l y i l l pat ients 18 

F.nnanno Rolandi. Bruno Santaniello. Marcello Bagnasco. Angelo 
Cataldi. Cristina Garibaldi. Roberto Franceschini and Tonunaso 
Barreca 

T h y r o i d h o r m o n e s a n d a t r i a l n a t r i u r e t i c h o r m o n e secret ion: 
s tudy i n h y p e r - a n d h y p o t h y r o i d pat ients 2 3 

Kahn jönsson. Karin Alfredsson. Christina Söderberg-Ahlin. Helen 
Critchley. Anja Brooders and Mats Ohlin 

E v a l u a t i o n of the d e g r a d a t i o n of d e s a m i n o ' . D - a r g i n i n e s - v a s o -
prcssin by nasal mucosa 2 7 

Michael Alvarsson. Valdetnar E Grill. Alexandre Wajngot. Erol 
Cerasi and Suad Efendic 

h o n g - t e r m s tabi l i ty of l o w i n s u l i n responses to glucose i n n o n -
diabetic subjects 3 3 

Hans Herlitz. Oloj Jonsson and Bengt-Äke Bengtsson 

Relat ionship be tween plasma g r o w t h h o r m o n e c o n c e n t r a t i o n 
a n d ce l lu lar s o d i u m t r a n s p o r t i n a c r o m e g a l y 38 

Yoshiniasa Shishiba. Ywni Imai. Ritsuko Odajiniu. Yasunori Ozawa 
and Taeko Shiniizu 

I m m u n o g l o b u l i n g of pat ients w i t h c i r c u m s c r i b e d pret ib ia l 
m y x e d e m a of Graves' disease s t imulates pro teog lycan synthesis 
in h u m a n skin f ibroblasts i n c u l t u r e 4 4 

Annie WC Kung. WM Hui and Eddie SK Ng 

Serum a n d plasma ep idermal g r o w t h factor i n t h y r o i d disorders 52 

Safisa Balasinor. Manjit K Gill-Sharma. Priyanka Parte and 
HS Juneja 

Cerebrospinal f l u i d a n d b lood c o n c e n t r a t i o n s of l u t e i n i z i n g 
h o r m o n e , fol l icle s t i m u l a t i n g h o r m o n e a n d p r o l a c t i n f o l l o w i n g 
cas t ra t ion of a d u l t male rats 58 

Esperanza B Berensztein. Alicia Belgorosky and Marco A Rivarola 
P r i m a r y c u l t u r e of p r e p u b e r t a l h u m a n tes t icular cells isolated 
f r o m testes collected at necropsy 66 

iE Cageao, 1R Mignone. CR Ricci. CC Brignone. }A Brignone and 
A A Zaninovich 

Effects of t h y r o i d h o r m o n e s o n m i t o c h o n d r i a l o x y g e n c o n s u m p ­
t i o n i n b r o w n adipose tissue a n d h e a r t f r o m cold-exposed 
h y p o t h y r o i d rats 72 

Mizutani. H Yokosawa and Y Tomoda 
Degradat ion of o x y t o c i n by the h u m a n placenta : effect of 
selective i n h i b i t o r s 76 

Hitoshi Ishida. Yutaka Seino. Noritaka Takeshita. Takeshi Kurose. 

Kazuo Tsuji. Yoshiniasa Okamoto, Yoshimichi Somega, Kuniko 
Hara. Yasuhiro Akiyama, Hiroo hnura and Masutni Nozawa 
Effect of pancreas t r a n s p l a n t a t i o n o n decreased levels o f c i r c u ­
l a t i n g bone y - c a r b o x y g l u t a m i c a c i d - c o n t a i n i n g p r o t e i n a n d 
osteopenia i n rats w i t h s t reptozotoc in- induced diabetes . . . 81 

Benoit Soudan. Daniel Tetaert. Andre Racadot, Pierre Degand and 
Arnold Boersma 

Decrease of testosterone level d u r i n g a n e x p e r i m e n t a l A f r i c a n 
t rypanosomias i s : i n v o l v e m e n t of a test icular LH receptor 
desensit ization 86 

Silva Arslanian and Satish Kalhan 

Effects of g r o w t h h o r m o n e releasing h o r m o n e o n i n s u l i n ac t ion 
a n d i n s u l i n secretion in a h y p o p i t u i t a r y pat ient eva luated by the 
c l a m p t e c h n i q u e 9 3 

Milo Zachmann. Bianca Kempken. Brigitte Manella and Elizabeth 
Navarro 

Convers ion f r o m p u r e 17.20-desmolase- to c o m b i n e d 17 ,20-
desmolase/1 7a-hydroxyIase deficiency w i t h age 9 7 

Anja I Eranssila-Kallunki, Johan G Eriksson and Eeif C Groop 
Time-dependent effect of h y p e r g l y c e m i a a n d h y p e r i n s u l i n e m i a 
o n ox ida t ive a n d n o n - o x i d a t i v e glucose m e t a b o l i s m i n pat ients 
w i t h N I D D M 1 0 0 

Barbara Eunk. Ulrike Kessler. Wolfgang Eisenmenger. Angela 
Hansmann. HelmutJ Kolb and Wieland Kiess 
T h e expression of i n s u l i n - l i k e g r o w t h factor b i n d i n g prote ins is 
tissue specific d u r i n g h u m a n fetal life a n d ear ly i n f a n c y . . 1 0 7 

RM Couch 

Dissociat ion of Cortisol a n d adrena l a n d r o g e n secretion i n p o o . l y 
c o n t r o l l e d insu l in -dependent diabetes m e l l i t u s 115 

Takeshi Maruo. Kazuaki Katagama, Eliroga Matuso, Mochamad 
Anwar and Matsuio Mochizuki 

The role of m a t e r n a l t h y r o i d h o r m o n e s i n m a i n t a i n i n g ear ly 
p r e g n a n c y i n threatened a b o r t i o n 118 

Elizabeth Parish. Colin D Fletcher. Judith E Barnes, Ann Mack. 
Christina E Gray and David M Hart 
Reversible menopause i n d u c e d by the G n R H ana logue busere-
l i n : effects o n l i p o p r o t e i n m e t a b o l i s m 123 

Jan Blaakaer, Henning Djursing. Ulla Herding. Paul Bennett. 
Kim Toftager-Larsen. Johannes E Bock and Paul E Lebech 
T h e p i t u i t a r y - g o n a d a l axis i n w o m e n w i t h b e n i g n or m a l i g n a n t 
o v a r i a n t u m o r s 1 2 7 

Winfried G Rossmanith. Claudia Stäbler. Reiner Benz, Stefan R 
Bornstein and Werner A Scherbaum 

Role of o v a r i a n sex steroids i n the r e g u l a t i o n of t h y r o t r o p i n 
(TSH) secretion of h y p o g o n a d a l w o m e n 1 3 1 

Joseph Eoldes. Paillette Wilson. Sheikh M Saeed. Karen Buck, 
A Michael Parfitt and Michael Kleerekoper 
P a r a t h y r o i d s t i m u l a t i o n after b leeding i n m a n 138 

Hong-Yi Hit. Osamu Mokuda, Yoshikazu Sakamoto and Naokata 
Shiniizu 

Direct effect o f A C T H o n r e n i n release i n isolated perfused 
g u i n e a - p i g k idneys w i t h adrena l glands 142 

Mimi H Chiang and Charles S Nicoll 

H u m a n placenta l lactogen i n h i b i t s g r o w t h w i t h o u t c h a n g i n g 



566 Volume contents A C T A K N I ) ( ) C K I N ( ) I . ( K ; I C A 1 9 9 2 . 1 2 7 

s e r u m levels of IGF-1 in rats : a n a p p a r e n t specific a c t i o n of the 
h o r m o n e 146 

Takeshi Maruo. Shinsuke Hiramatsu, Tetsuo Otani, Masato Hayashi 
and Matsuto Mochizuki 

Increase i n the expression of t h y r o i d h o r m o n e receptors i n 
p o r c i n e granulosa cells ear ly i n f o l l i c u l a r m a t u r a t i o n . . . 152 

Mira Gafny, Chava Ben-David. Nava Sirkis. Amirav Gordon and jack 
Gross 

T h e appearance i n t h y r o i d e c t o m i z e d mice o f i m m u n o g l o b u l i n s 
t h a t b i n d TSH a n d s t i m u l a t e FRTL-5 t h y r o c y t e s 1 6 1 

Debabrata Ghosh and jayasree Sengupta 

Patterns of o v u l a t i o n , c o n c e p t i o n a n d p r e - i m p l a n t a t i o n e m b r y o 
deve lopment d u r i n g the breeding season i n rhesus m o n k e y s 
kept u n d e r s e m i - n a t u r a l c o n d i t i o n s 168 

Timothy Wells and Richard J Balment 

T h e effect of c h r o n i c a n d acute changes i n p lasma c o m p o s i t i o n 
o n vasopressin secretion a n d cerebrospinal f l u i d i n the r a t . . 1 74 

Tetsuya Takahashi. Mitsuo Kawashima, Michiharu Kamiyoshi and 
Katuhide Tanaka 

A r g i n i n e vasotoc in b i n d i n g c o m p o n e n t i n the u terus (shell 
g l a n d ) of the c h i c k e n 179 

Adam J Ziecik. Maria Jedlinska and Slawomir J Rzuckllo 

Effect o f estradiol a n d progesterone o n m y o m e t r i a l LH/hCG 
receptors i n pigs 185 

Y Touitou, A Boissonnas. A Bogdan and A Auzeby 
C o n c u r r e n t a d r e n o c o r t i c a l c a r c i n o m a a n d Conn ' s a d e n o m a i n a 
m a n w i t h p r i m a r y h y p e r a l d o s t e r o n i s m . I n v i v o a n d i n v i t r o 
studies 189 

Ehud Ur and Ashley Grossman 

C o r t i c o t r o p i n - r e l e a s i n g h o r m o n e i n h e a l t h a n d disease: an 
update 193 

M Nink. J Beyer. U Krause. E Holzhauer. Th junginger and 

H Lehnen 
Effects o f c o r t i c o t r o p i n - r e l e a s i n g h o r m o n e o n t h e postoperat ive 
course of elderly pat ients u n d e r l o n g - t e r m a r t i f i c i a l r e s p i r a t i o n 2 0 0 

M Giusti. G Delitala. G Marini, B Uggias. P Sessarego, GM Besser. 
A Grossman and G Giordano 

T h e effect of a m e t - e n k e p h a l i n a n a l o g u e o n g r o w t h h o r m o n e , 
prolactin, g o n a d o t r o p i n s , Cortisol a n d t h y r o i d s t i m u l a t i n g 
hormone i n h e a l t h y e lderly men 2 0 5 

Matteo Pistorello. Margherita Cimolata, Francesco Pedini. Donatella 
Piovan. Marco Boscaro and Francesco Fallo 
Effect of d i g o x i n o n the i n v i t r o secret ion of r e n i n a n d 
a n g i o t e n s i n I I / I I I i m m u n o r e a c t i v i t y by the h u m a n a d r e n a l 
g l a n d 2 1 0 

Per 0 Paaby, Aage Nielsen and Kjeld Raffn 
A m o n t h l y cycle i n the plasma c o n c e n t r a t i o n of G n R H a n d t h e 
g l o m e r u l a r filtered load of G n R H d u r i n g second t r imes ter 
p r e g n a n c y 2 1 5 

Ulrich Deuss. Massimo Buscema, Heike Schumacher and Werner 
Winkelmann 

I n v i t r o effects of t u m o r necrosis factor-a o n h u m a n t h y r o i d 
f o l l i c u l a r cells 2 2 0 

Emerentia CM van Beresteijn, fan PRM van Laarhoven and Anthony 
GH Smals 

Body w e i g h t and/or endogenous estradiol as d e t e r m i n a n t s of 
cor t i ca l bone mass a n d bone loss i n h e a l t h y ear ly pos tmeno­
pausal w o m e n 2 2 6 

Per Kristian Ops tad 

The h y p o t h a l a m o - p i t u i t a r y r e g u l a t i o n of a n d r o g e n secretion in 
y o u n g m e n after p r o l o n g e d phys ica l stress c o m b i n e d w i t h 
energy a n d sleep d e p r i v a t i o n 2 31 

Stefano Angioni. Gabriella lori. Monica Cellini. Silvia Sardelli. 
Eausta Massolo. Felice Petraglia and Andrea R Genazzani 
A c u t e be ta - in ter feron or t h y m o p e n t i n a d m i n i s t r a t i o n increases 
plasma g r o w t h h o r m o n e a n d Cortisol levels i n c h i l d r e n . . . 2 37 

Ellen LP Chan. Chung Shun Flo, Dorothy MacDonald. Suzanne C Ho. 
Thomas YK Chan and R Swaminathan 

I n t e r r e l a t i o n s h i p s be tween u r i n a r y s o d i u m , c a l c i u m , h y d r o x y -
pro l ine a n d s e r u m P T H i n h e a l t h y subjects 2 4 2 

Yasunori Yoshimura. Yukio Nakamura. Fumitaka Ichikawa. 
Takahisa Oda, Masao Jinno, Motomu Ando. Norihiro Koyama and 
Shigetatsu Shiokawa 

Possible i n v o l v e m e n t of leukotr ienes i n h u m a n l u t e a l f u n c t i o n 2 4 6 

Annika M Svensson, LA Hakan Borg and Ulf) Eriksson 

Glucose metabo l i sm i n embryos of n o r m a l a n d diabetic rats 
d u r i n g organogenesis 2 5 2 

Justicia Opoku and Mohammed Kalimi 
Role of the a n t i g l u c o c o r t i c o i d RU 4 8 6 i n the p r e v e n t i o n of 
s tero id- induced h y p e r t e n s i o n 2 5 8 

Naoshi Ohta. Takayuki Takahashi, Takao Mori, Min Kyun Park, 
Seiichiro Kawashima, Kenji Takahashi and Hideshi Kobayashi 
H o r m o n a l m o d u l a t i o n of p r o l y l endopeptidase a n d d i p e p t i d y l 
peptidase I V act ivi t ies i n the mouse u terus a n d o v a r y . . . 2 6 2 

Toru Yamaguchi, Makoto Arao and Masaaki Fukase 
P a r a t h y r o i d h o r m o n e d e g r a d a t i o n by opossum k i d n e y cells via 
receptor -mediated endocytosis a n d lysosomal h y d r o l y s i s . . 2 6 7 

Cor JM Arts and Jos MM Thijssen 

Effects of w h e a t b r a n o n blood a n d tissue h o r m o n e levels i n a d u l t 
female rats 2 7 1 

Hiroshi Hirose. Hiroshi Maruyama. Katsuhiko Itoh. Kazunori 
Koyama. Koichi Kido and Takao Saruta 

A l p h a - 2 adrenergic a g o n i s m s t imulates islet g l u c a g o n release 
f r o m perfused ra t pancreas: possible i n v o l v e m e n t of <i lpha-2A 
adrenergic receptor subtype 2 7 9 

Antoine Tabarin, jean-Benoit Corcuff. Michel Rashedi, Reine 
Angibeau. jean-Marie Caille. Dominique Ducassou. Bernard Dufy 
and Patrick Roger 

M u l t i h o r m o n a l response to c o r t i c o t r o p i n - r e l e a s i n g h o r m o n e in 
in fer ior petrosal s inus blood of one pat ient w i t h Cushing ' s 
disease: c o m p a r i s o n w i t h i n v i t r o secretion of the t u m o r a l 
cort icotropes 2 8 4 

Elisabeth IM Widen. Johan G Eriksson, Agneta V Ekstrand and LeifC 
Groop 

The r e l a t i o n s h i p between first-phase i n s u l i n secretion a n d 
glucose metabo l i sm 2 8 9 

Elisabet Bucht. Anders Eklund, Goran Toss. Rolf Lewensohn. Barbro 
Granberg. Ulrika Sjbstedt, Robert Eddeland and Ove Terring 
P a r a t h y r o i d h o r m o n e - r e l a t e d peptide, measured by a m i d m o l e -
cule r a d i o i m m u n o a s s a y , i n v a r i o u s hyperca lcaemic a n d n o r m o -
calcaemic c o n d i t i o n s 2 9 4 

D Einenkel, KH Bauch and G Benker 

T r e a t m e n t of j u v e n i l e go i t re w i t h l e v o t h y r o x i n e , iodide, or 
a c o m b i n a t i o n of b o t h : the va lue of u l t r a s o u n d grey-scale 
analysis 301 

Giuseppe Saggese. Graziano Cesaretti, Giuliana Andreani and Carla 
Carlott i 

C o m b i n e d t r e a t m e n t w i t h g r o w t h h o r m o n e a n d g o n a d o t r o p i n -



A I T A B N I X ) ( ' K I N ( ) I , ( K 1 1 C A 1 9 9 2 . 1 2 7 Volume contents 567 

re leasing h o r m o n e analogues i n c h i l d r e n w i t h isolated g r o w t h 
h o r m o n e deficiency 3 0 7 

Sergio Bemardini. Gian Luigi Spadoni, Guilherme Pbvoa. Brunetto 
Boscherini and Kerstin Hall 

Plasma levels of i n s u l i n - l i k e g r o w t h factor b i n d i n g p r o t e i n - 1 . 
a n d g r o w t h h o r m o n e b i n d i n g p r o t e i n a c t i v i t y f r o m b i r t h to the 
t h i r d m o n t h of life 313 

Johannes Pfeilschifter, Elisabeth Siegrist, Christian Wüster, 
Eberhard Blind and Reinhard Ziegler 

S e r u m levels of in tac t p a r a t h y r o i d h o r m o n e a n d a l k a l i n e 
phosphatase correlate w i t h cor t i ca l a n d t rabecu lar bone loss i n 
p r i m a r y h y p e r p a r a t h y r o i d i s m 319 

Yuriko Nakamura. Hiroshi Bando, Yasumi Shintani. Yutaka Yoko-
goshi and Shiro Saito 

S e r u m p a r a t h y r o i d h o r m o n e - r e l a t e d p r o t e i n c o n c e n t r a t i o n s i n 
pat ients w i t h h e m a t o l o g i c m a l i g n a n c i e s or sol id t u m o r s . . 3 2 4 

Kim Brixen, Henning K Nielsen, Roger Bouillon, Allan Flyvbjerg and 
Leif Mosekilde 

Effects of s h o r t - t e r m g r o w t h h o r m o n e t r e a t m e n t o n P T H , 
c a l c i t r i o l . t h y r o i d h o r m o n e s , i n s u l i n a n d g l u c a g o n . . . . 3 31 

Stella R Milsom, Bernhard H Breier, Brian W Gallaher, Vanessa A 
Cox. Alistair J Gunn and Peter D Gluckman 
G r o w t h h o r m o n e s t imulates galactopoiesis i n h e a l t h y l a c t a t i n g 
w o m e n 3 37 

Allan A Vaag and Henning Beck-Nielsen 

Effects of p r o l o n g e d A c i p i m o x t r e a t m e n t o n glucose a n d l ip id 
m e t a b o l i s m a n d o n i n v i v o i n s u l i n sens i t iv i ty i n pat ients w i t h 
n o n - i n s u l i n dependent diabetes m e l l i t u s 344 

Zvi Laron. Anne-Maria Suikkari. Beatrice Klinger. Aviva Silbergeld. 
Athalia Pertzelan, Markka Seppälä and Veikko A Koivisto 
G r o w t h h o r m o n e a n d i n s u l i n - l i k e g r o w t h factor regulate i n s u ­
l i n - l i k e g r o w t h f a c t o r - b i n d i n g p r o t e i n - 1 i n L a r o n type d w a r f i s m , 
g r o w t h h o r m o n e deficiency a n d c o n s t i t u t i o n a l short s ta ture . 3 5 1 

Toshiro Kubota. Shusaku Kamada. Makoto Taguchi and Takeshi Aso 
D e t e r m i n a t i o n of i n s u l i n - l i k e g r o w t h factor-2 i n f c t o - m a t e r n a l 
c i r c u l a t i o n d u r i n g h u m a n p r e g n a n c y 359 

Mario Baratta and Carlo Tamanini 

Effect of m e l a t o n i n o n the i n v i t r o secretion of progesterone a n d 
estradiol 1 7 (i by o v i n e granulosa cells 366 

Ryohei Okamoto and Akihiko Kumai 

A n t i g o n a d o t r o p i c a c t i v i t y of h o p extrac t 371 

A Zink and E Raue 

S o m a t o s t a t i n i n h i b i t s the n o r e p i n e p h r i n e - a c t i v a t e d c a l c i u m 
c h a n n e l s i n r M T C 6-2 3 cells: possible i n v o l v e m e n t of a pertussis 
tox in-sens i t ive G-prote in 378 

Claudio Orlando. Salvatore Santoro. Carlo Calabro, Gabriella B 
Vannelli and Gianni Eorti 

Spermat ic a n d per iphera l venous plasma concent ra t ions of 
i m m u n o r e a c t i v e i n h i b i n i n p r e p u b e r t a l boys w i t h undescended 
testis a n d i n p u b e r t a l boys w i t h varicocele 385 

Jürgen R Bierich. Klaus Nolte. Konrad Drews and Gerd Brügman 
C o n s t i t u t i o n a l delay of g r o w t h a n d adolescence. Results of 
s h o r t - t e r m a n d l o n g - t e r m t r e a t m e n t of G H 392 

G Kaimig. C Stover, J Beyer. E Otto 

I n v i t r o synthesis of g l y c o s a m i n o g l y c a n s i n e n d o c r i n e o p h t h a l ­
m o p a t h y 397 

Pilar Jimena, Jose A Castilla, Eemando Peran. Juan P Ramirez, 
Francisco Vergara Jr. Ramon Molina, Francisco Vergara and Alfonso 
Herruzo 

A d r e n a l h o r m o n e s i n h u m a n f o l l i c u l a r fluid 4 0 3 

Tor leif Trydal. Jan Erik Varhaug, Andreas Myking, Lage Aksnes, 
Asbjom Aakvaag and Dagfinn Aarskog 

S e r u m v i t a m i n D metaboli tes a n d c a l c i t r i o l receptor c o n c e n t r a ­
t i o n i n p a r a t h y r o i d tissue i n p r i m a r y h y p e r p a r a t h y r o i d i s m . 4 0 7 

Petronella B Ottevanger. ARMM Hermits. Anthony GH Smals and 
Peter WC Kloppenborg 

TSH-dependent p r o d u c t i o n of T 4 a n d T 5 by metastases of a 
t h y r o i d c a r c i n o m a 4 1 3 

Koji Nakagawa. Tatsuya Ishizuka. Chikara Shiniizu. Yoshito lto and 
Ichiji Wakabaifashi 

Increased h y p o t h a l a m i c s o m a t o s t a t i n m R N A f o l l o w i n g dexa-
methasone a d m i n i s t r a t i o n i n rats 4 1 6 

Ken'ichi Yamaguchi, Hitoshi Haina. Kazuo Watanabe and Chieko 
Adachi 

Effect of d o p a m i n e in jec t ion i n t o the a n t e r o v e n t r a l t h i r d v e n t r i ­
c u l a r reg ion a n d the p a r a v e n t r i c u l a r nuc leus o n vasopressin 
secretion i n conscious rats 4 2 0 

Najiba Zeghal. Francois Gondran, Mebarka Redjem, Marie-Domini­
que Giudicelli, Youssef Aissouni and l-jnile Vigouroux 
Iodide a n d T 4 k inet ics i n plasma, t h y r o i d g l a n d a n d s k i n of 
10 -day-o ld rats : effects of iodine deficiency 4 2 5 

B Conte-Devolx. V Guillaume. E Boudouresque. N Graziani. E 
Magnan. M Grino. N Emperaire, K Nahoul, M Cataldi and C Oliver 
Effects of m e t y r a p o n e i n f u s i o n o n c o r t i c o t r o p i n - r e l e a s i n g factor 
a n d a r g i n i n e vasopressin secretion i n t o the h y p o p h y s i a l p o r t a l 
b lood of conscious, u n r e s t r a i n e d r a m s 4 3 5 

Marielle Rouaze-Romet, Lia Savu. Roger Vranckx. Fanny Bleiberg-
Daniel, Beatrice Le Moullac, Patricia Gouache and Emmanuel A 
Nunez 

Re-expression of t h y r o x i n e - b i n d i n g g l o b u l i n in p o s t - w e a n i n g 
rats d u r i n g p r o t e i n or energy m a l n u t r i t i o n 4 4 1 

Sergio L Kohan, Carlota E Guillen, Esther M Pardes. Marcelo J unco. 
Roberto J Soto and Gerardo C Sartorio 

Effects of ketoconazole o n the iodide u p t a k e by FRTL-5 cells . 4 4 9 

Pirjo A Parkarinen and lipo T Huhtaniemi 

Development o f gonada l feedback r e g u l a t i o n of g o n a d o t r o p i n 
gene expression a n d secretion in female rats 4 5 4 

Roberto Mioni. Francesco Gottardello. Paola Bordon, Gianni 
Montini and Carlo Foresta 

Evidence for specific b i n d i n g a n d s t i m u l a t o r y effects o f r e c o m b i ­
n a n t h u m a n e r y t h r o p o i e t i n o n isolated a d u l t r a t Leydig cells . 4 5 9 

Elikplimi K Asem, Jacqueline A Carnegie and Benjamin K Tsang 

Fibronec t in p r o d u c t i o n by c h i c k e n granulosa cells i n v i t r o : effect 
of f o l l i c u l a r deve lopment 4 6 6 

Edmund Przegalinski, Boguslawa Budziszewska and Anna Grochmal 
Effect of adenosine analogues o n plasma cort icosterone concen­
t r a t i o n i n rats 4 7 1 

M Berezin, 1 Gutman, R Tadmor, A Horowitz and G Findler 

M a l i g n a n t p r o l a c t i n o m a 4 7 6 

TH Jones. CD Figueroa and KD Bhoola 

B i o r e g u l a t o r y role of the k a l l i k r e i n - k i n i n system i n the n o r m a l 
p i t u i t a r y g l a n d a n d its t u m o u r s 4 8 1 

Hiralal G Maheshwari, lan Rifkin, Joan Butler and Michael Norman 

G r o w t h h o r m o n e b i n d i n g p r o t e i n i n pat ients w i t h r e n a l fa i lure 4 8 5 

Leon Fiszlejder, Olga Penacini, Susana Ratz. Adhana Oneto. Maria 
Storani, U'onardo Rizzo and Abraham Guitelman 
Chol inerg ic m o d u l a t i o n of G H secretion i n acromegal ic pat ients 
before a n d after p i t u i t a r y surgery 4 8 9 



568 Volume contents A C T A i:\i)()c'Ri\oi.()r.ic\\ I W . 1 2 7 

MA Anuwul and K Ajlouni 

Plasma vasopressin responses i n p o s t p a r t u m h y p o p i t u i t a r i s m : 
i m p a i r e d response to osmotic s t i m u l i 4 9 4 

lose Rivera, Andres Lopez Bemal and Antonio Cano 
Progesterone increases basal 3 ' .5 ' -cycl ic adenosine m o n o p h o s ­
phate f o r m a t i o n a n d d o w n - r e g u l a t e s the agonis t - induced 
inos i to l phosphates g e n e r a t i o n i n h u m a n t e r m placenta . . 4 9 9 

Andrea Giustinu. Anna Rosa Bussi. Fabio Legati. Sinwnetta Bossoni. 
Massimo Licini. Maurizio Schettino. Fausto Zuccato and William B 
Wehrenlxrg 

G a l a n i n does not affect the g r o w t h h o r m o n e - r e l e a s i n g h o r m o n e 
s t i m u l a t e d g r o w t h h o r m o n e secretion i n pat ients w i t h hyper ­
t h y r o i d i s m 5 0 4 

Rolf E Brenner. Bert Riemenschneider, Werner Blum. Martin 
Mörike. Walter M Teller. Wolfgang Pirsig and Eberhard Heinze 
Defective s t i m u l a t i o n of p r o l i f e r a t i o n a n d col lagen biosynthesis 
of h u m a n bone cells by s e r u m f r o m diabetic pat ients . . . 5 0 9 

Beatrice Klinger. Anna lonesco, Sarah Anin and Zvi Lawn 

Effect of i n s u l i n - l i k e g r o w t h factor I o n the t h y r o i d axis in 
pat ients w i t h L a r o n - t y p e d w a r f i s m a n d h e a l t h y subjects . . 515 

Haruhisa Fukayama. Michiyo Nasu. Saburo Murakami and 
Masahiro Sitgawara 

E x a m i n a t i o n of a n t i t h y r o i d effects of s m o k i n g products i n 

c u l t u r e d t h y r o i d follicles: o n l y t h i o c y a n a t e is a potent a n t i ­
t h y r o i d agent 5 2 0 

A Maierhof er, RW Steger. G Gow and A Bartke 
Catecholamines s t i m u l a t e tes t icular testosterone release of the 
i m m a t u r e golden hamster via i n t e r a c t i o n w i t h a l p h a - a n d beta-
adrenergic receptors 526 

Sumio Takahashi 

G r o w t h h o r m o n e secretion i n o l d female rats analyzed by the 
reverse h e m o l y t i c plaque assay 5 31 

Roslyn A Perry. Katliy Tangalakis and E Marelyn Wintour 

Cyto log ica l m a t u r i t y of zona fasciculata cells i n the fetal sheep 

adrena l f o l l o w i n g A C T H i n f u s i o n : an e lec tron microscope s tudy 5 3(S 

lan O'Reilly and Michael P Murphy 

Studies o n the rap id s t i m u l a t i o n of m i t o c h o n d r i a l resp i ra t ion by 
t h y r o i d h o r m o n e s 5 4 2 

Roberto R Rosato, Maria S Gimenez and Graciela A Jahn 

Effects of c h r o n i c t h y r o i d h o r m o n e a d m i n i s t r a t i o n o n preg­

n a n c y , lactogenesis a n d lac ta t ion i n the rat 5 4 7 

Subburaman Mohan. Donna D Strong. Uta G Lempert. Florence 
Tremollieres. Ion E Wergedal and David / Baylink 
Studies on r e g u l a t i o n of i n s u l i n - l i k e g r o w t h factor b i n d i n g 
p r o t e i n (IGEBP)- 3 a n d IGl 'BP-4 p r o d u c t i o n i n h u m a n bone cells 5 59 



© A c t a E n d o c r i n o l o g i c a 1992 

Author index, Vol. 127 

A a k v a a g A 4 0 7 
A a r s k o g 1) 4 0 7 
A d a c h i C 4 2 0 
A i s s o u n i Y 4 2 5 
A j l o u n i K 4 9 4 
A k i y a m a Y 81 
Aksnes L 4 0 7 
,Alfredsson K 2 7 
A l v a r s s o n M 3 3 
A n d o M 2 4 6 
A n d r e a n i G 307 
A n g i b e a u R 2 8 4 
A n g i o n i S 2 3 7 
A n i n S 5 1 5 
A n w a r M 1 18 
A r a o M 2 6 7 
A m a o u t \1A 4 9 4 
A r s l a n i a n S 9 3 
A r t s C J M 2 7 1 
A s e m EK 4 6 6 
A s o T 3 59 
Auzeby A 189 

Hagnasco M 2 3 
Balasinor N 58 
Ba lment RJ 1 74 
Bando H 1 3. 324 
Barat ta M 366 
Barnes JF 123 
Barreca T 2 3 
Bartke A 5 2 6 
Bauch K U 301 
B a y l i n k DJ 5 5 9 
Beck-Nielsen H 344 
Belgorosky A 6 6 
Ben-David C 161 
Bcngtsson B-Ä 58 
B e n k e r c ; 301 
Ben nett P 127 
Benz R 131 
Berensztein EB 6 6 
Berezin M 4 7 6 
Bernal A E 4 9 9 
B e r n a r d i n i S 313 
Besser G M 2 0 5 
Beyer 1 2 0 0 . 397 
Bhoola KD 4 8 1 
Bierich JR 392 
B laakaer J 127 
Bleiberg-Daniel F 4 4 1 
B l i n d E 319 
B l u m W 5 0 9 
Bock JE 127 
Boersma A 8 6 
Bogdan A 189 
Boissonnas A 1 89 
Bordon P 4 5 9 
B o r g L A H 2 5 2 
Bornste in SR 131 
Boscaro M 2 1 0 
Boscherini B 3 1 3 
Bossoni S 5 0 4 
Boudouresque F 4 35 
B o u i l l o n R 331 

Breier BH 3 37 
Brenner RE 5 0 9 
B r i g n o n e CC 72 
B r i g n o n e JA 72 
Br ixen K 3 31 
Broeders A 2 7 
Brook CCD 7 
B r ü g m a n n G 392 
B u c h t E 2 9 4 
Buck K 1 38 
Budziszewska 13 4 7 1 
Buscema M 2 2 0 
Bussi A R 5 0 4 
But ler J 4 8 5 

Cageao LF 72 
C a i l l e J - M 2 8 4 
Calabrö C 385 
Cano A 4 9 9 
Car lo t t i C 307 
Carnegie JA 4 6 6 
Castilla JA 4 0 3 
Cata ldi M 4 35 
Cataldi A 2 3 
Cel l in i M 2 37 
Cerasi E 3 3 
Cesaretti G 307 
C h a n ELP 2 4 2 
C h a n T Y K 2 4 2 
C h i a n g M H 146 
C h u n g S h u n Ho 2 4 2 
Cimola ta M 2 1 0 
Conte-Devolx B 4 3 5 
Corcuf f J -B 2 8 4 
Couch R M 1 1 5 
Cox V A 3 37 
C r i t c h l e y H 2 7 
Custro N 1 8 

Degand P 8 6 
Deli tala G 2 0 5 
Deuss I I 2 2 0 
D j u r s i n g H 127 
Drews K 392 
Ducassou D 2 8 4 
Dufy B 2 8 4 

Eddeland R 2 9 4 
Efendic S 3 3 
E incnke l D 301 
Eisen m e n g e r W 1 0 7 
E k l u n d A 2 9 4 
E k s t r a n d A V 2 8 9 
Empcra i re JN 4 3 5 
Eriksson JG 100 , 2 8 9 
Eriksson UJ 2 5 2 

Failo F 2 1 0 
Farish E 123 
Figueroa CD 4 8 1 
F i n d l e r G 4 7 6 
Fiszlejder L 4 8 9 
Fletcher CD 123 

F lyvb jerg A 3 31 
FoldesJ 138 
Foresta C 4 5 9 
For t i G 385 
Franceschini R 23 
F r a n s s i l a - K a l l u n k i A I 1 0 0 
Fukase M 2 6 7 
F u k a y a m a H 5 2 0 
F u n k B 107 

Gafny N 1 61 
Gal laher B W 3 37 
Gar iba ld i C 2 3 
Genazzani A R 2 37 
Ghosh D 168 
G i l l - S h a r m a M K 58 
Gimenez MS 5 4 7 
G i o r d a n o G 2 0 5 
Giudice l l i M - D 4 2 5 
Giust i M 2 0 5 
Gius t ina A 5 0 4 
G l u c k m a n PD 3 37 
G o n d r a n F 4 2 5 
G o r d o n A 1 6 1 
Got tarde l lo F 4 5 9 
Gouache P 4 4 1 
G o w G 526 
G r a n b e r g B 2 9 4 
G r a y C E 123 
Graz iani N 4 3 5 
G r i l l VE 3 3 
G r i n o M 4 3 5 
G r o c h m a l A 4 7 1 
Groop LC 100. 2 8 9 
Gross J 161 
Grossman A 19 3. 2 0 5 
G u i l l a u m e V 43 5 
G u i l l e n CE 4 4 9 
G u i t e l m a n A 4 8 9 
G u n n AJ 3 37 
G u t m a n I 4 7 6 

H a l l K 313 
H a m a H 4 2 0 
H a n s m a n n A 107 
H a r a K 81 
H a r t D M 12 3 
H a y a s h i M 1 52 
Heinze E 509 
Her l i tz H 38 
H e r m u s A R M M 4 1 3 
H e r r u z o A 4 0 3 
H i n d m a r s h PC 7 
H i r a m a t s u S 152 
H i r o s e H 2 7 9 
H o CS 2 4 2 
H o SC 2 4 2 
H o l z h a u e r F 2 0 0 
H o n g - Y i H u 142 
H o r d i n g LJ 1 2 7 
H o r o w i t z A 4 7 6 
H u h t a n i e m i IT 4 5 4 
H u i W M 52 

I c h i k a w a F 2 4 6 
I m a i Y 4 4 
J m u r a H 8 I 
Ioncsco A 515 
Ior i G 2 37 
Ishida H 81 
Ishizuka T 4 1 6 
Ito Y 4 1 6 
I t o h K 2 7 9 

Jahn GA 5 4 7 
Jedlinska M 185 
Jimena P 4 0 3 
J inno M 2 4 6 
Jones T H 4 8 1 
Jonsson K 2 7 
Jönsson 0 38 
Junco M 4 4 9 
Juneja HS 58 
j u n i n g e r T h 2 0 0 

K a h a l y G 397 
K a i h a n S 9 3 
K a l i m i M 2 58 
K a m a d a S 3 59 
K a m i y o s h i M 1 79 
K a m p GA 7 
K a t a y a m a K 118 
K a w a s h i m a M 1 79 
K a w a s h i m a S 2 6 2 
K e m p k e n B 9 7 
Kessler U 107 
Kido K 2 7 9 
Kiess W 107 
Kleerekoper M 138 
K l i n g e r B 3 5 1 . 5 1 5 
K l o p p e n b o r g P W C 4 1 3 
Kobayashi I I 2 6 2 
K o h a n SL 4 4 9 
Koivis to V A 351 
Kolb HJ 107 
K o y a m a K 2 7 9 
K o y a m a N 2 4 6 
Krause U 2 0 0 
K u b o t a T 359 
K u m a i A 3 7 1 
K u n g A W C 52 
K u r o s e T 81 

L a r o n Z 3 5 1 , 5 1 5 
L e M o u l l a c B 4 4 1 
Lebech PE 1 2 7 
Legati F 5 0 4 
L e h n e r t H 2 0 0 
Lempert UG 5 5 9 
L e w e n s o h n R 2 9 4 
L i c i n i M 5 0 4 

M a c D o n a l d D 2 4 2 
M a c k A 123 
M a g n a n E 4 3 5 
M a h e s h w a r i HG 4 8 5 
M a n e l l a B 9 7 
M a r i n i G 2 0 5 
M a r u o T 1 1 8 . 152 



570 Author index A C T A KN I.X K'R f N( )l.(K11C A IW2. 127 

M a r u y a m a H 2 7 9 
Massarano A A 7 
Massolo F 2 3 7 
M a t t h e w s DR 7 
M a t u s o H 118 
M a y e r h o f e r A 5 2 6 
M i g n o n e I R 72 
M i l s o m SR 3 37 
M i o n i R 4 5 9 
M i z u t a n i S 76 
M o c h i z u k i M 118. 152 
M o h a n S 5 5 9 
M o k u d a 0 142 
M o l i n a R 4 0 3 
M o n t i n i G 4 5 9 
M o r i T 2 6 2 
M ö r i k e M 5 0 9 
M o s e k i l d e L 3 3 1 
M u r a k a m i S 5 2 0 
M u r p h y M P 542 
M y k i n g A 4 0 7 

N a h o u l K 4 3 5 
N a k a g a w a K 4 1 6 
N a k a m u r a Y 2 4 6 . 3 2 4 
Nasu M 5 2 0 
N a v a r r o E 9 7 
N g E S K 52 
N i c o l l C S 1 4 6 
Nielsen A 2 1 5 
Nielsen H K 3 31 
N i n k M 2 0 0 
N o l t e K 392 
N o r m a n M 4 8 5 
N o t a r b a r t o l o A 18 
N o z a w a M 81 
N u n e z EA 4 4 1 

O ' R e i l l y ! 542 
Oda T 2 4 6 
O d a j i m a R 4 4 
O h l i n M 2 7 
Ohta N 2 6 2 
O k a m o t o R 371 
O k a m o t o Y 81 
Oliver C 4 35 
O n e t o A 4 8 9 
Opoku I 2 5 8 
Opstad PK 2 3 1 
O r l a n d o C 385 
O t a n i T 152 

Ot tevanger PB 4 1 3 
O t t o E 3 9 7 
Ozawa Y 4 4 

Paaby PO 2 1 5 
P a k a r i n e n PA 4 5 4 
Pardes EM 4 4 9 
Parf i t t A M 1 38 
Park M K 2 6 2 
Parte P 58 
Pedini F 2 1 0 
Penac ini O 4 8 9 
Peran F 4 0 3 
Perry R A 5 36 
Pertzelan A 3 51 
Petraglia F 2 3 7 
Pfei lschifter J 319 
P i o v a n D 2 1 0 
P i r s i g W 509 
P i s t o r e l l o M 2 1 0 
Pövoa G 313 
Preece M A 7 
Przegal inski E 4 7 1 

Racadot A 8 6 
Raffn K 2 1 5 
Ramirez ]P 4 0 3 
Rashedi M 2 8 4 
R a t z S 4 8 9 
Raue F 378 
Redjem M 4 2 5 
Ricci CR 72 
Riemenschneider B 5 0 9 
R i f k i n I 4 8 5 
R i v a r o l a M A 6 6 
Rivera J 4 9 9 
Rizzo L 4 8 9 
Roger P 2 8 4 
R o l a n d i E 23 
R o s a t o R R 5 4 7 
R o s s m a n i t h W G 1 31 
Rouaze-Romet M 4 4 1 
R z u c i d l o S ] 185 

S a e c d S M 138 
Saggese G 3 0 7 
Saito S 1 3. 3 2 4 
S a k a m o t o Y 142 
Santanie l lo B 2 3 
Santoro S 38 5 
Sardell i S 2 3 7 

Sar tor io GC 4 4 9 
Saruta T 2 79 
Savu L 4 4 1 
Scaiidi V 1 8 
S c h e r b a u m W A 1 31 
Schet t ino M 5 0 4 
S c h u m a c h e r H 2 2 0 
Seino Y 81 
Sengupta J 1 68 
Seppälä M 351 
Sessarego P 2 0 5 
S h i m i z u C 4 1 6 
S h i m i z u N 142 
S h i m i z u T 4 4 
S h i n t a n i Y 324 
S h i o k a w a S 2 4 6 
Shishiba Y 4 4 
Siegrist E 319 
Silbergeld A 351 
Sirkis N 1 6 1 
S j ö s t e d t U 2 9 4 
Smals A G H 2 2 6 , 4 1 3 
Söderberg-Ahlm C 2 7 
Someya Y 81 
S o t o R ] 4 4 9 
Soudan B 86 
Spadoni GL 31 3 
Stäbler C 131 
Steger R W 5 2 6 
S t o r a n i M 4 8 9 
Stover C 3 9 7 
S t r o n g DD 5 59 
S u g a w a r a M 5 2 0 
S u i k k a r i A - M 351 
Svensson A M 2 52 
S w a m i n a t h a n R 2 4 2 

T a b a r i n A 2 8 4 
T a d m o r R 4 7 6 
T a g u c h i M 3 59 
T a k a h a s h i H 1 3 
T a k a h a s h i K 2 6 2 
T a k a h a s h i S 531 
T a k a h a s h i T 1 79 . 2 6 2 
Takeshi ta N 81 
T a m a n i n i C 366 
T a n a k a K 1 79 
T a n g a l a k i s K 5 36 
Tel ler W M 5 0 9 
Tetaert D 8 6 
T h i j s s e n j H H 2 7 1 

Tof tager-Larsen K 127 
To m o d a Y 76 
T o r r i n g O 2 9 4 
T o s s G 2 9 4 
T o u i t o u Y 189 
Tremol l ieres F 5 5 9 
T r y d a l T 4 0 7 
Tsang BK 4 6 6 
T s u j i K 81 

Uggias B 2 0 5 
U r E 193 

Y a a g A A 344 
V a n Es A 7 
V a n Beresteijn ECH 2 2 6 
V a n L a a r h o v e n JPRM 2 2 6 
V a n n e l i i G B 385 
V a r h a u g JE 4 0 7 
Vergara F 4 0 3 
V e r g a r a j r F 4 0 3 
V i g o u r o u x E 4 2 5 
V r a n c k x R 4 4 1 

W a j n g o t A 3 3 
VVakabayashi 1 4 1 6 
W a t a n a b e K 4 2 0 
W e h r e n b e r g W B 5 0 4 
Wel ls T 1 7 4 
W c r g e d a l ]E 5 5 9 
W i d e n ELM 2 8 9 
W i l s o n P 1 38 
W i n k e l m a n n W 2 2 0 
W i n t o u r E M 5 3 6 
W i t J M 7 
W ü s t e r C 319 

Y a m a g u c h i K 4 2 0 
Y a m a g u c h i T 2 6 7 
Y a m a s a k i R 1 3 
Yokogoshi Y 3 2 4 
Y o k o s a w a H 76 
Y o s h i m u r a Y 2 4 6 

Z a c h m a n n M 9 7 
Z a n i n o v i c h A A 72 
Zeghal N 4 2 5 
Z h a n g C 1 3 
Ziecik AJ I 85 
Z i e g l e r R 3 1 9 
Z i n k A 378 
Zuccato F 5 0 4 



© A c t a E n d o c r i n o l o g i c a 1992 

Key word index, Vol. 127 

1 7 a - h y d r o x y l a s e deficiency 9 7 
1 7 .20-desmolase deficiency 9 7 

A c i p i m o x 344 
a c r o m e g a l y 38 . 4 8 9 
A C T H 142 . 2 8 4 . 5 36 
adenosine analogues 4 7 1 
adenosine receptors 4 7 1 
a d r e n a l 1 1 5 
a d r e n o c o r t i c a l c a r c i n o m a 189 
a g i n g 2 0 5 . 5 31 
a ldosterone 1 4 2 . 189 , 2 1 0 
a l k a l i n e phosphatase 3 1 9 
a lpha-adrenerg ic receptors 2 7 9 . 5 2 6 
aminopept idase M 76 
a m n i o t i c fluid 3 5 9 
androgens 1 15 . 1 2 7 , 2 3 1 
a n t i g o n a d o t r o p i c a c t i v i t y 371 
a n t i i d i o t y p i c ant ibodies 1 6 1 
a r g i n i n e vasopressin 4 3 5 . 4 9 4 
a r g i n i n e vasotoc in 1 79 
aromatase a c t i v i t y 6 6 
a t r i a l n a t r i u r e t i c h o r m o n e 23 
a u t o i m m u n e disease 2 2 0 
a u t o i m m u n e t h y r o i d i t i s 2 2 0 

basal l a m i n a 4 6 6 
bestat in 76 
beta-adrenergic receptor 526 
b c t a - i n t e r f e r o n 2 3 7 
bGH 146 
bleeding 1 38 
blood pressure 2 5 8 
bone cells 5 5 9 
bone mass 2 2 6 
bone loss 2 2 6 
bone m i n e r a l densi ty 319 
breeding season 1 68 
b r o w n fat 72 
busere l in 1 2 3 

C-ceils 378 
ca l c i t r io l 3 3 1 . 4 0 7 
c a l c i t r i o l receptor 4 0 7 
c a l c i u m 1 38 . 2 4 2 , 3 1 9 . 378 
c A M P 142 , 4 9 9 
c A M P - d e p e n d e n t m e c h a n i s m s 371 
cas t ra t ion 58 
ca techolamines 5 2 6 
cell p r o l i f e r a t i o n 5 0 9 
cerebral ventr ic les 4 2 0 
cerebrospinal fluid 1 74 
c h i c k e n u t e r u s 1 79 
c h o l i n e r g i c p a t h w a y s 4 8 9 
c i r c a d i a n r h y t h m s 18 
Clonidine 2 7 9 
col lagen 5 0 9 
c o n g e n i t a l m a l f o r m a t i o n 2 5 2 
Conn's s y n d r o m e 189 
c o n s t i t u t i o n a l delay of g r o w t h a n d adolescence 3 9 2 
c o r o n a r y h e a r t disease 12 3 
corpus l u t e u m 2 4 6 
cor t ico-re leas ing factor 4 3 5 

cort icosterone 8 6 , 4 7 1 
c o r t i c o t r o p i n - r e l e a s i n g h o r m o n e 1 9 3 . 2 0 0 . 2 8 4 
c o r t i c o t r o p i n - r e l e a s i n g h o r m o n e - b i n d i n g p r o t e i n 193 
Cortisol 1 1 5 . 2 0 5 , 2 3 1 , 2 3 7 . 4 0 3 
c o t i n i n e 5 2 0 
CSF 58 
Cushing 's s y n d r o m e 193 
Cushing 's disease 1 3. 2 8 4 
cyclooxygenase 2 4 6 
cytokines 2 2 0 
c y t o l o g y 5 3 6 

d e g r a d a t i o n 2 7 
dehydroepiandros terone sulfate 4 0 3 
des- (amino, a r g i n i n e s , g l y c i n e a m i d e 9 ) - v a s o p r e s s i n 2 7 
diabetes m e l l i t u s 1 1 5 . 5 0 9 
diabetic p r e g n a n c y 2 5 2 
d ie tary fiber 2 7 1 
d i f f e r e n t i a t i o n 1 5 2 
d i g o x i n 2 1 0 
d ihydrotes tos terone 1 79 
d i i o d o t h y r o n i n e 5 4 2 
d i p e p t i d y l peptidase IV 2 6 2 
DOCA-salt 2 5 8 
d o p a m i n e 4 2 0 
d o p a m i n e receptor 4 2 0 

e m b r y o 1 6 8 . 2 5 2 
endocytosis 2 6 7 
endogenous depression 19 3 
endopeptidase 2 6 2 
energy r e s t r i c t i o n 2 7 1 . 4 4 1 
e p i d e r m a l g r o w t h factor 52 
e r b - A oncogene 1 52 
e r y t h r o p o i e t i n 4 5 9 
estradiol 6 6 . 1 7 9 . 185 . 4 9 9 
estradiol-17/f 2 7 1 , 366 
estrogen 7. 127 . 1 3 1 . 2 2 6 
exercise 2 3 1 
ex t race l lu lar m a t r i x 4 6 6 

feedback r e g u l a t i o n 4 5 4 
female rats 4 5 4 
fetal sheep 5 3 6 
f e t o - m a t e r n a l c i r c u l a t i o n 3 5 9 
fibroblasts 4 4 
fibronectin 4 6 6 
final h e i g h t 392 
fol l ic le m a t u r a t i o n 1 52 
f o l l i c u l a r deve lopment 4 6 6 
f o l l i c u l a r fluid 4 0 3 
FRTL-5 cells 4 4 9 
FSH 58. 2 3 1 . 385 

G - D A M M E 2 0 5 
galactopoiesis 3 3 7 
g a l a n i n 5 0 4 
gene expression 4 5 4 
G H 13, 2 0 5 . 2 8 4 , 313 
GH-releas ing h o r m o n e 5 0 4 
G H R H 1 3 . 4 8 9 
g l u c a g o n 2 7 9 . 3 3 1 



572 Keyword index 

glucocor t i co ids 4 1 6 
glucose c l a m p t e c h n i q u e 93 
glucose 3 3, 2 52 
glucose metabol i sm 100 . 2 8 9 
glucose-fat ty acid cycle 344 
g l y c o s a m i n o g l y c a n s 3 9 7 
G n R H filtered load 2 1 5 
G n R H 2 1 5 
goi t re 301 
golden hamster 5 2 6 
g o n a d o t r o p i n releasing h o r m o n e 12 3 
g o n a d o t r o p i n h o r m o n e - r e l e a s i n g h o r m o n e 307 
g o n a d o t r o p i n s 127 . 2 0 5 . 2 7 1 , 4 5 4 
granulosa cells 1 52 . 366 , 4 6 6 
Graves' disease 4 4 
g r o w t h 7 

g r o w t h h o r m o n e 7. 38. 2 3 7 . 307 . 3 3 1 , 3 3 7 . 3 5 1 . 392 . 4 1 6 , 4 8 5 . 
5 0 4 . 531 

g r o w t h h o r m o n e - b i n d i n g p r o t e i n 31 3. 4 8 5 
g r o w t h h o r m o n e deficiency 307 , 351 
g r o w t h h o r m o n e releasing h o r m o n e 9 3 
g r o w t h of rats 146 
g r o w t h veloc i ty 392 
gu inea p ig 142 

h e i g h t ve loc i ty 3 0 7 
h G H 146 
H o d g k i n ' s disease 2 3 7 
hop ext rac t 371 
h P L 146 
h u m a n 66 , 2 4 6 
h u m a n adrena l 2 1 0 
h y a l u r o n i c acid 3 9 7 
h y d r o x y p r o l i n e 2 4 2 
h y p e r a l d o s t e r o n i s m 189 
hyperca lcaemia 2 9 4 , 3 2 4 
h y p e r g l y c e m i a 1 0 0 
h y p e r g l y c e m i c c l a m p 2 8 9 
h y p e r i n s u l i n e m i a 1 0 0 
h y p e r t e n s i o n 9 7 . 1 74 
h y p e r t h y r o i d i s m 2 3 . 52. 504 , 5 4 7 
h y p o p h y s e a l p o r t a l b lood 4 3 5 
h y p o p i t u i t a r i s m 9 3 . 4 9 4 
h y p o t h a l a m u s 4 1 6 
h y p o t h y r o i d i s m 2 3 . 52 

IGF 3 1 3 . 3 59 
IGF b i n d i n g p r o t e i n 1 0 7 
I G F - b i n d i n g p r o t e i n - 1 351 
IGF-I 107 . 3 5 1 . 51 5 
IGF-I I 1 0 7 
IgG 4 4 
i m m u n i t y , ce l lu lar 3 9 7 
i m m u n i t y , h u m o r a l 397 
i n h i b i n 385 
i n v i t r o 6 6 
i n v i t r o f e r t i l i za t ion 4 0 3 
inos i to l phosphates 4 9 9 
i n s u l i n 33. 6 6 . 2 7 9 . 3 3 1 . 3 5 1 
i n s u l i n - l i k e g r o w t h factors 1 0 7 , 5 0 9 
i n s u l i n - l i k e g r o w t h f a c t o r - I 38. 3 3 1 . 3 37 
i n s u l i n - l i k e g r o w t h factor b i n d i n g p r o t e i n - 1 31 3 
i n s u l i n - l i k e g r o w t h factor b i n d i n g p r o t e i n - 3 5 5 9 
i n s u l i n - l i k e g r o w t h factor b i n d i n g p r o t e i n - 4 5 5 9 
i n s u l i n resistance 3 3. 9 3 . 2 8 9 , 3 4 4 
i n s u l i n secretion 2 8 9 
in tens ive care 2 0 0 
iodide 3 0 1 , 4 2 5 . 5 2 0 
iodine deficiency 3 0 1 . 4 2 5 
iodide u p t a k e 4 4 9 

A C T A K N I X X ' R I N O I . O C . I C A 1 W . 1 2 7 

k a l l i k r e i n - k i n i n system 4 8 1 
ketoconazole 4 4 9 
kinet ics 4 2 5 

L-dopa 1 3 
lactate 2 5 2 
l a c t a t i o n 3 37. 5 4 7 
L a r o n - t y p e d w a r f i s m 3 5 1 . 515 
leukotr ienes B 4 2 4 6 
l e v o t h y r o x i n e 301 
Leydig cell 4 5 9 
L H 58 . 8 6 . 2 3 1 . 38 5 
LH/hCG receptor 185 
LH receptors 8 6 
l ipids 123 
l ipoprote ins 123 
l ipoxygenase 2 4 6 
lu tea l cells 366 
lysosome 2 6 7 

m a l i g n a n t p r o l a c t i n o m a 4 7 6 
m a m m a r y g l a n d 5 4 7 
m a m m a r y tissue 2 7 1 
m a r r o w regenera t ion 1 38 
m e l a t o n i n 366 
menopause 123 
m e n s t r u a l cycle 1 6 8 
m e t a b o l i s m 2 5 2 
metabol i te 2 7 
m e t a p y r o n e 4 3 5 
metastases 4 1 3 
m i t o c h o n d r i a 542 
m i t o c h o n d r i a l o x i d a t i o n s 72 
m o n k e y 168 
m o n t h l y cycle 21 5 
mouse 2 6 2 
m y o m e t r i u m 185 

N - b e n z y l o x y c a r b o n y l - v a l y l - p r o l i n a l ( Z - V a l - p r o l i n a l ) 76 
nasal tissue 2 7 
neoplasms 324 
n e u r o h y p o p h y s i s 4 9 4 
n e u r o h y p o p y s e a l h o r m o n e receptor 1 79 
n i c o t i n e 5 2 0 
n i c o t i n i c acid 3 4 4 
N I D D M 1 0 0 
n o n - i n s u l i n dependent diabetes m e l l i t u s 33, 100. 3 4 4 
n o r a d r e n a l i n e 378 
N o r t h e r n blot analysis 1 52 

obesity 2 2 6 
octreot ide 378 
o L H 366 
o p h t h a l m o p a t h y , endocr ine 3 9 7 
o p o s s u m k i d n e y cell 2 6 7 
oPRL 146 
o s m o l a l i t y 1 7 4 
osteoblasts 5 0 9 
osteocalcin 81 
osteopenia 8 1 . 5 0 9 
o v a r i a n neoplasms 1 2 7 
o v a r y 2 6 2 . 4 6 6 
o v u l a t i o n 168 
o x y m e t a z o l i n e 2 7 9 
o x y t o c i n 76 
oxytoc inase 76 

pancreat ic t r a n s p l a n t a t i o n 8 1 
p a r a t h y r o i d h o r m o n e 2 4 2 . 2 6 7 . 319 , 3 3 1 
p a r a t h y r o i d h o r m o n e - r e l a t e d peptide 2 9 4 
p a r a t h y r o i d h o r m o n e - r e l a t e d p r o t e i n 3 2 4 



A t ' T A K M X K ' R I N O m C I C A 1992. 127 Keyword index 573 

p a r a v e n t r i c u l a r h y p o t h a l a m i c nucleus 4 2 0 
p a r t u r i t i o n 5 4 7 
peptidase IV 2 6 2 
pertussis t o x i n 378 
petrosal s inus s a m p l i n g 2 8 4 
p h o s p h o r a m i d o n 76 
p h o s p h o r u s 3 1 9 
pig 185 
Pirenzepine 4 8 9 
p i t u i t a r y 1 3 1 . 4 8 1 
p i t u i t a r y ( a n t e r i o r ) 531 
p i t u i t a r y t u m o r 4 7 6 
placenta 4 9 9 
platelets 52 
post -pro l ine endopeptidase 76 
pos tmenopausa l 131 
pos tmenopausa l w o m e n 2 2 6 
prazosin 2 7 9 
predicted he ight 392 
p r e g n a n c y 1 18 . 19 3. 21 5. 3 5 9 . 5 4 7 
p r e t i b i a l m y x e d e m a 4 4 
p r i m a r y h y p e r p a r a t h y r o i d i s m 319 . 4 0 7 
PRL 58 . 2 0 5 . 2 3 1 
progesterone 1 3 1 . 179. 185. 3 6 6 . 4 9 9 . 5 4 7 
p r o l a c t i n 127 . 2 37. 2 8 4 . 5 4 7 
p r o l a c t i n o m a 4 7 6 
p r o l y l endopeptidase 2 6 2 
p r o t e i n r e s t r i c t i o n 4 4 1 
proteoglycans 4 4 
p s e u d o h e r m a p h r o d i t i s m 9 7 
P T H 138 
p u b e r t y 385 
p u r o m y e i n 76 
p y r u v a t e dehydrogenase 542 

rat 8 6 . 2 5 2 . 2 5 8 . 4 7 1 . 5 3 1 
rat t r a n s t h y r e t i n 4 4 1 
receptor b i n d i n g a f f in i ty 1 79 
receptor b i n d i n g capaci ty 1 79 
receptors 2 2 0 . 2 6 7 
r e n a l fa i lure 4 8 5 
renal insuf f ic iency 2 9 4 
r e n i n 142 
r e n i n - a n g i o t e n s i n system 2 1 0 
resp i ra t ion 2 0 0 
reverse h e m o l y t i c p laque assay 5 31 
IUJ 4 8 6 2 5 8 

s e r u m 58 
s e r u m IGF-I 1 4 6 
SHR 2 58 

sk in 4 2 5 
sleep d e p r i v a t i o n 2 31 
s m o k i n g , c igarette 5 2 0 
s o d i u m i n t a k e 2 4 2 
s o d i u m t r a n s p o r t 38 
s o m a t o s t a t i n 4 1 6 . 5 0 4 
stress 8 6 . 2 31 
s u c k l i n g rat 4 2 5 
surgery 2 0 0 

T j 4 1 3 
T 4 41 3. 4 2 5 
target he ight 392 
testis 66 . 8 6 . 385 
testosterone 6 6 . 8 6 . 179 . 38 5. 5 2 6 
testosterone p r o d u c t i o n 4 5 9 
thermogenesis 72 
t h i o c y a n a t c 5 2 0 
threa tened a b o r t i o n 118 
t h y m i c h o r m o n e 2 37 
t h y r o i d 4 2 5 . 4 4 9 . 5 2 0 
t h y r o i d c a r c i n o m a 41 3 
t h y r o i d h o r m o n e s 18. 23 . 1 18. 1 5 2 . 3 0 1 . 3 3 1 . 4 4 1 . 5 2 0 
t h y r o i d h o r m o n e receptor 1 52 
t h y r o i d s t i m u l a t o r s 161 
t h y r o i d s t i m u l a t i n g h o r m o n e (TSH) 11 8 
t h y r o i d g l a n d 2 2 0 
t h y r o t r o p i n 18. 131 
t h y r o x i n e 72 
t h y r o x i n e - b i n d i n g g l o b u l i n 4 4 1 
t r i i o d o t h y r o n i n e 72 . 542 
t rypanosomias i s 8 6 
TSH 127. 2 0 5 . 2 3 1 . 2 8 4 , 4 1 3, 51 5 
t u m o r s 4 8 1 
t u m o r necrosis factor 2 2 0 
T u r n e r ' s s y n d r o m e 7 

u l t r a s o n o g r a p h y 301 
u t e r i n e peroxidase 2 7 1 
u terus 2 6 2 

varicocele 38 5 
vasopressin 1 74 . 4 2 0 
v i t a m i n 1) metaboli tes 8 1 . 4 0 7 
v i t a m i n D - b i n d i n g prote in 3 31 
v o l u m e expans ion 38 

w h e a t b r a n 2 7 1 

zona fasciculata 5 36 



The Editorial Board would like to express its gratitude to the following colleagues for their 
assistance to Acta Endocrinologica during the review process 

Asbjorn Aakvaag Pierre Carayon Jürg Girard 
H Adlercreutz Lena Carlsson Daniel Glinoer 
Erik Agner F Casanueva Celso E Gomez-Sanchez 
Markku Ahotupa Julio Celis Jan Gordeladze 
Bo Ahren Erol Cerasi Amirav Gordon 
Kerstin Albertsson-Wikland WY Chan DN Gourdji 
W Allaerts A de la Chapelle A Gray 
Bruno Allolio Jens Sandahl Christiansen James E Griffin I I I 
Jan Aim George P Chrousos Valdemar Grill 
FS Ambesi-Impiombato Ross Clark Leif Groop 
Claus Yding Andersen A Cooke Jean-Pierre Grunfeld 
John M Armatruda Philip E Cryer B Grübeck-Loebenstein 
Francoise Assimacopoulos KJ Graf 
Knut Aukland Francois Delange Paul C Guest 
Gerhard Aumüller N Demaurex D Gupta 

Carl Denef Rainer Gutekunst 
Fiemming Bach Joseph } DiStefano, I I I Roland Gärtner 
Andrew Baird John Dietz 
JPS Banga R Docter Claus Hagen 
Antonino Barbarino JH Dorrington Kerstin Hall 
Luigi Bartalena Margarita Dubocovich J Hammerstein 
Tom Barth Leo Dunkel Vidar Hansson 
Andrzej Bartke Philippe Durand SH Hasan 
PH Baylis Christian Hassager 
Steven L Bealer Margaret Eggo Ian Hay 
Karine Bech Dieter Emrich Jan Hedner 
Serge Belisle Jacques P Epelbaum Laszlo Hegedüs 
Inger Bendtson Erik F Eriksen JJ Heindel 
Haakon Benestad Gabriela Morreale de Escobar E Heinze 
Bengt-Ake Bengtsson Williams S Evans JC Henquin 
Barbro Bennegärd Eleuterio R Hernandez 
Istvan Berczi Sheelagh Farrow Jerome Hershman 
Per-Olof Berggren Konrad Federlin Torbjörn Hillensjö 
Thorbjorn Bergh HL Fehm Stephen G Hillier 
Arie Berghout M Feldmann Peter C Hindmarsh 
F Berkenbosch Ulla Feldt-Rasmussen Ken Y Ho 
Xavier Bertagna JM Fields Zeev Hochberg 
Stephen P Bidey George Fink Bernd Hoffmann 
Peter Bie Jan A Fischer Florian Holsboer 
A Billiau Jon Florholmen H-0 Hoppen 
Michel Binoux Allan Flyvbjerg Bob Horn 
Trine Bjoro Maguelone G Forest R Horton 
Jurg Blum Francis Frankenne Outi Hovatta 
Clifton Bogardus JA Franklyn M-F Van den Hove-Vandenbroucke 
Geremia Bolli Harald MM Frey A Hughes 
Philippe Bouchard Herwig Frisch Matti Härkönen 
Jean-Pierre Bourgignon A-R Fuchs Thomas Hökfelt 
EG Brabant Michel Fuss 
W Braendle Ivar Foiling Olle Isaksson 
L Braley Jörgen Isgaard 
J Leo Van den Brande Rolf C Gaillard Jens-Gustav Iversen 
Charles GD Brook Henrik Galbo 
LT Budnik Arunabha Ganguly RB Jaffe 
0 Butenandt Kaare M Gautvik John-Olov Jansson 
Hans Bürgi I Gerendai Olof Johnell 



A C T A K N I ) ( ) C R I \ ( ) I . ( ) ( ' . I C A 1 9 9 2 . 1 2 7 

Alan Kim Johnson 
AL Johnson 
H Jüppner 
PI Jorgensen 

A Kahn 
H Kalimo 
H Kappus 
Anders Karlsson 
BS Katzenellenbogen 
KW Kelley 
Wieland Kiess 
Carstem Kirkegaard 
D Klingmüller 
Arnold Klopper 
Ulrich Knigge 
Mikael Knip 
R Knuppen 
Leonard D Kohn 
Veikko A Koivisto 
K Kovacs 
J Kraicer 
Lars Ostergaard Kristensen 
Jan Kvetny 
Claus Kühl 
Josef Köhrle 

Timo Laatikainen 
Paul W Ladenson 
Agne Larsson 
Martin Lauritzen 
John H Lazarus 
Pekka Leinonen 
Hanna-Liisa Lenko 
A Lerchi 
Finn-Olav Levy 
Erik Lindh 
Marshall Lindheimer 
Sverker Ljunghall 
Michael Lumpkin 
Bernt Ly 
Pekka Lähteenmäki 

L Mandarino 
Franco Mantero 
M-Chr Many 
Hannu Martikainen 
PG McDonough 
T Joseph McKenna 
Michael I McKinley 
Sandy McLachlan 
Thomas Merimee 
GR Merriam 
Heinrich Meyer 
RP Miliar 
Hans-Jürg Monstein 
TJ Moore 
Rene Mornex 

ID Morris 
Leif Mosekilde 
Patrick Mulrow 
Eugenio E Müller 
MJ Müller 
OA Müller 
Jorma Mäenpää 
Morten Moller 

Mikko Niemi 
E Nieschlag 
Jens Hoiriis Nielsen 
Lisbeth Nilas 
Karl Olof Nilsson 
Knut Nordal 
Chr Nordin 
GG Nussdorfer 

Erik B Obel 
Maria J Obregon 
Wolfgang Oelkers 
Sergio Ojeda 
Charles Oliver 
Guck T Ooi 

U Panten 
C Richard Parker. Jr 
Oluf Pedersen 
Fredrika Pekonen 
Hans Perrild 
Bengt Persson 
Kim Petterson 
KM Pirke 
Flavio Piva 
Paul M Plotsky 
HAP Pols 
John Porter 
Marie-Catherine Postel-Vinay 
Francois Pralong 

Hannu Rajaniemi 
Michael B Ranke 
Govind S Rao 
Jonas Rastad 
Leo E Reichert, Jr. 
Steven M Reppert 
Olli Ritvos 
Martin Ritzen 
Iain CAF Robinson 
H Rodrigues-Martinez 
Ferdinand Roelfsema 
Alan D Rogol 
Focko Rommerts 
Sten Rosberg 
David Peter Rose 
Ron G Rosenfeld 
Donald L Rosenstein 
Luciano Rossetti 
Winfried Rossmanith 

Acknowledgments 575 

Carlo M Rotella 
Eeva-Marja Rutanen 
Michael Roder 

Jose M Saez 
Olav Sand 
Vicki Sara 
Takao Saruta 
HFJ Savelkoul 
D Schams 
RE Scharf 
Werner Scherbaum 
R Schlaghecke 
M Schlumberger 
Christoph Schmid 
AHWM Schuurs 
Peter Schwartz 
Thue W Schwartz 
T Schürmeyer 
Janove Sehlin 
H-J Seitz 
J Seydoux 
Richard M Sharpe 
Kaj Siersbaek-Nielsen 
WG Sippell 
Knud Skagen 
Michael K Skinner 
Charles Sninsky 
Günter K Stalla 
RA Steiner 
Ulf-Hakan Stenman 
Jeppe Sturis 
RS Sundick 
Birgit Svenstrup 
Peter H Sonksen 
Ole Helmer Sorensen 

Gloria S Tannenbaum 
Juha Tapanainen 
Marja Thoren 
Matti Tikkanen 
Jorma Toppari 
Peter A Torjesen 
Göran Toss 
James P Travers 
Philip Troen 

MV Ugrumov 
Pekka Uotila 

Michel B Vallotton 
J Vanecek 
Tapio Vartio 
Giancarlo Vecchio 
Guido Verhoeven 
A Vermeulen 
Kimmo Vihko 
Hans Vilhardt 



576 Acknowledgments A C T A I - N D O C R I N O I . O C . I C A 1 « W 

Paolo Vitti 
Matti Välimäki 
Aage Volund 

Otto Walaas 
Dwight W Warren 
Jorgen Weeke 
Anthony P Weetman 
William B Wehrenberg 
Gordon C Weir 
AP West 

Bengt Westermark 
Kerstin Westermark 
P Westermark 
Georg Wick 
Leif Wide 
WM Wiersinga 
Stephen J Winters 
CB Wollheim 
NLM Wong 
Wolfgang 0 Wuttke 
David Wynford-Thomas 

H Yki-Järvinen 
Olavi Ylikorkala 

Milo Zachmann 
Margita Zakarija 
Walter S Zawalich 
JJMM de Vijlder 
Klaus Olgaard 
Hans Orskov 



© A c t a E n d o c r i n o l o g i c a 1992, 127: 107-14 

The expression of insulin-like growth factor binding proteins is 
tissue specific during human fetal life and early infancy 
Barbara Funk 1 , Ulrike Kessler1, Wolfgang Eisenmenger2, Angela Hansmann 5, Helmut J Kolb 4 and 
Wieland Kiess1 

Department of Pediatric Endocrinology1. Laboratory of Cell Biology, Children's Hospital. Institute of Forensic Medicine2, Institute of Pathology K 
University of Munich: Department of Clinical Chemistry4, Harlaching Hospital. Munich. Germany 

Funk B, Kessler U. Eisenmenger W, Hansmann A, Kolb HJ. Kiess W. The expression of insulin-like 
growth factor binding proteins is tissue specific during h u m a n fetal life and early infancy. Acta 
Endocrinol 1 9 9 2 ; 1 2 7 : 1 0 7 - 1 4 . ISSN 0 0 0 1 - 5 5 9 8 

The insulin-like growth factors (IGFs) are bound to multiple IGF binding proteins (IGFBPs) that are 
present both in the circulation and in extracellular fluids. There are at least six different IGFBP species 
that have been fully characterized in terms of molecular structure and amino acid sequence. The tissue 
distribution and local production of these proteins as well as the regulation of IGFBP production in 
different tissues have not been elucidated. We have studied the distribution of multiple IGFBP species in 
protein extracts from h u m a n kidney, skeletal muscle, lung, liver and brain by ligand blotting employing 
[ 1 2 S I ] I G F - 2 as the radiolabeled hormone. Five distinct IGFBP species with a respective molecular weight 
of 43 , 38, 34. 30 and 20 kDa were detected on the ligand blots in tissues from human fetuses and infants 
(23 weeks of gestation till 24 months of postnatal age). The 34 kDa species and a 30 -32 kDa IGFBP 
species were predominant in brain, whereas a 30 kDa IGFBP species was mainly detected in skeletal 
muscle. Immunoblotting experiments using an anti IGFBP-2 antiserum showed that the 34 kDa IGFBP 
species from h u m a n brain was presumably related to IGFBP-2 . We conclude that IGFBPs are 
differentially expressed in different tissues throughout h u m a n fetal life and early infancy. Local 
production or accumulation of the different IGFBPs could modulate IGF action at a local level or 
alternatively have differential functions during development. 

Wieland Kiess. Department of Pediatric Endocrinology, Laboratory of Cell Biology Children s Hospital 
Lindwurmstr. 4, D-8000 Munich 2, Germany 

The insulin-like growth factors (IGF-1 and -2) are 
polypeptides which belong to the insulin family of 
polypeptide hormones that also include proinsulin and 
relaxin. The IGFs are potent mitogens for cells in culture. 
IGF-1 is thought to mediate the action of growth 
hormone in vivo. Although the aminoacid sequence and 
molecular structure of IGF-2 have also been character­
ized, its biologic action and physiologic role in vivo are 
still elusive (1-4). In the circulation, the IGFs are bound 
to specific binding proteins (IGFBPs) that are produced 
by the liver. IGFBPs are also synthesized in many other 
tissues and are present in many body fluids like amniotic, 
cerebrospinal and seminal fluid. IGFBPs are released 
from many different cells in culture (2,4-7). There are at 
least six major classes of IGFBPs that have been fully 
characterized. Molecular cloning and biochemical tech­
niques have helped to elucidate the structure and 
evolution of these molecules (2. 4-20). However, the 
function of these proteins is not completely understood: 
it is hypothesized that the IGFBPs serve as a reservoir for 
IGF storage prolonging the biologic half life of the IGFs 
(2, 5-7, 21 , 22). It has also been suggested that the 
IGFBPs function as major modulators of IGF action 
either as inhibitors (13, 2 3) or enhancers (21, 2 2) of IGF 
biologic effects. It is important to note that different 

IGFBP species are released from different cell types in 
culture, supporting the notion that different tissues 
might synthesize or retain different molecular forms of 
IGFBPs in vivo. The IGFBPs might then exert differential 
effects in various tissues during organ development and 
tissue growth (7, 24). We have therefore studied the 
expression of different molecular forms of IGFBPs in 
multiple tissues from human fetuses and infants. 

Materials and methods 

Tissue collection 

Tissues (kidney, brain, liver, lung, testis, ovary, spleen, 
thymus, muscle, heart) were collected from twelve 
aborted or stillborn fetuses and infants who had died 
suddenly (sudden infant death syndrome) or by accident. 
The time interval between death and removal of tissues 
at the Institute of Forensic Medicine or at the Institute of 
Pathology, University of Munich, Munich, Germany, 
was between 4 and approximately 24 h. Tissues were 
removed aseptieally, diced, rinsed carefully to remove 
residual blood, and immediately frozen in liquid nitro­
gen. The study protocol had been approved by the Ethics 
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Committee of the Children's Hospital. University of 
Munich, Germany. 

Tissue extraction 

Approximately 20 mg of thawed tissue was placed in 
1.5 ml plastic tubes and weighed. 0.4 ml of 20 mmol/l 
TRIS HCl. 2% Triton X-100, pH 7.4, and 0.1 ml Laemmli 
buffer containing 2% SDS (2 5) was added, and the 
tissues homogenized for 3 min with a Polytron homoge-
nizer (Polytron PT 10-35, Bachofer, Reutlingen, Ger­
many). The samples were boiled for 5 min and then 
incubated overnight at 4°C. The protein homogenates 
were then boiled again for 1 min and centrifuged for 
5 min at 10 000 g in a Mikrorapid/K centrifuge (Hettich, 
Tuttlingen, Germany). Aliquots of the supernatants 
were stored at — 70°C until further analysis. No visible 
pellet was seen after extraction. The protein content of 
the tissue extracts was determined using the BCA protein 
assay (Pierce Chemical Co. cat. no. 2 322 5, Rockford, IL). 
Dilutions of bovine serum albumin were used as protein 
standards. 

Immunoblotting 

Aliquots of the tissue extracts amounting to 0.2 mg 
protein per organ examined were subjected to SDS-
polyacrylamide gel electrophoresis (12.5% acrylamide 
bis) under non-reducing conditions using the dis­
continuous buffer system of Laemmli (2 5). Prestained 
molecular weight markers were used as follows; lyso-
zyme 14300, beta-lactoglobulin 18400, carbonic 
anhydrase 29000, ovalbumin 43000. bovine serum 
albumin 68000, Phosphorylase B 97400, myosin 
200000 (BRL, Eggenstein, Germany, prestained protein 
molecular weight standards, cat. no. 604ILA). The 
electrophoresed samples were transferred onto nitrocel­
lulose (Schleicher & Schuell, cat. no. 401180, Dassel, 
Germany) by electroelution. Immunoblotting was then 
performed using a specific antiserum against the human 
IGFBP-2 (polyclonal rabbit anti human IGFBP-2 anti­
serum, a kind gift from Dr David Clemmons, Chapel Hill, 
North Carolina) following an earlier described protocol 
(26, 27). The antiserum was used at a final dilution of 
1:1000. An immunoperoxidase staining kit (Vectastain 
ABC Kit, Vector Laboratories, Inc. Burlingame, CA) was 
used to detect specific protein bands on the nitrocellulose 
filters. After drying overnight, the nitrocellulose sheets 
were photographed. 

Ligand blotting 

Aliquots (200 ^g) of the tissue extracts were subjected to 
SDS-PAGE (12.5% acrylamide bis) under non-reducing 
conditions as described by Laemmli (25). Proteins were 
then transferred onto nitrocellulose filters by electro­
elution as described for the immunoblotting procedure. 
Ligand blotting was carried out essentially as described 

by Hossenlopp et al. (28). In brief, the nitrocellulose 
filters were preincubated in buffer containing 1 % bovine 
serum albumin (BSA), and subsequently incubated with 
[ 1 2 S]IGF-2 (Amersham, Braunschweig, Germany) 
diluted in 0.15 mol/I NaCl, 10 mmol/1 TRIS-HC1. 1 % 
BSA, 0 .1% Tween-20. pH 7.4 (20 ml/filter/bag), rinsed 
extensively in 0.15 mol/1 NaCl, 10 mmol/1 TRIS-HC1, 
0 .1% Tween, pH 7.4 buffer, and then in 0.15 mol/1 NaCl. 
10 mmol/1 TRIS-HC1. pH 7.4, and dried overnight. 
Autoradiographs were obtained by exposing the filters to 
Kodak X-OMAT films (Eastman Kodak. Rochester) using 
enhancer screens (Du Pont, Newton, CT) at — 70°C. In a 
subset of experiments, strips of the nitrocellulose filters 
containing one lane of electrophoresed proteins were cut 
and the strips incubated with [ 1 2 - >I]IGF-2 and increasing 
amounts of unlabeled IGF-2 or IGF-1 (recombinant 
human IGF-1 and -2. kindly provided by Dr Anna 
Skottner, Kabi. Stockholm. Sweden, and Dr K Mueller. 
Ciba Geigy, Basel, Switzerland) according to Hossenlopp 
et al. (28). 

Results 

Detection oj'IGFBPs in human tissue extracts 

When protein extracts from human skeletal muscle, 
brain, liver, kidney and lung tissues were analyzed by 
SDS-PAGE and ligand blotting employing [ 1 2 5 I]IGF-2 five 
distinct radiolabeled protein species with an approxi­
mate molecular weight of 43, 38, 34, 30 and 20 kDa 
respectively were detected (Figs 1-3). The intensity of 
the radiolabeled bands varied among the tissues studied: 
the 34 kDa band was predominant in brain tissue, while 
a 30 kDa band was predominant in skeletal muscle 
protein extracts and all five IGFBP species were variably 
detected in kidney, liver and lung extracts. The IGFBP 
profiles from the ligand blot experiments with brain 
extracts in Fig. 1 and Fig. 2 resemble those reported for 
cerebrospinal fluid (20, 29). The apparent molecular 
weight of the IGFBP species found in human tissue 
extracts by ligand blotting experiments corresponds well 
with the molecular weight of IGFBP species commonly 
detected in human plasma and serum (5,9, 24, 28-31). 
Lung, liver, kidney, and muscle protein extracts from all 
12 fetuses and infants were analyzed by ligand blotting 
employing [ 1 2 5 I]IGF-2 in a parallel fashion as shown in 
one representative blot in Fig. 1 (upper panel). Brain 
extracts were analyzed from seven infants. Serum 
samples from a six-year-old healthy boy and alterna­
tively from a 30-year-old healthy man were analyzed in 
parallel for comparison reasons as indicated in each 
Figure. 

Competition of unlabeled IGF with l2^l-IGF binding 
to IGFBPs in human tissue extracts 

When tissue extracts were analyzed by SDS-PAGE and 
the ligand blotting experiment using [ 1 2 5 I]IGF-2 was 
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Fig. I. A n a l y s i s of IGF b i n d i n g prote ins i n p r o t e i n extracts f r o m h u m a n 
tissues (3 m o n t h s old i n f a n t , l iv = l iver . l u = l u n g . k y = k i d n e y . 
br = b r a i n . m u = skeletal muscle ) by l i g a n d b l o t t i n g . Proteins were 
extrac ted a n d analyzed by SDS-PAGF a n d l i g a n d b l o t t i n g u s i n g 
[ '•^I] lGF-2 as described i n M e t h o d s . I n l o w e r panel a n excess ( } 0 0 
n m o l / l ) of un labe led h u m a n r e c o m b i n a n t IGF-2 was present d u r i n g 
the i n c u b a t i o n of the blot w i t h f l 2 5 I ] I G I ; - 2 . 

performed in the absence (Fig. 1, upper panel) or 
presence (Fig. 1, lower panel) of excess unlabeled IGF-2 
(300 nmol/l) labeling of all bands was greatly dimin­
ished or disappeared completely in the presence of the 
unlabeled ligand (Fig. 1, lower panel). It is concluded 
that the radiolabeled bands detected by ligand blotting 
represent proteins that bind tracer amounts of [ 1 2 5 I ]IGF-
2 and that binding of [ 1 2 5 I]IGF-2 to the IGFBP species is 
saturable. 

Expression of IGF binding proteins in human brain 
during early infancy 

When protein extracts from brain tissue from infants of 
different age (41 weeks gestation til l 24 months post­
natal) were analyzed using SDS-PAGE and ligand blot­
ting using [ 1 2 5 I]IGF-2 as the radioligand, again the 34 
kDa species was the predominant band detected by 

autoradiography of the blots. Again, the IGFBP profiles 
from the ligand blotting experiments with brain extracts 
resemble those reported for cerebrospinal fluid (20, 29). 
The 30-32 kDa IGFBP species in brain extracts might 
correspond to a similar molecular weight IGFBP species 
in cerebrospinal fluid described by Rhogani et al. (20). 
There was some variation in the intensity of the bands 
detected in the blots; however, no obvious trend of the 
intensity of the labeling throughout early infancy (3 
months postnatal to 24 months postnatal) could be 
detected using the ligandblotting technique (Fig. 2). 

Expression of IGF binding proteins in skeletal muscle 
during human fetal life and early infancy 

Protein extracts from skeletal muscle (psoatic) were 
prepared from human fetuses (20 till 26 weeks ges­
tation) and infants (neonate, 41 weeks gestation, and 2 
till 24 months postnatal); proteins were analyzed using 
SDS-PAGE and ligand blotting employing [ 1 2 5 I]IGF-2 as 
the radiolabeled ligand. Autoradiography of the blots 
showed that the characteristic binding protein species in 
all skeletal muscle tissues examined was a 30 kDa 
protein which was present throughout fetal life (Fig. 3, 
upper panel) and throughout early infancy (Fig. 3, lower 
panel). The 34 kDa IGFBP species which predominated 
in brain was virtually absent in the muscle extracts. 
However, a 30-32 kDa band was seen in prenatal 
muscle tissues. This band corresponds in size with the 
30-32 kDa IGFBP which was also detected in brain 
extracts. Again, there was great variation of the inten­
sity of the bands throughout the time period studied, and 
no obvious developmental change was detected. 

Characterization of a 34 kDa IGF binding protein in 
human brain tissue extracts 

To further characterize the predominant IGF binding 
protein species from human brain tissues, protein 
extracts from human brain (female infant, six months of 
age) were analyzed by SDS-PAGE and Western blotting 
using a specific anti IGFBP-2 antiserum. For comparison 
human sera were analyzed in parallel (Fig. 4). A specific 
protein band with an approximate molecular weight of 
30-34 kDa was detected both in human sera and in 
brain extracts, whereas no such band was seen in 
extracts from human skeletal muscle. The 30-34 kDa 
protein was not detected when non-immune control 
serum from normal rabbits was used in the Western 
blotting experiment instead of the antiserum (Fig. 4, 
right panel). It can be speculated that the 30-34 kDa IGF 
binding protein species in the Western blotting experi­
ments might correspond to the 34 kDa band detected in 
the ligand blotting experiments, and that thus the 34 
kDa IGF binding protein measured in brain tissues is 



110 Barbara Funk et al A C T A l : . \ l ) ( ) C R I \ 0 l . 0 C I C A 1992 . 127 

Mr x 10 , - 3 
human brain 

4 6 _ 

2 9 •'TRTW^-: ' • W W ^ ^ ^ ^ ^ 

serum _ l 

Mr x 10 

4 6 

2 9 

w e e k s of 
gestation 

months 
postnatal 

41 

13 18 24 

Fig. 2. Expression of IGF b i n d i n g prote ins i n b r a i n tissue d u r i n g ear ly i n f a n c y . B r a i n tissues f r o m seven i n f a n t s were ana lyzed. For c o m p a r i s o n 
reasons s e r u m (2 /d) f r o m a h e a l t h y m a l e a d u l t was analyzed i n para l l e l . Proteins w e r e extracted a n d l i g a n d b l o t t i n g w a s p e r f o r m e d as i n Fig. 1 . 
T h e arrow po in ts to the p r e d o m i n a n t 34 kDa IGF b i n d i n g p r o t e i n species i n h u m a n b r a i n extracts . 

immunologically related to IGFBP-2. In a subset of 
experiments, aliquots of protein extracts from human 
brain were analyzed by SDS-PAGE, the proteins were 
transferred onto nitrocellulose paper by electroelution, 
the nitrocellulose filters were cut. and the filters were 
incubated with [ 1 2 S I]IGF-2 in the presence or absence of 
increasing concentrations of either unlabeled IGF-1 or 
IGF-2. Labeling of IGFBP species at 34 and 30 kDa was 
inhibited completely by co-incubation of the radio­
labeled IGF-2 with 0.3 nmol/1 unlabeled IGF-2 or 3-30 
nmol/1 unlabeled IGF-1 (Fig. 5, both panels). Thus, 
unlabeled IGF-2 was approximately 10-fold more potent 
than IGF-1 in competing for [ 1 2M]IGF-2 binding to IGFBP 
species expressed in human brain tissue. Interestingly, in 
three separate experiments, very low concentrations of 
both IGF-1 and IGF-2 actually increased binding of 
[ 1 2 5 I]IGF-2 to the IGFBP species (Fig. 5, both panels). 

Characterization of IGF binding proteins from human 
skeletal muscle 

When protein extracts from human skeletal muscle 
tissues were subjected to SDS-PAGE, transferred onto 
nitrocellulose paper and ligand blotting using [ 1 2 5I]IGF-2 
was performed in the absence or presence of increasing 
concentrations of unlabeled IGF-1 or IGF-2, unlabeled 
IGF-2 competed at low concentrations (0.3 nmol/1) for 
binding to the 30 kDa IGF binding protein species of 
skeletal muscle, whereas IGF-1 only at high concentra­
tions (30 nmol/1) was able to displace the radiolabeled 
hormone. An additional radiolabeled band of approxi­

mately 40 kDa presumably represents a non-specific 
(high capacity, low affinity) protein since even very high 
concentrations of unlabeled IGFs did not compete for 
binding of the radiolabeled IGF-2. Interestingly, very low 
concentrations of unlabeled IGF-1 and IGF-2 again 
actually increased the intensity of the radiolabeled 
IGFBP-IGF-band (Fig. 6. both panels). 

Discussion 

At least six different IGFBP species have been cloned and 
characterized at a molecular level (5-20). However, little 
is known about the ontogeny, the tissue distribution and 
local function of these classes of proteins (2. 5-7). We 
have measured the expression of IGFBP species by ligand 
blotting experiments employing [12*T]IGF-2 as the radio­
labeled ligand in multiple tissues from human fetuses 
and infants (2 3 weeks gestation till 24 months post­
natal). Differential expression of five distinct IGFBP 
species with a molecular weight of 43, 38, 34, 30 and 
20 kDa respectively was detected. These radiolabeled 
protein species correspond in size with the IGFBP species 
described in the literature (for review, see 5-8, 30). The 
34 kDa protein was preferentially seen in brain tissues at 
all ages studied, whereas in skeletal muscle tissue the 
30 kDa IGFBP species predominated. It is clear from this 
study that [ 1 2 SI]IGF-2-ligand blotting can be used to 
study IGFBP expression in tissue extracts. Contrary to 
expectations, the IGFBPs are not degraded by intra- or 
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Fig. 3. Expression of IGF b i n d i n g prote ins i n skeletal muscle d u r i n g 
h u m a n fetal life a n d ear ly i n f a n c y . Prote ins w e r e ex t rac ted a n d l i g a n d 
b l o t t i n g was p e r f o r m e d as described i n M e t h o d s . I n upper panel , 
skeletal musc le tissues f r o m five h u m a n fetuses {gestat ional age: 
20- 2 6 weeks) w e r e e x a m i n e d . For c o m p a r i s o n reasons, s e r u m (2 /d) 
f r o m a s ix -year -o ld h e a l t h y boy was also e x a m i n e d . I n l o w e r pane l , 
skeletal muscle tissues f r o m seven i n f a n t s (age range : n e w b o r n day 
o n e - 2 4 m o n t h s ) w e r e s tudied . For c o m p a r i s o n reasons s e r u m (2 y\) 
f r o m a h e a l t h y m a l e a d u l t w a s also b l o t t e d . T h e a r r o w points to a 
30 k D a IGF b i n d i n g p r o t e i n species t h a t is p r e d o m i n a n t i n p r o t e i n 
extrac ts f r o m h u m a n skeletal musc le tissues. 

extra-cellular proteases under the conditions of the 
experiments presented in this study. The appearance of 
different species of IGFBPs in protein extracts from 
different organs on ligand blots can be explained by the 
following: (a) There might be differences in local produc­
tion of IGFBPs, as the occurrence of mRNAs for specific 
IGFBPs in some and their absence in other tissues has 
been reported (11-17). (b) A residual amount of blood 
contaminating the tissues might vary among the tissues 
studied. However, all tissues have been carefully rinsed 
to remove blood as extensively as possible, contamina­
tion of the samples with blood seems unlikely, and might 
mainly lead to changes in the abundance of IGFBP-3 
related species, since IGFBP-3 is the main IGFBP in the 
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Fig. 4. l m m u n o b l o t t i n g of IGFBP-2 in h u m a n s e r u m a n d tissue 
extracts . A d u l t h u m a n s e r u m (5 /<! a n d 2 / / I . se) or tissue extracts f r o m 
k i d n e y ( k y ) . skeletal muscle ( m u ) a n d b r a i n (br) were analyzed by SDS-
PAGE. a n d i m m u n o b l o t t i n g e m p l o y i n g a n t i IGFBP-2 a n t i s e r u m (upper 
panel) or n o n - i m m u n e rabb i t s e r u m ( l o w e r panel) was p e r f o r m e d . The 
a r r o w p o i n t s to a 3 1 - 3 4 k D a p r o t e i n b a n d c o r r e s p o n d i n g i n size to 
IGFBP-2 . M o l e c u l a r w e i g h t m a r k e r s as described i n M e t h o d s are 
s h o w n i n lane (st). 

circulation (5-7). (c) Preferential retention of some 
IGFBP species over others in different organs might lead 
to different patterns of IGFBPs in the organs studied, 
(d) Local production of proteases that are capable of 
specifically cleaving the IGFBPs could alter the appear­
ance of the IGFBP species on ligand blots. In fact, specific 
proteases that cleave IGFBP-3 in plasma and serum of 
pregnant women have been found (31). 

There was considerable variation in the amount of 
IGFBPs present at various ages in brain and muscle; 
however, no obvious developmental pattern of IGFBP 
expression was measured in the two organs. It is well 
known that small molecular weight IGFBPs (i.e. IGFBP-
1) are mainly expressed in amniotic fluid and during 
fetal life (for review, see 5, 7), whereas IGFBP-3 is the 
main IGF carrier during postnatal life in the human 
(1-4, 9). The ontogeny of rat and porcine serum IGFBPs 
has also been elucidated (32, 3 3). The failure to detect a 
developmental pattern of IGFBP expression in our study 
could be explained by the age of the fetuses and infants 
studied, i.e. developmental changes could occur earlier 
or later during development in the tissues examined. 
Alternatively, the ligand blotting method might not be 
sensitive enough to detect small changes in IGFBP 
expression. Since ligand blotting cannot be considered to 
be a quantitative technique, no definitive answer can be 
given as to whether or not there might be quantitative 
differences in IGFBP expression at different ages. The 
large variation and scatter of IGFBP expression could be 
due to interindividual variation in IGFBP expression or 
due to some unknown factors influencing the detection 
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of IGFBPs in ligandblots. Among these, proteolytic 
degradation post mortem might be a predominant cause 
of variation. 

By immunoblotting using an IGFBP-2 antiserum we 
have detected an IGFBP with a molecular weight above 
30 kDa in human brain tissue extracts. This protein 
might correspond to the 34 kDa protein detected in brain 
tissue by ligand blotting. It thus seems likely that the 
34 kDa IGFBP predominantly expressed in brain is 
related to IGFBP-2. Specific IGFBPs of similar size have 
been isolated from both cerebrospinal fluid and brain 
tissue (14, 20, 29). It has been reported in the literature 
that these brain specific IGFBPs might preferentially bind 
IGF-2 and only weakly recognize IGF-1 (20, 29). Since 
both the 34 kDa and a 30 kDa IGFBP measured in our 
experiments seem to bind IGF-2 with higher affinity than 

IGF-1 (IGF-2 displaces [ 1 2 S l]IGF-2 binding at ten times 
lower concentrations than IGF-1, Figs. 5 and 6 and data 
not shown), it is also possible that these IGFBP species 
are related proteins. It is unclear why very low concen­
trations of unlabeled IGFs actually increased the binding 
of [ 1 2 5 I]IGF-2 to the IGFBP species in these experiments. 

We hypothesize that preferential expression or reten­
tion of IGFBPs in different human tissues might reflect 
differential functions of the different IGFBP species. It is 
difficult, however, to relate the different IGFBP species 
detected by ligand blotting techniques to the known and 
well characterized IGFBPs. Therefore, no definitive 
assignment of specific IGFBP species as to their relation­
ship with the IGFBP species detected in the ligand 
blotting experiments is attempted. Local homeostasis 
between the IGFs and their binding proteins might 
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provide sensitive mechanisms of regulation. Further 
molecular characterization of the different IGFBP species 
present in different tissues at different time points of 
development is needed. 
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