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R a d i o i m m u n o l o g i c a l  D e t e r m i n a t i o n  of P l a s m a  Cort i so l  

MURPHY e t  al. t a n d  a f t e r w a r d s  o t h e r  i n v e s t i g a t o r s 2 ,  a 
h a v e  d e s c r i b e d  a p r o t e i n - b i n d i n g  a s s a y  of  p l a s m a  cor t i so l .  
T h e  p r i n c i p l e  of  t h a t  a s s a y  is  t h e  c o m p e t i t i o n  for  t r a n s -  
c o r t i n  of  t h e  c o r t i s o l  c o n t a i n e d  in  t h e  p l a s m a  s a m p l e  a n d  
a k n o w n  a m o u n t  of  t r i t i a t e d  cor t i so l .  P l a s m a  h a v i n g  a 
h i g h  c o n c e n t r a t i o n  oI t r a n s c o r t i n  (e.g. f r o m  p r e g n a n t  
w o m e n )  is u s e d  for  t h e  a s s a y .  H o w e v e r ,  t h e  b i n d i n g  
c a p a c i t y  of  t r a n s c o r t i n  is n o t  spec i f i c  for  co r t i so l ,  s i n c e  
co r t i co id s ,  s u c h  as  c o r t i c o s t e r o n e ,  c o m p o u n d  S, a n d  
o t h e r s ,  a r e  a l so  b o u n d  b y  t h a t  p l a s m a - p r o t e i n  f r a c t i o n .  
T h e r e f o r e ,  u n d e r  p a t h o l o g i c a l  c o n d i t i o n s  in  w h i c h  t h e  
c o n c e n t r a t i o n  of  t h o s e  c o r t i c o s t e r o i d s  in  t h e  p l a s m a  is 
e l e v a t e d ,  t h e  r e s u l t s  of  t h e  p r o t e i n - b i n d i n g  a s s a y  a r e  
a m b i g u o u s .  I n  v i e w  of t h e  h i g h e r  s p e c i f i c i t y  of  s t e r o i d  
a n t i b o d i e s ,  a r a d i o i m m u n o a s s a y  for  co r t i so l  h a s  b e e n  
d e v e l o p e d .  

W h i t e  N e w  Z e a l a n d  r a b b i t s  we re  i m m u n i z e d  w i t h  a 
c o r t i s o l - 2 1 - h e m i s u c c i n a t e  b o v i n e  s e r u m  a l b u m i n  c o m p l e x  
p r e p a r e d  a c c o r d i n g  to  t h e  p r o c e d u r e  d e s c r i b e d  b y  ER-  
LANGER e t  al. 4. 1 m g  of t h e  a n t i g e n  w a s  s u s p e n d e d  in  
0.1 m l  of  s a l i n e  a n d  0.5 m l  of  c o m p l e t e  F r e u n d ' s  a d j u v a n t  
( D I F C O )  i m m e d i a t e l y  b e f o r e  i .m .  i n j e c t i o n .  T h e  s a m e  
i n j e c t i o n s  w e r e  r e p e a t e d  e v e r y  2 to  4 weeks .  A f t e r  6 
m o n t h s ,  6 o u t  of  8 i m m u n i z e d  r a b b i t s  h a d  h i g h  a n t i b o d y  
t i t e r s .  

Table I. Cross reactions (in %) 

AIdosterone 0.36 (3) 
Cortisol 100 (100) 
Desoxyeorticosterone 0 
Corticosterone 1.4 (61) 
Progesterone 5.5 (20) 
Compound S 10 (89) 
11-OH-progesterone 0.4 
18- OH-cor ticosterolle 0 
18-OH-desoxycorticosterone 0.42 

In brackets the cross reaction figures of MURPHY 6 obtained with 
human plasma. 

A t y p i c a l  c a l i b r a t i o n  c u r v e  is  g i v e n  in  F i g u r e  1. T h e  
s e n s i t i v i t y  in  t h a t  c a se  is a b o u t  25 pg ,  t h e  s t a n d a r d  c u r v e  
b e i n g  l i n e a r  for  v a l u e s  a b o v e  t h a t  t h r e s h o l d .  

T h e  p e r c e n t a g e  of c ro s s  r e a c t i o n  of  co r t i so l  a n t i s e r a  w i t h  
s e v e r a l  s t e r o i d s  is  g i v e n  in  T a b l e  I.  T h e  d e g r e e  of  t h e  
c ro s s  r e a c t i o n  w a s  c a l c u l a t e d  a c c o r d i n g  t o  t h e  m e t h o d  of  

Table II. 

Extraction 

0.05-0.1 ml Plasma + ca. 1000 cpm 1-2-H~-cortisoI + 
0.5 0.7 ml aethanol 

I 
centrifugation 

r 
0.1 ml of supernatant  + 1.9 ml water 

I 

0.1 ml for radioimmunoassay 0.5-1.0 mI for measuring of radio- 
activity (recovery) 

Radioimmunoassay 

0.1 nil 1-2-HS-cortisol solution (3-5000 epm) (0.05M borate buffer 
with 0.1% lysozym) 

0.1 ml solution with unknown amounts  of cortisol (5% aethanol 
solution) 

0.5 ml solution with eortisol antibodies (0.05M borate buffer with 
0.1% lysozym) 

incubation, 4~ 2 h 

Separation of the protein-bound and -unbound radioactivity with 
dextran coated charcoal ~ 

Measuring of the protein-bound radioactivity 

1 vol. activated charcoal solution (5 g Norit A, Serva, Heidelberg, 
in 80 ml pH 8.0, 0.05M borate buffer containing 0.6% human  
v-globulin) + 6 vol. dextran solution (100 mg dextran T 70, Pbarma- 
eta, Uppsala) dissolved in 80 ml y-globulin buffer solution. Stirring 
for 10 min prior to use. The used volume is 0.1 mL 
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Fig. 1. Calibration curve, obtained with different amounts  of un- 
labelled cortisol. Time of incubation: 2 h at 2~ Ordinate: bound 
eortisol radioactivity (cpm). Abscissa: different amounts  of cortisol. 
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Fig. 2. Concentration of eortisol (F) in hmnan plasma. C, control 
persons; ACTH, 1 or 2 h after 25 IU, i.v.; dexamethasone, 10 h after 
2-4 mg dexamethasone p.o. 
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ABRAHAM 5. Fo r  compar i son ,  c ross - reac t ion  d a t a  o b t a i n e d  
w i t h  t he  t r a n s c o r t i n - b i n d i n g  assay  6 are inc luded.  The  
specif ic i ty  of t h e  an t i s e rum,  as shown  b y  t he  cross re- 
ac t i9ns ,  is d e p e n d e n t  on t he  t y p e  of t r a n s p o r t  p r o t e i n  used 
in t h e  i n c u b a t i o n  m ed i um .  W i t h  ge la t ine  as t r a n s p o r t  
p ro t e in  t h e  specif ic i ty  was  h ighes t ,  b u t  s ince t h e  q u a l i t y  
of ge la t ine  var ied ,  preference  was g iven  to lysozyme.  

The  f low-sheet  (Table  I I )  i nd ica t e s  t he  va r ious  s teps  
of t he  r a d i o i m m u n o a s s a y  of p l a s m a  cortisol .  

W i t h  t h e  e x t r a c t i o n  of w a t e r  t he  b l a n k  va lues  were 
v i r t ua l l y  zero. An  i n c u b a t i o n  per iod  of more  t h a n  2 h o u r s  
did  n o t  give a n y  b e t t e r  resul ts .  The  overal l  r ecove ry  of 
t r i t i a t e d  cort isol  added  to  t he  p l a s m a  samples  p r io r  to  t h e  
e x t r a c t i o n  was  60-70% . T he  r ecove ry  of k n o w n  a m o u n t s  
of cort isol  added  to  w a t e r  was  94.4 -k 2 .6% (ca = 34). The  
i ncomple t e  r ecove ry  m i g h t  h a v e  been  caused  b y  t r ans -  
f o r m a t i o n  of cor t i sol  in to  a less i m m u n o a c t i v e  c o m p o u n d .  
Differences  in  s i m u l t a n e o u s  d e t e r m i n a t i o n s  of t he  same  
samples  w i t h i n  one assay  were 12.4 • 1.4% (n == 37). 
D a y - t o - d a y  di f ferences  were  16 • 1.9% (s  ~ 36). 

R a d i o i m m u n o l o g i c a l  d e t e r m i n a t i o n s  of p la sma-cor t i so l  
c o n c e n t r a t i o n s  in m a n  gave  resu l t s  s imi ta r  to  those  ob-  
t a ined  w i t h  o t h e r  m e t h o d s  (Figure  2). FRASEa and  
JAM~S ~ found  3.1-20.2 ~xg/100 ml, and  S p A ~  s m e a s u r e d  
4 -24  ~tg/100 ml .  I n  p a t i e n t s  w i t h  Add i son ' s  disease and  in  
sub jec t s  who h a d  rece ived  d e x a m e t h a s o n e  t he  va lues  
were v e r y  low or u n d e t e c t a b l e .  

Zusammen[assung. D u r c h  I m m u n i s i e r u n g  von  K a n i n -  
chen  m i t  C o r t i s o l - 2 1 - H e m i s u c c i n a t - R i n d e r s e r u m a l b u m i n -  
K o m p l e x  l iessen s ich spezif ische A n t i k 6 r p e r  m i t  h o h e m  
Ti t e r  gewinnen.  E ine  r a d i o i m m u n o l o g i s c h e  B e s t i m m u n g s -  
m e t h o d e  fiir P l a smaco r t i so l  wi rd  angegeben .  Die Me- 
t h o d e  is t  besonde r s  bet  d e n j e n i g e n  F~l len  anzuwenden ,  
bet  denen  e rh6h t e  14onzen t ra t ionen  von  Cor t icos te ron  
oder  S u b s t a n z  S den  ~pro te in -b ind ing  assay~ yon  Cort isol  
i m  P l a s m a  s t6ren .  
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Inhibition of Testosterone Biosynthesis by Medrogestone 

Medroges tone ,  viz.  6, 17-d imethy lp regn-4 ,  6-diene-3, 20- 
d ione  1 (Colprone | was  shown  to  be  p r oges t a t i ona l  a n d  
a n t i a n d r o g e n i e  in rats~. T he  i n h i b i t o r y  effect  of medro-  
ges tone  on gonada l  h o r m o n e  syn thes i s  in  v i t ro  a n d  
t e s t o s t e rone  b io syn thes i s  in  v ivo  is r epo r t ed  he rewi thK  

I n  v i t ro ,  w i t h  a h u m a n  p l a c e n t a l  10, 000 • g s u p e r n a t a n t  
f r ac t ion  ~, med roges tone  (1 • i0  -5 M, f ina l  conc.) i n h i b i t e d  
t he  conve r s ion  of d e h y d r o e p i a n d r o s t e r o n e  (DHA) to  
17fl-estradiol  by  9 1 % ;  whi le  D H A  a n d  AS-androstenediol  
a ccumula t ed ,  no  t e s t o s t e r o n e  was de t ec t ed  (Table  I). The  
degree  of i n h i b i t i o n  was c o n c e n t r a t i o n  d e p e n d e n t .  In  
o t h e r  e x p e r i m e n t s ,  m e d r o g e s t o n e  (1 • 10 -5 M) r educed  
t he  convers ion  of AS-andros tenediol  (87% inh ib i t ion )  b u t  
n o t  of t e s t o s t e rone  or A ~-andros tenedione  to  17/~-estradiol. 

The  effect  of med r oges t one  on  t h e  convers ion  of 
p regneno lone  to p roges t e rone  was s tud ied  w i t h  a r a t  
o v a r i a n  10,000 • g s u p e r n a t a n t  f r ac t ion  ~. P roges t e rone  
was i so la ted  b y  t h i n - l a y e r  c h r o m a t o g r a p h y  a n d  quan t i f i ed  
f rom i ts  UV-abso rp t i on .  A t  1 • 10 -6 M, m e d r o g e s t o n e  in-  
h i b i t e d  t h e  f o r m a t i o n  of p roges t e rone  b y  70%.  

Subsequen t ly ,  we i n v e s t i g a t e d  t he  effect  of medro-  
ges tone  on r a t  t e s tes  b y  us ing  a 10,000 •  s u p e r n a t a n t  
f r ac t ion  of t e s t i cu l a r  hom ogena t e s .  The  r eac t ion  m i x t u r e  

was s e p a r a t e d  b y  t h i n - l a y e r  c h r o m a t o g r a p h y  a n d  t h e  
c o n s t i t u e n t s  were quan t i f i ed  b y  co lo r ime t ryK A t  1 X 10 -6 
M,  w i t h  p regneno loue  as  subs t ra t e ,  m e d r o g e s t o n e  sup-  
p ressed  t he  f o r m a t i o n  of p roges t e rone  (90% inh.) ,  17-hy- 
d roxyp roges t e rone  (84% inh.),  A~-andros tenedione  (41% 
inh.)  a n d  t e s t o s t e rone  (30% inh.),  respec t ive ly .  Similar ly ,  
m e d r o g e s t o n e  i n h i b i t e d  t he  conve r s ion  of 17-hydroxy-  
p r egneno lone  to 17 -hyd roxyproges t e rone  (83% inh.),  
zJ4-androstenedione (56% inh.)  and  t e s t o s t e r o n e  (40~o). 
Based  on  these  resu l t s  we conc luded  t h a t  m e d r o g e s t o n e  
i n h i b i t s  t he  3f i -hydroxys te ro id  dehydrogenase-Aa,4- is  o_ 
merase  reac t ions .  
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Table I. Effect of medrogestone on the conversion of dehydroepiandrosterone (DttA) to 17~-estradiol in vitro 

DHA b 

Products (~g) 

d 5-Androstenediol-17~ Testosterone 17fi-Estradiol 

Control 1 1 
Medrogestorm (1 • 10-51kf) 6 24 

4 22 
0 2 

~Average of duplicate incubations, b 32 ~g used per incubation. 
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