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FLUORESCENCE ENZYME IMMUNOASSAY OF 21-DEOXYCORTISOL I N  

PLASMA AND D R I E D  BLOOD SAMPLE ON FILTER PAPER 

H i d e t o s h i  Arakawa, Masako Maeda and Akio T s u j i  

School  o f  Pha rmaceu t i ca l  S c i e n c e s ,  Showa U n i v e r s i t y  

Ha tanoda i ,  Shinagawaku, Tokyo, J apan  142  

ABSTRACT 

An enzyme immunoassay o f  21 -deoxycor t i so l  (21-DOF) i n  plasma and 
d r i e d  b lood  s p o t t e d  on f i l t e r  pape r  h a s  been  deve loped .  21-DOF was 
con juga ted  t o  h o r s e r a d i s h  p e r o x i d a s e  by t h e  mixed a n h y d r i d e  method. 
S e p a r a t i o n  o f  f r e e  and bound f r a c t i o n s  w a s  done by t h e  u s e  o f  
i n s o l u b i l i z e d  a n t i b o d y ,  p r e p a r e d  by c o a t i n g  p o l y a c e t a l  beads  w i t h  
p u r i f i e d  IgG o f  g o a t  a n t i - r a b b i t  IgG serum. The enzyme a c t i v i t y  
w a s  measured by t h e  f l u o r o p h o t o m e t r i c  method u s i n g  3-(p-hydroxy- 
pheny1)p rop ion ic  a c i d  and H 0 as s u b s t r a t e s .  The s e n s i t i v i t y  
o f  t h e  p r e s e n t  method w a s  0 .5  p g / t u b e  f o r  21-DOF. 
i n t e r a s s a y  c o e f f i c i e n t s  of v a r i a t i o n  were 3.2 and 8 . 2 ,  and 7 .9  and 
9.2% r e s p e c t i v e l y .  The p r e s e n t  enzyme immunoassay cou ld  b e  a p p l i e d  
t o  mass-screening f o r  c o n g e n i t a l  a d r e n a l  h y p e r p l a s i a .  

2 2  The i n t r a -  and 

INTRODUCTION 

I t  h a s  been  r e p o r t e d  t h a t  t h e  d i s o r d e r  o f  c o n g e n i t a l  a d r e n a l  

h y p e r p l a s i a  (CAH) i s  caused  by a h e r e d i t a r y  21 -hydroxy la t ion  

d e f e c t  i n  a v e r y  h igh  p e r c e n t a g e  of c a s e s .  

of 1Zg-hydroxyprogesterone (17-OHP) u s i n g  radioimmunoassay (RIA) 

I n  newborns,  measurement 
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348 ARAKAWA, M A E D A ,  A N D  TSUJI 

i s  used i n  t h e  i n i t i a l  d i a g n o s i s  of CAH (1). Fukushima e t  a l .  

(2)  developed a l s o  RIA f o r  21 -deoxycor t i so l  (21-DOF) i n  plasma 

and r e p o r t e d  t h a t  measurement of  21-DOF is u s e f u l  f o r  t h e  d i a g n o s i s  

of  CAH a s  w e l l  as 17-OHP. However, t h e  r e p o r t e d  R I A  method i s  

less s e n s i t i v e  and i s  n o t  a p p l i c a b l e  t o  t h e  d e t e r m i n a t i o n  of 21- 

DOF i n  one d r i e d  blood d i s c  ( 3  mm i n  d i a m e t e r ) ;  e q u i v a l e n t  t o  

abou t  3.6 u l  of whole blood.  Furthermore,  R I A  method i s  n o t  

s u i t a b l e  f o r  l a r g e  s c a l e  mass-screening test f o r  CAH of  newborn 

b a b i e s ,  because R I A  h a s  t h e  d i s a d v a n t a g e s  of  r e q u i r i n g  d i s p o s a l  

of r a d i o a c t i v e  m a t e r i a l s .  We have developed a f l u o r e s c e n c e  

I 

enzyme immunoassay of  17-OHP u s i n g  p e r o x i d a s e  a s  t h e  enzyme 

l a b e l  and a p p l i e d  i t  t o  t h e  mass-screening f o r  CAH of  newborn 

b a b i e s  ( 3 ) .  I n  t h i s  pape r ,  we have a t t empted  t o  deve lop  a 

h i g h l y  s e n s i t i v e  E I A  f o r  t h e  a s s a y  of  21-DOF i n  d r i e d  blood 

samples i n  o r d e r  t o  e s t a b l i s h  t h e  mass-screening f o r  CAH based 

on t h e  more d e f i n i t i v e  d i a g n o s i s  w i t h  r e g a r d  t o  s t e r o i d  21- 

hydroxylase d e f i c i e n c y  w i t h  and w i t h o u t  l l f - h y d r o x y l a s e  d e f i c i e n c y .  

MATERIALS AND METHODS 

M a t e r i a l s  

21-DOF was purchased frcm IKAPHARM RAMAT-GAN, ( I s r a e l ) ,  3-(p- 

hydroxypheny1)propionic  a c i d  (HPPA) w a s  from K & K L a b o r a t o r i e s  

(U.S.A.), 30% hydrogen pe rox ide  and o t h e r  chemica l s  were from 

Tokyo Chemical I n d u s t r y  Co. (Tokyo, J a p a n ) .  Horse rad i sh  

pe rox idase  (g rade  11, 250 IU/mg) w a s  o b t a i n e d  from Toyobo Co. 

(Osaka, Japan) .  21-DOF-3-carboxymethyl oxime (21-DOF-3-CMO), two 
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ENZYME IMMUNOASSAY OF 21-DEOXYCORTISOL 3 4 9  

anti-21-DOF a n t i - s e r a ,  p r e p a r e d  by r a i s i n g  a g a i n s t  21-DOF-3-CMO- 

BSA c o n j u g a t e  and 21-DOF-6 -hemisuccinate-BSA c o n j u g a t e ,  and 

1 ,2 - [  HI-21-DOF (50 Ci/mmol) were k i n d l y  s u p p l i e d  by Teikoku 

Hormone Co. (Kawasaki,  J a p a n ) .  Goat a n t i - r a b b i t  IgG a n t i s e r u m  

and p o l y a c e t a l  beads  used a s  t h e  s o l i d  phase  were a l s o  p r o v i d e d  

from F u j i  Revio Co..  A l l  s o l v e n t s  and c h e m i c a l s  were o f  r e a g e n t  

g rade .  

3 

O t h e r  s t e r o i d s  were purchased  from Sigma Chemical Co. (U.S.A.) 

and s u l f a t e s  of  several s t e r o i d s  were k i n d l y  s u p p l i e d  by  P r o f .  T .  

Numbara (Tohoku U n i v e r s i t y )  and P r o f .  K i r k  ( U n i v e r s i t y  o f  London) .  

B u f f e r  s o l u t i o n s  

A 0.05 M phospha te  b u f f e r  c o n t a i n i n g  0.9% sodium c h l o r i d e  (pH 

7 .0 )  (PBS), a 0.05 M phospha te  b u f f e r  c o n t a i n i n g  0.9% sodium 

c h l o r i d e  and 0.1% Bs,. (pH 7 . 0 )  (PBS-BSA), and 0.05 M p h o s p h a t e  

b u f f e r  (pH 7 . 4 )  were used i n  t h i s  s t u d y .  

21-DOF S t a n d a r d  s o l u t i o n  

A s t o c k  s o l u t i o n  o f  21-DOF i n  e t h a n o l  (100 ug/ml) was s e r i a l l y  

d i l u t e d  w i t h  PBS-BSA b e f o r e  u s e .  

21-DOF-HRP c o n j u g a t e  

21-DOF-HRP c o n j u g a t e  was p r e p a r e d  by t h e  mixed a n h y d r i d e  

method from 21-DOF-3-CMO and HRP a c c o r d i n g  t o  t h e  p r e v i o u s  ( 3 ) .  

21-DOF-3CMO (3 mg) was d i s s o l v e d  i n  d i o x a n e  (0 .2  m l ) ,  t h e n  t r i - n -  

bu ty l amine  (10 y l )  and i s o b u t y l c h l o r o c a r b o n a t e  ( 4 y l )  w a s  added .  

A f t e r  i n c u b a t i o n  f o r  30 minu tes  a t  lO*C, t h e  r e a c t i o n  s o l u t i o n  

was mixed w i t h  t h e  c o o l e d  HRP s o l u t i o n  (10 m g / m l ) .  The m i x t u r e  

was k e p t  a t  pH 8 . 0 ~ 8 . 5  f o r  4 h o u r s  i n  a n  ice-water b a t h .  The 
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ARAKAWA, MAEDA, A N D  TSUJI 350 

r e s u l t i n g  r e a c t i o n  m i x t u r e  was d i a l y z e d  a g a i n s t  0.05 M PBS and 

then  chromatographed on a Bio-Gel P-200 column (100 x 1 c m  1 . D . )  

u s i n g  0.05 M PBS as e l u e n t .  The a b s o r b a n c e s  a t  280 nm and 480 nm, 

and t h e  HRP a c t i v i t y  o f  e a c h  f r a c t i o n  (1.0 ml) w a s  measured by t h e  

p r e v i o u s  method. 

by t h e  p r e s e n t  E I A  method d e s c r i b e d  below. F r a c t i o n s  from 39 t o  

43 were d i l u t e d  f i v e - f o l d  w i t h  0.05 M PBS-BSA and s t o r e d  a t  4'C 

u n t i l  used.  

The immunoreac t iv i ty  o f  e a c h  f r a c t i o n  w a s  a s s a y e d  

Double a n t i b o d y  s o l i d  phase  (DASP) b e a d s  

DASP beads  were p r e p a r e d  as r e p o r t e d  i n  t h e  p r e v i o u s  p a p e r  

( 3 ) .  Goat a n t i - r a b b i t  IgG a n t i s e r u m  was p u r i f i e d  by a f f i n i t y  

chromatography on a column packed w i t h  r a b b i t  IgG-Sepharose 4B, 

t h e n  d i l u t e d  w i t h  phospha te  b u f f e r  (50 mM, pH 7 .4 )  t o  22 Pg /ml .  

A f t e r  p o l y a c e t a l  b e a d s  (cogwheel t y p e ,  6 mm i n  d i a m e t e r  and 6 mm 

t h i c k )  were immersed o v e r n i g h t  i n  t h e  d i l u t e d  g o a t  a n t i - r a b b i t  

IgG s o l u t i o n  a t  room t e m p e r a t u r e ,  t h e  a n t i - r a b b i t  IgG c o a t e d  

beads  were c o a t e d  w i t h  3 g / 1  BSA-saline s o l u t i o n  f o r  1 h a t  room 

t e m p e r a t u r e  and s t o r e d  a t  4°C u n t i l  u sed .  J u s t  b e f o r e  u s e ,  t h e  

DASP heads  were washed w i t h  0.05 M PBS-BSA. 

E I A  f o r  t h e  d e t e r m i n a t i o n  of  21-DOF i n  plasma and d r i e d  b lood  

samples  

A l l  s o l u t i o n s  were d i l u t e d  w i t h  0.05 M PBS-BSA. A l l  s t a n d a r d s  

and samples  were a s s a y e d  i n  d u p l i c a t e .  Discs, 3 mm i n  d i a m e t e r ,  

were punched o u t  from d r i e d  blood samples  m a i l e d  t o  s c r e e n i n g  

c e n t e r  ( N a t i o n a l  C e n t e r  f o r  Nervous,  Mental  and Musc la r  D i s o r d e r s ,  

Koda i r a ,  Tokyo, J a p a n ) .  
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ENZYME IMMUNOASSAY OF 21-DEOXYCORTISOL 351 

E x t r a c t i o n  o f  21-DOF from plasma sample 

A plasma sample (20 u l )  w a s  d i l u t e d  by a d d i n g  water (0 .5  m l ) ,  

e x t r a c t e d  w i t h  CH2C12 (5 ml) u s i n g  a Vortex t y p e  mixe r  and t h e  

water l a y e r  was a s p i r a t e d  o f f .  The CH C 1  e x t r a c t  ( 4  ml) w a s  

t h e n  t r a n s f e r r e d  i n t o  a n o t h e r  t e s t  t u b e  and e v a p o r a t e d  t o  d r y n e s s  

under  n i t r o g e n  g a s  stream. 

0.05 M PBS-BSA (0.5 ml) and 0 . 1  m l  of  t h e  r e s u l t a n t  s o l u t i o n  w a s  

s u b j e c t e d  t o  t h e  f o l l o w i n g  E I A .  

E x t r a c t i o n  o f  21-DOF from d r i e d  b lood  sample 

2 2  

The r e s i d u e  was d i s s o l v e d  by a d d i n g  

Two d i s c s  of  d r i e d  b lood  sample were t r a n s f e r r e d  i n t o  a t es t  

t u b e  (50 nun x 6 mm, I .D.) c o n t a i n i n g  water (0 .5  ml) and i n c u b a t e d  

o v e r n i g h t  a t  room t e m p e r a t u r e .  21-DOF e l u t e d  from d i s c s  was 

e x t r a c t e d  w i t h  e t h e r  ( 5  m l )  by mix ing  f o r  2 min. The water l a y e r  

was d i s c a r d e d  and t h e  e t h e r  l a y e r  was washed w i t h  water (0.5 m l ) .  

The e t h e r  l a y e r  ( 4  m l )  w a s  t h e n  t r a n s f e r r e d  i n t o  a n o t h e r  t e s t  t u b e  

and e v a p o r a t e d  t o  d r y n e s s  unde r  n i t r o g e n  g a s  stream. The r e s i d u e  

was d i s s o l v e d  by  a d d i n g  0.05 M PBS-BSA (0 .32  ml) and each  0.1 m l  

o f  t h e  r e s u l t a n t  s o l u t i o n  was t h e n  s u b j e c t e d  t o  t h e  f o l l o w i n g  E I A  

and R I A .  

E I A  p r o c e d u r e  of  21-DOF 

The a s s a y  p rocedure  w a s  performed i n  d u p l i c a t e  i n  d i s p o s a b l e  

p o l y s t y r e n e  test t u b e s  (50  nun x 6 nun, I .D.)  by s e q u e n t i a l  a d d i t i o n  

of  0 .1  m l  o f  anti-21-DOF a n t i s e r u m  (1 : 5000), 0.1 m l  o f  21-DOF 

s t a n d a r d  s o l u t i o n  o r  sample s o l u t i o n  p r e p a r e d  from plasma o r  d r i e d  

b lood  sample,  0 .1  ml of  21-DOF-HRP c o n j u g a t e  s o l u t i o n  (1 : l O O O ) ,  

0 . 1  r n l  of  0.05 M PBS-BSA, and one  DASP bead .  The a s s a y  m i x t u r e  
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352 ARAKAWA, MAEDA, AND TSUJI 

was a g i t a t e d  by a Vor t ex  t y p e  mixer  and i n c u b a t e d  o v e r n i g h t  a t  

4OC. A f t e r  i n c u b a t i o n ,  t h e  r e a c t i o n  s o l u t i o n  w a s  a s p i r a t e d  o f f  and 

t h e n  t h e  bead was washed t h r e e  times w i t h  e a c h  2 m l  of  s a l i n e .  To 

t h e  washed bead 500 1 of  PBS, 50 u l  o f  0.01% H 2 0 2  s o l u t i o n  and 50 

u l  of  0.5% HPPA s o l u t i o n  were added s e r i a l l y  and mixed w e l l .  

A f t e r  i n c u b a t i o n  f o r  1 h r  a t  room t e m p e r a t u r e ,  t h e  r e a c t i o n  w a s  

s topped  by a d d i t i o n  of  each  50 u l  of  1 .25% KCN s o l u t i o n  and 1 N 

NaOH s o l u t i o n ,  o r  by a d d i t i o n  of  100  u l  o f  3% N a N 3  s o l u t i o n .  

The f l u o r e s c e n c e  i n t e n s i t y  was measured a t  e x c i t a t i o n  wave leng th  

Y 

I 

of  320 nm and e m i s s i o n  wave leng th  of  405 nm u s i n g  a n  a u t o m a t i c  

f luo ro -pho tomete r  f o r  s c r e e n i n g  test (Auto FP-1, F u j i  Revio Co., 

Tokyo, J a p a n ) .  

R I A  of  21-DOF 

The R I A  method used h e r e  was as  d e s c r i b e d  by Fukushima e t  a l .  

(21 ,  u s i n g  1 , 2 - [  H121-DOF a s  t h e  l a b e l e d  compound and t h e  an t i -21 -  

DOF a n t i s e r u m  a g a i n s t  21-DOF-64hemisuccinate-BSA, w i t h o u t  t h e  

clean-up s t e p  of  chromatography.  

3 

RESULTS 

O p t i m i s a t i o n  s t u d i e s  

To e s t a b l i s h  t h e  o p t i m a l  s t a n d a r d  method of E I A  f o r  21-DOF, we  

examined what d i l u t i o n s  of anti-21-DOF a n t i s e r u m  and 21-DOF-HRP 

c o n j u g a t e  y i e l d e d  o p t i m a l  f l u o r e s c e n c e  i n t e n s i t y .  I n  g e n e r a l ,  t h e  

f l u o r e s c e n c e  i n t e n s i t y  a t  B d e c r e a s e s  w i t h  i n c r e a s i n g  d i l u t i o n  

of  a n t i s e r u m ,  t h e  s e n s i t i v i t y  o f  t h e  a s s a y  i n c r e a s e s ,  however,  

i n c r e a s i n g  d i l u t i o n  a l s o  d e c r e a s e s  p r e c i s i o n  b e c a u s e  of a d e c r e a s e  
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ENZYME IMMUNOASSAY OF 21-DEOXYCORTISOL 353 

i n  t h e  amount of  enzyme l a b e l e d  c o n j u g a t e  bound t o  t h e  DASP b e a d .  

B / B  

v a r i o u s  d i l u t i o n s  of anti-21-DOF a n t i s e r u m  and 21-DOF-HRP c o n j u g a t e  

a r e  i l l u s t r a t e d  i n  Tab le  1. A s  shown i n  T a b l e  1, whcn used 1000  

2000 f o l d  d i l u t i o n  of  21-DOF-HRP c o n j u g a t e  and 5000-fold d i l u t i o n  

o f  anti-21-DOF a n t i s e r u m ,  B / B  % a t  10 pf pg o f  21-DOF d e c r e a s e d  

t o  30-35% from 100%. T h e r e f o r e ,  b a l a n c i n g  between s e n s i t i v i t y  

and p r e c i s i o n ,  we  chose  t o  u s e  1000-fold d i l u t i o n  o f  21-DOF-HRP 

c o n j u g a t e  and 5000-fold d i l u t i o n  o f  anti-21-DOF a n t i s e r u m  f o r  t h i s  

s t u d y .  

S t a n d a r d  c u r v e s  

v a l u e s  a t  t h e  l e v e l  of 1 0  pg of  21-DOF i n  t h e  a s s a y  u s i n g  

The s t a n d a r d  c u r v e s  o f  21-DOF o b t a i n e d  under  t h e  o p t i m a l  

c o n d i t i o n s  are shown i n  F i g .  1. The r a n g e  of  s t a n d a r d  c u r v e  

o b t a i n e d  w i t h  anti-21-DOF-3-CMO-BSA a n t i s e r u m  and anti-21-DOF-fS- 

hemisuccinoxy-BSA a n t i s e r u m  were from 5 pg t o  500 p g / t u b e  and 

from 0 .5  pg t o  100 pg / t u b e ,  r e s p e c t i v e l y .  

R I A  u s i n g  1,2-[ HI-21-DOF a s  a l a b e l  and anti-21-D0F-6d-hemisuccinoxy- 

BSA a n t i s e r u m  is  a l s o  shown i n  F i g .  1. The a s s a y  r a n g e  i s  from 

2.5 pg t o  50 p g / t u b e .  

S p e c i f i c i t y  

The s t a n d a r d  c u r v e  o f  

3 

The s p e c i f i c i t i e s  of  a n t i s e r a  used  h e r e  were a s s e s s e d  w i t h  21- 

DOF-3-CMO-HRP c o n j u g a t e .  Tab le  2 l is ts  t h e  c r o s s - r e a c t i v i t i e s  of  

t h e s e  a n t i s e r a  w i t h  v a r i o u s  s t e r o i d s .  

DOF-6-fi-hemisuccinate-BSA a n t i s e r u m  was more s p e c i f i c  t h a n  t h e  

homologous E I A  method. 

The method u s i n g  an t i -21 -  
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TABLE 1 

Comparison of the Binding of 21-DOF-HRP Conjugate to DASP Bead 

LOO 

0 
m . 
m 

50 

Dilution of Dilution of 21-DOF-HRP Conjugate _ _  
1 : 500 1 : 1000 1 : 2000 

Antiserum * 
1 : 1000 82 68 6 3  

1 : 2000 57 54 33 

1 : 5000 50 35 30 

Figures in table indicate the B/B 

* : Anti-21-DOF-6:~-hemisuccinate-BSA 

% at 10 pg o f  21-DOF 

0 
0.5 1 2.5 5 10 25 50 100 250 500 

21-Deoxycortisol (pg/tube) 

Fig. 1. Standard Curves of  21-Deoxycortisol by EIA and RIA 

A : EIA using Anti-21-DOF-W-hemisuccinate-BSA 
B : EIA using Anti-21-DOF-3-CMO-BSA 
C : RIA using Anti-21-DOF-6d-hernisuccinate-BSA 
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ENZYME IMMUNOASSAY OF 21-DEOXYCORTISOL 355 

TABLE 2 

Cross Reaction of Antisera to 21-Deoxycortisol 

Steroids Anti-21-DOF-3 Anti-21-DOF-6 

21-Deoxycortisol 100.00 % 100.00 % 

17d-Hydroxyprogesterone 131.40 19.00 
Cor t is01 

Progesterone 

11-Deoxycortisol 

Prednisolone 

17d-Hydroxypregnenolone 

Corticosterone 

11-Deoxycorticosterone 

20d-Dihydroprogesterone 

Pregnenolone 

16$.-Hydroxyprogesterone 

Cortisone 

Tetrahydrocortisol 

Te trahyd rocor t isone 

173(-Hydroxypregnenolone-3-sulfate 

Pregnenolone-3-sulfate 

5 fi-Pregnene-33(,2Od-diol- 3-sul f a te 
5F-Pregnene-3d,20~-diol-20-sulfate 

5 ~ - P r e g n e n e - 3 ~ , 2 O + d i o l - d i s u l f a t e  - 0.01 

Anti-21-DOF-3 : Antiserum against 21-DOF-3-(O-carboxymethyl)oxime-BSA 

Anti-21-DOF-6 : Antiserum against 21-DOF-6~-hemisuccinate-BSA 

- : No data 

5.47 

4.00 

2.63 

2.19 

1.20 

0.23 

0.14 

0.14 

0.13  

0.10 

0.06 

0.01 
0.01 
- 
- 
- 
- 

1.05 

0.01 

0.02 

1.40 

1.03 

0.57 

0.01 
0.01 

0.01 

0.01 

0.10 

0.01 

0.01 

1.71 

0.60 

0.01 

0.01 

Recovery study 

A known amount of 21-DOF was added to plasma samples containing 

endogeneous 21-DOF. As shown in Table 3 ,  recoveries were 95% 

for 5 ng/ml and 105% for 10 ng/ml, respectively. 
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TABLE 3 

Recovery o f  21-Deoxycort isol  from Plasma 

Added (ng/ml) Found (mg/ml) CV (%) Recovery (%) 

- 1 .43  f 0 .18  12.6 - 
5.0 6.18 F 0.47 7.6 95.0 

10 .0  11.95 f 0.79 6 .6  105.0 
d 

n = 6  

P r e c i s i o n  

I n t r a -  and i n t e r a s s a y  p r e c i s i o n  (CV) were e v a l u a t e d  by t e s t i n g  

f i v e  r e p l i c a t e s  each  of low and h i g h  c o n c e n t r a t i o n s  of plasma 

samples .  A n a l y s i s  of t h e s e  samples  on t h e  same day gave mean 

v a l u e s  of 1 . 7 1  (SD L 0 . 1 4 )  and 3.43 (SD i 0.11) ng/ml,  r e s p e c t i v e l y  

The mean v a l u e s  de t e rmined  ove r  a f ive -day  p e r i o d  were 1 . 8 5  (SD f 

0.17)  and 3.43 (SD i 0.27) ng/ml, r e s p e c t i v e l y .  Thus, t h e  i n t r a -  

a s s a y  C V s  were 8.2% and 3.2%, and i n t e r a s s a y  C V s  were 9 .2% and 

7.9%, r e s p e c t i v e l y .  

C o r r e l a t i o n  w i t h  t h e  R I A  f o r  21-DOF 

Using t h e  p r e s e n t  f l u o r e s c e n c e  E I A  (X) and t h e  R I A  ( Y ) ,  w e  

a s s a y e d ,  i n  d u p l i c a t e ,  34 plasma samples .  The l i n e a r  c o r r e l a t i o n  

c o e f f i c i e n t  between t h e  21-DOF v a l u e s  de t e rmined  by t h o s e  two 

methods was 0.92 ( s l o p e  = 0.925, y - i n t e r c e p t  = 0.08). 

Comparison between 21-DOF v a l u e s  i n  plasma and d r i e d  blood d i s c  

The 21-DOF v a l u e s  i n  plasma and d r i e d  b lood  d i s c s  p r e p a r e d  

from t h e  same spec imen t s  were a l s o  compared t o  assess whe the r  21- 

DOF v a l u e s  i n  d r i e d  blood d i s c s  r e f l e c t s  t o  t h o s e  i n  plasma 

samples .  A s  i l l u s t r a t e d  i n  F i g .  2, t h e  r e g r e s s i o n  a n a l y s i s  
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Fig. 2. Correlation between 21-DOF Values 

in Dried Blood samples and Plasma 

Samples 

showed a good correlation between the values obtained with dried 

blood discs and plasma samples. 

Preliminary application t o  mass-screenings 

Dried blood samples from 100 neonates (ages five to seven 

days) were analyzed, in duplicate, by the present EIA method. A s  

shown in Fig. 3, the histogram of 21-DOF values in the samples shows 

a normal distribution, with a mean of 21.2 f 5 . 2  pg/disc. 

DISCUSSION 

The pilot screening programs for congenital hypothyroidism using 

EIA have been started in Japan. The fluorescence E I A  of 17-OHP has 
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X = 21.21 L 5.20 pg/disc 

-Ld 
1 10 

(n = 100) 

20 30 40 

21-DOF ( p g / d i s c )  

Fig. 3. Histogram of 21-DOF Values 
in Dried Blood  Samples 

also been developed in our laboratory ( 3 )  and been applied to the 

mass-screening test for congenital adrenal hyperplasia. However, 

for more definitive diagnosis of the enzyme defect, simultaneous 

measurement of 21-DOF in blood is necessary. 

In this study, we have developed a highly sensitive EIA of 21-DOF 

using peroxidase as the label enzyme. Various analytical factors 

were examined to obtain the optimal conditions for the assay. 

EIAs for haptens, such as steroids and drugs may be “homologous”, 

in which the same derivatives of hapten are used both preparing the 

hapten derivative-carrier protein and the hapten enzyme conjugate, 

or “heterologousl‘, in which different hapten derivatives (bridge or 

site) are used. Van Weemen and Schuurs ( 4 )  suggested that the 

sensitivity of EIA for estrogen could be considerably improved by 
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u s i n g  h e t e r o l o g o u s  sys t ems .  Hosoda e t  a l .  (5)  examined many s t e r o i d  

d e r i v a t i v e s  and t h e i r  a n t i s e r a  and r e a c h e d  t h e  same c o n c l u s i o n .  We 

have  a l s o  o b t a i n e d  t h e  s imilar  r e s u l t s  i n  t h e  E I A s  f o r  c o r t i s o l  and 

d e h y d r o e p i a n d r o s t e r o n e  ( 6 , 7 ) .  I n  t h i s  s t u d y ,  w e  used t w o  d i f f e r e n t  

anti-21-DOF a n t i s e r a ,  p r e p a r e d  by r a i s i n g  a g a i n s t  21-DOF-3-CMO-BSA 

and 21-DOF-63(-hemisuccinoxy-BSA r e s p e c t i v e l y ,  and 21-DOF-HRP c o n j u g a t e  

p repa red  from 21-DOF-3-CMO. A s  shown i n  F i g .  1, t h e  h e t e r o l o g o u s  

a s s a y  sys t em u s i n g  anti-21-DOF-6d-hemisuccinate-BSA a n t i s e r u m  seemed 

t o  b e  more s e n s i t i v e  t h a n  t h e  homologous sys t em u s i n g  anti-21-DOF-3- 

CMO-BSA a n t i s e r u m .  

A s  shown i n  Tab le  2 ,  anti-21-DOF-6~~-hemisuccinoxy-BSA a n t i s e r u m  

was more s p e c i f i c  t h a n  t h e  homologous sys t em.  However, a n t i - 2 1 -  

DOF-6k-hemisuccinate-BSA a n t i s e r u m  showed s i g n i f i c a n t  c r o s s  r e a c t i o n s  

w i t h  17-OHP ( 1 9 . 0 % ) ,  c o r t i s o l  (1 .05%),  p r e d n i s o l o n e  ( 1 . 4 0 % ) ,  17d- 

hydroxypregnenolone (1.03%) and 17b!-hydroxypregnenolone-3-sulfate 

( 1 . 7 1 % ) .  T h e r e f o r e ,  i n  o r d e r  t o  o b t a i n  t h e  a c c u r a t e  v a l u e s  o f  21- 

DOF, t h e  ch romatograph ic  s e p a r a t i o n  o f  21-DOF from c r o s s - r e a c t i n g  

s t e r o i d s  i n  t h e  sample u s i n g  Ce l i t e  column ch romatograph ic  t e c h n i q u e  

r e p o r t e d  by Fukushima e t  a l .  ( 2 )  would b e  r e q u i r e d  p r i o r  t o  immunoassay 

s t e p  i n  t h e  a s s a y .  

The s e n s i t i v i t y  of  t h e  p r e s e n t  E I A  method i s  h i g h e r  t h a n  t h a t  o f  

t h e  R I A  method, as shown i n  F i g .  1. Fur the rmore ,  t h e  c o r r e l a t i o n  

between E I A  and R I A  i s  good; c o r r e l a t i o n  c o e f f i c i e n t  r = 0 .93 .  Dr i ed  

blood and plasma samples  from t h e  same s u b j e c t s  were a l so  a s s a y e d  by 

t h e  E I A .  The re  w a s  a h i g h  c o r r e l a t i o n  ( r  = 0.98) between t h e  r e s u l t s  

of  bo th  samples .  
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360 ARAKAWA, MAEDA, AND TSUJI 

In conclusion, the present ETA method for 21-DOF is superior to 

the RIA because of its high sensitivity, good reproducibility, 

absence of disposal problems and its use of less expensive apparatus. 

The present method will be applicable to the purpose of mass-screening 

for congenital hyperplasia of neonates as well as the fluorescence 

EIA of 17-OBP. 
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