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JOURNAL OF IMMUNOASSAY, 1(4), 413-434 (1980) 

PITFALLS I N  THE ASSAY OF CORTISOL 

B e v e r l e y  E. P e a r s o n  Murphy 

1650 Cedar Avenue, M o n t r e a l ,  Canada H 3 Y  1Al 
R e p r o d u c t i v e  P h y s i o l o g y  U n i t ,  M o n t r e a l  G e n e r a l  H o s p i t a l  

ABSTRACT 

Many c u r r e n t l y  used  c o r t i s o l  a s s a y s ,  i n c l u d i n g  
c o m m e r c i a l l y  a v a i l a b l e  k i t s ,  are v a l i d a t e d  o n l y  f o r  a d u l t  serum 
and may g i v e  m i s l e a d i n g  r e s u l t s  when a p p l i e d  t o  u r i n e ,  f e t a l  or  
n e o n a t a l  serum or  a m n i o t i c  f l u i d .  E v i d e n c e  for  s u c h  errors  is 
p r e s e n t e d  t o  i l l u s t r a t e  t h e  d a n g e r  and c o n f u s i o n  which may 
r e s u l t .  (KEY WORDS: c o r t i s o l ,  c o r t i s o n e ,  rad io immunoassay ,  
r a d i o t r a n s i n a s s a y ,  enzyme-l inked immunoassay) 

INTRODUCTION 

Although c o r t i s o l  was t h e  f irst  n o n - p e p t i d e  hormone t o  be  

a s s a y e d  by c o m p e t i t i v e  p r o t e i n - b i n d i n g  as l o n g  ago as 1963 ( l ) ,  

g r o s s  errors i n  i t s  measurement c o n t i n u e  t o  be made and  some of 

t h e s e  are c l i n i c a l l y  h a z a r d o u s .  They stem l a r g e l y  from t h e  

c u r r e n t  r e l i a n c e  on s p e c i f i c i t y  d a t a  o b t a i n e d  for  a l i m i t e d  

number of s t e r o i d s  and t h e  a p p l i c a t i o n  of methods v a l i d a t e d  for  

a d u l t  non-pregnant  human serum t o  o t h e r  t y p e s  of sample  s u c h  as 

u r i n e ,  a m n i o t i c  f l u i d  o r  n e o n a t a l  serum. S i n c e  s u c h  errors 

413 

Copyright 0 198 1 by Marcel Dekker, Inc. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



414 MURPHY 

o c c u r  n o t  i n f r e q u e n t l y  it must be emphasized t h a t  e a c h  a s s a y  

must be v a l i d a t e d  for  t h e  t i s s u e ,  s p e c i e s  and  c i r c u m s t a n c e s  t o  

which it i s  t o  b e  a p p l i e d .  While t h i s  is t r u e  f o r  a l l  a s s a y s ,  

c o r t i s o l  p r o v i d e s  a p a r t i c u l a r l y  p e r t i n e n t  example.  

C o m p e t i t i v e  b i n d i n g  a s s a y s  i n  c u r r e n t  u s e  for  c o r t i s o l  

i n c l u d e  r a d i o t r a n s i n a s s a y s  (RTA) , rad io immunoassays  (RIA),  and 

more r e c e n t l y  enzyme-l inked immunoassays (EIA).  A l l  of t h e s e  

r e l y  p r i m a r i l y  on t h e  b i n d i n g - p r o t e i n  for  s p e c i f i c i t y .  I n  RTA, 

t h e  s p e c i f i c i t y  depends  on t h e  s p e c i e s  o f  t r a n s c o r t i n  (CBC) 

used  and is  e s s e n t i a l l y  i n v a r i a n t  for a l l  i n d i v i d u a l s  o f  t h e  

same s p e c i e s .  I n  t h e  immunoassays, s p e c i f i c i t y  depends  o n  t h e  

a n t i b o d y  and  v a r i e s  a c c o r d i n g  t o  t h e  s i t e  o f  c o n j u g a t i o n  used  

t o  form t h e  a n t i g e n  a n d  t o  t h e  p a r t i c u l a r  b a t c h  of a n t i b o d y  

o b t a i n e d ,  d i f f e r i n g  t o  some e x t e n t  from a n i m a l  t o  a n i m a l  and 

from time t o  time i n  t h e  same a n i m a l .  

While  commercial firms p r o d u c i n g  a n t i s e r a  t o  c o r t i s o l  

assess cross  r e a c t i v i t y  u s i n g  from 6 t o  20 of t h e  most f r e q u e n t  

s t e r o i d s  i n  a d u l t  human b l o o d ,  t h e r e  are o t h e r  s t e r o i d s  which 

o c c u r  i n  r e l a t i v e l y  greater amounts  i n  u r i n e .  S t i l l  o t h e r s  are 

prominent  o n l y  i n  sera o f  s u b j e c t s  w i t h  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  and some are s e e n  o n l y  d u r i n g  pregnancy  o r  f e t a l  

l i f e .  New s t e r o i d s  c o n t i n u e  t o  be i d e n t i f i e d ,  e.g. t h e  co r to i c  

ac ids  ( 2 )  and t h e  h i g h l y  p o l a r  s t e r o i d s  c o m p r i s i n g  t h e  b u l k  o f  
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ASSAY OF CORTISOL 415 

c o r t i s o l  metabolites i n  n e o n a t e  u r i n e  ( 3 ) .  To d a t e  

s a t i s f a c t o r y  r e f e r e n c e  methods have  been l a c k i n g ;  a l t h o u g h  GCMS 

a p p e a r s  t o  be p r o m i s i n g .  

O t h e r  factors  which may i n f l u e n c e  s p e c i f i c i t y  i n c l u d e  

s o l v e n t s  used  f o r  e x t r a c t i o n ,  s e l e c t i v e  a d s o r p t i o n  t o  a g e n t s  

used  t o  s e p a r a t e  bound and unbound f r a c t i o n s  o f  t racer,  and 

a d d i t i o n a l  s t e p s ,  s u c h  a s  chromatography.  Changes i n  r e a g e n t s  

o r  t e c h n i q u e s  s h o u l d  be  checked  u s i n g  a p p r o p r i a t e  and r e l e v a n t  

c o n t r o l  samples .  

U r i n a r v  C o r t i s o l  

V a l u e s  f o r  u r i n a r y  c o r t i s o l  ( u n c o n j u g a t e d  or ‘free’ 

c o r t i s o l )  of a b o u t  4 0 p g / d a y  ( r a n g e  0 - 1 2 0 & g / d a y )  i n  normal  

a d u l t  s u b j e c t s  were f irst  e s t a b l i s h e d  i n  t h e  l a t e  1950’s  u s i n g  

t h e  h i g h l y  s p e c i f i c  method o f  d o u b l e  i s o t o p e  d i l u t i o n  w i t h  

d e r i v a t i v e  f o r m a t i o n  ( D I D A ) ,  (Table 1 ) .  When we first  a p p l i e d  

t h e  RTA t o  u r i n e  u s i n g  human CBG i n  1968 ( 4 1 ,  we o b t a i n e d  

c l o s e l y  similar v a l u e s  (mean 4 4 , u g / d a y ,  r a n g e  0 - 1 2 0 , u g / d a y ) ,  

as d i d  Beardwell e t  a1 ( 5 ) .  Although we d i d  n o t  a t t e m p t  t o  

d e f i n e  a lower  l i m i t  of normal ,  l a te r  a u t h o r s  d i d  e s t a b l i s h  a 

l o w e r  l i m i t  of 16 ,ug /day  ( 6 ) .  T h i s  a s s a y  proved  t o  be 

c l i n i c a l l y  re l iab le  f o r  t h e  a s s e s s m e n t  of a d r e n a l  f u n c t i o n  

( 4 , 5 , 6 ) ,  and  i n  t h e  a b s e n c e  o f  s u i t a b l e  c h r o m a t o g r a p h i c  methods  

f o r  RTA ( h i g h  b l a n k  v a l u e s  were a problem u n t i l  1 9 7 1 ) ,  we 
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TABLE 1 

URINARY CORTISOL 
Mean f SEM - ug/day 

MURPHY 

Authors Ref. Year Subjec ts  Cor t i so l  P u r i f i c a t i o n  Assay 

Ayres e t  a1 (11) 1957 24 men 35 f ? e x t  chrom DIDA 

DeMoor e t  a 1  (12) 1962 419 a d u l t s  191 f ? wash + e x t  Fluometric 

Murphy ( 4 )  1968 48 a d u l t s  48 2 6 e x t  RTA (human) 

Beardwell e t  a1 ( 5 )  1968 24 a d u l t s  42 2 7 e x t  R I A  (human) 

Hsu & Bledsoe ( 6 )  1970 34 a d u l t s  33 f ? wash + e x t  RTA (human) 

Ruder e t  a1 ( 7 )  1972 8 a d u l t s  43 f 9 e x t  + chrom R I A  

Apter e t  a1 ( 8 )  1975 9 women 60 f 23 e x t  + chrom* R I A  

Chat tora j  e t  a1 ( 9 )  1976 10 women 18 2 2 e x t  + chrom R I A  

S t ah l  e t  a1 (10) 1976 42 a d u l t s  36 f 3 e x t  RTA (ho r se )  
11 43 2 3 e x t  R I A  

Murphy ( unpub . ) d 6 women 45 f 4 e x t  RTA (human) 
11 39 2 3 e x t  RTA (dog) 

33 f 3 e x t  RTA (ho r se )  

14 2 2 e x t  + chrom RTA (dog) 

11 

11 

* 
B 

Lipidex; DIDA = double i so tope  de r iva t ive  assay 

S imi la r  r e l a t i v e  d i f fe rences  were obtained f o r  u r ines  obtained from 6 men, 
6 pregnant women and 6 ch i ldren .  
Aliquots of u r ine  were ex t r ac t ed  with 5 volumes methylene ch lo r ide  twice.  
The organic phase w a s  evaporated t o  dryness and red isso lved  in  1 . 0  m l  
prote in- t racer  so lu t ion .  The assay  was completed using F l o r i s i l  as 
adsorbent (20) .  

a c c e p t e d  t hese  as t r u e  c o r t i s o l  v a l u e s .  When R I A  was first u s e d  

f o r  u r i n a r y  c o r t i s o l  by Ruder e t  a1 (71, t h e y  o b t a i n e d  a mean 

of 8Q&g/day  w i t h o u t  chromatography,  and a b o u t  4 0 p g / d a y  w i t h  

chromatography,  t h e  l a t t e r  i n  a p p a r e n t  agreement  w i t h  ear l ie r  

r e p o r t s  ( 4 , 5 , 6 ) .  S t a h l  e t  a1 (10)  a l s o  found good agreement  

between a n  R I A  (mean 4 3 p g / d a y ,  r a n g e  2 1 - 9 1 p g / d a y )  and  a n  RTA 
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ASSAY OF CORTISOL 4 1  7 

u s i n g  h o r s e  serum (mean 36/ug/day ,  r a n g e  17-79 p g / d a y ) .  These  

f i n d i n g s  l e d  t o  t h e  g e n e r a l  a c c e p t a n c e  of a mean normal  v a l u e  

o f  a b o u t  40 A g / d a y .  

However, when we la ter  compared v a l u e s  f o r  a g r o u p  of 

u r i n e s  employing  s e v e r a l  C B G ' s  we o b t a i n e d  s l i g h t l y  lower 

v a l u e s  w i t h  dog CBG t h a n  human w i t h  CBG and s t i l l  lower v a l u e s  

w i t h  h o r s e  CBG. Assay f o l l o w i n g  chromatography r e v e a l e d  t h a t  

a b o u t  o n e - h a l f  of t h e  material measured  u s i n g  dog  or human CBG 

was cort isone.  S m a l l  amounts  of p r o g e s t e r o n e  and  

c o r t i c o s t e r o n e  were a l so  i n c l u d e d .  Two small, s l i g h t l y  more 

p o l a r  p e a k s  a p p e a r e d  c o n s i s t e n t l y  which were i n t e r m e d i a t e  i n  

p o l a r i t y  between c o r t i s o l  and  6 8 - h y d r o x y c o r t i s o l  and  may have  

r e p r e s e n t e d  20 a and 20 B - d i h y d r o c o r t i s o l  which cross-react 

w i t h  most CBG'S and have  n o t  been  t e s t e d  f o r  c r o s s - r e a c t i v i t y  

i n  R I A .  6 8 - d i h y d r o x y c o r t i s o l ,  a l t h o u g h  p r e s e n t  i n  large 

amounts  i n  u r i n e  ( T a b l e  2 1 ,  cross-reacts p o o r l y  w i t h  a l l  CBG'S 

and  a g a i n  h a s  n o t  been t e s t e d  fo r  c r o s s - r e a c t i v i t y  i n  R I A .  It 

i s  p o o r l y  s o l u b l e  i n  methylene  c h l o r i d e  ( t h e  s o l v e n t  most o f t e n  

used  t o  e x t r a c t  u r i n a r y  c o r t i s o l )  b u t  t h e  amounts  i n  u r i n e  are 

so l a r g e  t h a t  i t s  e f f e c t  c o u l d  be a p p r e c i a b l e .  

Our v a l u e s  f o r  c o r t i s o l  RTA a f t e r  Sephadex LH-20 

chromatography u s i n g  a 42 cm column were v e r y  close t o  t h o s e  

o b t a i n e d  by C h a t t o r a j  e t  a1 ( 9 )  f o r  p r e g n a n t  and  non-pregnant  
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418 MURPHY 

TABLE 2 

SOME UNCONJUGATED STEROIDS IN URINE 
Mean 5 SEM ug/day 

Authors Ref. Year Steroid Men Cycling Pregnant 
Women Women 

Katz et a1 
Minick 
Chattoraj 
et al 

W P h Y  
I t  

11 

11 

11 

II 

(14) 1962 

(15) 1965 
(9) 1976 

Unpub . * 
I 1  

11 

I 1  

I 1  

I 1  

6BOH-cort i sol 
Cortisone 
Progesterone 

Progesterone 
17aOH-progesterone 
Cortisone 
Corticosterone 
ll-desoxycortisol 
21-desoxycortisol 

298 
66 2 6 

399 84 5 

16 2 3 

* Methylene chloride extracts of urine to which tracer steroids had been added 
were chromatographed on Sephadex LH-20 columns (42 x 0.8 cm). The fractions 
were assayed using dog serum as the source of CBG and Florisil as adsorbent, 
using the appropriate steroid as standard (16). 

women us ing  both  R I A  and RTA a f te r  t h i n  l a y e r  chromatography, 

and appear  t o  be a t  least  c l o s e r  t o  t h e  t r u e  va lues .  How t h e n  

are we t o  account  f o r  t h e  appa ren t  c o n s i s t e n c y  between D I D A ,  

RTA wi thou t  chromatography, and R I A  w i t h  chromatography by 

Ruder e t  a1 ( 7 )  and by Apter e t  a1 ( 8 ) .  The former workers  

used Sephadex LH-20 chromatography p r i o r  t o  R I A  bu t  t h e i r  12 cm 

column may have y i e l d e d  incomple te  s e p a r a t i o n  of  c o r t i s o l .  

Cha t to ra J  e t  a1 (91, u s i n g  similar s h o r t  columns, showed 
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ASSAY OF CORTISOL 419 

i n a d e q u a t e  s e p a r a t i o n  when compared t o  TLC. A p t e r  e t  a1 ( 8 )  

used  L i p i d e x  and t h e i r  d a t a  may a l so  be  e x p l a i n e d  by i n c o m p l e t e  

r e s o l u t i o n .  Even a f t e r  chromatography,  t h e  v a l u e s  o f  A p t e r  e t  

a1 were h i g h e r  t h a n  any  v a l u e s  by RTA w i t h o u t  chromatography.  

T h i s  d i f f e r e n c e  might  be due t o  20 8 - d i h y d r o c o r t i s o n e  which 

c o - e l u t e s  w i t h  c o r t i s o l  and  i s  a n o t h e r  s t e r o i d  whose 

c r o s s - r e a c t i v i t y  i n  R I A  is n o t  d e f i n e d  a l t h o u g h  i t  i s  known t o  

be  e x c r e t e d  i n  u r i n e  ( 1 3 ) ;  i t  cross-reacts v e r y  l i t t l e  i n  RTA's  

(Murphy, u n p u b l i s h e d  d a t a ) .  The d i f f e r e n c e  might  a l s o  be  due  

t o  i n t e r f e r e n c e  by more p o l a r  compounds which would have  been 

e x t r a c t e d  i n t o  t h e  d i e t h y l  e t h e r : e t h e r  ace ta te  1 : l  m i x t u r e  

which was used .  

From a c l i n i c a l  p o i n t  of view t h e  a b s o l u t e  s p e c i f i c i t y  of 

t h e  a s s a y  i s  less i m p o r t a n t  t h a n  t h a t  it s h o u l d  p r o v i d e  a t r u e  

r e f l e c t i o n  o f  t h e  g l u c o c o r t i c o i d  p r o d u c t i o n  of t h e  p a t i e n t ,  

i . e .  v a l u e s  e x c e e d i n g  t h e  normal  r a n g e  s h o u l d  r e l i a b l y  i n d i c a t e  

i n c r e a s e d  f u n c t i o n  w h i l e  t h o s e  below s h o u l d  i n d i c a t e  d e c r e a s e d  

f u n c t i o n .  For  t h i s  t h e  i n t e r f e r i n g  compounds must c h a n g e  i n  

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

v a l i d  normal  r a n g e s .  T h i r t e e n  y e a r s  p e r s o n a l  e x p e r i e n c e  of t h e  

human RTA h a s  shown t h i s  method t o  be c l i n i c a l l y  r e l i a b l e  and  

a l t h o u g h  t h e  normal  r a n g e s  f o r  t h e  dog RTA and h o r s e  R T A  are 

s l i g h t l y  lower, t h e  c o r r e l a t i o n  among t h e  3 methods  i s  

e x c e l l e n t .  On t h e  o t h e r  hand ,  t h e r e  are few d a t a  a t t e s t i n g  t o  
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420 MURPHY 

t h e  c l i n i c a l  r e l i a b i l i t y  of  most of  t h e  c o r t i s o l  a n t i b o d i e s  

c u r r e n t l y  be ing  used f o r  R I A !  o u r  own s t u d i e s  wi th  4 d i f f e r e n t  

a n t i b o d i e s  a v a i l a b l e  commercially,  comparing v a l u e s  i n  20 

d i f f e r e n t  u r i n e s  from randomly s e l e c t e d  p a t i e n t s ,  sugges t  t h a t  

t h e  r e s u l t s  vary  a p p r e c i a b l y  from one an t ibody  t o  a n o t h e r  

(Murphy, i n  p r e p a r a t i o n ) .  Ant ibodies  t o  hap tens  con juga ted  a t  

C 3  gave lowW r e s u l t s  t hah  wi th  a n t i b o d i e s  t o  hap tens  

conjugated  a t  €21, and t h e  former were more c l o s e l y  c o r r e l a t e d  

t o  v a l u e s  o b t a i n e d  by RTA.  Each i n d i v i d u a l  c o r t i s o l  an t ibody  

must be c a r e f u l l y  e v a l u a t e d  b e f o r e  it can  be used f o r  u r i n a r y  

de t e rmina t ions .  Gommercial s u p p l i e r s  should  p rov ide  d e t a i l e d  

c r o s s - r e a c t i v i t y  and c l i n i c a l  c o r r e l a t i o n  d a t a  f o r  t h e i r  

p a r t i c u l a r  an t ibody .  A t  p r e s e n t  RTA's appea r  t o  be more 

r e l i a b l e  because t h e  s p e c i f i c i t y  of  CBG i s  c o n s t a n t  f o r  each  

s p e c i e s .  

The danger  of u s i n g  an  unva l ida t ed  R I A  for u r i n a r y  

d e t e r m i n a t i o n s  became appa ren t  r e c e n t l y  i n  one o f  o u r  l o c a l  

h o s p i t a l s  where t h e  l a b o r a t o r y  s u p e r v i s o r  r e p l a c e d  a 

non-chromatographic R I A  k i t  w i th  a n o t h e r  which recommended 

chromatography f o r  u r i n e  samples.  No check o f  t h e  normal range  

u s i n g  t h e  new method was made, and no d a t a  f o r  u r i n e  were 

provided by t h e  s u p p l i e r .  The s u p e r v i s o r  assumed t h a t  t h e  

normal range  was t h e  one they  had a lways  used. The d i sc repancy  

was picked up on ly  af ter  6 months when a c l i n i c i a n  q u e r i e d  a 
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series o f  'normal' r e s u l t s  i n  a group of s e v e r e l y  s t r e s s e d  

p a t i e n t s  expec ted  t o  have h igh  v a l u e s .  One would have expec ted  

t h a t  a c o n t r o l  u r i n e  should  have r e v e a l e d  t h e  d i f f e r e n c e  

immedia te ly ,  bu t  t h e  on ly  c o n t r o l  used was serum, f o r  which t h e  

u s u a l  v a l u e s  were o b t a i n e d .  S i n c e  c o r t i s o l  is s t a b l e  i n  f r o z e n  

u r i n e ,  it is e a s y  and conven ien t  t o  f r e e z e  s m a l l  a l i q u o t s  o f  

s e v e r a l  u r i n e s  (e .g .  w i th  h i g h ,  low, and i n t e r m e d i a t e  v a l u e s )  

f o r  use as c o n t r o l s ,  and t o  i n c l u d e  a t  l eas t  one o f  t h e s e  i n  

each  a s s a y .  

It does appear  t h a t  t h e  mean non-pregnant normal a d u l t  

c o r t i s o l  e x c r e t i o n  i s  10-20pg/day  wi th  a r ange  up t o  a b o u t  50 

pg /day  r a t h e r  t han  t h e  g e n e r a l l y  accep ted  mean o f  4 O p g / d a y  

wi th  a r ange  up t o  120/ug/day. Accepting t h e  same range  f o r  

a s s a y s  u s i n g  b inding  p r o t e i n s  w i t h  d i f f e r e n t  s p e c i f i c i t i e s  may 

be mis l ead ing .  None of  t h e  a v a i l a b l e  methods has  y e t  been 

proven t o  be s p e c i f i c  bu t  c l i n i c a l l y  u s e f u l  d a t a  can  be 

o b t a i n e d  from u r i n e  a s s a y s  provided  t h e  i n t e r f e r i n g  s u b s t a n c e s  

are minor components and always vary i n  t h e  same way as 

c o r t i s o l  i t s e l f .  R I A ' S  o f  poor ly  d e f i n e d  s p e c i f i c i t y  are 

unaccep tab le  f o r  use  i n  u r i n e  a s s a y s .  

Serum C o r t i s o l  

Although t h e r e  are d i f f e r e n c e s  i n  serum c o r t i s o l  v a l u e s  

o b t a i n e d  w i t h  v a r i o u s  R I A ' S ,  and RTA's and with use  of  3H, 1251 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



422 MURPHY 

o r  75Se a s  i so topic  l abe l ,  assays on serum are more cons is ten t  

and be t t e r  val idated t h a n  those on urine.  There i s  less 

c l i n i c a l  re l iance  on absolute  values s ince  the  normal d iurna l  

var ia t ion  is very wide and shor t  term f luc tua t ions  may a l s o  

occur. Serum assays a r e  most useful  i n  evaluat ing responses t o  

adrenal s t imulat ion o r  suppression and f o r  t h i s  purpose a l l  the  

R I A ' S  and RTA's a r e  reasonably r e l i a b l e .  Fluorometric assays 

give generally higher r e s u l t s ,  pa r t i cu la r ly  i n  the  low range 

owing t o  non-specific fluorescence (12) .  Sera from pa t i en t s  

w i t h  congenital  adrenal  hyperplasia and from neonates a r e  most 

l i ke ly  t o  generate inaccurate  r e s u l t s .  

Connenital Adrenal HvDerDlasia 

Most c o r t i s o l  methods, R I A ,  RTA o r  f luorescence,  have been 

validated only f o r  normal adul t  serum containing a f a i r l y  well 

defined mix tu re  of s t e ro ids .  Since most c l i n i c a l  

inves t iga t ions  of adrenal  function are car r ied  out on pa t i en t s  

w i t h  qua l i t a t ive ly  s imi la r  s t e ro id  pa t te rns ,  these methods 

suf f ice .  Without p r io r  chromatography, none of these methods is 

adequate t o  measure c o r t i s o l  i n  pa t i en t s  w i t h  congenital  

adrenal  hyperplasia where a d i f f e ren t  s t e ro id  milieu is  

present.  There a r e  la rge  amounts of 21-deoxycortisol, 17 

a-hydroxyprogesterone and/or 11-deoxycortisol, which compete i n  

a l l  RTA's and most R I A ' S ;  while data  for  f luorescent  methods 
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are  l a c k i n g .  A r a p i d  s c r e e n i n g  t es t  fo r  t h e s e  less p o l a r  

s t e r o i d s  i s  t o  e x t r a c t  them i n t o  p e t r o l e u m  e t h e r ,  w i t h  

s u b s e q u e n t  a s s a y  by RTA ( 2 0 ) .  

F e t a l  and N e o n a t a l  Serum 

I n  r e c e n t  y e a r s  t h e r e  h a s  been c o n s i d e r a b l e  i n t e r e s t  i n  

s t u d y i n g  f e t a l  and n e o n a t a l  b lood  and h e r e  a g a i n  t h e  

c o n v e n t i o n a l  a s s a y s  are a l l  u n s a t i s f a c t o r y .  It h a s  been known 

for  2 d e c a d e s  t h a t  f e t a l  serum c o n t a i n s  large amounts  of 

s t e r o i d s  and s t e r o i d  c o n j u g a t e s  n o t  found t o  a n y  e x t e n t  i n  t h e  

a d u l t .  A v a l u e  o f  a b o u t  80 ng/ml for  co r t i so l  i n  u m b i l i c a l  

c o r d  serum a t  normal  d e l i v e r y  was e s t a b l i s h e d  i n  1962 by 

Bro-Rasmussen e t  a1 (18) u s i n g  D I D A  and h a s  been v e r i f i e d  by 

v a r i o u s  c h r o m a t o g r a p h i c  t e c h n i q u e s  s i n c e  (see ref .  11 for  

r e v i e w ) .  I n  1963,  we showed t h a t  i f  t h e  RTA u s i n g  human CBG 

were t o  be  used  on samples  from p r e g n a n t  women, it was 

n e c e s s a r y  t o  remove p r o g e s t e r o n e  by washing  the serum w i t h  

p e t r o l e u m  e t h e r  ( 1 ) ;  t h i s  was l a t e r  shown t o  be  u n n e c e s s a r y  

when u s i n g  c e r t a i n  b a t c h e s  of F u l l e r ' s  e a r t h  as a d s o r b e n t  t o  

s e p a r a t e  t h e  bound and unbound f r a c t i o n s  ( 2 0 )  o r  when u s i n g  

h o r s e  serum as t h e  s o u r c e  o f  b i n d i n g - p r o t e i n  ( 1 6 ) .  K l e i n  and 

Ci roud  (34 )  p o i n t e d  o u t  i n  1973 t h a t  t h e  RTA u s i n g  human CBG 

g a v e  h i g h  v a l u e s  i n  n e o n a t e s  so t h a t  chromatography was 

n e c e s s a r y .  I n  1975 I showed t h a t  i f  h o r s e  serum is used  a wash 
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4 2 4  MURPHY 

and e x t r a c t i o n  can  be s u b s t i t u t e d  f o r  chromatography (16) (see 

Tab le  3 ) .  

Cross - r eac t ions  u s i n g  R I A  f o r  cord  serum are even more 

pronounced t h a n  f o r  RTA because  a l l  o f  t h e  a v a i l a b l e  a n t i s e r a  

r a i s e d  a g a i n s t  c o r t i s o l  con juga ted  a t  t h e  21 -pos i t i on  

c r o s s - r e a c t  s t r o n g l y  wi th  c o r t i s o l  s u l f a t e ,  and u s u a l l y  a l s o  

wi th  c o r t i c o s t e r o n e  s u l f a t e  and d e s o x y c o r t i c o s t e r o n e  s u l f a t e ,  

a l l  of which are p r e s e n t  i n  a p p r e c i a b l e  amounts (35). Many 

a u t h o r s  have n o t  a t t empted  t o  v a l i d a t e  t h e i r  methods by 

chromatography, r e l y i n g  e n t i r e l y  on c r o s s - r e a c t i v i t y  d a t a  which 

do not  i n c l u d e  t h e  competing compounds (e .g .  29,301. Thus 

wh i l e  t h e  mean va lue  of mixed u m b i l i c a l  co rd  c o r t i s o l  a f te r  

normal term v a g i n a l  d e l i v e r y  is well e s t a b l i s h e d  t o  be abou t  80 

ng/ml, mean v a l u e s  as h igh  as 437 ng/ml have been r e p o r t e d  (28) 

w i t h i n  t h e  p a s t  few y e a r s .  High v a l u e s  have a l s o  been o b t a i n e d  

u s i n g  f l u o r o m e t r i c  methods, which have n o t  been adequa te ly  

v a l i d a t e d  f o r  co rd  serum. A s  l ong  as t h e  f e t a l  and n e o n a t a l  

s t e r o i d  p a t t e r n  remains  incomple t e ly  c h a r a c t e r i z e d ,  i t  is 

e s s e n t i a l  t o  i n v e s t i g a t e  each  method by c a r e f u l  chromatographic  

s tud ies .  

Even wi th  p r i o r  L ip idex  chromatography it appea r s  t h a t  t h e  

R I A  used by Apter e t  a1 (8)  for u r i n e  and by Kauppi la  ( 3 1 )  f o r  

co rd  serum ( s e e  Tables 1 and 3)  gave h igh  r e s u l t s .  A s  w i th  t h e  
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TABLE 3 

MEAN SERUM CORTISOL LEVELS I N  UMBILICAL SERUM 
AT N O W  TERM VAGINAL DELIVERY 

Mean 2 SEM ng/ml 

Authors Year Ref. Cortisol Purification As say 

Ulstrom et d 1961 (17) 86 Multiple chr. DIDA 
Bro-Rasmussen 1962 ( 18) 92 " + DF DIDA 

Hillman & Giroud 1965 (19) 78 " + DF DIDA 

et a1 

Murphy & Diez 

Turner et al 

d' Aux 

Murphy & Leong 

Pokoly 
Cawson et a1 

Sybulski et a1 
Weekes et a1 

Goldkrand et a1 

RTA (dog) 

1973 (22) A 73 f 12 
v 49 f 10 

1976 (23) A 79 f 4 
v 6 2 2 4  

1973 (24) 89 f 5 
1974 (25) A 158 2 2 5  

v 166 f 14 
1976 (26) 74 3 
1976 (27) 76 5 12 
1976 (28 )  437 : 14 

ext + chr 

wash + ext 

ext + chr 
ext + chr 

ext + chr 
ext + chr 
ext only 

RTA (human) 

RTA (horse) 

RTA (human) 
RTA (human) 

RTA (human) 

RTA (human) 

Knapstein et a1 1975 (29) A 285 2 26 none R I A  
v 306 2 30 

Ohrlander et a1 1976 (30) A 147 f 8 ext only RIA 
V 151 2 11 

Kauppila et a1 1976 (31) 180 2 9 ext + chr* RIA 

Toaff et a1 1974 (32) A 162 f. 10 ext only Fluorometry 

Roopnarinesingh 1977 ( 33) 214 f. 11 ext only Fluorimetric 

v 181 f. 11 

et a1 

DIDA = double isotope dilution derivative assay; A = arterial; V = venous; 
*Lipidex chromatography; ext = extraction; chr = chromatography. 
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426 MURPHY 

similar LH-20 chromatography,  u s e  of a s h o r t  column w i t h  

l i m i t e d  r e s o l u t i o n  p r o b a b l y  l e d  t o  i n t e r f e r e n c e  by o t h e r  

s t e r o i d s .  O h r l a n d e r  e t  a1 ( 3 0 )  u s i n g  a n  R I A  v a l i d a t e d  by 

Sephadex LH-20 chromatography (column l e n g t h  n o t  g i v e n )  

o b t a i n e d  v a l u e s  a b o u t  twice o u r s .  S i n c e  even  a 50% i n c r e a s e  i n  

t h e  c o r t i s o l  v a l u e  due t o  s t e r o i d s  a r i s i n g  from t h e  p l a c e n t a  

would o b s c u r e  t h e  p o s i t i v e  a r t e r i a l - v e n o u s  d i f f e r e n c e s  o b s e r v e d  

by T u r n e r  e t  a1 (22)  and  by u s  (23)  ( s e e  T a b l e  31, t h e  d a t a  

o b t a i n e d  by t h e  l e s s  s p e c i f i c  methods may be m i s l e a d i n g  and 

c o n f u s i n g .  

A l l  3 o f  t h e  R I A ' S  q u o t e d  i n  T a b l e  3 used  a n t i b o d i e s  

c o n j u g a t e d  a t  t h e  21 p o s i t i o n .  More r e c e n t l y  Gomez-Sanchez e t  

a1 (36)  d e s c r i b e d  a n  a n t i b o d y  t o  c o r t i s o l  l i n k e d  a t  t h e  

3 - p o s i t i o n .  As u s e d  by Hauth e t  a1 ( 3 7 )  w i t h o u t  p r i o r  

chromatography,  t h i s  a n t i b o d y  gave  v a l u e s  f o r  c o r d  serum o f  

term and p r e m a t u r e  i n f a n t s  o f  95 -+ 7 ng/ml compared t o  o u r  

v a l u e s  of 47 -+ 9 ng/ml f o r  a comparable  g r o u p  of i n f a n t s  ( t h i s  

data  is n o t  i n c l u d e d  i n  T a b l e  3 b e c a u s e  t h e  a u t h o r s  d i d  n o t  

q u o t e  v a l u e s  f o r  normal  term v a g i n a l  d e l i v e r i e s ) .  For  i n f a n t s  

who developed  RDS, t h e i r  v a l u e  was 70 2 6 n g h l  compared t o  o u r  

v a l u e  of o n l y  24 2 4 ng/ml. S i n c e  t h e  method was v a l i d a t e d  by 

chromatography o n l y  f o r  a d u l t  serum from non-pregnant  s u b j e c t s  

i t  seems l i k e l y  t h a t  o t h e r  s t e r o i d s  cross-react i n  cord serum 

i n  t h i s  t y p e  o f  R I A  a s  well. 
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With t h e  e x c e p t i o n s  o f  K a u p p i l a  e t  a1 ( 3 1 )  and Cawson e t  

a1 (251, a l l  t h e  D I D A  and RTA methods which i n c l u d e d  

chromatography ( 8  d i f f e r e n t  g r o u p s )  had c l o s e l y  similar v a l u e s  

which were s u b s t a n t i a l l y  lower  t h a n  t h o s e  u s i n g  R I A  or  

f l u o r o m e t r y  . 

Amniot ic  F l u i d  C o r t i s o l  

With t h e  i n c r e a s i n g  u s e  o f  a m n i o c e n t e s i s  i n  e a r l y  

pregnancy  f o r  i n t r a - u t e r i n e  d i a g n o s i s  o f  g e n e t i c  d i s o r d e r s  and 

i n  l a t e  pregnancy  f o r  a s s e s s m e n t  o f  l u n g  m a t u r a t i o n  t h e r e  h a v e  

been  a t  l ea s t  12 r e p o r t s  on a m n i o t i c  f l u i d  c o r t i s o l .  Many 

w o r k e r s  have a g a i n  assumed w i t h o u t  v a l i d a t i o n  t h a t  what w i l l  

s e r v e  f o r  a d u l t  serum w i l l  do e q u a l l y  well f o r  a m n i o t i c  f l u i d .  

As shown i n  T a b l e  4, B a i r d  and Bush ( 3 8 )  u s i n g  D I D A  

d e m o n s t r a t e d  i n  1960 t h a t  c o r t i s o l  l e v e l s  i n  a m n i o t i c  f l u i d  a t  

term were v e r y  low.  I n  1975 3 p a p e r s  a p p e a r e d  w i t h  r a d i c a l l y  

d i f f e r e n t  r e s u l t s  - o u r  own u s i n g  RTA which a g r e e d  w i t h  B a i r d  

and  Bush and 2 R I A ‘ S  w i t h  much h i g h e r  v a l u e s  b e i n g  o b t a i n e d .  I n  

o n e  of  these ,  F e n c l  and T u l c h i n s k y  ( 4 4 )  found t h a t  e x t r a c t i o n  

reduced  t h e i r  v a l u e s  and t h e r e f o r e  ca l led  t h e i r  u n e x t r a c t e d  

v a l u e s  ‘ t o t a l ’  c o r t i s o l ,  assuming t h a t  t h e  u n e x t r a c t e d  r e s i d u e  

was c o n j u g a t e d  c o r t i s o l .  We la te r  found t h a t  w h i l e  much o f  t h e  

material was i n d e e d  c o r t i s o l  s u l f a t e ,  c o r t i c o s t e r o n e  s u l f a t e ,  

which c r o s s - r e a c t e d  w i t h  t h e i r  a n t i b o d y ,  a l s o  c o n t r i b u t e d  ( 4 9 ) .  
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428 MURPHY 

TABLE 4 

AMNIOTIC FLUID CORTISOL LEVELS AT TERM 
Mean 2 SEM ng/ml 

Authors Ref. Year Cort isol  Pu r i f i ca t ion  Assay 

Baird & Bush 

Murphy e t  a1 

Murphy e t  al 

Murphy e t  al 

Tan e t  a1 

Nwosu e t  al 

Sivakumaran 
e t  a 1  

Fencl & 
Tulchinsky 

( 4 4 )  1975 

Peltonen e t  a1 (45) 1977 

McCann e t  a 1  (46) 1977 

Gennser e t  a1 (47) 1976 

Brazy e t  a 1  (48) 1978 

26 2 3 

22 2 3 

22 2 3 

27 2 4 

23 2 3 

27 2 - 
202 2 13 

139 5 12 
28 2 4 

20 2 2 

70 est. 

33 f 3 

43 

Ext chrom DF NaOH Fluor* 

Ext + chrom RTA (horse)  

Ext RTA (horse)  

None RTA (horse)  

human ) 

dog 1 

Ext + chrom RTA 

Ext RTA 

None R I A  

None ( ' t o t a l '  ) R I A  
Ext R I A  

Ext + chrom R I A  

None ( ' t o t a l ' )  R I A  

Not s t a t ed  R I A  

Wash + ext Fluoromet ry 

Fluorescence, estimated visually 

We a l s o  found t h a t  R T A  using horse serum without e x t r a c t i o n  o r  

chromatography of amniotic f l u i d  gave only s l i g h t l y  increased 

values  over  those obtained with e i t h e r  e x t r a c t i o n  alone o r  with 

e x t r a c t i o n  followed by chromatography (40). Other au tho r s  have 
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confirmed these  low values (38,41,42,45). From Table 4 i t  is 

apparent t h a t  results using R I A  a r e  more var iab le  than those 

using R T A  and tha t  w i t h  RIA, pr io r  ex t rac t ion  is  a minimum 

requirement f o r  measurement of unconjugated c o r t i s o l .  Our da ta  

suggest t h a t  the  c o r t i s o l  s u l f a t e  i n  amniotic f l u i d  probably 

provides a be t t e r  index of f e t a l  adrenal secre t ion  than does 

c o r t i s o l  i t s e l f  ( 4 9 )  s ince  c o r t i s o l  en te r s  amniotic f l u i d  via 

the  membranes a s  well a s  the f e t a l  u r i n e  (50) .  It is, 

therefore ,  inappropriate t o  assay the two compounds a s  ' t o t a l  

c o r t i s o l  '. 

SUMMARY 

Some of the problems i n  c l i n i c a l  usage of c o r t i s o l  assays 

i n  urine,  blood and amniotic f lu id  have been discussed. I n  the  

ear ly  '60's fluorometric methods give higher values fo r  most 

c o r t i s o l  assays ,  and these methods a r e  s t i l l  i n  use. The use 

of an t ibodies  t o  c o r t i s o l  i n  a var ie ty  of hapten l inkages i n  

R I A ' S  has not provided the s p e c i f i c i t y  required f o r  some 

b io logica l  f l u i d s  and fo r  most c l i n i c a l  purposes h a s  been l e s s  

s a t i s f ac to ry  than the use of t r ansco r t in  i n  RTA's .  Current 

problems may be solved by changes i n  t h e  hapten l inkage used. 

U n t i l  then ca re fu l  va l ida t ion  of each method is e s s e n t i a l  on 

the  spec i f i c  b io logica l  f l u i d  and using samples from disease  

s t a t e s  of i n t e r e s t .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



430 MURPHY 

REFERENCES 

1 .  

2 .  

3 .  

4 .  

5 .  

6 .  

7 .  

8. 

9.  

10. 

Murphy BEP, Engelberg W ,  Pattee CJ. A Simple Method f o r  
t h e  Determinat ion o f  Plasma C o r t i c o i d s .  J C l i n  Endocrinol  
Metab 1963, 23:293-300. 

Monder C .  Cor to ic  Acids: Explora t ions  a t  t h e  F r o n t i e r  of  
C o r t i c o s t e r o i d s  Metabolism. Proc.  L a u r e n t i a l  Hormone 
Conference 1979, t o  be publ ished i n  Recent Progress  i n  
Hormone Research 1980; 35, i n  p r e s s .  

Taylor NF, Curnow D H ,  Shackleton CHL. Analys is  of  
g l u c o c o r t i c o i d  m e t a b o l i t e s  i n  t h e  neonata l  per iod:  
ca tabol i sm of c o r t i s o n e  a c e t a t e  by an i n f a n t  with 
21-dydroxylase d e f i c i e n c y .  C l i n  Chim Acta 1978; 
85:219-229. 

Murphy BEP. C l i n i c a l  Evalua t ion  of Urinary C o r t i s o l  
Determinat ion by Competi t ive Protein-Binding Radioassay. 
J Cl in  Endocrinol  Metab 1968; 28~343-340.  

Beardwell C G ,  Burke CW, Cope CL. Urinary Free C o r t i s o l  
Measured By Competi t ive P r o t e i n  Binding. J Endocr 1968; 
42:79-89. 

Hsu T H ,  Bledsoe T .  Measurement of  Urinary Free C o r t i c o i d s  
by by Competi t ive Protein-Binding Radioassay i n  
Hypoadrenal S t a t e s .  J C l i n  Endocrinol  Metab 1970; 
3 0 : 4 4 3 - ~ a .  

Ruder HJ, Guy RL, L i p s e t t  MS. A Radioimmunoassay f o r  
C o r t i s o l  i n  Plasma and Urine.  J C l i n  Endocrinol  Metab 
1972; 35:219-224. 

Apter D ,  Janne 0 ,  Vihko R .  Lipidex Chromatography i n  t h e  
Radioimmunoassay o f  Serum and Urinary C o r t i s o l .  C l i n  Chim 
Acta 1975; 63:139-148. 

C h a t t o r a j  SC, Turner A K ,  Pinkus J L ,  Char les  D .  The 
S i g n i f i c a n c e  of Urinary Free C o r t i s o l  and Proges te rone  i n  
Normal and Anencephalic Pregnancy. Am J O b s t e t  Gynecol 
1976; 124 :849-854. 

S t a h l  F ,  Hub1 W ,  Schnorr D ,  Dorner G .  Eva lua t ion  of a 
Competitive Binding Assay f o r  C o r t i s o l  us ing  Horse 
T r a n s c o r t i n .  Endokrinologie  1978; 72:214-222. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ASSAY OF CORTISOL 431 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21.  

Ayres P J ,  Garrod 0 ,  Simpson SA, Tait  JF. A Method f o r  t h e  
Determinat ion of Aldos te rone ,  C o r t i s o l  and C o r t i c o s t e r o n e  
i n  B i o l o g i c a l  E x t r a c t s ,  P a r t i c u l a r l y  Applied t o  Human 
Urine.  Biochem 1957; 65:639-646. 

DeMoor P ,  Os insk i  P ,  Deckx R, Steeno 0. The S p e c i f i c i t y  
of  F luorometr ic  Determinat ions.  C l i n  Chim Acta 1962; 
7 ~475-480.  

DeCourcy C ,  Bush I E ,  Gray C H ,  Lunnon J B .  J Endocrinol  
1953; 9 :  401. 

Katz FH, Lipman MM, F ran tz  A G ,  Ja i le r  JW. The Phys io logic  
S i g n i f i c a n c e  o f  6-hydroxycort isol  i n  human c o r t i c o i d  
metabolism. J Clin Endocrinol  Metab 1962; 22:71-77. 

Minick MC. C o r t i s o l  and Cor t i sone  Excre t ion  from Infancy  
t o  Adult L i f e .  Metabolism 1966; 15:359-363. 

Murphy BEP. Non-chromatographic Radio t rans inassay  f o r  
C o r t i s o l :  Appl ica t ion  t o  Human Adult Serum, Umbil ical  Cord 
Serum and Amniotic F lu id .  J C l i n  Endocrinol  Metab 1975; 
41~1050-1057. 

Ulstrom R A ,  Col le  E ,  Reynolds JW, Burley F. 
Adrenocor t ica l  S t e r o i d s  Metabolism i n  Newborn I n f a n t s .  
I V .  Plasma Concent ra t ions  of  C o r t i s o l  i n  t h e  E a r l y  
Neonatal Per iod .  J C l i n  Endocrinol  Metab 1962; 
21:414-425. 

Bro-Rasmussen F ,  B u u s  0 ,  T r o l l e  D .  R a t i o  
C o r t i s o n e K o r t i s o l  i n  Mother anb I n f a n t  a t  B i r t h .  Acta 
Endocrinol  1962; 40:579-583. 

Hillman D A ,  Giroud CJP. Plasma Cort i sone  and C o r t i s o l  
Levels  a t  B i r t h  and dur ing  t h e  Neonatal Per iod .  J C l i n  
Endocrinol  Metab 1962; 21:414-425. 

Murphy BEP. Some S t u d i e s  of  t h e  Pro te in-b inding  of 
S t e r o i d s  and t h e i r  Appl ica t ion  t o  t h e  Routine Micro and 
Ultramicro Measurement of  Various S t e r o i d s  i n  Body F l u i d s  
by Competi t ive Pro te in-b inding  Radioassay. J C l i n  
Endocrinol  Metab 1967; 27:973-990. 

Murphy E E P ,  Diez d'Aux RC.  S t e r o i d  Levels  i n  t h e  Human 
F e t u s :  C o r t i s o l  and Cor t i sone .  J C l i n  Endocrinol  Metab 
1972; 35~678-683.  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



4 3 2  MURPHY 

22.  

2 3 .  

24 .  

2 5 .  

2 6 .  

27 .  

28.  

29 .  

30 .  

31 - 

32.  

33 .  

Turner  A K ,  C a r r o l l  CJ, F i n k u s  J L ,  Charles D ,  C h a t t o r a j  SC. 
S i m u l t a n e o u s  C o m p e t i t i v e  P r o t e i n  B i n d i n g  Assay f o r  
C o r t i s o l ,  C o r t i s o n e  and P r e d n i s o l o n e  i n  Plasma and i t s  
C l i n i c a l  A p p l i c a t i o n .  C l i n  Chem 1973; 19 :731-736. 

Murphy BEP,  Leong M K H .  C o r t i s o l  L e v e l s  i n  M a t e r n a l  Venous 
and Umbilical Cord Arterial and Venous Serum a t  V a g i n a l  
D e l i v e r y .  Am J O b s t e t  Gynecol  1976;  124:471-473. 

Pokoly T B .  The Role of C o r t i s o l  i n  Human P a r t u r i t i o n .  Am 
J Obs te t  Gynecol 1973; 117:549-553. 

Cawson MJ, Anderson A B M ,  T u r n b u l l  A C ,  Lampe L .  C o r t i s o l ,  
C o r t i s o n e  and 1 1 - d e o x y c o r t i s o l  L e v e l s  i n  Human U m b i l i c a l  
and M a t e r n a l  Plasma i n  R e l a t i o n  t o  t h e  Onset  o f  Labour .  J 
O b s t g e t  Gynecol  B r  Cwlth 1974; 81:737-745. 

S y b u l s k i  S ,  Maughan GB. C o r t i s o l  L e v e l s  i n  Umbilical  Cord 
Plasma i n  R e l a t i o n  t o  Labour and D e l i v e r y .  Am J O b s t e t  
Gynecol 1976;  125 : 236-238. 

Weekes ARL, Wade AP, West C R .  U m b i l i c a l  Vein C o r t i s o l  
a f t e r  S p o n t a n e o u s  and Induced  Labour  and a t  E l e c t i v e  
Caesarean  S e c t i o n .  Br J G b s t e t  Gynaecol  1976;  83:870-872. 

Goldkrand JW, S c h u l t e  R L ,  Messer R H .  M a t e r n a l  and F e t a l  
Plasma C o r t i s o l  L e v e l s  a t  P a r t u r i t i o n .  O b s t e t  Gynecol  
1976;  47:41-45. 

Knaps te in  P ,  Gundel M ,  Lanz E ,  Lomner D ,  S i n t e r h a u f  K .  
F e t a l  and M a t e r n a l  Plasma C o r t i s o l  L e v e l s  d u r i n g  Labour  
and a f t e r  D e l i v e r y  i n  t h e  Human. 2 K l i n  Chem K l i n  Biochem 
1975; 13:351-353. 

O h r l a n d e r  S ,  Gennser  G ,  E n e r o t h  P .  Plasma C o r t i s o l  L e v e l s  
i n  Human F e t u s  d u r i n g  P a r t u r i t i o n .  Obs te t  Gynecol  1976;  
48:381-387. 

Kauppi la  A ,  K o i v i s t o  M ,  Pukka M ,  Tuimala R .  U m b i l i c a l  
Cord and N e o n a t a l  C o r t i s o l  L e v e l s .  O b s t e t  Gynecol  1978; 
5 2 ~ 6 6 6 - 6 7 2 .  

Toaf f  R ,  T o a f f  ME, P e y s e r  M R ,  Ayalon D ,  Cordova T .  
Respons iveness  o f  t h e  Human F e t u s  t o  S t r e s s .  Israel  J Med 
S c i  1974;  10:1487-1492. 

Roopnar ines ingh  S, A l e x i s  D ,  Lendore R, Morris D .  F e t a l  
S t e r o i d  L e v e l s  a t  D e l i v e r .  O b s t e t  Gynecol  
1977;50:442-444. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



ASSAY OF CORTISOL 433  

3 4 .  

35 

36 .  

37 .  

38.  

39 .  

4 0 .  

4 1 .  

42. 

4 3 .  

4 4 .  

Kle in  G P ,  Eaden M ,  Giroud C J P .  Q u a l i t a t i v e  Measurement 
and S i g n i f i c a n c e  o f  F i v e  Plasma C o r t i c o s t e r o i d s  Dur ing  t h e  
P e r i n a t a l  P e r i o d .  J C l i n  E n d o c r i n o l  Metab 1973;  
36 :944-950. 

Giroud C J F .  Aspect.s o f  C o r t i c o s t e r o i d  B i o q e n e s i s  and 
Metabol ism During t h e  P e r i n a t a l  P e r i o d .  C l i n  O b s t e t  
Gynecol 1971;  14:745-762. 

Gomez-Sanchez C ,  Milewich L ,  Hol land O E .  R a d i o i o d i n a t e d  
D e r i v a t i v e s  f o r  S t e r o i d  Radioimmunoassay. A p p l i c a t i o n  t o  
t h e  Radioimmunoassay of C o r t i s o l .  J Lab  C l i n  Med 1977;  
89 : 902-905. 

Hauth JC, P a r k e r  C R ,  MacDonald P C ,  P o r t e r  JC, J o h n s t o n  J M .  
A Role of F e t a l  P r o l a c t i n  i n  Lung M a t u r a t i o n .  O b s t e t  
Gynecol 1978;  51:  80-88. 

E a i r d  CW, Bush I E .  C o r t i s o l  and C o r t i s o n e  C o n t e n t  of 
Amniot ic  F l u i d  from D i a b e t i c  and N o n - d i a b e t i c  Women. Acta  
E n d o c r i n o l  1960;  14:97-104.  

Murphy B E P ,  P a t r i c k  J ,  Denton R L .  C o r t i s o l  i n  Amniot ic  
F l u i d  L u r i n g  Human G e s t a t i o n .  J C l i n  E n d o c r i n o l  Metab 
1975;  40 :  164-167. 

Sharp-Caseorge SF?, B l e e c h e r  F, Gordon E H ,  Murphy 6EP. 
Amniot ic  F l u i d  C o r t i s o l  and Human F e t a l  Lung M a t u r a t i o n .  
N e w  Eng J Med 1977;  296:89-91. 

Tan SY, Gewolb I H ,  i iobbins  JC. Unconjugated C o r t i s o l  i n  
Human Amniot ic  F l u i d :  R e l a t i o n s h i p  t o  L/S R a t i o .  C l i n  
E n d o c r i n o l  Met;.b 1976;  4::412-417. 

Nwosu U C ,  Bolognese RJ, Wallach E E ,  Eongiovanni  A M .  
Amniot ic  F l u i d  C o r t i s o l  C o n c e n t r a t i o n s  i n  Normal L a b o r ,  
Premzture  Labor ,  and P o s t m a t u r e  Pregnancy .  O b s t e t  Gynecol  
1977;  4 9 ~ 7 1 5 - 7 1 7 .  

Sivakurnaran T ,  Duncan ML, E f f e r  SE, Younglai  E V .  
R e l a t i o n s h i p  Eetween C o r t i s o l  and L e c i t h i n / S p i n g o m y e l i n  
R a t i o ?  i n  Human Amniot ic  F l u i d .  An J Obstet .  Gynecol 1975;  
122 : 29 1 - 2 9 ,  

Fencl  M deM, T u l c h i n s k y  D .  T o t a l  C o r t i s o l  i n  Amniot ic  
F l u i d  and F e t a l  Lung M a t u r a t i o n .  N e w  Eng J Med 1975;  
292:  133-136. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



434 MURPHY 

45. P e l t o n e n  J ,  V i i n i k k a  L ,  L a a t i k a i n e n  T .  Amniot ic  F l u i d  
C o r t i s o l  Dur ing  G e s t a t i o n  and i t s  R e l a t i o n  t o  F e t a l  Lung 
M a t u r a t i o n .  J S t e r o i d  Biochem 1977;  8:  1159-1 163.  

46.  McCann DS, K i r k i s h  LS, B a r c l a y  M L ,  Elair  AJ. L a b o r a t o r y  
Assessment  of  F e t a l  Lung M a t u r i t y :  L e c i t h i n / S p h i n g o m y e l i n  
R a t i o  vs .  C o r t i s o l  and Foam-Test. Assays.  C l i n  Chem 1977;  
23:2250-2253. 

47. Gennser  G ,  O h r l a n d e r  S ,  E n e r o t h  P .  C o r t i s o l  i n  Amniot ic  
F l u i d  and Cord Blood i n  R e l a t i o n  t o  P r e n a t a l  Betamethasone  
l o a d  and D e l i v e r y .  Am J Obs te t  Gynecol  1976; 154:40-43. 

48. Brazy J E ,  Crenshaw M C ,  Brumley GW. Amniot ic  F l u i d  
C o r t i s o l  i n  Normal and Diabetic P r e g n a n t  Women and i t s  
R e l a t i o n  t o  R e s p i r a t o r y  D i s e a s e  i n  t h e  Neonate .  Am J 
Obs te t  Gynecol 1978; 132:567-570. 

49.  Murphy BEP. Conjugated  C l u c o c o r t i c o i d s  i n  Amniot ic  F l u i d  
and F e t a l  Lung M a t u r a t i o n .  J C l i n  E n d o c r i n o l  Metab 1978; 
47:212-215. 

50 .  Murphy BEP. C h o r i o n i c  Membrane as  a n  Ext ra-Adrenal  S o u r c e  
of F o e t a l  Cor t i so l  i n  Human Amniot ic  F l u i d .  N a t u r e  1977; 
2 6 6 ~ 1 7 9 - 1 8 1 .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
4
1
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1


