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U S E  OF AN INTERNAL S T A N D A R D  TO A S S A Y  

6 B-HYDROXYCORTISOL I N  U R I N E  

E t i e n n e  DUMONT, M i c h e l  SCLAVONS, J e a n - P i e r r e  D E S A G E R  
L a b o r a t o i r e  de P h a r m a c o t h e r a p i e  
U n i v e r s i t e  C a t h o l i q u e  de L o u v a i n  

Avenue E .  M o u n i e r ,  53 
B-1200 B r u s s e l s  - B e l g i u m  

ABSTRACT 

C u r r e n t l y  6 6 - h y d r o x y c o r t i s o l  i s  a s s a y e d  b y  r a d i o -  
immunoassay o r  h i g h  p e r f o r m a n c e  l i q u i d  c h r o m a t o g r a p h y  
t e c h n i q u e s .  We have  d e v e l o p e d  an  HPLC method ,  u t i l i z i n g  
g r a a i e n t  e l u t i o n  and  an  i n t e r n a l  s t a n d a r d  ( A  4 - p r e g n e n e -  
t e t r o l - 3 - o n e ) .  I n  t h i s  way, a c c u r a c y  and  s e n s i t i v i t y  o f  
t h e  a s s a y  w e r e  g r e a t l y  i m p r o v e d  and  a l l o w e d  t h e  a p p l i c a -  
t i o n  o f  t h i s  m o d i f i e d  me thod  f o r  m o n i t o r i n g  t h e  t i m e -  
c o u r s e  o f  h e p a t i c  m i c r o s o m a l  enzyme a c t i v i t y .  

I NTRODU CT I O N  -- 
A p o l a r  m e t a b o l i t e  o f  c o r t i s o l ,  6 B - h y d r o x y c o r t i s o l  

( 6  6-OHF) i s  f o r m e d  i n  t h e  l i v e r  d u r i n g  t h e  phase  I o f  b i o -  
t r a n s f o r m a t i o n  r e a c t i o n s .  The b i n d i n g  o f  t h i s  m e t a b o l i t e  
t o  p l a s m a  p r o t e i n s  i s  l o w  and  i t  i s  e x c r e t e d  i n  t h e  u n c o n -  
j u g a t e d f o r m  i n  u r i n e s .  Measuremen t  o f  24h u r i n a r y  6 6-OHF 

e x c r e t i o n  i s  a non i n v a s i v e  m e t h o d  and  w o u l d  a p p e a r  t o  be 
one o f  t h e  b e s t  endogenous  i n d e x  o f  h e p a t i c  o x i d a t i o n  o f  
d r u g s  i n  v i v o  (1 ) .  I t  i s  p a r t i c u l a r l y  u s e f u l  t o  a s s e s s  
t h e  i n f l u e n c e  o f  i n d u c e r s  ( b a r b i t u r a t e s ,  r i f a m p i c i n e ,  a n t i -  
e p i l e p t i c  d r u g s )  o r  i n h i b i t o r s  ( c i m e t i d i n e )  o f  d r u g  m e t a b o -  
l i s m  on  t h e  enzyme a c t i v i t y  o f  t h e  m i c r o s o m a l  s y s t e m .  
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2052 DUMONT, SCLAVONS, AND DESAGER 

T h e r e f o r e  i t  was o f  g r e a t  i n t e r e s t  t o  d e v e l o p  a n  a c c u r a t e  
and  easy  m e t h o d  f o r  q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  u r i n a r y  

6 B - O H F .  

- EXPERIMENTAL 

R e a g e n t s .  A l l  r e a g e n t s  were  o f  a n a l y t i c a l  g r a d e  and  

w e r e  u s e d  w i t h o u t  any  f u r t h e r  p u r i f i c a t i o n .  

6 B - h y d r o x y c o r t i s o l  ( a  4 - p r e g n e n e - 6 6 ,  1 1 8 ,  1 7 a ,  2 1  
t e t r o l - 3 , 2 0  d i o n e )  was s u p p l i e d  b y  S t e r a l o i d s  I n c .  

( P a w l i n g ,  N Y ,  USA) and  t h e  i n t e r n a l  s t a n d a r d  ( A  4 - p r e g n e n e -  
l l g ,  17a,  2 0 a ,  2 1  t e t r o l - 3 - o n e )  b y  Sigma ( S t - L o u i s ,  MO, USA) 

a b b r e v i a t e d  as A - 4 ) .  16 a - h y d r o x y  h y d r o c o r t i s o n e  was k i n d l y  

s u p p l i e d  b y  R o u s s e l  U c l a f  ( R o m a i n v i l l e ,  F r a n c e ) .  S t o c k  s o -  
l u t i o n s  o f  6 6 - O H F  a n d  t h e  i n t e r n a l  s t a n d a r d  w e r e  p r e p a r e d  

i n  a b s o l u t e  e t h a n o l  and  when s t o r e d  a t  t 4 " C ,  w e r e  s t a b l e  f o r  

a t  l e a s t  4 m o n t h s .  

E q u i p m e n t .  The HPLC s y s t e m  was f r o m  D u p o n t  I n s t r u m e n t s  
w i t h  a pump m o d u l e  841, a v a r i a b l e - w a v e l e n g t h U V / V I S  d e t e c -  

t o r  ( 8 3 7  m o d e l )  o p e r a t i n g  a t  243 nm, and  a p r o g r a m m a b l e  g r a -  
d i e n t  8 3 8  model  ( W i l m i n g t o n ,  DE, U S A ) .  The d e t e c t o r  was c o n -  

n e c t e d  t o  a Sh imadzu  C - R 1 A  Chromatopac  i n t e g r a t o r  ( S h i m a d z u  

C o r p o r a t i o n ,  K y o t o ,  J a p a n ) .  The c o l u m n  was a R s i l  C 18 HL 

( 1 0  pm o r  5 pm), 25cm x 4.6mm i . d .  s t a i n l e s s  s t e e l  

( R S L ,  Eke, B e l g i u m ) .  The i n j e c t i o n  v a l v e  was a Rheodyne 

7010 model f i t t e d  w i t h  a 200 u l  s a m p l e  l o o p .  

- Sample p r e p a r a t i o n .  U r i n e s  were  s t o r e d  f r o z e n  a t  

-20°C p r i o r  t o  a n a l y s i s .  E x t r a c t i o n  o f  6 6 - O H F  was p e r -  
f o r m e d  as d e s c r i b e d  p r e v i o u s l y  b y  F r a n t z  and  a l .  ( l ) ,  
f r o m  10 m l  p o r t i o n s  o f  u r i n e  a f t e r  a d d i t i o n  o f  200 p1 o f  
t h e  i n t e r n a l  s t a n d a r d  ( 5  mg A-4 i n  5 0  ml o f  a b s o l u t e  e t h a -  

n o l  ) .  

C a l i b r a t i o n  c u r v e .  The c a l i b r a t i o n  c u r v e  was e s t a -  

b l i s h e d  as  f o l l o w s  : 10 m l  p o r t i o n s  o f  d i s t i l l e d  w a t e r ,  

i n s t e a d  o f  u r i n e ,  c o n t a i n i n g  i n c r e a s i n g  c o n c e n t r a t i o n s  o f  
6 6 - O H F  were  s u b j e c t e d  t o  t h e  e x t r a c t i o n  p r o c e d u r e  d e s -  
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6 6-HYDROXYCORTISOL I N  URINE 2053 

c r i b e d  f o r  u r i n e  and t h e  d a t a  were p l o t t e d  on t h e  c a l i b r a -  
t i o n  c u r v e  (peak  a r e a  r a t i o  me thod) ,  The c u r v e  o b t a i n e d  
by t h e  l e a s t - s q u a r e s  was l i n e a r  o v e r  t h e  range  used 
( 1  v g  t o  1 5  ug per  10 m l ) .  The l i n e a r  r e g r e s s i o n  va lue  
was : r = 0.995 ( n  = 6 ) .  

A n a l y s i s .  The mobi le  phase  c o n s i s t e d  of  a s o l u t i o n  
o f  KH2P04 0 . 0 1  M which was f r e s h l y  p repa red  i n  d i s t i l l e d  
w a t e r  and t o  which 0 . 0 5  % t r i c h l o r o a c e t i c  a c i d  1 . 7  N was 
added .  Subsequen t ly  a c e t o n i t r i l e  (Bake r  U V  g r a d e )  was 
added t o  t h e  p repa red  s o l u t i o n  i n  t h e  p r o p o r t i o n s  : 9 / 1  
b u f f e r / a c e t o n i t r i l e  ( v / v )  f o r  r e s e r v o i r  A and 7 , 5 / 2 , 5  
b u f f e r / a c e t o n i  t r i l e  ( v / v )  f o r  r e s e r v o i r  B ( E l u e n t  A a n d  
B r e s p e c t i v e l y ) .  

The a n a l y s i s  was performed by u s i n g  a l i n e a r  e l u t i o n  
g r a d i e n t  f low o v e r  a p e r i o d  o f  10 minu tes .  The g r a d i e n t  
f low was s t a r t e d  3 minutes a f t e r  the  i n j e c t i o n  o f  t h e  
sample .  

The f l o w - r a t e  was a b o u t  1 .5  ml m i n - l ,  c o r r e s p o n d i n g  
t o  a p r e s s u r e  of  2000 p s i .  A f t e r  a d d i t i o n  o f  500 p1 o f  
e l u e n t  A t o  t h e  dry  e x t r a c t ,  200 p1  were i n j e c t e d  th rough  
t h e  sample loop  o f  t h e  H P L C  sys t em.  The c o n c e n t r a t i o n  
of  t h e  u r i n a r y  6 8-OHF was c a l c u l a t e d  from t h e  peak a r e a  
r a t i o  compared t o  the c a l i b r a t i o n  c u r v e .  
A l l  p r o c e d u r e s  were c a r r i e d  o u t  a t  room t e m p e r a t u r e .  

RESULTS -___ 
Our f i r s t  r e s u l t s  were o b t a i n e d  wi th  a 10  u r n  p a r t i c l e s  

column pack ing .  The r e t e n t i o n  t i m e s  o f  6 6 - O H F  and o f  t h e  
i n t e r n a l  s t a n d a r d  ( A - 4 )  were 10 .0  m i n  and 18.5 m i n  r e s p e c t i -  
v e l y .  

S h a r p e r  peaks b u t  l o n g e r  r e t e n t i o n  t imes  were o b t a i n e d  
i f  t h e  column was packed wi th  5 U m  p a r t i c l e s  ( 1 5 . 7  and 
2 8 . 5  min f o r  6 B-OHF and t h e  i n t e r n a l  s t a n d a r d  r e s p e c t i v e -  
l y ) .  A t y p i c a l  chromatogram of  a u r i n e  sample o b t a i n e d  w i t h  
t h i s  l a s t  column i s  s h o w n  i n  t h e  F ig .  1. 
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FIGURE1.  T y p i c a l  c h r o m a t o g r a m  o f  a u r i n e  s a m p l e  
c o n t a i n i n g  t h e  i n t e r n a l  s t a n d a r d  ( A  4 ) ,  
w i t h  i l l u s t r a t i o n  o f  t h e  t i m e - c o u r s e  

c r o s s i n g  f r o m  e l u e n t  A t o  e l u e n t  B 

Assuming  t h e  m a g n i t u d e  o f  t h e  s i g n a l  t o  n o i s e  r a t i o  t o  be 

a t  l e a s t  o f  t h e  o r d e r  o f  t h r e e ,  t h e  d e t e c t i o n  l i m i t  o f  

6 B-OHF c o r r e s p o n d s  t o  a c o n c e n t r a t i o n  o f  10 ng  tn1 - l .  

l i m i t  c o u l d  be i n c r e a s e d  s t i l l  f u r t h e r  b y  c a r r y i n g  o u t  t h e  
e x t r a c t i o n  s t e p  on  l a r g e r  vo lumes  o f  u r i n e .  

The r e p r o d u c i b i l i t y  o f  t h e  m e t h o d  was i n v e s t i g a t e d  w i t h  

a l i q u o t s  o f  u r i n e  c o n t a i n i n g  l o w ,  m o d e r a t e  and  h i g h  c o n c e n -  

t r a t i o n s  o f  6 6-OHF ( T a b l e  1). When u r i n e s  w e r e  k e p t  f r o z e n ,  

no s i g n i f i c a n t  d e c r e a s e  i n  6 6-OHF v a l u e s  was o b s e r v e d  a f t e r  

a p e r i o d  o f  6 m o n t h s .  

R e c o v e r y  o f  t h e  i n t e r n a l  s t a n d a r d  ( A - 4 )  f r o m  u r i n e  was 
f o u n d  t o  be above  9 5  %. I n  a d d i t i o n  t o  8 - 4 ,  t h e  use o f  

16 a - h y d r o x y c o r t i  s o l  as an  i n t e r n a l  s t a n d a r d  was i n v e s t i g a t e d  

T h i s  
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6 6-HYDROXYCORTISOL IN URINE 2055 

C o n c e n t r a t i o n  I n t r a - a s s a y  
r a n g e  o f  B-OHF 

- 
Low 2.74 : 0 . 0 9  
M o d e r a t e  5 . 3 8  5 0 . 1 1  
H i g h  13.13 2 0 . 4 3  

T a b l e  1. R e p r o d u c i b i l i t y  and  a c c u r a c y  o f  t h e  me thod  
e x p r e s s e d  as t h e  c o e f f i c i e n t  o f  v a r i a t i o n  
on  6 s a m p l e s  ( f o r  h i g h  v a l u e s ,  t h e  s a m p l e s  
w e r e  d i f f e r e n t )  ; 6 B-OHF c o n c e n t r a t i o n s  
were  g i v e n  i n  pg p e r  10 m l  o f  u r i n e .  

C . V .  I n t e r - a s s a y  C . V .  

% % 

7 2 .73  5 0.07 5 
6 5 .29  2 0 .24  9 
6 9.87 5 0.19 5 

A b l a n k  and  a s p i k e d  u r i n e  c o n t a i n i n g  b o t h  s t a n d a r d s  a r e  
shown i n  F i g .  2. 

D I S C U S S I O N  

F o r  c l i n i c a l  p u r p o s e s ,  measuremen ts  o f  u r i n a r y  
6 B - h y d r o x y c o r t i s o l  f r o m  a 24h c o l l e c t i o n  r e q u i r e  a s i m p l e ,  
r a p i d  and  r e p r o d u c i b l e  m e t h o d .  O t h e r s  have  d e s c r i b e d  me thods  
u t i l i z i n g  r a d i o i m m u n o a s s a y  ( 2 , 3 , 4 )  and  h i g h  p e r f o r m a n c e  li- 
q u i d  c h r o m a t o g r a p h y  (5,6). A c o m p a r i s o n  o f  t h e  two  methods  
was done b y  G e r b e r - T a r a s  and  a l .  ( 7 ) .  B o t h  gave  i d e n t i c a l  
v a l u e s  and  r e l i a b l e  i n t r a - a s s a y  v a r i a t i o n .  Those a u t h o r s  
who u t i l i z e d  HPLC t e c h n i q u e  measured  t h e  c o n c e n t r a t i o n s  o f  
u r i n a r y  6 B-OHF b y  c o m p a r i s o n  w i t h  a s t a n d a r d  s o l u t i o n  r u n  
d a i l y  o r  w i t h  s p i k e d  u r i n e  s a m p l e s .  

e l - i m i n a t e  t h e  l o s s e s  d u r i n g  t h e  p r o c e s s i n g  o f  t h e  u r i n e s  
h a s  n o t  y e t  been  d e s c r i b e d  as s o  f a r .  

t e r m i n a t i o n  o f  u r i n a r y  6 6-OHF b y  i n c l u d i n g  ~ 4 - p r e g n e n e -  
t e t r o l - 3 - o n e  i n  t h e  s a m p l e s  a n a l y z e d .  

The u s e  o f  a g r a d i e n t  e l u t i o n  a l l o w e d  a f a i r l y  good  
s e p a r a t i o n  o f  6 B-OHF a n d  t o  e l u t e  t w o  i n t e r n a l  s t a n d a r d s  

To o u r  know ledge ,a  t r u e  i n t e r n a l  s t a n d a r d  i n  o r d e r  t o  

We have  i m p r o v e d  t h e  HPLC m e t h o d  f o r  q u a n t i t a t i v e  de -  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
7
:
0
1
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



I 1 I 1 1  
10 20 30 35 

F I G U R E  2 a )  Chromatogram o f  
b l a n k  u r i n e  

min 

a 

I I I I I  

10 20 30 35 min 

2 b )  Chromatogram o f  a u r i n e  
s p i k e d  w i t h  16 @ - O H  c o r -  
t i s o l  and  a 4 - p r e g n e n e  
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6 6-HYDROXYCORTISOL IN URINE 2057 

f rom t h e  c o r t i c o s t e r o i d s  f a m i l y  which  a r e  n o r m a l l y  a b s e n t  
f rom u r i n e s .  U n f o r t u n a t e l y ,  16 a - O H c o r t i s o l  was u n s t a b l e  
i n  e t h a n o l  s o l u t i o n  ( e v i d e n c e d  by t h e  a d d i t i o n a l  peak  e l u -  
t i n g  j u s t  b e f o r e  ~ 4 - p r e g n e n e ,  i n  F i g .  2 b ) .  

There i s  l i t t l e  hope  t o  s p e e d - u p  t h e  a n a l y s i s  w i t h  
t h e  5 pm p a r t i c l e s  column p a c k i n g  u n l e s s  we a d d e d  a 
h i g h e r  p r o p o r t i o n  o f  a c e t o n i t r i l e  t o  e l u e n t  B ,  b u t  i n c r e a -  
s i n g  t h e  r i s k  t o  c o n t a m i n a t e  t h e  6 B-OHF p e a k .  

Mean v a l u e s  o f  u r i n a r y  6 B-OHF i n  2 3  h e a l t h y  v o l u n -  
t e e r s  o f  b o t h  s e x e s  a g e d  18 t o  25  y e a r s  w e r e  199  u g  2 
1 7 / 2 4 h  (M -f SEM). There was no s i g n i f i c a n t  d i f f e r e n c e  be-  
tween m a l e  a n d  f e m a l e  v o l u n t e e r s .  
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