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NEW FLUORIMETRIC DETECTION METHOD OF CORTICOSTEROIDS 
AFTER HIGH-PERFORMANCE LIQUID CHROMATOGRAPHY USING 
POST-COLUMN DERIVATIZATION WITH GLYCINAMIDE 

* 
Tokuichiro Seki and Yoshihisa Yamaguchi 

College of Bio-Medical Technology, Biochemical analysis 

1-1 Machikaneyama-cho, Toyonaka, Osaka, Japan 
Osaka University 

AB S TRACT 

Some biological corticosteroids were detected by 
a new fluorimetric method using post-column derivati- 
zation with glycinamide . 

Urinary corticosteroids which are hydrolyzed and 
extracted from sample fluid are detected by the react- 
ion with g1ycinami.de in the presence of hexacyanoferrate 
(111) in weakly alkaline media of borate buffer solu- 
tion of pH 9.8 at 9 0  OC for 5 min. 

This method is highly sensitive and specific for 
some corticosteroids and the reaction is performed 
under mild condition, compared with the fluorimetric 
method using the reaction with sulfuric acid, s o  that 
this method can be used for fractional assay of urinary 
corticosteroids of patients for a steroid abnormal 
metabolism. 

INTRODUCTION 

Urinary corticosteroids have been determined by 
colorimetric methods, such as Porter-Silber reaction 

1131 

Copyright 0 1983 by Marcel Dekker, Inc. 0148-391 9/83/0606-113 1 $S.SO/O 

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



1132 SEKI AND YAMAGUCHI 

a n d  t h e  Zimmermann r e a c t i o n ,  g a s - l i q u i d  mass s p e c t r o -  

m e t r i c  m e t h o d  a n d  r a d i o i m m u n o a s s a y .  

In a n  a n a l y s i s  o f  h i g h - p e r f o r m a n c e  l i a u i d  c h r o m a t o -  

g r a p h i y  ( HPLC ) ,  a d e t e c t i o n  m e t h o d  o f  s t e r o i d s  h a s  

b e e n  p e r f o r m e d  b y  m e a s u r i n g  UV a b s o r b a n c e  a t  2 5 4  n n  b a s e d  

on  b - 3 - k e t o  g r o u p  o r  b y  u s i n g  d e r i v a t i z a t i o n  r e a c t i o n  

w i t h  f l u o r e s c e n t  c o m p o u n d s  ( 1 - 4  ) .  

R e c e n t l y  w e  h a v e  d e v e l o p e d  a new f l u o r i m e t r i c  m e t h o d  

f o r  t h e  d e t e r m i n a t i o n  o f  u r i n a r y  17-hydroxycorticosteroids 

u s i n g  t h e  r e a c t i o n  w i t h  g l y c i n a m i d e  ( 5 ) .  T h e  a d v a n t a g e  o f  

t h e  m e t h o d  i s  in h i g h  s p e c i f i c i t y  f o r  s o m e  c o r t i c o s t e r o i d s  

I n  t h i s  p a p e r ,  w e  d e s c r i b e  a m o d i f i e d  m e t h o d  f o r  

t h e  a p p l i c a t i o n  o f  HPLC. 

E X P E R I M E N T A L  

S t e r o i d  s t a n d a r d s  w e r e  p u r c h a s e d  f r o m  S i g m a  C h e m i c a l  

Co.  a n d  S t e r a l o i d s  C o .  a n d  u s e d  w i t h o u t  f u r t h e r  p u r i f i c a -  

t i o n .  A l l  r e a p e n t s  w e r e  o f  a n a l y t i c a l  g r a d e  o b t a i n e d  

f r o m  c o m m e r c i a l  s o u r c e s  a n d  u s e d  w i t h o u t  f u r t h e r  p u r i f i -  

c a t i o n .  A l l  r e a g e n t  s o l u t i o n  f o r  HPLC w a s  f i l t r a t e d  

b e f o r e  u s e  ( m i l l i p o r e  m e m b r a p e ,  0 . 4  p ) .  

P r e p a r a t i o n  o f  r e a g e n t s  

M e t h a n o l l w a t e r  ( 1:1, b y  v o l  ) ;  M e a s u r e  500  m l  o f  

HPLC g r a d e  m e t h a n o l ,  make  up  t o  1 0 0 0  ml w i t h  r e a g e n t  

g r a d e  w a t e r  a n d  m i x ,  t h e n  a i r  b u b b l e s  a r e  r e m o v e d  u s i n g  

a s u c t i o n  a p p a r a t u s .  

R e a g e n t  f o r  f l u o r i m e t r i c  d e t e c t i o n  

In 3 0 0  m l  o f  b o r a t e  b u f f e r  s o l u t i o n  ( b o r i c  a c i d -  

KOH, 0 . 3  M ,  pH 9 . 8 ) ,  0 . 5  g o f  g l y c i n a m i d e  a n d  30 mg o f  

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

S t o c k  s t a n d a r d  s o l u t i o n ;  2 0  p g / m l  i n  m e t h a n o l  

s o l u t i o n  i s  p r e p a r e d .  
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NEW DETECTION METHOD FOR CORTICOSTEROIDS 1133 

W o r k i n g  s t a n d a r d  s o l u t i o n ;  E a c h  s t e r o i d  s t a n d a r d  

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

c e n t r a t i o n  o f  1 0  p g l m l  b e f o r e  u s e .  

L i q u i d  c h r o m a t o g r a p h y  

HPLC u s e d  i s  a M o d e l  o f  T r i r o t a r - 1 1 1  ( J a p a n  S p e c t r o -  
s c o p i c  Co. LTD ) e q u i p p e d  w i t h  F i n e p a k  S I L  C18 c o l u m n  

( 2 5 . 0  x 0 . 4 6  cm p a r t i c l e  s i z e  1 0  p ) ,  

F l u o r e s c e n c e  was m e a s u r e d  a t  3 8 5  nm, w i t h  e x c i t a t i o n  

o f  3 2 5  nm, b y  S p e c t r o f l u o r o m e t e r  M o d e l  FP-550F.  T h e  s l i t  

w i d t h  o f  e x c i t a t i o n  a n d  e m i s s i o n  w a s  s e t  a t  20 nm, a n d  

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

t o  x 1 0  a n d  t h e  v a r i a b l e  w a s  t o  x 0 . 1 .  

T h e  f l o w  r a t e  o f  m o b i l  p h a s e  w a s  0 . 8  m l f m i n .  

P r e p a r a t i o n  o f  s a m p l e  

P i p e t t e  2 m l  o f  u r i n e  s a m p l e  i n t o  a 10 m l  g l a s s  

s t o p p e r e d  t e s t  t u b e  a n d  a d j u s t  t o  pH 6 . 5 .  Add 0 . 1  m l  o f  

p - g l u c u r o n i d a s e  ( 5 0 0  F i s h m a n n  u n i t s f m l ,  f r o m  E .  c o l i  

E C  3 . 2 . 1 . 3 1  ) ,  0 . 2  m l  o f  0 . 2  M p h o s p h a t e  b u f f e r  ( pH 6 . 5  

) ,  a n d  o n e  d r o p  o f  c h l o r o f o r m  t o  t h e  t u b e  a n d  m i x  w e l l .  

I n c u b a t e  t h e  m i x t u r e  f o r  24 h a t  3 7  O C .  S h a k e  t h e  s o l u -  

t i o n  w i t h  4 m l  o f  m e t h y l e n e  c h l o r i d e  f o r  3 m i n  . D i s c a r d  

u r i n e  l a y e r  a n d  w a s h  t h e  o r g a n i c  l a y e r  w i t h  0 . 5  m l  o f  

0 . 1  N N a O H  a n d  0 . 5  m l  o f  w a t e r  s u c c e s s i v e l y .  A f t e r  c e n t r i -  

f u g a l  s e p a r a t i o n ,  t r a n s f e r  2 m l  o f  t h e  o r g a n i c  l a y e r  t o  

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

w a t e r  b a t h  a t  80 ' C .  

To t h e  d r i e d  r e s i d u e  o f  t h e  e x t r a c t ,  a d d  100 p1 o f  

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

r e s i d u e .  T h i s  s o l u t i o n  o f  lop1 i s  i n j e c t e d  i n t o  t h e  

HPLC i n  w h i c h  c o l u m n  t e m p e r a t u r e  i s  k e p t  a t  4 0  O C .  

E f f l u e n t  o f  t h e  c h r o m a t o g r a p h y  i s  m i x e d  w i t h  t h e  

f l u o r e s c e n t  r e a g e n t  a t  flow r a t e  o f  1 . 0  m l f m i n  a n d  

m i x e d  s o l u t i o n  i s  h e a t e d  a t  90  O C  f o r  5 m i n  i n  a 

t e f l o n  t u b e  d i p p e d  i n  a w a t e r  b a t h  ( I D  0 . 5  m m ,  l e n g t h  
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1134 SEKI AND YAMAGUCHI 

30 m of tube ) and then cooled to room temperature by 

passing in a cold water bath. Fluorescence is measured 
at 3 8 5  nm, with excitation of 3 2 5  nm, and its intensity 

is recorded. 

Standard solution were also submitted to the whole 
procedure except the step of enzymatic hydrolysis. 

RESULTS 

Effect of final pH on fluorescence intensity for 
cortisol as standard o f  20-keto-17,21-diol side chain 
carring steroid and for corticosterone as standard of 
20-keto-21-01 steroid was shown in Figure 1. The 

maximum intensity for cortisol was around at pH 9.9 
and for corticosterone at above 10.3. In this study, 
we have used buffer solution of pH 9.8 for urinary 
17-hydrocorticosteroids fractionation. 

Specifisity of the reaction by the present method 
was shown on Table 1 in which fluorimetric response 

FIGURE 1. Effect of reaction pH on fluorescence inten- 
sity for cortisol and corticosterone. 
Cortisol was used as a standard of 20-keto-17,21-diol 
steroid and corticosterone as a standard of 20-keto-21 
-01 steroids. 'F: cortisol, B: corticosterone. 
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NEW DETECTION METHOD FOR CORTICOSTEROIDS 1135 

TABLE 1. Specificity of the reaction 

Compounds tested Relative peak height 
( X I  

Cortisol 100 
Tetrahydrocotisol 85 
Cortisone 90 
Tetrahydrocortisone 80 
11-Deoxycortisol 9 2  

Tetrahydrocorticosterone 50  
Corticosterone,Predonisolone 6 5  
Tetrahydro-11-dehydrocorticosterone 50 
Beta-methazone 10 
Aldosterone 5 
16-hydroxy-dehydroepiandrosterone 2 
progesterone 0.2 
p regnanediol 0 .o 

Dehydroepiandrosterone 0.0 

Tetrahydro-11-deoxycortisol 75  

Andr o s t e rone 0 .o 
estradiol 0 .o 

Cortisol was used as 100 % 

o f  each steroids were shown by relative peak height at 
pH 9.8 using 10 ~1 of 0.3 mM o f  standard solution. 

Linearity of each standard curve was observed , 
at least, up to 500  ng o f  steroids. 

Recovery added to urine samples was 9 4  X ( 1 p g  

o f  tetrahydrocortisol was added to five urine samples ) .  

Chromatograms of standard, normal subject and 
patient of Cushing's disease were shown in Figure 2 .  

DISCUSSION 

Urinary corticosteroids are excreted mainly in 
tetrahydro form, s o  the detection by measuring U V  
absorbance can not be used for the analysis o f  these 
steroids. On the contrary, present method is based on 
the reaction at C17 side chain o f  corticosteroids s o  
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FIGURE 2. C h r o m a t o g r a m s  o f  s a m p l e s  w i t h  Cusing's 
d i s e a s e ,  n o r m a l  s u b j e c t ,  S u - 4 8 8 5  t e s t ,  

a n d  s t a n d a r d s .  
(1) C u s h i n g ' s  d i s e a s e ,  ( 2 )  n o r m a l  s u b j e c t  
( 3 )  S u - 4 8 8 5  t e s t ,  w h i c h  i s  a 11 
o f  s t e r o i d  m e t a b o l i s m  e n z y m e .  ( 
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NEW DETECTION METHOD FOR CORTICOSTEROIDS 1137 

u v  

4 0 n g  F 

l o n g  5 

Flu. k 7 -  F 40 ng 

I r- 
4 FIGURE 3 .  Chromatograms o f  s e r u m  A - 3 - k e t o  s t e r o i d s  by  

P r o c e d u r e  o f  s e r u m  a n a l y s i s  was p e r f o r m e d  by  t h e  me thod  
d e s c r i b e d  b y  C a l d a r e l l a  e t  a1 ( 3 ) .  
The f l o w  r a t e  o f  m o b i l e  p h a s e  ( m e t h a n o l l w a t e r ,  3 : 4  b y  
v o l  1 w a s  1 . 0  m l l m i n .  UY a b s o r p t i o n  w a s  d e t e c t e d  a t  
2 5 4  nm and  0 . 0 2  a n d  0 . 0 0 5  o f  UV means a b s o r b a n c e  u n i t s  
r a n g e  o f  UV d e t e c t o r .  F l u o r e s c e n c e  was m e a s u r e d  a t  385 
nm, w i t h  e x c i t a t i o n  325  nm. 

UV d e t e c t i o n  and  f l u o r o m e t r i c  d e t e c t i o n .  

t h a t  b o t h  

c o r t i c o s t e r o i d s  c o u l d  b e  m e a s u r e d .  

k - 3 - k e t o  c o r t i c o s t e r o i d s  and  t e t r a h y d r o -  

B Y  i n c r e a s i n g  a s e n s i t i v i t y  o f  f l u o r o m e t e r ,  c o r t i s o l  

i n  s e r u m  was a l s o  d e t e c t e d  a t  a l eve l  o f  5 t o  50  n g  

s t e r o i d /  i n j e c t i o n  a s  shown i n  F i g u r e  3 .  

T h e r e  a r e  many f l u o r i m e t r i c  me thod  f o r  s t e r o i d  a n a l y -  

s i s  u s i n g  s u l f u r i c  a c i d  b u t  t h e s e  m e t h o d s  h a v e  d i f f i c a l -  
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1138 SEKI AND YAMAGUCHI 

ty for the appllcation to HPLC analysis because of the 
use o f  strong acid. On the contrary, our method i s  

performed under mild reaction condition s o  the method 
could be easily applied to the chromatographic method. 
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