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ENZYMATIC DETECTION OF URINARY STEROID- 

178-GLUCURONIDES AFTER GEL FILTRATION 

Yoshihisa Yamaguchi 

The Cen t ra l  Labora tory  f o r  C l i n i c a l  I n v e s t i g a t i o n  , 
Osaka Un ive r s i ty  H o s p i t a l ,  Fukushima-ku, Osaka, 

Japan 

ABSTRACT 

An enzymatic d e t e c t i o n  of u r i n a r y  s te ro id-178-  
g lucu ron ides  is desc r ibed .  The p r i n c i p l e  o f  t h e  method 
i s  a s  fo l lows ;  a f t e r  g e l  f i l t r a t i o n  w i t h  Sephadex G - 2 5  
6-glucuronidase i s  added t o  each e f f l u e n t  f r a c t i o n  and 
incuba ted  f o r  20 h a t  37 OC. A f t e r  h y d r o l y s i s ,  38 ,178-  
hydroxys tero id  dehydrogenase i s  added and incuba ted  f o r  
2 0  min a t  37 OC. An absorbance a t  500  nm is  r e a d  a g i n s t  
sample o f  f i r s t  f r a c t i o n  e f f l u e n t .  

INTRODUCTION 

An enzymatic d e t e c t i o n  o f  s te ro id-3a-g lucuronide  , 
s t e r o i d - 3 a - s u l f a t e  , and steroid-3l3-mlfate i n  u r i n e  a f t e r  

g e l  f i l t r a t i o n  has  been d e s c r i b e d  p r e v i o u l y ( 1 ) .  In  t h i s  

pape r ,  an enzymatic d e t e c t i o n  o f  s t e r o i d - l 7 ~ - g l u c u r o n i d e  

a f t e r  g e l  f i l t r a t i o n  i s  desc r ibed .  The p r i n c i p l e  of t h e  

method i s  as fo l lows:  

7 4 3  
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744 YAMAGUCHI 

-qlucuron idase  s t e r o i d - l 7 ~ - g l u c u r o n i d e  ' 
17B-hydroxysteroids 

17B-HSD 1 7  6-hydroxyste r o i d  + NAD' 

17-oxosteroid + NADH 

formazan d i  apiio rase NADH + I N T  

MATERIALS 

A l l  r eagen t s  were of  a n a l y t i c a l  grade ob ta ined  
from commercial sou rces  and used wi thou t  f u t h e r  pu r i -  
f i c a t i o n .  3 8 ,  178-hydroxysteroid dehydrogenase ( 3P,  
17B-HSD ) from P .  t e s t o s t e r o n i  ( EC 1.1.1.51 ) , 2-p- 
iodophenyl-3-p-nitrophenyl-5-phenyltetrazol~um c h l o r i d e  
( INT ) , and diaphorase ( EC 1 . 6 . 9 9 . 2 ,  from C.  k l u y v e r i  
) were purchased from Sigma chemical Co. 

Sulfatase/B-glucuronidase from H. pomatia ( EC 
3 .1 .6 .1  ) was prepared of 2 0 0  u n i t s  as s u l f a t a s e / m l  
i n  0 .05  M acetate b u f f e r  ( pH 5.0  ) .  B-Glucuronidase 
from E .  c o l i  ( EC 3 . 2 . 1 . 3 1  ) was prepared of  500 Fishman 
u n i t s /  m l  of phosphate b u f f e r  ( 0 . 1  M ,  pH 6 . 8  ) . 

Reagent for c o l o r  development f o r  178-hydroxy- 
s t e r o i d  w a s  descr ibyd p rev iou ly  ( 2 , 3  ) : 2 5  U o f  3 B r 1 7  
6-HSD, 30 mg o f  NAD , 1 0 0  U of  diaphorase and 15  mg o f  
INT w e r e  d i s s o l v e d  i n  0 . 2  M K 2 H P 0 4  ( pH 9 . 0  ) o f  1 0 0  m l .  

METHODS 

Sephadex Gel f i l t r a t i o n  ( 1 , 4 )  

of t h e  p a r t i c l e s  i n  a c e t a t e  b u f f e r  ( 0 . 0 5  M, pH 5.0 ) 
f o r  4 h a t  90 O C  under cons t an t  s t i r r i n g .  The f i n e s  
w e r e  removed by s e v e r a l  d e c a n t a t i o n s  and t h e  s l u r r y  w a s  
poured d i r e c t l y  i n t o  the  column ( 1 x 2 0  cm ) which was 
then washed f o r  3 h with a c e t a t e  b u f f e r .  

f o r  3 min a t  3 0 0 0  rpm and supe rna tan t  o f  1 t o  2 m l  w a s  
app l i ed .  One f r a c t i o n  of  e f f l u e n t  c o n t a i n s  1 . 3  m l  and 
30 f r a c t i o n s  were c o l l e c t e d .  

Sephadex G-25 was swollen by h e a t i n g  a suspension 

Urine sample, a p a r t  of  2 4  h u r i n e ,  w a s  c e n t r i f u g e d  

Procedure f o r  d e t e c t i o n  of steroid-17B-glucuronide 
To 0 .6  m l  of e f f l u e n t  o f  each t r a c t i o n  1s aaakd 0 . 1  

m l  o f  B-glucuronidase s o l u t i o n  and incubated f o r  2 0  h 
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URINARY STEROID-176-GLUCURONIDES 745 

a t  37  "C. A f t e r  h y d r o l y s i s  o f  steroid-17B-glucuronide, 
1 m l  o f  c o l o r  development r eagen t  f o r  17B-hydroxysteroid 
i s  added and incuba ted  f o r  2 0  min a t  37 OC. Absorbance 
a t  5 0 0  nm was r e a d  a g a i n s t  t h e  sample o f  f i r s t  f r a c t i o n .  

RESULTS AND DISCUSSION 

A chromatogram f o r  androsterone-glucuronide, dehy- 

droepiandrosterone-sulfate, e s t r o n e - s u l f a t e  and es t r io l -  

16-glucuronide o f  s t a n d a r d  compounds was shown i n  FIGURE 

1. Hydrolys is  w i t h  6-glucuronidase from E .  c o l i  and 

su l fa tase /B-glucuronidase  from H. pomatia w a s  compared 

f o r  s t e ro id -17  B-glucuronides d e t e c t i o n  us ing  sample from 

p a t i e n t s  o f  a d r e n a l  tumor. As shown i n  FIGURE 2 , on ly  
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F i g .  1. Gel f i l t r a t i o n  o f  s t a n d a r d  s t e r o i d  conjugate .  (1) 
Methods f o r  each  conjugated  s t e r o i d s  were performed by 
enzymatic d e t e c t i o n  method d e s c r i b e d  p r e v i o u s l y .  
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746 YAMAGUCHI 

fraction NO. 

F i g .  2 .Gel f i l t r a t i o n  of s t e r o i d - 1 7 6 - g l u c u r o n i d e  and  
s t e r o i d - 3 @ - s u l f a t e  i n  u r i n e  of p a t i e n t  of a d r e n a l  
tumor. 0---- - -0,  h y d r o l y s i s  w i t h  8 - g l u c u r o n i d a s e  
a n d  - , h y d r o l y s i s  w i t h  s u l f a t a s e / B - g l u c u r o n i -  
d a s e .  

1 7  8 - g l u c u r o n i d e s  w a s  d e t e c t e d  by h y d r o l y s i s  w i t h  6-glucu- 

r o n i d a s e  from E .  c o l i  a n d  3 6 - s u l f a t e  a n d  1 7 6 - g l u c u r o n i d e  

were d e t e c t e d  by h y d r o l y s i s  w i t h  su l f a t a se /8 -g lucuron idase  

from H. pomat ia .  From t h i s  chromatogram, most of t h e  

176-hydroxy g r o u p  i s  c o n j u g a t e d  w i t h  g l u c u r o n i c  a c i d .  

A s  a r e f e r e n c e  of o t h e r  s t e r o i d  c o n j u g a t e s  e x c r e t i o n ,  
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URINARY STEROID-176-GLUCURONIDES 747 

s t e r o i d -  3a-glucuronideI s t e r o i d -  3 a-sul  f a t e  and s t e r o i d -  

3 B - s u l f a t e  of  t h e  same sample which i s  d e t e c t e d  by 

p rev ious ly  desc r ibed  method were shown i n  FIGURE 3. (1) 

The d i r e c t  enzymatic d e t e c t i o n  method f o r  s t e r o i d - 1 7 ~ -  

glucuronide can be d e t e c t e d  f o r  a sample of  e l e v a t e d  

e x c r e t i o n  of 17@-hydroxysteroids ,  a t  l eas t  5 m g / l i t t e r  
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Fig. 3 .  Gel f i l t r a t i o n  of  s teroid-3a-glucuronide I 

s t e r o i d - 3 a - s u l f a t e  I and s t e ro id -38- su l f a t e  i n  u r i n e  
of p a t i e n t  of ad rena l  tumor. Each s t e r o i d  conjugate  
w a s  d e t e c t e d  by p rev ious ly  desc r ibed  methods (1). 
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Fig .  4 .  G e l  f i l t r a t i o n  of steroid-17B-glucuronide 
and s te ro id-3f3-su l fa te  i n  u r i n e  of p a t i e n t  of b r e a s t  
tumor. 0----- 0, h y d r o l y s i s  i ; i th B-glucuronidase and 
-, h y d r o l y s i s  w i th  s u l f  atase/B-glucuronidase.  

a s  t o t a l  17B-hydroxysteroids determined by t h e  p rev ious ly  

desc r ibed  method ( 2 )  such as b r e a s t  tumor shown i n  FIGURE 4 .  

An enzymatic d e t e c t i o n  of noncon j u g a t e d  s t e r o i d  

has been desc r ibed  so f a r  ( 2 , 3 , 4 , 5 , 6 , 7 , 8  1,  b u t  e x t -  

r a c t i o n  by o r g a n i c  s o l v e n t  i s  r e q u i r e d  i n  a procedure  

so t h a t  autonmkxi a n a l y s i s  can n o t  be performed. This  

enzymic method f o r  de te rmina t ion  of s teroid-178 -glucuro- 

n ide  has  a p o s s i b l i t y  f o r  automated a n a l y s i s  u s i n g  
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URINARY STEROID-176-GLUCURONIDES 749 

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 h y  and  f l o w  r e a c t i o n  

s y s  t e m s  . 
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