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ENZYMATIC DETECTION O F  URINARY STEROIDS ON THIN-LAYER 

CH ROMATOGRAMS 

Y. Yamaguchi 
The Cen t ra l  Laboratory 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  Hosp i t a l ,  Fukushima-ku, Osaka, 

Japan 

ABSTRACT 

Enzymatic d e t e c t i o n  of u r i n a r y  s t e r o i d s  on t h i n -  
l a y e r  chromatograms (TLC) i s  descr ibed.  S t e r o i d s  i n  
u r i n e  such as n e u t r a l  3a-hydroxysteroids , 3P-hydroxy 
s t e r o i d s  I a c i d i c  3a-hydroxysteroids and 176-hydroxy- 
s t e r o i d s  are d e t e c t e d  on t h i n - l a y e r  p l a t e  u s ing  enzyme 
r e a c t i o n s .  

Combination of chromatographic techniques and 
enzyme r e a c t i o n s  give more s p e c i f i c  a n a l y s i s  of  t h e  
compounds i n  a body f l u i d .  Some c l i n i c a l  a p p l i c a t i o n  
by the use of  t h e s e  enzymatic methods i s  a l s o  d e s c r i b e d  
and t h e s e  enzymatic d e t e c t i o n  methods are shown t o  be 
u s e f u l  f o r  t h e  d i agnos i s  of  some d i s e a s e  o f  abnormal 
s t e r o i d  metabolism. 

INTRODUCTION 

Tne enzymatic determinat ion o f  s t e r o i d s  such a s  
n e u t r a l  3a-hydroxysteroids (1,2) I 36-hydroxysteroids 

( 3 , 4 , 5 ) ,  a c i d i c  3a-hydroxysteroids(6,7)  I and 178-hydro- 
x y s t e r o i d s  ( 8 , 9 )  h a s  been r epor t ed .  Advantages o f  TLC 

and enzyme r e a c t i o n  must be considered t o  g ive  more 

s p e c i f i c  d e t e c t i o n  and de te rmina t ion ,  i n  t h i s  paper  
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1164 YAMAGUCHI 

some c l i n i c a l  a p p l i c a t i o n  using enzymatic d e t e c t i o n  of 
u r i n a r y  s t e r o i d s  on TLC i s  desc r ibed .  

The p r i n c i p l e  o f  t h e  ne thod  i s  as fo l lows :  

enzyme 

ca  t a l y z e r  

S u b s t r a t e  - Product 

Product ~-9 format ion  of dye 

Hydroxysteroid dehydrogen.sse r e a c t i o n s  ( HSD ) 

3a-HSD 
I. 3a-hydroxysteroids + NAD' ______jC 

3-oxos te ro i s  + NADH 

+ 38-HSD 
'I. 3~,17$-hydroxysteroicis + NAD 

3 ,17-oxos tero ids  + NADH 

d i  apho rase 
111. NADH + I N T  - t-) formazan 

3B-Hydroxysteroid oxidase  r e a c t i o n  

I V .  

V .  

3$-hydroxysteroid ox idase  
3 6-hydroxy s te  r o i  d s  9 

H2°2 3-oxos tero ids  + 

pe rox i  dase 
H202 + phenol + 4-aminoantipyrine --> 

quinoneimine dye 

EXPERIMENTAL 
7 

A l l  r eagen t s  used were o f  a n a l y t i c a l  g rade ,  and 

p r e p a r a t i o n  o f  t h e  enzyme c o l o r  development r e a g e n t  

used has been desc r ibed  pev ious ly  (1-9). 
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DETECTION OF URINARY STEROIDS 1165 

PreDaration of samnles 

Urine i s  p i p e t t e d  i n t o  a tube and h y d r o l y s i s  w i t h  

8-glucuronidase and s o l v o l y s i s  are performed. The e t h y l  

a c e t a t e  l a y e r  i s  then washed success ive ly  wi th  concent- 

r a t e d  sodium carbonate  and w a t e r .  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 h e  e t h y l  a c e t a t e  e x t r a c t  i s  t r a n s f e r r e d  

t o  a tube and t h e  e t h y l  a c e t a t e  evaporated ( n e u t r a l  

f r a c t i o n  ) .  This f r a c t i o n  i s  used f o r  t h e  a s s a y  of  

n e u t r a l  3 a ,  3 8 ,  and 17B-hydroxysteroids. 

The a l k a l i  and water washes o f  t h e  e t h y l  a c e t a t e  

extract  a r e  combined and t h e  combined s o l u t i o n  i s  a c i d i -  
f i e d  t o  p H  1 and sodium c h l o r i d e  added. Shake t h e  

s o l u t i o n  w i t h  e t h y l  acetate f o r  5 min. A f t e r  c e n t r i f u g -  

i n g ,  t r a n s f e r  15  m l  of  t h e  e x t r a c t  t o  a tube .  Evaporate 

t h e  e t h y l  acetate ( a c i d i c  f r a c t i o n  1 .  This f r a c t i o n  

i s  used f o r  t h e  a s say  o f  a c i d i c  s t e r o i d s .  

RESULTS AND D I S C U S S I O N  

E f f e c t s  of  t h e  enzyme s p e c i f i c i t y  f o r  an a s say  on 

c o l o r  i n t e n s i t y .  

Problems f o r  q u a n t i t a t i v e  de t e rmina t ion  on TLC 

a r i s e  form i t s  enzyme s p e c i f i c i t y .  For example, a 
r e l a t i o n  of  c o l o r  i n t e n s i t y  and r e a c t i o n  t i m e  u s ing  

3B-hydroxysteroid oxidase r e a c t i o n  i n  s o l u t i o n  i s  
shown i n  FIGURE 1. On t h i n - l a y e r  p l a t e ,  c o l o r  i n t e n s i t y  

o f  each s t e r o i d s  depend on s o l u b i l i t y  o f  s t e r o i d  and 

t h e  func t ion  o f  r e a c t i o n  t i m e .  
Other enzyme r e a c t i v i t y  f o r  each s t e r o i d s  i s  a l s o  

d i f f e r e n t  as being desc r ibed  p rev ious ly  ( 1 - 9 )  . 
Applicat ion of enzymatic d e t e c t i o n  method f o r  c l i n i c a l  

d i agnos i s .  
-I__ _I_.____ . 

Excret ion p a t t e r n s  of 38 -hydroxysteroids  with 

normal s u b j e c t s  , p a t i e n t s  of some adremogeni ta l  syndrome 

( AGS ) and pregnant  woman w e r e  compared. ( FIGURE 2 ) 
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0.1 

1 .  DHEA 
-2 .  A-diol 
-3. Epi-A 

7.16-OH-DHEA 
A-trio1 

T H  F 

F I G U R E  1. S p e c i f i c i t y  o f  36-hydroxysteroid ox idase .  

Each s t e r o i d s  of 50  pg p e r  tube was color-developped 

and i t s  c o l o r  i n t e n s i t y  w a s  measured. 

Abbreviations used : DHEA , de hydroepiandros t e r o n e  ; 
A-diol, androstene-38 , 17P-diol ; epi-A, ep iandros t e rone  ; 
A-5 , 16-diene-3-01 , androsta-5 , 16-diene-3B-01 ; 
1 6  - OH-DHEA , 1 6  a-hydroxy deliydroepiandros t e  rone ; A- t r i o  1 
, androstene-313,16a,17B-tr.i01; THF, t e t r a h y d r o c o r t i s o l ;  
THE, t e t r ahydrocor t i sone  ; !?-diol , pregnanediol ;  P - t r i o 1  
, p r e g n a n e t r i o l .  

E f f e c t  of Su-4885,which i s  an i n h i b i t o r  of  11-hydroxy 

lase of s t e r o i d s ,  on e x c r e t i o n  of  3B-hydroxysteroids 

was shown i n  FIGURE 3. Ex'zretion of 5 -p regnene t r io l  

w a s  remarkably inc reased  when compared wi th  b e f o r e  

of  t h e  t e s t .  
E n z y m a t i c  d e t e c t i o n  o f  a c i d i c  3a-hydroxysteroids w i t h  

p a t i e n t  of l i v e r  func t ion  d i s o r d e r  w a s  shown i n  FIGURE 
4 and as a comparison of another  s t e r o i d  e x c r e t i o n ,  

n e u t r a l  3a-hydroxysteroids e x c r e t i o n  p a t t e r n  of t h e  
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DETECTION OF URINARY STEROIDS 1167 

Normal subjects  

male female 

A G S  

No. 1 a" No. 2 NO. 3 
A U z 

Pregnancy 

U 

J 

FIGURE 2 .  E x c r e t i o n  p a t t e r n s  of u r i n a r y  38-hydroxy- 
s t e r o i d s  w i t h  normal s u b j e c t s ,  p a t i e n t s  of adreno-  
g e n i t a l  syndrome ( AGS ) ,  and p r e g n a n t  women . 
TLC s c a n n e r  used  w a s  Shimazu-CS-910. 
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F I G U R E  3 .  E f f e c t s  of Su-4885 on e x c r e t i o n  of 36-hydroxy 
s t e r o i d s  w i t h  p a t - i e n t  of Cushing d i s e a s e .  

(a) a f t e r  a d m i n i s t r a t i o n  of Su-4885 ( 2nd day ) 
( b  ) be  fore a dmi n i  ci t r a  t i o n  
k n s i t o i n e t r i c  s cann ing  was per formed a t  500 nm. 

p a t i e n t  w a s  a l so  shown i n  the  f i g u r e .  Exc re t ion  v a l u e s  

of t o t a l  a c i d i c  s t e r o i d s  de termined by 3a,38-hydroxy- 

s t e r o i d  dehydrogenase was 6.5  mg/day f o r  normal s u b j e c t s  

( mean of t e n  s u b j e c t s  ) , and 28.2 mg/day f o r  some 
Livex func t ion  d i s o r d e r  p a t i e n t s  ( mean of 7 p a t i e n t s  1 .  

Excre t ion  p a t t e r n s  of n e u t r a l  3n-hydroxys tero ids ,  

3B-hydroxysteroids ,  a c i d i c  3a-hydroxys tero ids  and 178-  
hydroxys te ro ids  u s i n g  enzymat ic  d e t e c t i o n  h a s  been 

shown by a u t h e r s  ( 1-9 ) ,  h t  t h e s e  are t h e  model of 

enzymatic  d e t e c t i o n  method i n  b i o l o g i c a l  f l u i d s  and 
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DETECTION OF URINARY STEROIDS 1169 

I 

St 

$ Cortol 

I 

N 
Sample 

A St 

FIGURE 4 .  Enzymatic d e t e c t i o n  of  a c i d i c  3a-hydroxy- 

Chromatograms show s t anda rds  ( Androsterone, THB; t e t r a  
hydrocor t i cos t e rone ,  THF, c o r t o l ,  c h o l i c  a c i d  ) , n e u t r a l  
3a-hydroxysteroids of  t h e  sample , a c i d i c  3a-hydroxy- 
s t e r o i d s  of  t h e  sample and then  a c i d i c  s t e r o i d  s t a n d a r d ,  
I; 5~-androstan-3a-ol-l7B-~arboxylic a c i d ,  2 : c h o l i c  
a c i d .  

s t e r o i d s  on TLC. 

many o t h e r  compounds cou ld  be d e t e c t e d  by o t h e r  
enzymic methods. 

An a p p l i c a t i o n  of enzymic method t o  t h e  column 
chromatography was a l s o  performed ( 1 0  ) f o r  t h e  
d e t e c t i o n  of s t e r o i d  s u l f a t a s e  a c t i v i t y  i n  enzyme 
p repa ra t ion .  

Thus t h e  u s e  of t h e  s p e c i f i c  enzyme f o r  d e t e c t i o n  
of i t s  substrate g ives  simple and s p e c i f i c  method. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1170 YAMAGUCHI 

AKNOWLEGMENT 

I am g r a t e f u l  t o  D r s .  C .  Hayashi and K .  Miyai of 
Osaka Un ive r s i ty  Hosp i t a l  €or  t h e i r  suppor t  of t h i s  work. 

REFERENCES 
1. Yamaguchi, Y .  , Enzymic c o l o r  development o f  u r i n a r y  

3w-hydroxysteroids on t h i n - l a y e r  chromatograms. 
C l in .  Chem. as, 4 9 1  ( 1 9 3 0 )  

2 .  Yamaguchi, Y . ,  Hayashi, C . ,  and Miyai, K . ,  Enzymatic 
c o l o r  development o f  3a--hy droxys t e  ro i  ds  on t h i n -  l a y e r  
chromatograms f o r  t h e  de t e rmina t ion  of  e x c r e t i o n  p a t -  
t e r n  of 3a-hydroxysteroids i n  p a t i e n t s  w i t h  some 
ad renogen i t a l  syndrome. J. Chromatoqr. 182, 4 3 0  (1980) 

3. Yamaguchi, Y . ,  T a t e i s h i , ,  K .  and Hayashi, C . ,  Deter- 
mination of u r i n a r y  dehydroepiandros te rone  us ing  38- 
hydroxys tero id  ox idase .  C l in .  Chim. A c t a ,  66, 4 4 9  , 
( 1 9 7 6 )  

4 .  Yamaguchi, Y .  , Hayashi,  C .  and Kumahara, Y., Simple 
de t e rmina t ion  of 3w-hydroxy f r a c t i o n  and 38-hydroxy 
fraction of urinary 17-ke tos t e ro ids .  , C l i n .  Chem. 2 2  , 
1 0 6 6  ( 1 9 7 6 )  

- 

5 a Yamaguchi , Y .  , Excre t ion  p a t t e r n  o f  38-hydroxysteroids 
i n  p a t i e n t s  wi th  a d r e n a l  tumor, Cushing d i s e a s e  and 
21-hydroxylase d e f i c i e n c y ,  and i n  pregnancy, u s ing  
t h i n - l a y e r  chromatography and c o l o r  development o f  
36-hydroxysteroids w i t h  3f3-h d r o x y s t e r o i d  ox idase  . 
J. Chromatogr. 253 ( 1 9 A )  

6 .  Yamaguchi, Y. , Hayashi, C. and Miyai,  K . ,  Enzymatic 
d e t e c t i o n  of u r i n a r y  a c i d i c  3a-hydroxys tero ids  on 
t h i n - l a y e r  chromatograms. J .  Chromatogr. z, 111 ( 1 9  8 1 )  

de t e rmina t ion  of t o t a l  u r i n a r y  a c i d i c  3a-hydroxy- 
s t e r o i d s .  C l in .  Chem. __ 2!7, 777  ( 1 9 8 1 )  

7 .  Yamaguchi, Y., Hayashi, C . ,  and Miyai,  K . ,  Enzymic 

8.  Yamaguchi , Y .  , and Hayashi , C.  , Enzymic de te rmina t ion  
of u r i n a r y  t o t a l  17P-hydroxysteroids . Anal. Letters , 
- 1 4 ,  433 (1981) 

9 .  Yamaguchi, Y .  ,Enzymatic de t e rmina t ion  of u r i n a r y  1 7 8 -  
hydroxys te ro ids  on t h i n - l a y e r  chromatograms. J. 
Chromatogr. i n  p r e s s  (1982) 

1 0 .  Yamaguchi, Y., Simple d e t e c t i o n  o f  s t e r o i d  s u l f a t a -  
se a c t i v i t y  a f t e r  chromatographic f r a c t i o n a t i o n . ,  
J. Chromatogr. , in p r f s s  ( 1982) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
8
:
0
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1


