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ABSTRACT 

S o l u b l e  enzyme p r e p a r a t i o n s  f rom b o v i n e  o v a r y ,  c o r p u s  
l u t eum and a d r e n a l  c o r t e x  and from r a t  t e s t i s  s u l f u r y l a t e d  
e s t r a d i o l - 1 7 8  i n  t h e  p r e s e n c e  o f  ATP and  Mg ++. Two m a j o r  
p r o d u c t s  we re  t e n t a t i v e l y  i d e n t i f i e d  by ohrom&tographiR 
c o m p a r i s o n s  as  e s t r a d £ o l - 3 - s u l f a t e  and e s t r o n e  s u l f a t e  ] .  
In  a d d i t i o n ,  two u n i d e n t i f i e d ,  h i l h l y - p o l a r  d e r i v a t i v e s  
were  fo rmed  from e s t r a d ~ o l - 1 7 8  i n  r e l a t i v e l y  s m a l l  maounts  
by o v a r y ,  c o r p u s  l u t e u a  and t e s t i s .  ~ t r & d £ o l - 1 7 - s u l f & t e ,  
w h i c h  w u  formed  r e a d i l y  i n  s i m i l a r  e x t r e c t s  o f  r a t  l i v e r ,  
was n o t  fo rmed i n  d e t e c t a b l e  amounts by t h e  e x t z ~ c t s  o f  
o v a r y ,  c o r p u s  l u t e u m ,  t e s t i s ,  and a d r e n a l  c o r t e x  u n d e r  t h e  
c o n d i t i o n s  d e s c r i b e d .  

In  e a r l i e r  e x p e r i m e n t s  i n  t h i s  l a b o r a t o r y 3 ,  4,  we 

d e m o n s t r a t e d  t h a t  t h e  s u l f a t e  e s t e r s  o f  e s t r ~ l o l - 1 7 S ,  

e s t r o n e  and d i e t h y l s t i l b e s t r o l ,  i n  v e r y  low c o n c e n t r a t i o n s ,  

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

t r a n s a m i n a s e  by i t s  coenzyme,  p y r i d o x a l  5 -phosph&te .  We 

p o s t u l a t e d  4 t h a t  t h i s  f i n d £ n g  r e p r e s e n t s  a g e n e r a l  i n t e r -  

a c t i o n  o f  c o n j u g a t e d  s t e r o i d s  i n  r e g u l a t i n g  c o e n z y a e - a p o -  

enzyme a s s o c i a t i o n  and s u g g e s t e d  t h a t  s u c h  i n t e r a c t i o n s  

may a l s o  o c c u r  i n  w i v e .  A d d i t i o n a l  8 t u d £ e s S - 8  have  

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

J u g a t e s  and o t h e r  enzymes .  To n s s e s 8  t h e  p h y s i o l o g i c a l  
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s i g n i f i c a n c e  o f  t h e s e  o b s e r v a t i o n s ,  i n f o r m a t i o n  i s  n e e d e d  

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

o i d  c o n j u g a t e s  i n  v a r i o u s  t i s s u e s .  I n  an  e a r l i e r  s t u d y 9 j  

we h a v e  shown  t h a t  s o l u b l e  enzyme  p r e p a r a t i o n s  f r o m  l i v e r  

f o r m  e s t r a d t o l - 3 - s u l f a t e ,  e s t r a d t o l - 1 7 - s u l f a t e ,  a n d  e s t r a -  

d t o l  d t s u l f a t e .  I n  t h e  p r e s e n t  s t u d y ,  we t e s t e d  t h e  a b i l -  

i t y  o f  s e v e r a l  s t e r o t d o g e n i c  t i s s u e s  t o  s u l f u r y l a t e  e s t r a -  

d t o l - 1 7 B .  A d v a n t a g e  was  t a k e n  o f  t h e  p r e v i o u s  o b s e r v a t i o n  9 

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

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

e s t e r s  o f  e s t r a d i o l - 1 7 8 .  

EXPERIMENTAL 

M a t e r i a l s - -  E s t r a d t o l - 4 - 1 4 C  (S .  A. 30  ~c/mg) was p u r c h a s e d  
f r 0 m  New E n g l a n d  N u c l e a r  C o r p . ,  e s t r a d t o l - 1 6 - 1 4 C  (S .  A. 
6 3 . 9  ~ c / m g )  f r o m  N u c l e a r  C h i c a g o  C o r p .  A s i n g l e  p e a k  o f  
r a d i o a c t i v i t y  w h i c h  s u p e r i m p o s e d  a d d e d  a u t h e n t i c  e s t r a d t o l -  
17B was  o b s e r v e d  on  s c a n n i n g  c h r o m a t o g r a m s  o f  e a c h  o f  t h e s e  
p r o d u c t s  a f t e r  d e v e l o p m e n t  i n  e i t h e r  s y s t e m  0 - 1  o r  0 - 2 ,  
d e s c r i b e d  b e l o w .  P o t a s s i ~  e s t r a d i o l  d i s u l f a t e  was  p r e -  
p a r e d  a s  d e s c r i b e d  e a r l i e r  j 1 0 .  Sod ium e s t r a d i o l - 3 - s u l f a t e  
was  k i n d l y  s u p p l i e d  by AB L e o ,  H a l s i n g b o r g  s S w e d e n l l .  
P o t a s s i u m  e s t r o n e  s u l f a t e  was p u r c h a s e d  f r o m  C a l i f o r n i a  
C o r p o r a t i o n  f o r  B i o c h e m i c a l  R e s e a r c h ,  e s t r a d i o l - 1 7 B  a n d  
e s t r o n e  f r o m  S igm a  C h e m i c a l  Co.  

Bovine tissuesj obtained at the tlme of slaughter, 
w e r e  t r a n s p o r t e d  t o  t h e  l a b o r a t o r y  p a c k e d  i n  i c e  a n d  p r o -  
c e s s e d  i m m e d i a t e l y .  The  o v a r i e s  a n d  c o r p u s  l u t e u m  w e r e  
f r o m  a p r e g n a n t  cow s l a u g h t e r e d  d u r i n g  t h e  l a t t e r  h a l f  o f  
t h e  g e s t a t i o n  p e r i o d .  T e s t e s  w e r e  o b t a i n e d  f r o m  79 day  o l d  
H o l t z ~ a n  r a t s  (260  t o  280  g . ) .  M e d u l l a r  t i s s u e  was  r e m o v e d  
f r o m  t h e  a d r e n a l  g l a n d s  a n d  d i s c a r d e d .  The  c o r p u s  l u t e u m  
was  r e m o v e d  f r o m  t h e  o v a r y  a n d  p r o c e s s e d  s e p a r a t e l y .  S o l -  
u b l e  extracts of the tissues were prepared, lyophillzed, 
and stored at -i0 °, as described earlier ~. 

I n c u b a t i o n  p r o c e d u r e , - - E s t r a d i o l - 4 - 1 4 C  ( 0 . 0 5 5  9 m o l e s )  i n  
0 . 0 3  ~ i  a b s o l u t e  e t h a n o l  was  i n c u b a t e d  f o r  3 h r s  a t  37 ° i n  
a medium containing 50 ~moles potassium phosphate buffer 
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(pH 7 . 4 ) ,  5 ~ m o l e s  MgC12, 5 9 m o l e s  ATP, l f i  ~ m o l e s  K2SO4, 
a n d  t h e  t i s s u e  e x t r a c t  ~ q u i v a l e n t  t o  1 0 . 5  mg p r o t e i n ,  i n  
a f i n a l  v o l u m e  o f  1 m l .  

I s o l a t i o n  p r o c e d u r e - -  The  p r o c e d u r e  f o r  t h e  i s o l a t i o n  o f  
s t e r o i d  c o n j u g a t e s  was  e s s e n t i a l l y  t h a t  o f  De Meio ,  e t  a l . l ~  
The  i n c u b a t i o n  m i x t u r e s  w e r e  d e p r o t e i n i z e d  w i t h  3 v o ~ - ~ e ' i  
o f  a b s o l u t e  ~ h a n o l .  The  e t h a n o l i c  e x t r a c t s  w e r e  e v a p o r a t e d  
u n d e r  v a c u u m  "~ a n d  t h e  r e s i d u e s  d i s s o l v e d  i n  6 ml  o f  w a t e r .  
The  w a t e r  was e x t r a c t e d ,  f i r s t  w i t h  e q u a l  v o l u m e s  o f  p e r -  
o x i d e - f r e e  e t h y l  e t h e r  t o  r e m o v e  f r e e  s t e r o i d s  a n d  l i p i d s ,  
a n d  t h e n  w i t h  e q u a l  v o l u m e s  o f  w a t e r - s a t u r a t e d  n - b u t a n o l  
t o  o b t a i n  t h e  c o n j u g a t e s .  A f t e r  e v a p o r a t i o n  o f - - t h e  s o l -  
v e n t s ,  t h e  e t h e r - s o l u b l e  f r a c t i o n  was  d i s s o l v e d  i n  2 ml  o f  
a b s o l u t e  e t h a n o l  a n d  t h e  b u t a n o l - s o l u b l e  f r a c t i o n  was  d i s -  
s o l v e d  i n  1 ml  o f  t r i p l e  d i s t i l l e d  w a t e r  1 4 .  D u p l i c a t e  
l 0  ~1 a l i q u o t s  w e r e  c o u n t e d  f o r  t h e  d e t e r m i n a t i o n  o f  r a d i o -  
a c t i v i t y  i n  t h e  e t h e r - s o l u b l e  a n d  w a t e r - s o l u b l e  f r a c t i o n s .  
R a d i o a c t i v i t y  was  d e t e r m i n e d  a t  " i n f i n i t e  t h i n n e s s "  w i t h  
a N u c l e a r  C h i c a g o  G e i g e r - M u e l l e r  g a s - f l o w  c o u n t e r  w i t h  a 
t h i n  e n d - w i n d o w .  F o l l o w i n g  r e m o v a l  o f  a l i q u o t s  f o r  c o u n t -  
i n g  t t h e  a q u e o u s  f r a c t i o n  was  e v a p o r a t e d  t o  d r y n e s s  a n d  
r e d i s s o l v e d  i n  0 . 1  ml  o f  w a t e r .  

C h r o m a t o g r a p h y - -  Whatman #1 p a p e r  w h i c h  h a d  b e e n  w a s h e d  w i t h  
a b s o l u t e  m e t h a n o l  f o r  72 h o u r s  was  u s e d  i n  a l l  c h r o m a t o g r a -  
p h i c  p r o c e d u r e s .  The  a q u e o u s  s o l u t i o n  was  c h r o m a t o g r a p h e d  
i n  d u p l i c a t e  (40 ~1 a l i q u o t s )  w i t h  t h e  t o l u e n e ;  b u t a n o l :  
c o n c e n t r a t e d  NH4OH: ~ t e r  ( 1 0 0 : 1 0 0 : 2 0 : 1 8 0 )  s y s t e m  o f  
S c h n e i d e r  a n d  L e w b a r t  , r e f e r r e d  t o  b e l o w  a s  s y s t e m  A - 1 .  
R a d i o c h r o m a t o g r a m s  w e r e  s c a n n e d  w i t h  a V a n g u a r d  A u t o -  
s c a n n e r  8 8 0 .  The  r a d i o a c t i v e  z o n e s  f r o m  o n e  A-1  c h r o m a t o -  
g ram w e r e  e l u t e d  by e x t r a c t i o n  w i t h  50% e t h a n o l .  The  
r e s i d u e  o b t a i n e d  by e v a p o r a t i o n  was  d i s s o l v e d  i n  50 ~1 o f  
w a t e r  a n d  c h r o m a t o g r a p h e d  i n  0 . 4  M NaHCO 3 s o l u t i o n  ( r e f e r r e d  
t o  b e l o w  a s  s y s t e m  A - 2 ) .  T h i s  s y m t e m  was  s e l e c t e d  i n  p r e -  
f e r e n c e ~ t o  t h e  0 . 4  M p o t a s s i u m  p h o s p h a t e  s o l u t i o n s  u s e d  
e a r l i e r  = b e c a u s e  i t - - g i v e s  b e t t e r  s e p a r a t i o n s  o f  t h e  t h r e e  
s u l f a t e  e s t e r s  o f  e s t r a d i o l - 1 7 B  a n d  b e c a u s e i t  d o e s  n o t  
i n t e r f e r e  w i t h  t h e  s t a i n i n g  r e a c t i o n s .  

The  o t h e r  A-1  c h r o m a t o g r a m w a s  s u b j e c t e d  t o  s o l v o l y s i s  
f o r  90 m i n u t e s  1 6 .  The  e s t r o g e n s  w e r e  s u b s e q u e n t l y  e l u t e d ,  
f i r s t  w i t h  100% e t h a n o l  a n d  t h e n  w i t h  50% e t h a n o l .  As i n -  
d i c a t e d  i n  t h e  r e s u l t s ,  0 . 0 2 0  ~mole  c a r r i e r  was  a d d e d  t o  / 
t h e  e t h a n o l  u s e d  f o r  e l u t i o n .  The  c o m b i n e d  e t h a n o l  e x t r a c t s  
w e r e  e v a p o r a t e d  t o  d r y n e s s .  The  r e s i d u e  was  d i s s o l v e d  i n  
6 ml  o f  w a t e r  a n d  e x t r a c t e d  3 t i m e s  w i t h  6 ml  p o r t i o n s  o f  
e t h y l  e t h e r .  The  e t h e r  e x t r a c t ,  w h i c h  c o n t a i n e d  t h e  f r e e  
e s t r o g e n s  l i b e r a t e d  by s o l v o l y s i s ,  was  e v a p o r a t e d  t o  d r y -  
n e s s ,  d i s s o l v e d  i n  0 . 0 5  ml  o f  a b s o l u t e  e t h a n o l  o r  b e n z e n e ,  
a n d  c h r o m a t o g r a p h e d  i n  e i t h e r  f o r m a m i d e :  c h l o r o f o r m  ( 1 : 1 ) 1 ~  
d e s i g n a t e d  s y s t e m  0 - 1 ,  o r  f o r m a m i d e :  m o n o c h l o r o b e n z e n e  
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( l : l )  17 d e s i g n a t e d  s y s t e m  0 - 2 .  The  a q u e o u s  p h a s e  was  a l s o  
e v a p o r a t e d  t o  d r y n e s s ,  d i s s o l v e d  i n  0 . 0 5  ml  o f  w a t e r ,  a n d  
c h r o m a t o g r a p h e d  i n  s y s t e m  A - 2 .  A u t h e n t i c  e s t r o g e n  s u l f a t e s  
w e r e  d e ~ e c t e d  o n  c h r o m a t o g r a m s  by t h e  t e c h n i q u e  o f  C r e p y ,  

o f  r a d i o a c t i v e  f r e e  e s t r o g e n s  on  t h e  c h r o m a t o g r a p h i c  s t r i p s  
w e r e  d e t e r m i n e d  f r o m  t h e  V a n g u a r d  s c a n s  by w e i g h i n g  t h e  
p a p e r  c u t  f r o m  t h e  a r e a s  u n d e r  p e a k s  s u p e r i m p o s i n g  c a r r i e r  
e s t r a d i o l  a n d  e s t r o n e .  

RESULTS 

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

s o l u b l e  c o n j u g a t e s  f r o m  t h e  b u t a n o l  e x t r a c t s  ( s e e  e x p e r i -  

m e n t a l  s e c t i o n )  v a r i e d  g r e a t l y  w i t h  t h e  4 t i s s u e s  s t u d i e d  

( T a b l e  I ) .  By s u b j e c t i n g  t h e  b u t a n o l  e x t r a c t s  t o  c h r o -  

m a t o g r a p h y  i n  4 s o l v e n t  s y s t e m s s  t h e  r a d i o a c t i v i t y  was  

s e p a r a t e d  i n  m o s t  c a s e s  i n t o  s e v e r a l  z o n e s ;  a d r e n a l  c o r t e x  

e x t r a c t s ,  h o w e v e r ,  g a v e  o n l y  o n e  r a d i o a c t i v e  z o n e  i n  e a c h  

o f  t h e  4 s y s t e m s .  E x t r a c t s  o f  e a c h  t i s s u e ~  e x c e p t  a d r e n a l  

c o r t e x  s r e s u l t e d  i n  3 z o n e s  i n  s y s t e m  A-1  ( F i g .  2 a ,  3a~ 

a n d  4 a ) .  The  m a j o r  zone~  C, m i g r a t e d  i n  t h i s  s y s t e m  w i t h  

e s t r a d i o l - 3 - s u l f a t e ,  e s t r a d i o l - 7 - s u l f a t e ~  a n d  e s t r o n e  

s u l f a t e .  The  a m o u n t  o f  e s t r a d i O 1  c o n v e r t e d  by e a c h  o f  

t h e  4 t i s s u e s  t o  t h e  c o n j u g a t e s  r e p r e s e n t e d  by a r e a  C w a s :  

a d r e n a l  c o r t e x ,  91%; c o r p u s  l u t e u m ~  8%; o v a r y ,  1 .87%;  a n d  

t e s t i s ,  0 . 1 1  t o  0 .45%.  T e n t a t i v e  i d e n t i f i c a t i o n  o f  a r e a  C 

was  c a r r i e d  o u t  a s  f o l l o w s  f o r  e a c h  t i s s u e  e x t r a c t .  

A d r e n a l  c o r t e x - -  The  s e c t i o n  o f  t h e  c h r o m a t o g r a m  c o n t a i n i n g  

a r e a  C was  e l u t e d  a n d  t h e  e l u a t e  c h r o m a t o g r a p h e d  t o g e t h e r  

w i t h  c a r r i e r  e s t r a d i o l - 3 - s u l f a t e  i n  s y s t e m  A - 2 .  A s i n g l e  
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TABLE I 

RECOVERY OF ADDED RADIOACTIVITY IN ETHER AND BUTANOL 

EXTRACTS FOLLOWING INCUBATION OF ESTRADIOL-17-4-14C 

WITH SOLUBLE TISSUE EXTRACTS 

Tissue % E t h e r - s o l u b l e  % B u t a n o l - s o l u b l e l  T o t a l  r e c o v e r e d  

E x p e r i m e n t s  E x p e r  t m e n t s  

Bovine 
Adrenal 
Cortex 

Bovine 
Corpus 
Luteum 

Bovine 
Ovary 

Rat 
Testis 

I I I  I I I  
, |  , i  i 

6.6 6.2 - 

s5.2 85.~ 91.o ~: 

95.5 90.8 93.2 

90.6 88.5 98.5 

I I I  
i 

90.0 92.5 

8.6 9.3 a 

2.3 2 .~ 

1.5 1.8 

I I I  I 
i i 

- 9 6 . 6  

8.7 b 93.8 

2.2 97.8 

1.5 92.1 

E x p e r i m e n t s  

, ! I I I I  

98.7 

9&.5 a 98.7 b 

93.2 95 .~ 

90.3 100 

a K2SO 4 was n o t  a d d e d  t o  t h e  i n c u b a t i o n  medium. 

b I n c u b a t e d  w i t h  e s t r a d i o l - 1 7 8 - 1 6 - 1 4 C  ( 0 . 0 4 2  Mmoles,  
0 . 3 9  Mc) .  

r a d i o a c t i v e  z o n e  was o b t a i n e d  ( F i g .  l b )  w h i c h  m i g r a t e d  w i t h  

a u t h e n t i c  e s t r a d i o l - 3 - s u l f a t e .  E s t r a d i o l - 1 7 - s u l f a t e  (Rf - 

0 . 4 4 )  a n d  e s t r a d i o l - 3 - s u l f a t e  (Rf - 0 . 5 5 )  a r e  w e l l  s e p a -  

r a t e d  i n  t h i s  s y s t e m ;  t h e  Rf v a l u e  o f  e s t r o n e  s u l f a t e  i s  

0 . 6 1 .  R a d i o a c t i v e  e s t r o n e  s u l f a t e  i s  n o t  r e a d i l y  d e t e c t e d  

by t h e  c h r o m a t o g r a m  s c a n n e r  when p r e s e n t  i n  m i x t u r e s  c o n -  
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A d r e n a l  C o r t e x  

a .  S y s t e m  A-1 S c a l e  30,000 

C 

b ~ S c a l e  3 0 , 0 0 0  

C ~  ED-3-SO 4 

S c a l e  1 , 0 0 0  

M 

Co 

A 
(~ED T TO M ~- 

d. System 0-2 S c a l e  3 , 0 0 0  

F i g u r e  1 .  C h r o m a t o g r a p h y  o f  b u t a n o l - s o l u b l e  p r o d u c t s  f o r m e d  
by i n c u b a t i o n  o f  r a d i o a c t i v e  e s t r a d i o l - 1 7 8  w i t h  e x t r a c t s  o f  
a d r e n a l  c o r t e x .  P e a k s  d e s i g n a t e  r a d i o a c t i v i t y  a s  r e c o r d e d  
by t h e  V a n g u a r d  s c a n n e r ;  s p o t s  b e l o w  t h e  p e a k s  show t h e  
l o c a t i o n  o f  c a r r i e r  e s t r o g e n s .  ED, e s t r a d i o l - 1 7 8 ;  ED-3-SO4~ 
e s t r a d i o l - 3 - s u l f a t e ;  ES, e s t r o n e ;  O, o r i g i n ;  M, r a d i o a c t i v e  
m a r k e r .  

a .  C h r o m a t o g r a p h y  o f  b u t a n o l  e x t r a c t s  i n  s y s t e m  A - 1 .  
b .  C h r o m a t o g r a p h y  o f  e l u a t e s  o f  a r e a  C i n  s y s t e m  A - 2 .  
c .  a n d  d .  C h r o m a t o g r a p h y  i n  s y s t e m s  0 - 1  a n d  0 - 2  o f  

p r o d u c t s  f o r m e d  by s o l v o l y s i s  o f  e l u a t e s  o f  a r e a  C. 
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t a i n i n g  p r e d o m i n a n t l y  e s t r a d i o l - 3 - s u l f a t e .  The p r e s e n c e  

o f  e s t r o n e  s u l f a t e ,  h o w e v e r ,  i s  e a s i l y  c o n f i r m e d  by c h r o -  

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

i n  s y s t e m s  0 -1  and  0 - 2 .  E t h e r - s o l u b l e  r a d i o a c t i v e  m a t e r i a l  

o b t a i n e d  by s o l v o l y s i s  20 i n  t h e  e x p e r i m e n t s  w i t h  a d r e n a l  

c o r t e x  m i g r a t e d  i n  s y s t e m s  0 -1  and  0 -2  w i t h  c a r r i e r  e s t r a -  

d i o l  ( F i g .  lc~ l d ) .  No e v i d e n c e  f o r  t h e  p r e s e n c e  o f  e s t r o n e  

s u l f a t e  was f o u n d .  

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

c h r o m a t o g r a p h e d  i n  t h e  A-2 s y s t e m  ( F i g .  2 b ) ,  a s i n g l e  r a d i o -  

a c t i v e  z o n e  c o i n c i d e n t  w i t h  c a r r i e r  e s t r a d i o l - 3 - s u l f a t e  was 

o b t a i n e d .  A f t e r  s o l v o l y s i s  and  c h r o m a t o g r a p h y  o f  t h e  s o l -  

v o l y s i s  p r o d u c t s  i n  s y s t e m s  0 -1  and  0 -2  ( F i g .  2c and  2 d ) :  

a p p r o x i m a t e l y  87% o f  t h e  r a d i o a c t i v i t y  was f o u n d  i n  one  

z o n e  s u p e r i m p o s i n g  a u t h e n t i c  e s t r a d i o l - 1 7 B .  A s m a l l e r  

z o n e  w i t h  t h e  same m o b i l i t y  a s  e s t r o n e  c o n t a i n e d  a p p r o x -  

i m a t e l y  13% o f  t h e  r a d i o a c t i v i t y .  

O v a r y - - W h e n  t h e  p r o d u c t s  i n  a r e a  C w e r e  e l u t e d  and  c h r o -  

m a t o g r a p h e d  ( F i g .  3b)  t o g e t h e r  w i t h  c a r r i e r  e s t r a d i o l - 3 -  

s u l f a t e  i n  t h e  A-2 s y s t e m ,  one  r a d i o a c t i v e  z o n e  was o b -  

s e r v e d .  The z o n e  h a d  two p e a k s ,  h o w e v e r ,  a n d  c o v e r e d  a 

l a r g e r  a r e a  t h a n  t h e  c a r r i e r .  When b o t h  e s t r a d i o l - 3 - s u l -  

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

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

S o l v o l y s i s  o f  t h e  m a t e r i a l  i n  a r e a  C f o l l o w e d  by 

c h r o m a t o g r a p h y  o f  t h e  s o l v o l y s i s  p r o d u c t s  i n  s y s t e m s  0 -1  

and  0 -2  ( F i g .  3c  a n d  3 d )  r e s u l t e d  i n  t h e  a p p e a r a n c e  o f  two 
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C o r p u s  L u t e u m  
C 

a .  S y s t e m  A-1 

M 

b .  S y s t e m  A-2 

Scale 3,000 

B 

Scale 1,000 

c. ale i, 0004. 

d .  S y s t e m  0 - 2  Scale 1,000 

4 

F i g u r e  2 .  C h r o m a t o g r a p h y  o f  b u t a n o l - s o l u b l e  p r o d u c t s  f o r m e d  
by i n c u b a t i o n  o f  r a d i o a c t i v e  e s t r a d i o l - 1 7 B  w i t h  e x t r a c t s  o f  
c o r p u s  l u t e u m .  P e a k s  d e s i g n a t e  r a d i o a c t i v i t y  a s  r e c o r d e d  
by t h e  V a n g u a r d  s c a n n e r ;  s p o t s  b e l o w  t h e  p e a k s  show t h e  
l o c a t i o n  o f  c a r r i e r  e s t r o g e n s ; c : 3 r e p r e s e n t s  l o c a t i o n  o f  
e s t r o g e n s  c h r o m a t o g r a p h e d  s e p a r a t e l y  w i t h  t h e  same s o l v e n t  
s y s t e m .  ES~ e s t r a d i o l - 1 7 B ;  ED-3-S04s  e s t r a d i o l - 3 - s u l f a t e ;  
ES 3 e s t r o n e ;  ES-S0~3 e s t r o n e  s u l f a t e ;  03 o r i g i n ;  M~ r a d i o -  
a c t i v e  m a r k e r ;  a~ D~ c ,  a n d  d ,  a s  d e f i n e d  i n  F i g u r e  1 .  
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r a d i o a c t i v e  z o n e s  c o i n c i d e n t  w i t h  c a r r i e r  e s t r o n e  and  o s -  

t r a d i o l - 1 7 S .  A p p r o x i m a t e l y  50~ o f  t h e  r a d £ o s ~ t i v i t y  was 

f o u n d  i n  e a c h  o f  t h e  two z o n e s .  

T _ e s , t l s - - R e s u l t s  o b t a i n e d  w i t h  t e s t l c u l a r  e x t r a c t s  we re  v a r -  

i a b l e ,  p e r h a p s  bocw~se o f  t h e  low y i e l d s  o f  c o n j u g a t e d  

p r o d u c t s .  When t h e  p r o d u c t s  i n  a r e a  C were  e l u t e d  and  

ch rom&toKraphed  ( F i g .  4b)  t o g e t h e r  w i t h  c a r r i e r  omt re~Lto l -  

3 - s u l f a t e  i n  t h e  A-2 s y s t e m ,  one  b r o a d  r a d i o a c t i v e  z o n e  

was o b t a i n e d ,  f l o l v o l y s i s  o f  t h e  m a t e r i a l  i n  a r e a  C and  

c h r o m a t o g r a p h y  o f  t h e  p r o d u c t s  i n  s y s t e m  0-1  and  0-2  gave  

two r a d £ o a c t l v e  z o n e s  c o l n o l d e n t  w i t h  c s ~ T i e r  m a t r o n s  and  

e s t r w ~ o ~ - 1 7 8 .  F i g .  4c i s  r e p r e s e n t a t i v e  o f  two e x p e r i -  

m e n t s  i n  w h i c h  t h e  r e l a t i v e  p r o p o r t i o n s  o f  e s t r a d £ o l  and  

e m t r o n e  were  70% and  305L, r e s p e c t i v e l y .  A n o t h e r  e x p e r -  

i m e n t  w h i c h  showed no c o n v e r s i o n  o f  e s t r s d £ o l  t o  o s t r o n e  

i s  r e p r e s e n t e d  i n  F i g .  4d j  i n  w h i c h  a l l  o f  t h e  r a d i o a c t i -  

v i t y  may be  s e e n  t o  be c o i n c i d e n t  w i t h  c a r r i e r  o s t r a d i o l -  

17B. In  t h e  same e x p e r i m e n t s  e l u t i o n  and  c ~ t o g r a p h y  i n  

s y s t e m  A-2 o f  t h e  n ~ t e r i a l  i n  a r e a  C y i e l d e d  a s i n g l e  r a d i o -  

~ c t i v e  zone  c o i n c i d e n t  w i t h  c a r r i e r  o s t r a d 4 o l - 3 - s u l f a t e .  

R ~ d £ o s c t i v e  z o n e s  A and  B ( F i g .  2a ,  3am and  4 a ) :  The mo- 

b i l i t y  o f  zone  B i n  s y s t e m  A - I  was v e r y  s ~ a i l a r  t o  t h a t  o f  

o s t r ~ d £ o l  d £ s u l f a t e .  The e l u t e d  m a t e r i a l  had  an  Rf v a l u e  

s 4 , n i l a r  t o  b u t  s l i g h t l y  g r e a t e r  t h a n  t h a t  o f  e s t r a c L t o l  

d ~ s u l f a t e  i n  t h e  A-2 s y s t e m  ( 0 . 6 8  and  0.66, ~ o s p o c t i v o l y ) .  

Bo th  a r e a  A and  a r e a  B w e r e  e x p o s e d  t o  s o l v o l y s i s  and  t h e n  

s e p a r a t e d  i n t o  e t h e r  s o l u b l e  f r a c t i o n s ,  w h i c h  s h o u l d  c o n -  
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Ovary 
a. System A-1 S c a l e  1 ,000 

C 

b,  q" 

ES-S04 0 M 

c.  System 0-1 S c a l e  300 

~ ~ E S  ~ E D  ~M ~ 
q- 

d.  System 0-2 S c a l e  300 

F i g u r e  3 .  Chromatography o f  b u t a n o l - s o l u b l e  p r o d u c t s  formed 
by i n c u b a t i o n  o f  r a d i o a c t i v e  e s t r a d i o l - 1 7 B  w i t h  e x t r a c t s  o f  
o v a r y .  Peaks d e s i g n a t e  r a d i o a c t i v i t y  as r e c o r d e d  by t h e  
Vanguard s c a n n e r ;  s p o t s  below t h e  peaks  show t h e  l o c a t i o n  o f  
carrier estrogens. ED, estradlol-178; ED-3-S04, estra- 
diol-3-sulfate; ES, estrone; ES-SO4, estrone sulfate; O, 
origin; M, radioactive marker; a~ b s cj and d, as defined 
in Figure i. 
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r a i n  any  f r e e  s t e r o i d  l i b e r a t e d  by s o l v o l y s i s j  a n d  w a t e r -  

s o l u b l e  f r a c t i o n s ~  w h i c h  s h o u l d  c o n t a i n  any  c o n j u g a t e d  

s t e r o i d  w h i c h  was n o t  s o l v o l y z e d  t o  t h e  f r e e  f o r m .  The 

e t h e r - s o l u b l e  f r a c t i o n s  w e r e  c h r o m a t o g r a p h e d  i n  s y s t e m  0 - 1 .  

No r a d i o a c t i v e  z o n e s  w e r e  d e t e c t e d  on  t h e  c h r o m a t o g r a m s  

e v e n  when t h e  V a n g u a r d  s c a n n e r  was s e t  a t  m a x i m a l  s e n s i -  

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

i n  s y s t e m  A-9-. R a d i o a c t i v e  z o n e s  w e r e  a g a i n  o b t a i n e d  w i t h  

t h e  same Rf v a l u e s  a s  t h o s e  o b t a i n e d  w i t h  t h e  o r i g i n a l  

e l u a t e s  o f  z o n e s  A and  Bo 

DISCUSS ION 

The p r e s e n t  s t u d y  i n d X c a t e s  t h a t  s o l u b l e  e x t r a c t s  o f  

b o v i n e  a d r e n a l  c o r t e x ,  o v a r y ~  and  c o r p u s  l u t e u m ,  a n d  o f  

r a t  t e s t i s  c a n  s u l f u r y l a t e  t h e  3 - h y d r o x y l  g r o u p  o f  e s t r a -  

d £ o l - 1 7 B  b u t  h a v e  l i t t l e  i f  any  a b i l i t y  t o  s u l f u r y l a t e  t h e  

1 7 a - h y d r o x y l  g r o u p .  T h e s e  f i n d i n g s  d i f f e r  f r o m  r e s u l t s  9 

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

w h i c h  b o t h  t h e  3 -  a n d  17-mono s u l f a t e s  a s  w e l l  a s  t h e  d i -  

s u l f a t e  w e r e  f o r m e d .  I n  a p r e l i m i n a r y  s t u d y ~  u s i n g  e s s e n -  

t i a l l y  t h e  same m e t h o d s  a s  d e s c r i b e d  h e r e ~  we f o u n d  t h a t  

b o t h  human a n d  c a n i n e  a d r e n a l  e x t r a c t s  f o r m  t h e  3 -  a n d  t h e  

1 7 - s u l f a t e  e s t e r s  o f  e s t r a d i o l - 1 7 6 .  T h e s e  v a r i a t i o n s  may 

r e f l e c t  s p e c i e s  d i f f e r e n c e s  i n  t h e  d i s t r i b u t i o n  o f  s p e c i f i c  

s u l f o k i n a s e s  • 

V a r i a t i o n  among t h e  S o u r  t i s s u e s  i n  t h e  amount  o2 e s -  

t r a d i o l  c o n v e r t e d  t o  e s t r o n e  s u l f a t e  may be  a t t r i b u t a b l e  
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a .  System A - I  

Testis 

S c a l e  1 , 0 0 0  

C B A 

b .  S y s t e m  A-2 ~ - ~ S c a l e  100 

! I, 
O ED-SO4 0 M 

c .  S y s t e m  0 -1  S c a l e  100 

d .  S y s t e m  0 -2  S c a l e  100 

F i g u r e  4 .  C h r o m a t o g r a p h y  o f  b u t a n o l - s o l u b l e  p r o d u c t s  f o r m e d  
by i n c u b a t i o n  o f  r a d i o a c t i v e  e s t r a d i o l - 1 7 8  w i t h  e x t r a c t s  o f  
t e s t i s .  P e a k s  d e s i g n a t e  r a d i o a c t i v i t y  a s  r e c o r d e d  by t h e  
V a n g u a r d  s c a n n e r ;  s p o t s  b e l o w  t h e  p e a k s  show t h e  l o c a t i o n  
o f  c a r r i e r  e s t r o g e n s ; r n r e p r e s e n t s  e s t r o g e n s  c h r o m a t o -  
g r a p h e d  s e p a r a t e l y  w i t h  t h e  same  s o l v e n t  s y s t e m .  ED, e s -  
t r a d i o l - 1 7 B ;  E D - 3 - S 0 4 ,  e s t r a d i o l - 3 - s u l f a t e ;  ES, e s t r o n e ;  
O, o r i g i n ;  M~ r a d i o a ~ t i v e  m a r k e r ;  a~ b ,  c ,  a n d  d ,  a s  d e -  
f i n e d  i n  F i g u r e  1 .  c a n d  d r e p r e s e n t  two  d i f f e r e n t  i n c u -  
b a t i o n s  a s  o u t l i n e d  i n  t h e  RESULTS s e c t i o n .  
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t o  d i f f e r e n c e s  i n  t h e  l e v e l s  o f  1 7 B - d e h y d r o g e n a s e  b u t  i s  

m o r e  l i k e l y  r e l a t e d  t o  t h e  a v a i l a b i l i t y  o f  e n d o K e n o u s  c o -  

e n z y m e .  W h e t h e r  d e h T d r o g e n g t i o n  o c c u r r e d  b e f o r e  o r  a f t e r  

s u l f u r y l a t i o n  r e m a i n s  t o  be  d e t e r m i n e d .  

To d ~ t e ,  e f f o r t s  t o  i d e n t i f y  t h e  two  r a ~ L o a c t i v e  z o n e s ,  

A a n d  B, w h i c h  w e r e  o b e e r v e d  i n  e a c h  e x p e r ~ e n t  e x c e p t  

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

s u c c e s s f u l .  A l t h o u g h  & t e a  B mig -~a t ed  w i t h  e s t r a d i o l  a l l -  

s u l f a t e  i n  b o t h  s y s t e m  A-1  a n d  A - 2 ,  t h e  f & c t  t h a t  8 o l v o l -  

y s i s  ~Ld n o t  y i e l d  e i t h e r  e s t r a d i o l - 1 7 - s u l f a t e  9 o r  f r e e  

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

d ~ ' L s u l f a t e .  The  low m o b i l i t y  o f  A a n d  B i n  s y s t e m  A-1  a n d  

t h e i r  f a i l u r e  t o  y i e l d  f r e e  s t e r o i d  d u r i n g  s o l v o l y s i s  

s u g g e s t  t h a t  t h e y  may be  g l u c u r o n i d e  c o n j u g a t e s .  S c h n e i d e r  

a n d  L e w b a r t  15 r e p o r t  t h a t  s t e r o i d  g l u c u r o n i d e s  h a v e  r e l a -  

t i v e l y  low Rf  v a l u e s  i n  a l k a l i n e  o r g a n i c  s y s t e m s  s u c h  ms 

A-1  a n d  t h a t  s o l v o l y s i s  i n  d i o x a n e  a n d  HC1, a s  e m p l o y e d  

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

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

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

B - g l u c u r o n i d a s e  ( K e t o d a s e ,  1000 u n i t s ,  24 h o u r s ) .  

The  p r o d u c t  r e p r e s e n t e d  by a r e a  A was  a p p a r e n t l y  u n a f -  

f e c t e d  by i n c u b a t i o n  w i t h  B - g l u c u r o n i d a s e .  A l t h o u g h  i t  

m i g r a t e s  i n  s y s t e m  A-1  a s  a h i g h l y  p o l a r  c o m p o u n d ,  no  

e v i d e n c e  i s  a v a i l a b l e  a t  p r e s e n t  t o  i n d i c a t e  t h a t  i t  i s  

e i t h e r  a s u l f a t e  o r  g l u c u r o n i d e  C o n j u g a t e .  

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

e s t r a d i o l - 1 7 B .  T h e s e  r e s u l t s ,  h o w e v e r  3 p r o v i d e  no m e a s u r e  

o f  t h e  a b i l i t y  o f  t h e s e  p r e p a r a t i o n s  t o  s u l f u r y l a t e  o t h e r  

s t e r o i d  s u b s t r a t e s .  T h a t  o t h e r  s t e r o i d s  a r e  s u l f u r y l a t e d  

i n  v i t r o  by a d r e n a l  e x t r a c t s  h a s  b e e n  r e p o r t e d  r e c e n t l y  by 

s e v e r a l  a u t h o r s  2 1 - 2 4 .  The s u l f u r y l a t i o n  o f  a n d r o s t - 5 - e n e -  

3B, 17B-diol by minces and homogenates of normal human 

ovaries was reported 25 while this manuscript was in prep- 

aration. Evidence that corpus luteum of human pregnancy 

can synthesize estriol sulfates has been presented by 

Touchstone, Varon and Murawee 26. They demonstrated that 

one third of the estriol isolated from a human corpus 

luteum which has been incubated for 24 hours in the patients 

plasma was a sulfate ester. These same authors were un- 

able to detect estriol in any form in ovarian tissue of 

pregnancy. 

Recent reports 27-29 on in vivo studies show that 

steroid sulfates may serve as intermediates in steroid 

metabolism but do not reveal whether all of the various 

steroidogenic tissues utilize conjugated intermediates. 

The ability of extracts of adrenal cortex, testis, ovary, 

and corpus luteum to sulfurylate steroids is at least 

consistent with that possibility. Other metabolic roles 

for steroid sulfates are suggested by their effects on 

enzyme systems in vltro 4. The physiological significance 

of these latter interactions remains to be demonstrated. 
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