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Metabolism of Oestradiol-17fl by Male and Female 

Ear l i e r  i nves t i ga t i ons  in  our  l abora to r i e s  h a v e  s h o w n  
t h a t  ma le  a n d  female  l a rvae  of Xenopus laevis, a t  a v e r y  
ear ly  age (9-17 d a y s  o ld ;  s tages  25b-25d)~,  are  c apab l e  
of ox id iz ing  t e s t o s t e r o n e  a n d  oestradiol-17fl  to  a n  apprec i -  
ab le  e x t e n t  ~. These  f ind ings  i n d i c a t e d  t h a t  l a rvae  of 
X.  laevis; d u r i n g  t h e  p h a s e s  of t h e i r  g o n a d a l  d e v e l o p m e n t ,  
a l r e a d y  possess  t h e  e n z y m e s  neces sa ry  for  t h e  m e t a b o l i s m  
of s te ro id  h o r m o n e s  ( 17f l -hydroxys te ro id  o x i d o r e d u c t a s e s ;  
hydroxy lases ) .  T h e  ma le  l a r v a e  p r e f e r en t i a l l y  oxidize  a n d  
t h e r e b y  i n a c t i v a t e  t h e  female  h o r m o n e ,  whe reas  t he  
female  l a rvae  p r i m a r i l y  m e t a b o l i z e  t h e  ma le  h o r m o n e  ~. 
Th i s  c o m m u n i c a t i o n  deals  w i t h  t h e  i den t i f i ca t ion  of 
3 m e t a b o l i t e s  of oestradiol-17fl  b y  b o t h  ma le  (ZZ) a n d  
female  (ZW) l a rvae  of X.  laevis. 

T h e  p r o d u c t i o n  of p u r e  cu l tu re s  of e i t h e r  t h e  ZZ male  
or  t h e  Z W  f emale  gene t ic  c o n s t i t u t i o n  h a s  been  desc r ibed  
in de t a i l  s. I n  brief ,  t h e  m e t h o d  o r ig ina l ly  cons i s t s  in  
c o n v e r t i n g  gene t ic  ma les  i n t o  females  a n d  gene t ic  females  
in to  males .  T h e  u n i s e x u a l  ZZ or Z W  cu l tu r e s  are  o b t a i n e d  
b y  b r e e d i n g  such  conver t s .  T h e y  are  n o t  t h e m s e l v e s  
rece ived  b y  sex reversa l .  

All  e x p e r i m e n t s  were  ca r r ied  o u t  w i t h  17-day-old  
l a r v a e ;  t h e y  were s t a r v e d  for 24 h before  i n c u b a t i o n .  
50 ma le  a n d  50 female  l a rvae  were col lec ted  a n d  s e p a r a t e l y  
i n c u b a t e d  w i t h  5 ~xC of [4-14C]oestradiol-17fl  (sp. act .  
53.4 m C / m M )  in  500-ml flasks,  c o n t a i n i n g  250 mI of  
water .  T h e  r a d i o a c t i v e  s te ro id  was  a d d e d  in  e t h a n o l i c  
so lu t ion  to  t h e  i n c u b a t i o n  m e d i u m ;  t he  f ina l  c o n c e n t r a -  
t i on  of e t h a n o l  d id  n o t  exceed 0 ,5%.  To p r e v e n t  b a c t e r i a l  
c o n t a m i n a t i o n ,  10,000 u n i t s  of penic i l l in  were a d d e d  1/z h 
before  t he  a d d i t i o n  of [4-t4C]oestradiol-17fl .  D u r i n g  t h e  
i n c u b a t i o n  per iod,  t h e  aqueous  m e d i u m  was  c o n t i n u o u s l y  
ae ra t ed .  Af te r  24 h of i ncuba t i on ,  t h e  c o n t e n t s  of  t h e  
f lasks  (wa te r  a n d  la rvae)  were  e x t r a c t e d  3 t i m e s  w i t h  a n  
e q u a l  v o l u m e  of d is t i l led  e ther .  T h e  c o m b i n e d  e t h e r  ex-  
t r a c t s  were  e v a p o r a t e d  to  d r y n e s s  u n d e r  v a c u u m ,  a n d  t h e  
res idue  was  d isso lved  in m e t h a n o l - b e n z e n e  (1: 1, v /v) .  
A l iquo t s  were  s u b j e c t e d  to  p a p e r  c h r o m a t o g r a p h y  in 
t he  s y s t e m  m e t h a n o l - w a t e r - p e t r o l e u m  e t h e r - b e n z e n e  
(33 :40 :  17: 10, v/v)*.  5 ~g of oestriol ,  oestradiol-17fl  a n d  
oes t rone  were r u n  as para l le l  s t a n d a r d s .  T h e  r a d i o a c t i v i t y  
on  t h e  p a p e r  was  m e a s u r e d  in a P a c k a r d  R a d i o c h r o m a t o -  
g r a m  scanne r ,  mode l  7200, a n d  t h e  oe s t rogen  s t a n d a r d s  
were  loca ted  w i t h  Fo l in -Cioca l teus  r e a g e n t  5. 

Af te r  p a p e r  c h r o m a t o g r a p h y  in t h e  a b o v e  sys t em,  2 
p e a k s  of  r a d i o a c t i v i t y  (P-1 a n d  P-2) were  obse rved .  P-1 
was  more  po la r  t h a n  oestradiol-17fl  a n d  oestr iol ,  w he r ea s  
P-2 co r r e sponded  in p o l a r i t y  w i t h  oes t rone ;  in  none  of 
t h e  expe r imen t s ,  a n y  r a d i o a c t i v i t y  was  f o u n d  in t he  
pos i t ion  of oestradiol-17fl .  T h e  2 peaks  were e lu ted  
s e p a r a t e l y  w i t h  m e t h a n o l  a n d  r e c h r o m a t o g r a p h e d  on  
p r o p y l e n e  g lyco l - impregna t ed  p a p e r  w i t h  to luene .  P-2 was 
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c h r o m a t o g r a p h e d  for  7 h a n d  aga in  showed  t h e  s ame  
m o b i l i t y  as a u t h e n t i c  oes t rone .  P-1 was  r u n  for 20 h a n d  
h a d  a m o b i l i t y  s imi la r  to, b u t  n o t  iden t i ca l  w i t h  oestriol .  
Since i t  is well  k n o w n  t h a t  in  m a n y  p a p e r  c h r o m a t o -  
g r aph i c  s y s t e m s  t h e  pos i t ion  of oes t r io l  c o n t a i n s  also o t h e r  
h y d r o x y l a t e d  oes t rogens ,  t h e  oes t r io l  zone was e lu ted  a n d  
r e c h r o m a t o g r a p h e d  for  15 h on  f o r m a m i d e - i m p r e g n a t e d  
p a p e r  w i t h  ch loroform,  us ing  t h e  fol lowing s te ro ids  as  
s t a n d a r d s :  oestr iol ,  16-epi-oestriol, 17-epi-oestriol, 16-oxo- 
oestradiol-17fl  a n d  16a -hyd roxyoes t rone .  Af te r  s c a n n i n g  
t h e  c h r o m a t o g r a m ,  3 d i s t i nc t  peaks  (P - l a ,  P - l b  a n d  P - l c )  
were  d e t e c t e d ;  t he  m o s t  po la r  p e a k  (P - l a )  was  no t  f u r t h e r  
i nves t iga t ed .  P - l b  co r r e sponded  in m o b i l i t y  w i t h  oest r iol  
a n d  P - l c  w i t h  17-epi-oestriol. For  f u r t h e r  iden t i f i ca t ion ,  
P - l b  was  e lu t ed  a n d  c h r o m a t o g r a p h e d  on  f o r m a m i d e -  
i m p r e g n a t e d  p a p e r  in t h e  s y s t e m  c h l o r o f o r m - e t h y l  a c e t a t e  
(5: 1, v /v )~ ;  a s ingle  p e a k  of r a d i o a c t i v i t y  was  o b t a i n e d ,  
co r r e spond ing  exac t l y  w i t h  a u t h e n t i c  oestr iol .  P - l c  was  
s u b j e c t e d  to  c h r o m a t o g r a p h y  on  I o r m a m i d e - i m p r e g n a t e d  
p a p e r  in  t h e  s y s t e m  m o n o c h l o r o b e n z e n e - e t h y l  a c e t a t e  
(3: 1, v /v )6 ;  th i s  c h r o m a t o g r a p h y  y ie lded  2 r a d i o a c t i v e  
peaks  whose  pos i t ions  were iden t i ca l  w i t h  a u t h e n t i c  6a- 
h y d r o x y o e s t r o n e  a n d  15e -hydroxyoes t rone ,  respec t ive ly .  

T h e  q u a n t i t a t i v e  resu l t s  a re  s u m m a r i z e d  in t h e  Table .  
As a l r e a d y  m e n t i o n e d ,  no  [4-~4C]oestradiol-17fl was  re- 
covered  in b o t h  e x p e r i m e n t s ,  t h u s  i n d i c a t i n g  a v igorous  
m e t a b o l i s m  of oes t radiol-17f l  b y  l a r v a e  of X.  laevis. Sig- 
n i f i c an t  d i f ferences  b e t w e e n  ma le  a n d  female  l a r v a e  were  
obse rved  in t he  f o r m a t i o n  of oes t rone  f rom oestradiol-17fl .  
F u r t h e r m o r e ,  oes t rone  is h y d r o x y l a t e d  b y  m a l e  l a r v a e  to  
a g r ea t e r  e x t e n t  t h a n  b y  t he  female  la rvae .  The  over -a l l  
f o r m a t i o n  of oes t rone  a n d  i ts  h y d r o x y l a t e d  d e r i v a t i v e s  b y  
t he  ma le  l a rvae  is 1.5 t i m e s  g r e a t e r  t h a n  t h a t  for  t h e  
female  l a rvae .  

T h e  p r e s e n t  f ind ings  show t h a t  ma le  a n d  female  l a r v a e  
of X.  laevis, long  before  t h e  onse t  of m e t a m o r p h o s i s ,  a re  
c a p a b l e  of c o n v e r t i n g  oestradiol-17fl  n o t  on ly  to  oes t rone ,  
b u t  also to  a t  leas t  3 a d d i t i o n a l  me tabo l i t e s ,  1 of w h i c h  
(15e -hydroxyoes t rone )  ha s  b e e n  found  so fa r  on ly  in 
m a m m a l s  7,8. 

Zusammen/assung. N a c h  24 h I n k n b a t i o n  v o n  [4-14C] - 
Ostradiol -17f l  m i t  17 Tage  a l t e n  mAnn l i chen  u n d  weib-  
l ichen  L a r v e n  des  Kra l l en f rosches  (Xenopus laevis) u n t e r  
I n - v i v o - B e d i n g u n g e n  w u r d e n  fo lgende  r a d i o a k t i v e  Meta -  
bo l i t en  p a p i e r c h r o m a t o g r a p h i s c h  nachgewiesen :  0 s t r o n ,  
6 ~ - H y d r o x y 6 s t r o n ,  1 3 ~ - H y d r o x y 6 s t r o n  u n d  Ostriol .  

G. S. RAO, H.  BREUER a n d  E.  WITSCHI 

Institut [iir Klinische Biochemie der Universitgit, 
53 Bonn-Venusbevg (Germany) and The Population 
Council, Biomedical Division, The RockeJeller University, 
New York (N. Y., USA),  6 September 1968. 

Amounts of metabolites formed during incubation of [4-14C]oestra - 
diol-17fl with 17-day-old larvae of Xenopus laevis 

Sex % of radioactivity identified as 

Oestrone Oestriol 6ct-Hydroxy- 15~-Hydroxy- 
oestrone oestrone 

ZZ~ 1.3 7.9 7.6 12.8 
ZW~ 2.4 7.4 6.4 5.0 

The figures in the Table are calculated on the basis of radioactivity, 
recovered in the ether extract at the end of 24 h of incubation. 
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