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T H E  B I O S Y N T H E S I S  OF RADIOACTIVE E S T R A D I O L  

I. SYNTHESIS BY SURVIVING TISSUE SLICES AND CELL-FREE 

HOMOGENATES OF DOG OVARY 

by 
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Radioisotope U~il, Veterans Administration Hospital, Philadelphia, Pa. (U.S.A.) 

The comparative biosynthetic pathways of closely related sterols are of particular 
interest in consequence of recent studies on precursors of cholesteroP -4. This study is 
concerned with the biosynthesis of estrogens. 14C-labelled estradiol and estrone have been 
obtained from ovaries perfused with x4C-acetateS. We are reporting an i~ vitro system 
in which 14C-acetate is incorporated into estradiol and estrone. This system lends itself 
to investigation of intermediates, co-factors and conditions influencing synthesis. 

EXPERIMENTAL 

The ovar ies  used in these  e x p e r i m e n t s  were ob t a ined  from mongre l  dogs. Adhe r ing  t i ssue  was 
ca re fu l ly  r emoved  and  the  ovar ies  p laced  i m m e d i a t e l y  in an isotonic  p h o s p h a t e  buffer so lu t ion  a t  
i ° C .  S u r v i v i n g  t i ssue  slices, 0 .  5 m m  th ickness ,  were p repa red  w i t h  a Stadie  slicer. A b o u t  one half  
g r a m  of t i ssue  was p laced  in each i n c u b a t i n g  flask t o g e t h e r  w i t h  two and  a ha l f  vo lumes  of buffer 
and  I m g  each of adenos ine  monophospha te ,  d iphosphopyr id ine  nuc leo t ide  and  2A4C sod ium ace ta te  
(I mc/m!¥l). 

H o m o g e n a t e s  were p repa red  a f te r  minc ing  ovar ies  in two and a half  vo lumes  of buffer con ta in ing  
K2HPO ~ o.067 M, KH2PO 4 0.042 M, MgC12 0.006 M and  n i co t i nami de  o.03:11 a t  p H  7.0 a t  o ° C. 
The mince  was  then  homogen ized  qu ick ly  in a loose-f i t t ing P o t t e r - E l v e h j e m  glass  homogenizer .  
The homogena t e  was  cen t r i fuged  for seven m i n u t e s  a t  500 g to  r emove  cells, nuclei  and  cell  debris.  
The h o m o g e n a t e  was  d iv ided  a m o n g  flasks con t a in ing  the sanle co-factors  and  precursor  as for the  
slices, so t h a t  the  t o t a l  vo lume  of each flask was 5 ml. 

The flasks were i ncuba t ed  a t  37 C for 3 hours  wi th  gent le  shak ing ;  the  gaseous  phase  was 
l eo  % oxygen.  Af ter  i ncuba t i on  io  mg of car r ie r  es t radiol ,  es t rone  or choles terol  was added  s epa ra t e ly  
to  each flask. Metaphosphor ic  acid was added  to p H  2. The m a t e r i a l  was  e x t r a c t e d  con t i nuous l y  
w i t h  e the r  for 24 hours.  The e the r  e x t r a c t  was e v a p o r a t e d  to dryness  and  placed in a des icca tor  
over  K O H  for severa l  days.  One lnl  of IO % acet ic  acid was added  to  each res idue which  was aga in  
dr ied in a des icca tor  over  KOH.  E a c h  residue was d issolved in a m i n i m u m  a m o u n t  of abso lu te  ether ,  
decolorized wi th  charcoal  and  a lumina ,  and  filtered. P e t r o l e u m  e the r  was added  to  inc ip ien t  t u r b i d i t y  
and  the  m a t e r i a l  was  k e p t  a t  2o ~ C for 48 hours.  The solid ob ta ined  was rec rys ta l l i zed  un t i l  the  
specific r a d i o a c t i v i t y  and  me l t ing  po in t s  were c o n s t a n t  and  mixed  mel t ing  po in t  wi th  a u t h e n t i c  
m a t e r i a l  showed no depress ion (m.p. 259 :'C for es t rone ;  m.p. 1760 C for es t radiol) .  Al iquo t s  of the  
ob ta ined  es t rone and cs t rad io l  were c h r o m a t o g r a p h e d  on cel i te  by  the me thod  of BITMAN AND SYKES 6. 
The samples  followed the descr ibed e lu t ion  ra tes  and  the  specific r a d i o a c t i v i t y  was not  a l tered.  

The m-bromobenzoa te  and  J n a p h t h o a t e  de r i va t i ve s  of cs t rad io l  and  es t ronc were p repa red  
by  the  m e t h o d  of Do~sY et al. 7 The ina te r ia l s  ob ta ined  had  correct  me l t i ng  po in t s  and  ln ixed me l t ing  
po in t s  wi th  a u t h e n t i c  m a t e r i a l  were not  depressed (m.p. ~95' C for d i - i - n a p h t h o a t e  of cs t rad io l ;  
m.p. 155 ° C for m-bromobenzoa tc  of es t rad io t ;  m.p. 2o8 ° C for m o u o - i - n a p h t h o a t e  of estrone,  m.p. 
221 ° C for m-bromobenzoa te  of cstrone) .  Cholesterol  was ob ta ined  as the  digi tonide.  The r a d i o a c t i v i t y  
of all  ma te r i a l s  was de te rmined ,  corrected to  inf ini te  th inness  and  for di lut ion,  aud  expressed  as 
c p m / m g  C. Var i a t ions  in t i le  a c t i v i t y  of de r i va t i ve s  of the same ~ample were wi th in  the  coun t ing  error.  

Re/cre'l~cs p. 9 x. 



V O L .  1 6  (1955)  B I O S Y N T H E S I S  O F  R A D I O A C T I V E  E S T R A D I O L  I 9 7  

RESULTS 

Labelled estradiol, estrone and cholesterol were obtained in all experiments. The 
activity of the estradiol was greater in all cases than that of the estrone. The activity of 
both estradiol and estrone was far greater in ovaries obtained from animals during 
proestrus than in ovaries obtained during anestrus. The activity of the cholesterol 
obtained was about the same during the various phases of the oestrus cycle. The results 
are summarized in Tables I and II. 

T A B L E  I 

INCORPORATION OF 2-14C ACETATE INTO ESTRADIOL AND ESTRONE 

BY TISSUE SLICES AND HOMOGENATES OF DOG OVARIES 

Recovered radioactivity 

Estradiol (c pmimg C) Estrone (Cpm ling C) 

Diluted, di-z- m o n o - m -  Chromato- 
and recovered naphthoate bromobenzoate graphed 

Diluted mono-z- m o n o - m -  Chromato- 
and recovered naphthoate bromobemtoate graphed 

E x p .  I 374  351 314  366  4 ° 47  32 38 

E x p .  2 285  295  2 5 6  - -  I9  14 - -  

T A B L E  I I  

INCORPORATION OF 2-14C ACETATE INTO ESTRADIOL AND ESTRONE 

BY TISSUE SLICES AND HOMOGENATES OF DOG OVARIES IN PROESTRUS AND ANOESTRUS 

Recovered radioactive 

Estradliol Estrone Cholesterol 
Cpm/mg C Cpm/mg C 

(range) (range) Cpm 'mg C 

Proestrus dogs 
Tissue slices 7 6 0 - 8 9 6  3 1 - 4 6  - -  

Homogenates 9 6 - 1 3 4  1 4 - 2 3  76 

Anoestrus dogs 
Tissue slices 7 1 - 9 4  3 - 1 7  

H o n l o g e n a t e s  1 9 - 6 3  [ 5 77  

DISCUSSION 

The conditions and techniques'for liver slices and homogenates found to be opt imum 
for cholesterol synthesis I were employed with success in this study. 

The higher activity of estradiol than estrone in our experiments lends support to 
the idea that estradiol is the primary estrogen synthesized by the ovary. 

The opt imum conditions and co-factors for estradiol synthesis are under in- 
vestigation and a particle-free, water soluble system is being developed. 
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S U M M A R Y  

,. --~aC-acctate is incorpora ted  into estradiol ,  es t rone  and  cholesterol  by  su rv iv ing  t issue slices 
a n d  h o m o g e n a t e s  of dog ovary .  

2. Unde r  comparab l e  condi t ions  more  ace t a t e  was  incorpora ted  in to  es t radiol  t h a n  into es t rone.  
3 - T h e  ac t iv i ty  of es t radiol  and  es t rone  ob ta ined  f rom t i s sues  of an ima l s  in p roes t rus  was  

g rea te r  t h a n  t h a t  of an i ma l s  in anes t rus .  

~. L ' acd ta t e -2J4C es t  incorpor6 dans  i 'oestradiol ,  l 'oes t rone  et  le cholest6rol  pa r  des  t r a n c h e s  
de t i s sus  s u r v i v a n t s  et des  hon log6na t s  d 'ova i re  de chienne .  

2. D a n s  des condi t ions  compa rab l e s  l 'oes t radiol  incorpore  d a v a n t a g e  d ' ac6 ta t e  que  l 'oes t rone.  
3. L ' ac t iv i td  de l 'oes t radiol  et de l 'oes t rone  pr6par6s  ~t pa r t i r  de t i s sus  d ' a n i m a u x  en p ro -oes t rus  

es t  p lus  61ev6e que celle d ' a n i m a u x  en anoes t rus .  

Z U S A M M E N F A S S U N G  

~. 2-JaC-Azetat wird du rch  uber lebende  Gewebeschn i t t e  und  H o m o g e n a t e  von  H u n d e n o v a r i a  
in 0s t r ad io l ,  0 s t r o n  u n d  Cholesterol  e ingebau t .  

2. Un te r  verg le ichbaren  B e d i n g u n g e n  wurde  in Ost rad io l  m e h r  A z e t a t  e i ngebau t  als in Ost ron.  
3. Die Aktivit~it yon  0 s t r a d i o l  u n d  0 s t r o n ,  die au s  Geweben  von  Tieren in der  P r o - 0 s t r u s -  

periode herges te l l t  worden  waren,  war  gr6sser  als d ie jenige der  Tiere in der  An6s t rusper iode .  
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