
 
 
 
 
 
 
 

https://theses.gla.ac.uk/ 
 
 
 

 

Theses Digitisation: 

https://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/ 

This is a digitised version of the original print thesis. 

 

 
 
 
 
 
 
 

Copyright and moral rights for this work are retained by the author 
 

A copy can be downloaded for personal non-commercial research or study, 

without prior permission or charge 
 

This work cannot be reproduced or quoted extensively from without first 

obtaining permission in writing from the author 
 

The content must not be changed in any way or sold commercially in any 

format or medium without the formal permission of the author 
 

When referring to this work, full bibliographic details including the author, 

title, awarding institution and date of the thesis must be given 
 
 
 
 
 
 
 
 
 
 
 
 

 
Enlighten: Theses 

https://theses.gla.ac.uk/ 

research-enlighten@glasgow.ac.uk 

http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
http://www.gla.ac.uk/myglasgow/research/enlighten/theses/digitisation/
https://theses.gla.ac.uk/
mailto:research-enlighten@glasgow.ac.uk


OESTROGEN RECEPTORS IN WOMEN 

AND THE EKPECT OP M  ANTI OESTROGEN, miOXIFEN»
i iiriTTRSi&*B'«eaiiA'MM.TAt'W z .a ta j= nmffp,rv# - " T ^ r . a, a J-WKL-

CHARLES BURNETT LUNM.
# " * !# vmw»L'(eiaanïM>»^gwT*JWt«jj4a»jga:i*HW,CBr»rv;tfsJ iucgnftacm aroeaxz» êr--*
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s im K À m .

O estrogen  r e c e p to r s  i n  th e  human fem ale g e n i ta l  t r a c t  have been 

s tu d ie d  b o th  i n  v i t r o  and in  v iv o .

The up tak e  o f ^ H -o e s tra d io l in to  endometrium from  d i f f e r e n t  u te r in e  

a re a s  was shown to  be v a r ia b le  w ith  a  tendency  f o r  th e  h ig h e s t  u p tak e  by 

endometrium from  th e  lo w er body a re a  o f  th e  u te r u s .  C h a r a c te r is a t io n  o f  

th e  r e c e p to r s  from  th e  d i f f e r e n t  en d o m etria l a re a s  by su c ro se  d e n s i ty  

g ra d ie n ts  and e q u i l ib r a t io n  a ssay s  f a i l e d  to  re v e a l any d i f f e r e n c e  among 

th e  r e c e p to r s .  In  v i t r o  co n v ers io n  o f a  sm all amount o f ^ H -o e s tra d io l to  

H -o estro n e  was dem onstra ted  in  th e s e  ex p erim en ts .

A c r i t i c a l  exam ination  o f th e  v a r ia b le  f a c to r s  in  th e  te c h n iq u e s  o f
3

d e te rm in in g  th e  up tak e  o f H -o e s tra d io l  in to  th e  endometrium was oand ,ed  out 

by m easuring  th e  e f f e c t  o f  changing  ^ H -o e s tra d io l c o n c e n tra tio n  in  th e  

in c u b a tio n  medium and by v a ry in g  th e  d u ra t io n  o f in c u b a t io n . The r e l i a b i l i t y  

o f th e  te ch n iq u e  v/as t e s t e d  by r e p l i c a t e  sample in c u b a tio n  ex p erim en ts .

M yom étrial and f i b r o id  re c e p to r s  were c h a r a c te r is e d  by e q u i l ib r a t io n  

s tu d ie s ,  and su c ro se  d e n s i ty  g ra d ie n t  was c a r r ie d  ou t on a  f i b r o id  c y to so l 

sam ple. The c h a r a c t e r i s t i c s  o f  th e se  re c e p to r s  were s im i la r  to  th o se  o f  th e  

en d o m etria l r e c e p to r s .  The u p tak e  o f ^ H -o e s tra d io l i n  v i t r o  by f ib r o id  

c y to so l was h i.gher th a n  by a d ja o a i t  myometrium.

Tam oxifen, a  new a n t i  o e s tro g e n , was shown to  b lo ck  th e  u p tak e  o f  

^ H -o e s tra d io l by endometrium i n  t i s s u e  in c u b a t io n . E q u i l ib r a t io n  s tu d ie s  o f 

th e  c y to so l r e c e p to r s ' a f f i n i t y  f o r  tam ox ifen  showed an a s s o c ia t io n  c o n s ta n t 

(K^) l e s s  th a n  o ne-hundred th  t h a t  o f o e s t r a d io l .

In c u b a tio n  o f c y to so l p rep a red  from  h i s to lo g ic a l ly  norm al endometrium 

showed h ig h e r  l e v e l s  o f a v a i l a b le  r e c e p to r s  in  p r o l i f e r a t i v e  th a n  s e c re to ry  

phase c y to s o l ,  w ith  e f f e c t iv e  b lockage  o f th e  re c e p to r s  by u n la b e l le d  o e s t r a d io l  

and tam o x ifen . S tu d ie s  were a ls o  c a r r ie d  out on c y to so l from  abnorm al
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endom etrium , and showed v a r ia b le  l e v e l s  o f  r e c e p to r  c o n te n t even v â th in  

h i s to lo g ic a l ly  s im i la r  g ro u p s .

The in  v ivo  s tu d ie s  in v o lv e d  a d m in is tra t io n  o f around 50 ;uGi to  12 

women p r io r  to  h y s te rec to m y , Xix a d d i t io n  to  measurements o f  u p ta k e  by 

endometrium, t o t a l  t i s s u e  r a d io a c t i v i t y  was a ls o  m easured i n  myometrium, 

c e rv ix . F a llo p ia n  tu b e , ovary  and v a g in a  and th e  s k in ,  m uscle sh e a th  and 

ad ip o se  t i s s u e  as  a v a i l a b le .  The u p tak e  was h ig h e s t  in  th e  endometrium and 

n e x t h ig h e s t  in  th e  myometrium.

E ndom etria l c y to so l r a d io a c t i v i t y  was n e a r ly  a l l  s p e c i f i c a l l y  bound 

in d ic a t in g  low le v e l s  o f unbound o r  lo o s e ly  bound o e s t r a d io l  in  c y to so l 

in  v iv o . The sed im en ta tio n  c o e f f i c i e n t  o f th e  o e s t r a d io l - r e c e p to r  complex 

was determ ined  by su c ro se  d e n s i ty  g ra d ie n t ,  and was shown to  be around 4 *5G.

An u n su c c e ss fu l a ttem p t was made to  d e te c t  co n v ers io n  o f o e s t r a d io l  to  

o e s tro n e  in  v iv o .

The up take  o f  ^ H -o e s tra d io l by u te r in e  f ib r o id s  in  v iv o  was co n firm ed . 

The f ib r o id s  were found to  have a  h ig h e r  up tak e  th an  a d ja c e n t myometrium and 

endom etrium , co n firm in g  th e  in  v i t r o  s tu d ie s .

F our p a t ie n t s  re c e iv e d  p re -o p e ra t iv e  tre a tm e n t w ith  tam ox ifen  and 

showed low up tak e  o f  ^ H -o e s tra d io l in to  th e  en d o m etria l n u c le i .  A lthough th e  

c o n tro l  c ases  had a  much h ig h e r  average  uptaice, th e  range was so wide t h a t  th e  

d i f f e r e n c e s  betw een th e  two groupw was n o t s t a t i s t i c a l l y  s i g n i f i c a n t .  P re ­

tre a tm e n t w ith  tam oxifen  produced a  d e f i n i t e  lo w erin g  o f  th e  mean t o t a l  t i s s u e  

uptalce in  myometrium (P  = 0 .0 5 ) .

I t  i s  c o n s id e re d  th a t  th e  most a c c u ra te  method f o r  m easuring  th e  e f f e c t  

o f  an a n tio e s tro g e n  i s  th e  i n  v iv o  a d m in is tr a t io n  fo llo w ed  by th e  removal of 

ta r g e t  t i s s u e ,  b u t t h i s  i s  f a r  from  id e a l  c l i n i c a l l y ,  A s im p le r  app roach , by 

t i s s u e  o r  c y to so l in c u b a t io n , cou ld  i d e n t i f y  t i s s u e s  w ith  o e s tro g e n  r e c e p to r s  

and en ab le  e v a lu a tio n  o f a n tio e s tro g e n s  in  th e ra p y .
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TISSUE SPEGUvISNS AND ETHICAL 

PERMISSION.

F o r th e  t i s s u e  in c u b a t io n  and c h a r a c te r i s a t io n  ex p erim en ts , 

endometrium and o th e r  u te r in e  t i s s u e s  were o b ta in e d  from  p a t i e n t s  undergo ing  

hyste rec to m y  o r  u te r in e  c u r e t ta g e  a t  th e  Royal In f irm a ry  p r in c ip a l ly ,  b u t 

a ls o  a t  th e  Royal S am aritan  H o s p i ta l ,  th e  V ic to r ia  Infinzm ary, and S to b h i l l  

G enera l H o s p i ta l ,  Glasgow.

F o r th e  c y to so l in c u b a t io n  ex p erim en ts , endometrium was o b ta in e d  

from a  s im i la r  group o f p a t i e n t s  a t  th e  Royal In f irm a ry  and Woodend G enera l 

H o s p i ta l ,  A berdeen.

The in  v iv o  experim en ts  were a l l  c a r r ie d  out on p a t i e n t s  undergo ing  

h y ste rec to m y  a t  th e  Royal In f irm a ry , G lasgow.

The in  v iv o  experim en ts were s a n c tio n e d  by th e  M edical R esearch  

C ouncil and th e  Glasgow Royal In f irm a ry  E th ic a l  Com m ittee. The n a tu re  o f th e  

experim ent was e x p la in ed  t o  each p a t i e n t  and p e rm iss io n  alw ays o b ta in e d  b e fo re  

s t a r t i n g .
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LIST OF ABBREVIATIONS

m i l l i  ( 10*“^)

m icro (lO""^)

nano (10“ ^)

p ic o  (10"^^)

fem to (10"^^)

p r o b a b i l i ty

w eight

volume

S tan d ard  E r ro r  o f Mean

averag e  g r a v i ty  a c c e le r a t io n  fo rc e

Svedberg u n i t s

A sso c ia tio n  C o n stan t

co u n ts  p e r  m inute

d i s in te g r a t io n s  p e r  m inute

Thin l a y e r  chrom atography

N o n -h is to n e  ch rom atin

Induced p r o te in

R ib o n u c le ic  a c id
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( mes0- 2 , 3- b i  s ( p-hydroxyphenyl) -n -b u ta n e
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CHAPTER 1

OESTROGEN RECEPTORS IN THE HOMAN,
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The s u g g e s tio n  th a t  th e  a c t io n  o f  a  hormone must in v o lv e  a  s p e c i f ic  

i n t e r a c t i o n  w ith  a  component o f  a  t a r g e t  c e l l  was f i r s t  pu t fo rw ard  by 

E h r l ic h  in  1902, And th e  f i r s t  d e s c r ip t io n  o f th e  a ttach m en t o f a  s t e r o id  

hormone to  a  p r o te in ,  nam ely o e s tro g en  to  a  g lo b u lin  f r a c t i o n  i n  plasm a 

p r o te in ,  was p u b lish e d  by B r u n e l l i  i n  1932,

However, i t  was n o t u n t i l  th e  developm ent o f methods f o r  th e  s jm th e s is  

o f  h ig h ly  r a d io a c t iv e  o e s tro g e n s  th a t  G lascock  and H o ek stra  (1959) were a b le  

to  a d m in is te r  p h y s io lo g ic a l  do ses  o f  t r i t i a t e d  h e x o e s tro l  to  im m ature sheep 

and g o a ts  and n o te  i t s  s e l e c t i v e  l o c a l i s a t i o n  in  th e  u te r u s ,  v a g in a , mammary 

g lan d s  and p i t u i t a r y  g la n d . They n o ted  th a t  th e  maximum c o n c e n tra t io n  was 

found two to  f iv e  hours a f t e r  i n j e c t i o n  and th a t  th e re  was s t i l l  r e te n t io n  

o f  r a d io a c t i v i t y  in  th e s e  o rgans 24 ho u rs  a f t e r  th e  i n j e c t i o n ,

Je n se n  and Jacobson  (1 9 6 2 ), s tu d y in g  a d u lt  r a t s  and u s in g  t r i t i a t e d  

o e s t r a d io l ,  dem o n stra ted  u p tak e  and r e t e n t io n  o f  th e  o e s t r a d io l  by th e  u te ru s  

a f t e r  a d m in is te r in g  a  p h y s io lo g ic a l  d o se . M oreover th e y  showed th a t  th e  

o e s t r a d io l  d id  n o t undergo m etabolic- t ra n s fo rm a tio n  d u r in g  t h i s  p ro c e s s . 

Em phasis was l a i d  on th e  f a c t  t h a t  any s tu d ie s  on th e  e f f e c t  o f  a d m in is te re d  

o e s t r a d io l  must u se  p h y s io lo g ic a l  d o se s .

These o b se rv a tio n s  a t t r a c t e d  many re s e a rc h  w orkers to  t r y  to  u n d e rs ta n d  

th e  mechanism o f u p tak e  and r e t e n t io n  o f a  hormone by t a r g e t  c e l l s  as tJriis 

seemed th e  f i r s t  s ta g e  i n  e l i c i t i n g  a  re s p o n se . T his le d  on to  th e  concep t 

o f  r e c e p to r s  f o r  th e  o e s tro g e n  which en ab led  i t  to  be r e ta in e d  in  th e  t a r g e t  

c e l l  (T alw ar e t  a l , ,  I 964) .

S im ila r  r e c e p to r s  have been d e sc r ib e d  f o r  o th e r  s te r o id  horm ones; 

P ro g es te ro n e  r e c e p to r s  i n  cliiclcs (p^M alley e t  a l ,  1973) and i n  humans (W iest 

and Rao, 1971; hao e t  a l ,  19 7 3 ); androgen re c e p to r s  in  r a t s  (L iao  e t  a l ,  1971)
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and in  humans (M ainwaring e t  a l .  1973); a ld o s te ro n e  re c e p to r s  in  r a t s  and 

to ad s  (Edelm an, 1971) and g lu c o c o r t ic o id  re c e p to rs  in  r a t s  (B a x te r  and Tomkins, 

1971) .  I t  i s  s p e c u la t iv e  w hether th e s e  re c e p to r s  d i r e c t l y  a f f e c t  th e  b eh av io u r 

o f  th e  c e l l  o r  w hether th e y  p r  r-rde  th e  means f o r  o th e r  substsa ices to  a l t e r  

th e  c e l l u l a r  b eh av io u r .

O estrogen  re c e p to r s  have been re c o g n ise d  in  human t a r g e t  o rgans (Wyss 

e t  a l .  1968 ; Evans and E&hnel, 1971; R obertson  e t  a l ,  19711 M a rtin , 1972; 

Henderson and S ch a lch , 1972; N o tid es  e t  a l .  1972; Trams e t  a l ,  1973 ), b u t to  

o b ta in  a  f u l l e r  u n d e rs tan d in g  o f  th e  r o le  o f o e stro g en  re c e p to r s  in  c e l l u l a r  

resp o n ses  i n  humans, i t  l î i l l  be n e c e s sa ry  to  c o n s id e r  in  a d d it io n  c e r t a in  

anim al o b s e rv a tio n s .

D e f in i t io n  o f an O estrogen R ecep to r

A re c e p to r  i s  a  m acrom olecule, g e n e r a l ly  a  p ro te in  which i n t e r a c t s  

s p e c i f i c a l l y  w ith  th e  hormone and d i r e c t l y  prom otes th e  f i r s t  m e tab o lic  even t 

(Andre and R o ch e fo rt, 1974)* However, i n  th e  case  o f o e s tro g e n s , th e  v e ry  

f i r s t  m e tab o lic  even t has n o t been c l e a r l y  d e f in e d , n o r has th e  r e l a t io n s h ip  

between b in d in g  to  th e  r e c e p to r  and hormone a c t io n .  An o e stro g en  r e c e p to r  

may be d e fin e d  th e re fo re  as a  cy to p lasm ic  m acrom olecule which i s  p re se n t i n  

t a r g e t  organs and which i s  c ap ab le  of b in d in g  o estro g en s  w ith  h ig h  a f f i n i t y  

and c o n s id e ra b le  s p e c i f i c i t y ,  prom oting t r a n s f e r  o f th e  o e s tro g en s  in to  th e  

n u c leu s  and b in d in g  to  ch rom atin  (G reen, 1975)*

O e s tra d io l ( o e s t r a d io l  -  17jB) i s  th e  o estro g en  which i s  most a c t iv e  in  

p h y s io lo g ic a l  s i tu a t io n s  though o e s tro ra  and o e s t r io l  a re  a ls o  found and w i l l  

be c o n s id e re d  where r e le v a n t .  I n  c e r t a in  c ircu m stan ces  o e s t r i o l  behaves as an 

impeded o e stro g en  w ith  a n t i -o e s t ro g e n ic  p ro p e r t ie s  (Huggins and Je n se n , 1955; 

W otiz and Scublinslcy, 1972) •



HORMONE ACTION AT CELLULAR LEVEL

NUCLEUSCYTOPLASMPLASMA

Receptor
ProteinHormone

DNA

Receptor Complex

Chromosome
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Specific
Proteins RNA Polymerase

m RNA
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Figure 1 .1  Hormone Aotion at C ellu lar L evel.
A schematic representation o f hormone action: the. hormone

passes from plasma in to  the cytoplasm where i t  binds to  a s p e c if ic  
receptor protein , which enables i t s  tran sfer  in to  the nucleus to  
form a chromosome complex. Messenger ENA (mENA) i s  formed and 
passes back to  the cytoplasm where i t  exerts an e f fe c t  on 
ribosomes to  induce synth esis  of sp e c if ic  p rotein s.
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Mechanism o f  R ecep to r A o tion

C e l l i f la r  U ptake o f  O estro g en . O e s tr a d io l ,  as  a  s t e r o id  hormone, i s  

t r a n s p o r te d  in  th e  b lood  bound to  plasm a p r o te in .  T here a re  p ro b ab ly  two 

phases o f  b in d in g  -  a  sm all amount b e in g  t r a n s p o r te d  s t r o n g ly  bound to  a
o

g lo b u lin  (s e x  s te r o id  b in d in g  g lo b u lin )  f r a c t i o n  (K^4 -  16 X 10 l/m o le )  

(Verm eulen and V erdonck, I 968) , and a  l a r g e r  amount b e in g  t r a n s p o r te d  lo o s e ly  

bound to  an album in f r a c t i o n  (IC  ̂ 1 .3  -  2 .6  X 10^ l/m o le )  (S andberg  e t  a l .

1957)* I t  has been su g g es ted  t h a t  th e  d i f f e r e n c e s  i n  th e  a s s o c ia t io n  

c o n s ta n ts  betw een th e  plasm a a lb u m in -s te ro id  complex and th e  i n t r a c e l l u l a r  

p r o te in - s t e r o id  complex a re  r e s p o n s ib le  f o r  th e  movement o f th e  hormone in to  

th e  c e l l  (O io rg i e t  a l .  1971» B a u lie u  e t  a l .  1971b) b u t r e c e n t ly  doub ts  have 

been r a is e d  w hether th e  d i f f u s io n  p ro c e ss  can e x p la in  a l l  th e  known f a c t s .  

M ilgrom e t  a l .  (1972) have su g g es te d  th a t  th e  t a r g e t  c e l l  membrane p o s se sse s  

a  s e l e c t i v e  p ro c e ss  which i s  most p ro b ab ly  a p ro te in -m e d ia te d  s te p  and which 

d e te rm in es  th e  u p tak e  o f o e s tro g e n s  in  t a r g e t  c e l l s .  M oreover, W illiam s and 

G orsk i (1971) have dem o n stra ted  t h a t  c e l l u l a r  u p tak e  o f  o e s tro g en  i s  te m p e ra tu re  

d ep enden t, though t h i s  i s  n o t c o n c lu s iv e  c o n firm a tio n  o f an a c t iv e  p ro c e s s .  

(F ig u re  1 .1  ) .

R e te n tio n  o f O estrogen  by C y toso l R e c e p to rs . The f r e e  cy to p la sm ic  

o e s tro g e n  q u ic k ly  becomes a t ta c h e d  to  th e  8 S -cy to so l r e c e p to r  p r o te in  w hich b in d s  

i t  w ith  a  v e ry  h ig h  a f f i n i t y  (K^ 1 .0  X 10^ l/m o le )  (R o tid e s  e t  a l .  1 9 7 2 ).

Depending on th e  amount o f  o e s t r a d io l  a d m in is te re d  to  an i n t a c t  a n im a l, 

maximum cy to p la sm ic  b in d in g  i s  reached  w ith in  a  few m inu tes (G iannopoulos and 

G o rsk i, 1 9 7 1 ). When c y to so l a lo n e  i s  exposed to  o e s t r a d io l  th e r e  i s  highL.y 

s p e c i f ic  b in d in g  to  th e  88 p r o te in  w ith  n o n -s p e c if ic  b in d in g  to  th e  4 -5 ^  p ro te in s  

The b in d in g  to  th e  8S p r o te in  o ccu rs  a t  0°C and i s  n o t te m p e ra tu re  dependent 

(Jen sen  and DeSombre, 1 9 7 3 ).
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The R ole o f th e  8S R ecep to r Complex. Erdos and h is  co-w orkers ( I 969) 

su g g es ted  d i f f e r e n t  r e c e p to r  s i t e s ,  p ro b ab ly  on th e  same p ro te in  m o lecu le , 

f o r  uptalce and f o r  r e te n t io n  b u t o th e rs  con tend  th a t  one s i t e  i s  re s p o n s ib le  

f o r  b o th  p ro p e r t ie s  and t h a t  th e r e  i s  one such s i t e  p e r  m oleovie (G orski e t  

a l .  1973) .  M oreover th e  recep to r-ho rm one  in t e r a c t io n  i s  e s s e n t i a l  b e fo re  th e  

hormone can be t r a n s f e r r e d  to  th e  n u c leu s  (Jen sen  e t  a l .  I 968 ; G orsk i e t  a l .  

1968) .  I n  th e  p re sen ce  o f O.4  M KCl th e  8S complex in  c y to so l d e ag g reg a te s  to  

4s  s u b -u n i ts  which a re  p ro b ab ly  th e  r e le v a n t  b in d in g  u n i t s  in  v iv o  (Je n se n  e t  

a l .  1969) .  B rech e r and h is  a s s o c ia te s  ( I 970) su g g est th a t  th e  88 complex i s  

an a r t e f a c t  o f p re p a ra t io n  and th a t  th e  4S complex i s  th e  n a tu r a l  r e c e p to r  i n  

th e  m ilie u  o f  th e  t a r g e t  c e l l  cy to p lasm . More d e ta i l e d  experim en ts  (S ta n c e l 

e t  a l .  1973a) have confirm ed  t h i s .

C onversion  to  a  55 R ecep to r Complex in  C y to so l. T ran sfo rm atio n  o f  th e  

4s  r e c e p to r  complex to  a  5^ complex o n ly  o ccu rs  when th e  r e c e p to r  p ro te in  i s  

bound to  o e s t r a d io l ,  and to  a  l e s s e r  e x te n t  to  o e s tro n e , b u t n o t a t  a l l  when i t  

i s  luicomplexed. The tra n s fo rm a tio n  i s  te m p e ra tu re  dependent and p reced es  th e  

t r a n s f e r  o f th e  o e s t r a d io l  in to  th e  n u c leu s  (B re c lre r  e t  a l .  1970; Jen se n  e t  

a l ,  1 9 7 2 a).

T r a n s fe r  o f O e s tra d io l in to  th e  N u c leu s . The $8 r e c e p to r - o e s t r a d io l  

complex i s  th en  t r a n s f e r r e d  in to  th e  n u c leu s  p ro b ab ly  as  an i n t a c t  complex s in c e  

th e  r i s e  o f  n u c le a r  o e s t r a d io l  i s  accom panied by an e q u iv a le n t lo s s  o f cy to p lasm ic  

re c e p to r  complex (G iannopoulos and G o rsk i, 1971» S ta n c e l e t  a l ,  1973b), o r  a t  

l e a s t  by a  lo s s  o f th e  r e c e p to r 's  a b i l i t y  to  b in d  o e s t r a d io l  (Shyarlala  and 

G o rsk i, I 969) • An e q u ilib r iu m  i s  e s ta b l is h e d  whereby 60 to  85 p e r  c e n t o f th e  

o e s t r a d io l  i s  bound i n  th e  n u c leu s  and th e  rem ainder rem ains bound in  th e  

cy top lasm  (G iannopoulos and G o rsk i, 1971) • To a s u b s ta n t ia l  e x te n t th e  plasm a 

o e s t r a d io l  c o n c e n tra tio n  i s  a c c u ra te ly  r e f l e c te d  in  th e  c o n c e n tra t io n  in  th e  

n u c leu s  (W illiam s and G o rsk i, 1972a, 1972b).
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I t  seems p ro b ab le  t h a t  th e  r e c e p to r - o e s t r a d io l  complex becomes 

a t ta c h e d  to  a  p ro te in  a d ja c e n t to  th e  n u c le a r  ch rom atin ; c e r t a in l y  th e  

b in d in g  can be a b o lish e d  n o t on ly  by p ro te a s e s  b u t a ls o  by n u c le a se s  

(Shyam ala and G o rsk i, I 967 , 1969» Shyamala H a r r is ,  I 971)*

The p ro c e ss  o f u p tak e  o f o e s t r a d io l  in to  th e  n u c leu s  i s  te m p e ra tu re  

depen d en t, o c c u rr in g  a t  37^C b u t s c a rc e ly  a t  a l l  a t  0^0 (Shyam ala and G o rsk i, 

1967) .  B rech e r e t  a l .  ( I 967) have su g g es ted  th a t  an enzyme p ro c e ss  was 

p ro b ab ly  n e c e s sa ry  f o r  th e  t r a n s f e r  o f th e  complex in to  th e  n u c le u s .

A ttachm ent o f O e s tra d io l to  C hrom atin . A lberga and h e r  co-w orkers 

( 1971) s tu d ie d  th e  o e s tro g en  b in d in g  system  o f th e  n o n -h is to n e  ch rom atin  

(NHG) f r a c t i o n  o f p u r i f i e d  n u c le i  o f c a l f  endometrium n o t p re v io u s ly  exposed 

to  o e s t r a d io l  (ex cep t p r e n a ta l ly )  and found a  hormonal and s t e r i c  s p e c i f i c i t y .  

S tu d ie s  w ith  p ro te a se s  and n u c le a se s  showed th a t  th e  b in d in g  component was 

a t  l e a s t  in  p a r t  p r o te in .  They a ls o  dem onstra ted  an e x c e p tio n a lly  h ig h  

a f f i n i t y  f o r  o e s t r a d io l  (K^ = 1 X 10^^ l/m o le )  and su g g ested  t h a t  th e r e  was 

a  v e ry  sm all number o f such  s i t e s  p e r  c e l l  ( l e s s  th an  te n  p e r  c e l l ) . T h e ir  

c o n te n tio n  i s  t h a t  o e s t r a d io l  i s  r e le a s e d  by th e  r e c e p to r  complex 

("n e o n u c le a r  complex*'.) and i s  th e n  bound to  one o f th e  h ig h  a f f i n i t y

chrom atin  r e c e p to r  s i t e s  where th e  re sp o n se  i s  f i n a l l y  i n i t i a t e d .

E ven ts  subsequen t to  C hrom atin A ttachm ent. B au lieu  (1973) ex tends 

th e  above argument to  c o n s id e r  th a t  e i t h e r  th e  n eo n u c lea r complex (5S r e c e p to r  

complex) cou ld  r e g u la te  a  m ulti-com ponent resp o n se  by d i r e c t l y  a f f e c t in g  th e  

DNA -  " p o s i t iv e  c o n tro l"  -  o r  th e  ch rom atin  complex d e sc r ib e d  above cou ld  

p o s s ib ly  a f f e c t  a  s in g le  gene system  by d e c re a s in g  th e  a f f i n i t y  o f th a t  NHC

p ro te in  f o r  th e  s p e c i f ic  DNA segm ent, th u s  a c t in g  as a  d e re p re s s o r  -  " n e g a tiv e

c o n t r o l ."  K ing and Gordon (1972) c o n s id e r  t h a t  b o th  DNA i t s e l f  and th e  s p e c i f ic  

n o n -h is to n e  p ro te in s  p la y  a  p o s i t iv e  r o le  i n  form ing th e  a c c e p to r  s i t e .
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I t  has been knomi f o r  some y e a rs  th a t  o e s t r a d io l  induced  a  ra p id  

in c r e a s e  in  ENA s y n th e s is  i n  th e  u te ru s  o f th e  c a s t r a te d  r a t  (Ui e t  a l ,  1963» 

H am ilton , I 963» 1964» 1968; G orsk i and N ic o le t .te , 1963; G o rsk i, 1964;

G orsk i and N elson , 1965; Unbjem e t  a l ,  I 968) , O 'M alley and h is  c o lle a g u e s  

1969» 1972) have s tu d ie d  th e  in d u c tio n  o f  m essenger ENA (mENA) in  o e s tro g en  

t a r g e t  c e l l s .  The new ENA was re q u ire d  i n  th e  cy top lasm  to  a llo w  s y n th e s is  

o f  a  s e le c t  complement o f  new p ro te in s  w hich may o p e ra te  a  feedback  to  th e  

n u c leu s  to  a c t i v a te  a  g e n e ra l  gene a m p lif ic a t io n  re sp o n se  which su b se q u e n tly  

r e s u l t s  in  th e  o v e ra l l  grow th and d i f f e r e n t i a t i o n  o f th e  t a r g e t  organ (Means 

and O 'M alley , 19 7 2 ),

K a tzen e llen b o g en  and G orsk i (1972) a ls o  re p o r te d  th e  f in d in g  o f  a  

new p ro te in  (in d u ced  p r o te in - I P )  i n  u te r in e  c e l l s  a f t e r  p h y s io lo g ic a l  

s t im u la t io n  w ith  o e s t r a d io l  b o th  i n  v iv o  and i n  v i t r o . How much IP  wa,s 

form ed depended on th e  l e v e l  o f n u c le a r  o e s t r a d io l .  The r e g u la to r y  r o le  o f  

IP  i s  u n c e r ta in ;  i t  may feedback  to  th e  n u c leu s  as  a lre a d y  su g g es ted  above 

o r  i t  may e x e r t  an e f f e c t  on ribosom al RNA (B au lieu  e t  a l ,  1 9 7 2 ). An e f f e c t  

a t  th e  ch rom atin  l e v e l  i s  re n d e red  th e  more p ro b ab le  by th e  r e c e n t  f in d in g  

o f a  p h o sp h o p ro te in  p h o sp h atase  a c t i v i t y  b e in g  a s s o c ia te d  w ith  IP  (V okaer 

e t  a l ,  1974) •

P ro p erties  and S p e c if ic a t io n s  o f  R eceptors

The S iz e  o f th e  M o lecu le . E a r ly  i n  v i t r o  s tu d ie s  in  r a t s  su g g es ted  

th a t  th e  c y to so l r e c e p to r  had a  s e d im e n ta tio n  c o e f f i c i e n t  o f around 9*5 S 

(T o ft and G o rsk i, I 966 ; T o f t e t  a l .  1967; G orsk i e t  a l .  I 968) . L a te r  

r e p o r ts  have ten d ed  to  su g g es t a  sed i-m entation  c o e f f ic ie n t  o f  around 83 

(R ochefort, and B a u lie u , I 969» N o tid e s , 1970; Luck e t  a l  1973» in  th e  r a t ;  

E rd o s, 1968 , and Puca e t  a l .  1971» in  th e  c a l f ;  M artin , 1972; McGuire e t  a l ,  

1972 , and N o tid es  e t  a l .  1972, in  th e  human).
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Fikure 1 .2  O estradiol Pathways and Sedimentation Properties ♦

A schematic representation of in tera ctio n  of pathway o f destrad io l 
(E) in  a uterine c e ll*  The l e f t  o f the diagram represents a u terine  
c e l l  with extra-nuclear oestrad io l-recep tp r complex undergoing transformation  
and entering nucleus to  hind to  chromatin* On the right i s  represented  
the sedimentation properties o f the complexes extracted from the c e ll*
(Jensen and DeSomhre, 1973)*
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Chamnes-s and McGtiire (1 9 7 2 ), how ever, a re  s c e p t ic a l  about th e  em phasis 

on S v a lu e  d e s ig n a tio n s , s u g g e s tin g  th a t  v a r i a t io n  can be ach iev ed  by 

a d ju s t in g  th e  c o n c e n tra t io n  o f  an u n re la te d  su b stan ce  such as h e p a r in . 

M oreover, as a lre a d y  m en tioned , B rech e r e t  a l#  (1970) have su g g es ted  th a t  

th e  8S form  i s  an a r t e f a c t  and th a t  th e  i n t r a c e l l u l a r  io n ic  c o n c e n tra t io n  

fav o u rs  th e  e x is te n c e  o f  th e  r e c e p to r  i n  th e  4S form#

W hether th e  8S complex i s  made up o f  f o u r  4S m olecu les (Puca e t  a l ,

1971) o r  one 4S m olecule  a s s o c ia te d  w ith  a n o th e r  cy to p lasm ic  p ro te in  m olecu le  

(G orsk i e t  a l#  1973) i s  u n c e r ta in  b u t ex p erim en ta l ev idence  su g g es ts  th a t  

th e re  i s  on ly  one r e c e p to r  s i t e  p e r  m o lecu le , w hether 8S o r  4S (G orsk i 

e t  a l .  1973) .

As already recorded, Jensen and h is colleagues (1972a) have 

demonstrated conversion of the 4S complex to  a complex prior to  transfer  

of the oestradiol receptor complex into  the nucleus#

T here  i s  wide agreem ent th a t  th e  c o e f f i c i e n t  o f  s e d im e n ta tio n  o f th e  

n u c le a r  r e c e p to r  which can be  e x tra c te d  w ith  O.4  MiÿJl i s  around 4*5 “ 5*0 S 

(Puca and B r e s c ia n i ,  I 968 ; J e n se n  e t  a l#  I 969 , 1972a, and Luck e t  a l ,  1973, 

i n  r a t s ;  BeSombre e t  a l .  1971, i n  c a lv e s ) # However, u l t r a c e n t r i f u g a t io n

o f n u c le a r  e x t r a c t  in  su c ro se  d e n s ity  g ra d ie n ts  w ith o u t KCl r e s u l t s  in  a

complex w hich sed im en ts  in  th e  8S re g io n  (Shyaraa3.a H a r r i s ,  1971? Jen se n  and 

BeSombre, 1 9 7 3 ). (See F ig u re  1 .2 ) .

Puca and h i s  c o lle a g u e s  ( 197I )  have succeeded in  p a r t i a l  p u r i f i c a t i o n  

o f th e  c a l f  c y to so l re c e p to r s  and have concluded th a t  th e  m o le c u la r  w eigh t 

o f  th e  8S complex i s  around 238,000 and th a t  o f th e  4S complex around 6 1 ,0 0 0 . 

O th er e s tim a te s  o f  m o lecu la r w e ig h ts  have been made b u t on l e s s  p u re  r e c e p to r  

sam ples. These a re  l a i d  o u t i n  T ab le  1 .1#
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TABLE 1 .1 ,

M o lecu la r W e i^ t  o f  R e c e p to rs ,

A u tho r, Animal
Source

8S Complex 5s  Complex 4S Complex

Puca e t  a l ,  ( l9 7 l ) C a lf 238,000 61,000

Erdos ( 1968) C a lf 360,000 140,000 -
G orsk i e t  a l ,  ( I 968) R at 200,000 — —
K rishnan  e t  a l .  (1973) Human 165,000 77,000 57,000

I n  humans, i d e n t i f i c a t i o n  o f  an 8 -  98 r e c e p to r  complex has a ls o  been 

w id e ly  re p o r te d  (McGuire e t  a l .  1972; M a r tin , 1972; N o tid e s  e t  a l .  1972) 

though  N o tid e s  and h is  c o lle a g u e s  and M artin  a ls o  found a  3S com plex in  th e  

en d o m etria l c y to s o l ,  Wyss and h is  co -w orkers ( I 968) co u ld  o n ly  i d e n t i f y  a  

5s  r e c e p to r  com plex. The c o n c lu s io n  i s  t h a t  th e s e  observed  d i f f e r e n c e s  a re  

due to  v a r i a t io n  in  th e  method o f p r e p a ra t io n ,  most p ro b ab ly  i n  th e  io n ic  

c o n c e n tra t io n  o f  th e  hom ogenising f l u i d s .  K rish n an  e t  a l .  (1973) re p o r te d  

th e  e x t r a c t io n  o f  a  4*2 S n u c le a r  r e c e p to r  from  human m yom étrial and 

en d o m etria l c e l l s .

Number o f  R ecep to r S i t e s  p e r  C e l l , E s tim a te s  have been made o f  

th e  t o t a l  number o f r e c e p to r s  p e r  c e l l  and a re  l a i d  ou t i n  T able  1 ,2 .  

ÏÏ07æver, because  o f  d i f f e r e n c e s  i n  s p e c ie s ,  te ch n iq u e  and e s t im a tio n , th e y  

a re  n o t d i r e c t l y  com parab le .



TABLE 1.2.
Number o f  S it e s  per C e ll .

A utho r. A nim al. O rgan, S tudy , No. o f S i t e s  
/  C e l l .

Shyamala and Nandi
(1972) Mouse B re a s t in  v i t r o 5,000

G orski e t  a l ,  ( I 968) Rat U te ru s in  v i t r o 20,000
Noteboom and G orski

(1965) R at U te ru s i n  v iv o 1700-2500
Claric and G orski

( 1970) R at U te ru s in  v i t r o 16 ,000
N o tid es  (1970) R at U te ru s in  v i t r o 16,000
Sanborn e t  a l .  ( I9 7 l) R abb it U te ru s in  v i t r o 34,000
M aurer and C halk ley

(1967) C a lf U te ru s i n  v i t r o 2000-2500

Shamala and Nandi (1972) s tu d ie d  o e s tro g en  re c e p to r s  in  mouse mammary 

t i s s u e  and concluded t h a t / a  t o t a l  o f j u s t  over 5,000 re c e p to r s  in  th e  c e l l ,  

s l i g h t l y  more th an  h a l f  were in  th e  c y to s o l .  They a ls o  concluded  t h a t ,  a t  

e q u ilib r iu m , th e  n u c le a r  bound o e s t r a d io l  accounted  f o r  n e a r ly  90 p e r  c e n t o f 

th e  t o t a l ,  and th e  c y to so l bound th e  rem a in d er, a t  a  v a r ie ty  o f in c u b a tio n  

c o n c e n tra t io n s , W illiam s and G orsk i (1972a) made s im i la r  o b se rv a tio n s  on 

o e s t r a d io l  up tak e  by th e  r a t  u te r u s ,  in d ic a t in g  th a t  th e  n u c le a r  l e v e l s  

r e f l e c te d  c y to so l l e v e l s  and th u s  presum ably plasm a l e v e l s .

S te r e o s p e c i f i c i ty  o f th e  R e c e p to rs . Noteboom and G orsk i ( I 965) s tu d ie d  

th e  u p tak e  o f ^ H -o e s tra d io l by th e  r a t  u te ru s  fo llo w in g  a d m in is tr a t io n  o f  

v a r io u s  s t e r o id a l  and n o n - s te r o id a l  o e s tro g e n s , and found a reduced  u p ta k e , 

su g g e s tin g  a  co m p e titiv e  in h ib i t i o n  a t  s i t e s  wliich were s te r e o s p e c i f ic  f o r  

o e s tro g en  m o lecu les , T e ren iu s  ( 1965 , 1966) drew s im i la r  co n c lu s io n s  from  s tu d ie s  

o f  o e s t r a d io l  u p tak e  by th e  mouse u te r u s ,

HShnel and h is  c o lle a g u e s  ( 1973a) s tu d ie d  human u te r in e  c y to so l f o r  

r e c e p to r  s p e c i f i c i t y ,  and came to  th e  c o n c lu s io n  th a t  th e  p h e n o lic  hydroxyl 

group a t  C -  3 and th e  C -  17 p  hydroxyl fu n c tio n  a re  th e  a c t iv e  b in d in g  c e n t r e s .
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Figure 1.3 Molecular Structure of Oestro/geas,
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They su g g es ted  th a t  th e  fo rm er group i s  th e  more im p o rtan t o f th e  two and 

th a t  i t  e s ta b l i s h e s  an a ttach m en t to  a  h ig h ly  s p e c i f ic  c e n tr e ;  t h e r e a f t e r  

a  change in  c o n f ig u ra t io n  o f  th e  r e c e p to r  may occu r to  en ab le  a  second 

a ttach m en t o f th e  C -  17 hydroxy l group to  a  l e s s  s p e c i f ic  o in d in g  c e n t r e .

The s t r u c tu r a l  s i m i l a r i t y  betw een th e  o estro g en s  ( o e s t r a d io l  « ITjB 

o e s tro n e , d im e th y ls t i lb o e s t r o l )  i n  F ig u re  1 .3 ,  and th e  impeded o e s tro g en s  

( o e s t r i o l ,  en t -  I j p  -  o e s t r a d io l ,  d im e th y ls t i lb o e s t r o l ,  m e so b u to es tro i)  

i n  F ig u re  2 .2 ,  i s  v e ry  marked and i s  commented on in  C h ap te r 2 . HShnel and 

h i s  c o lle a g u e s  ( 1973a) su g g es t t h a t  s t r u c t u r a l  d if f e r e n c e s  i n  su b s ta n c e s  w ith  

v a ry in g  o e s tro g e n ic  e f f e c t s  a r e  re s p o n s ib le  f o r  th e  d i f f e r i n g  a f f i n i t y  o f  

th e  r e c e p to r s ,  p o s s ib ly  by on ly  in d u c in g  a  p a r t i a l  c o n f ig u ra t io n a l  change, 

an  o v e r a l l  w eaker a ttach m en t and co n se q u e n tly  a  d im in ish ed  o e s tro g e n ic  

e f f e c t .

Korenman ( I 969) u s in g  r a b b i t  u t e r in e  c y to so l d ev ised  an a ssa y  f o r  

d e te rm in in g  th e  o e s tro g e n ic  po ten cy  o f  v a r io u s  compounds on th e  b a s is  o f 

t h e i r  a f f i n i t y  f o r  th e  r e c e p to r s .  He em phasised th a t  a  c o m p e titiv e  a ssa y  

such as t h i s  cou ld  n o t d i f f e r e n t i a t e  betw een o e s tro g en s  and c o m p e titiv e  

i n h i b i t o r s .  In  an e a r l i e r  p u b l ic a t io n  ( 1968) he even su g g es ted  th e  u se  o f  

th e  c y to so l r e c e p to r  as a  means o f  a s sa y in g  p h y s io lo g ic a l  l e v e l s  o f  

o e s t r a d io l  in  t i s s u e  f l u i d s .

A f f in i ty  C o n sta n ts  o f O estrogen  R e c e p to rs . The a f f i n i t y  c o n s ta n ts  

from  v a r io u s  re p o r te d  s e r i e s  a re  d e ta i l e d  in  T ab le  1 .3*
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TABLE 1 .3 .

A sso c ia tio n  C onstants fo r  O estrad io l-R eceptor Binding

Author. Source T issue A sso c ia tio n  Constant 
(K .) f l/m o le )

Shyamala and Nandi 
(1972) Mouse B reast 1 X 10^"

Gorski e t a l .  (1968) Rat Uterus 1 .4 X 10^
10^N otid es (1970) Rat Uterus 6 .5 X

Rat A nterior
P itu ita r y 7 .1 X 10®

Maurer and Chalkley
( 1967) C a lf Endometrium 5 X 10?

Puca and B resc ia n i
( 1969a) C alf Endometrium 1 .3 #*# 1 .5  X 10^

Truong and B aulieu
(1971) C alf Endometrium 1 X 10^0

Robertson e t a l .  (1971) Human Endometrium 3 .7 X 10^
Human Myometrium 3 .0 X 10^

N otides e t a l .  (1972) Human Myometrium 1 X 10^
Martin (1972) Human Myometrium 2 .3 X 10®
Henderson and Schalch

( 1972) Human
Myometrium

and
Endometrium 2 .7 X 10^

Krishnan e t  a l .  (1973) Human Endometrium 7 .6 X 10^

Myometrium 2 .1 X 10^

Sandberg e t  a l .  (1957) s ta t e d  t h a t  o e s t r a d io l  in  plasm a was t r a n s p o r te d  

by album in in  a  low a f f i n i t y  r e la t io n s h ip  (K^ 1 .3  -  2 .6  X 10^ l/m o le ) th u s  

en ab lin g  easy  d i s s o c ia t io n .  More r e c e n t ly  M ercier-B odard e t  a l .  (1970) have 

dem onstrated  th e  p resen ce  in  plasm a o f a  g lo b u lin  (se x  s te r o id  b in d in g  g lo b u lin )  

w ith  a  h ig h  a f f i n i t y  f o r  o e s t r a d io l  (K^ 0 ,5  X 10^ l/m o le ) which i s  o f th e  same 

o rd e r  as  th e  cy to p lasm ic  r e c e p to r .  HVhen th e  plasm a g lo b u lin  i s  s a tu r a te d  th e  

album in borne o e s t r a d io l  i s  more r e a d i ly  a v a i la b le  f o r  d i f f u s io n  in to  a  t a r g e t  

c e l l  and a ttach m en t th e re  to  a  s p e c i f ic  r e c e p to r .
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A lberga  and h e r  co-w orkers ( I 97I )  have, as  p re v io u s ly  m entioned , 

su g g es ted  a  sm all number o f n u c le a r  r e c e p to r s  -  p ro b ab ly  l e s s  th a n  te n  p e r  

c e l l  “ which have an e x c e p t io n a l ly  h ig h  a f f i n i t y  (K^ -  10^^ l/m o le )  f o r  

o e s t r a d io l .  The o r  n e o n u c le a r  complex w ith  i t s  a s s o c ia t io n  c o n s ta n t 

i d e n t i c a l  to  t h a t  o f  c y to so l may on ly  th e r e f o r e  be a  t r a n s p o r t  p r o te in  

en ab lin g  th e  o e s t r a d io l  to  re a c h  o r  a t  l e a s t  a f f e c t  th e  n o n -h is to n e  p r o te in  

f r a c t i o n  o f th e  ch ro m atin .

Methods o f S tud y in g  O estrogen  R e c e p to rs .

A u to rad io g rap h y . A d m in is tra tio n  o f t r i t i a t e d  o e s t r a d io l  p r i o r  to  

s a c r i f i c e  o f ex p erim en ta l an im als  has en ab led  c o n firm a tio n  o f  l o c a l i s a t i o n  

o f  th e  o e s t r a d io l  in  c e r t a in  c e l l s  o r  an organ -  f o r  exam ple, r a t  b r e a s t  

t i s s u e  (S ta n d e r  and A ttra m a d a l, I 968) o r  d e te rm in a tio n  o f  s u b c e l lu la r  

d i s t r i b u t i o n  o f r a d io a c t i v i t y  -  f o r  exam ple, n u c le a r  c o n c e n tra t io n  o f 

o e s t r a d io l  in  r a t  u t e r i  (S tum pf, 1968a) and r a t  b ra in  (S tum pf, 1968b; P f a f f ,  

1968) .  The te ch n iq u e  o n ly  a llo w s lo c a l i s d io n  o f r a d io a c t i v i t y  in  a  s e c t io n  

o f  t i s s u e  w ith o u t ta lc ing  accoun t o f d e g ra d a tio n  o r  m etabolism , and a llo w s no 

c o n c lu s io n  about b in d in g .

C e l l-F re e  System . C y to so l and n u c le i  can be p re p a red  by hom ogenising 

t i s s u e  i n  a  b u f f e r  s o lu t io n  and u l t r a c e n t r i f u g in g  th e  r e s u l t i n g  hom ogenate. The

su p e rn a ta n t s o lu t io n  fo llo w in g  u l t r a c e n t r i f u g a t io n  a t  more th a n  100,000 

f o r  a t  l e a s t  30 m inutes i s  g e n e r a l ly  c o n s id e re d  as  '’c y to s o l” though  o c c a s io n a lly  

lo w er speed s e p a ra t io n s  have been  u sed .

The c e l l - f r e e  system  has f a c i l i t a t e d  in v e s t ig a t io n  o f  f a c to r s  a f f e c t in g  

th e  r e c e p to r s  such  as te m p e ra tu re , p re sen ce  o r  absence o f s a l t s  and c o n c e n tra t io n  

o f  o e s t r a d io l .  C h a r a c te r i s a t io n  by su c ro se  d e n s i ty  g ra d ie n ts  and by a f f i n i t y  

c o n s ta n ts  i s  a ls o  p o s s ib le  on c y to s o l  p r e p a r a t io n s .  P a r t i a l  p u r i f i c a t i o n  o f th e

c y to so l r e c e p to r s  has been  ach iev ed  by ammonium s u lp h a te  p r e c i p i t a t i o n ,  g e l
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f i l t r a t i o n ,  chrom atography and e le c t ro p h o r e s is  (Puca e t  a l .  1971; DeSombre 

e t  a l .  I 97I ;  S ic a  e t  a l .  1 9 7 3 ).

The advan tage  o f  th e  c e l l - f r e e  system  i s  th a t  i t  i s  te c h n ic a l ly  

srm ple and c o n d itio n s  can be e a s i ly  c o n t r o l le d .  However, th e  d isa d v a n ta g e  

i s  t h a t  i t  i s  q u i te  u n p h y s io lo g ic a l and c a u tio n  must be e x e rc is e d  in  r e l a t i n g  

i t s  r e s u l t s  to  in  v iv o  e f f e c t s .

Whole T issu e  System . W ith s m a lle r  an im als such  a s  r a t s  and mice 

whole organ in c u b a tio n s  have been  perform ed (R o ch efo rt and B a u lie u , 1969; 

G iannopoulos and G o rsk i, I 97I ) , b u t w ith  l a r g e r  an im als such  as c a l f  (Puca 

and B r e s c ia n i ,  1969b) and humans (Evans and H hhnel, 1971» Trains e t  a l .  1973) 

t i s s u e  s l i c e s  have to  be used  f o r  e f f e c t iv e  p e rfu s io n  o f  th e  t i s s u e .

The advan tages a r e  t h a t  th e  system  i s  n e a r e r  to  p h y s io lo g ic a l  i n  th a t  

th e  c e l l s  a r e  i n t a c t ;  v a r ia b le s  can be in tro d u c e d  in to  th e  in c u b a tio n  

medium, and t i s s u e  sam ples from  one so u rce  can be used  to  enab le  com parisons 

to  be made; v a r ia t io n s  in  su p p ly  o f  n u t r i e n t s ,  horm ones, e t c .  to  a re a s  o f  an 

organ can  be overcom e.

The d isad v a n ta g es  a re  t h a t  i t  i s  more d i f f i c u l t  to  s e t  up and m a in ta in  

th a n  a  c y to so l system ; and t h a t  r a d io a c t iv e  o e s t r a d io l  caugh t up betw een 

c e l l s  and i n  th e  membranes can  be re le a s e d  a t  hom ogenisation  and g iv e  

d i s to r t e d  r e s u l t s .  T h is  l a t t e r  problem  can be overcome by hom ogen isation  in  

an excess o f  u n la b e l le d  o e s t r a d io l  (W illiam s and G o rsk i, 197 1 ).

I n  b o th  th e  c e l l  f r e e  and whole t i s s u e  system s th e r e  i s  an ex cess  o f 

f r e e  anri n o n - s p e c i f ic a l ly  bound t r i t i a t e d  o e s t r a d io l .  In c u b a tio n s  w ith  

d e x tra n -c o a te d  c h a rc o a l to  remove th e  f r e e  and lo o s e ly  bound o e s t r a d io l  has 

become th e  most w ide ly  adop ted  method (Korenman, I 968 ; M este r e t  a l .  1 9 7 0 ). 

O ther te ch n iq u es  such as a d so rp tio n  on g la s s  beads (C la rk  and G o rsk i, 1 970), 

g e l f i l t r a t i o n s  (Puca and B r e s c ia n i ,  1969a ; Trams e t  a l .  1973) and e q u ilib r iu m  

d ia ly s i s  (F a rb e r  e t  a l .  1972) have been  u sed  s u c c e s s f u l ly .  S ucrose  d e n s i ty
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g ra d ie n ts  can be used to  i d e n t i f y  s p e c i f ic  b in d in g  i f  p a r t  o f th e  t i s s u e  o r  

c y to so l i s  t r e a te d  in  p a r a l l e l  w ith  an excess o f u n la b e l le d  o e s tro g en  and th u s  

a c ts  as a  c o n tro l  (T o ft and G o rsk i, 1966) .

I n  Vivo E xperim en ts . Tne c l a s s i c a l  o b se rv a tio n s  o f  G lascock and 

H o ek stra  (1959) on im m ature sheep and g o a ts  and o f  Jen se n  and Jacobson  ( I 962) 

on r a t s  were made fo llo w in g  a d m in is t r a t io n  o f p h y s io lo g ic a l  doses o f t r i t i a t e d  

o e s tro g e n . Many re s e a rc h  groups have adopted  t h i s  te ch n iq u e  to  m easure th e  

e f f e c t  o f  i n j e c t i n g  sm all doses o f o e s tro g e n s , u s u a l ly  o e s t r a d io l  (T e re n iu s ,

1965 ; G orski e t  a l ,  I 968 ; O’M alley  e t  a l ,  I 969 ; B au lieu  e t  a l .  1 9 71a).

I n  humans, D avis and h i s  co -w o ikers  ( I 963) ad m in is te red  a  p h y s io lo g ic a l  

dose o f  t r i t i a t e d  o e s t r a d io l  to  a  s in g le  p a t ie n t  two hou rs  p r io r  to  h y s te rec to m y . 

They found th a t  th e  l e v e l  o f r a d io a c t i v i t y  in  sk in ,m u sc le ,a n d  ovary  was s l i g h t l y  

low er th a n  in  b lood  w hereas i n  endom etrium , myometrium and F a l lo p ia n  tu b e s  th e  

l e v e l s  were two to  f iv e  tim es t h a t  o f b lo o d . They a ls o  found a  d e c rea se  i n  th e  

uptalce o f o e s t r a d io l  from  th e  fundus to  th e  c e rv ix  o f th e  u te r u s .

B rush  e t  a l .  ( 1967) gave 50 /lO i o f t r i t i a t e d  o e s t r a d io l  (ab o u t 0 .5nm oles) 

to  18 p a t i e n t s  p r i o r  to  h y s te rec to m y . They showed th a t  th e  u p tak e  by th e  

endometrium v a r ie d  from one a re a  to  a n o th e r ,  b u t n o t in  any c o n s is te n t  p a t t e r n ,  

and th e y  q u e s tio n ed  w hether th e s e  d i f f e r e n c e s  m ight b e .d u e  to  v a r i a t io n  i n  

u te r in e  b lood  supp ly  e i t h e r  p h y s io lo g ic a l ly  o r  p a th o lo g ic a l ly ,  say  due to  f i b r o i d s .  

They a ls o  observed  a  g r e a t e r  uptalee in  p r o l i f e r a t i v e  phase t i s s u e  th an  th e  

s e c re to ry  phase t i s s u e ,  e s p e c ia l ly  v d th  re g a rd  to  n u c le a r  u p ta k e . Endometrium 

showed g r e a te r  up tak e  th a n  v a g in a l o r  c e r v ic a l  e p ith e liu m .

L o c a tio n  o f R e c e p to rs . By th e  d e f i n i t i o n ,  re c e p to r s  a re  to  be found in  

t a r g e t  organs and th e  s p e c i f i c  u p tak e  o f o e s tro g en s  i s  by th e  r e c e p to r s .  The e a r ly  

woiic o f  G lascock and H o ek stra  (1959) ^ d  o f Jen se n  and Jacobson  ( I 962) demon- 

i s t r a t e d  u p tak e  in  v ivo  o f t r i t i a t e d  o e s tro g en s  in to  th e  u te ru s  o f  th e  sheep ,
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th e  g o a t and th e  r a t .  The r a t  u te ru s  h as been  most w ide ly  s tu d ie d  u s u a l ly  

a s  an i n t a c t  o rg an , a lth o u g h  th e r e  i s  ev idence  th a t  u p tak e  by en d o m etria l 

c e l l s  i s  g r e a t e r  th a n  by m yom étrial c e l l s  (F le s h e r ,  1965; A lberga  and 

I 'u JL ieu , 196.8 ; F e h e r ty  e t  a l .  1970) .

I n  humans B rush e t  a l .  ( I 967) found wide v a r ia t io n s  i n  th e  r a t i o  o f 

en d o m etria l to  m yom étrial u p tak e  b u t th e y  a ls o  showed a  c o n s i s te n t ly  lo w er 

u p tak e  o f  o e s t r a d io l  i n  c e r v ic a l  and v a g in a l e p ith e liu m  compared w ith  

endom etrium .

The e p i t h e l i a l  t i s s u e  i n  th e  mammary g lan d  i s  a ls o  known to  be an 

o e s tro g en  t a r g e t  t i s s u e  in  r a t s ,  b o th  i n  th e  norm al s t a t e  (Puca and B r e s c ia n i ,  

1969a ; S ta n d e r  and A ttram an d al, I 968) o r  in  th e  l a o t a t i n g  s t a t e  (Shyam ala 

and N and i, 1972; B rush e t  a l ,  1 9 7 3 ). However, i n  norm al human b re a s t  t i s s u e  

Johansson  e t  a l ,  (1970) and Korenman and Bukes ( 1970) were unable, to  d e te c t  

o e s tro g en  r e c e p to r s .  R ecep to rs  a re  found in  anim al and human mammary tum ours 

and a re  c o n s id e re d  l a t e r  in  t h i s  c h a p te r .

The o th e r  m ajor t a r g e t  a re a  f o r  o e s tro g en s  i s  th e  b r a in .  K ing and h is  

co-w orkers (1965a) in je c te d  a  la r g e  dose o f  t r i t i a t e d  o e s t r a d io l  in to  r a t s  and 

d e te c te d  a  h ig h  u p tak e  in to  th e  a n t e r i o r  p i t u i t a r y ,  E is e n fe ld  and A xelrod 

( 1965) re p o r te d  u p tak e  in  hypothalam us and K ato and h is  c o lle a g u e s  (K ato and 

V i l l e e ,  1967 ; K ato e t  a l ,  1969; K a to , 1970a, 1970b) lo c a l i s e d  th e  uptalce 

to  th e  a n t e r io r  hypothalam us. A u to rad io g rap h ic  s tu d ie s  i n  r a t s  were a b le  to  

l o c a l i s e  th e  u p tak e  a re a  even more p r e c i s e ly  in  th e  am ygdaloid a re a  as  w e ll as 

th e  hypothalam us and a n t e r i o r  p i t u i t a r y  ( P f a f f ,  I 968 ; Stum pf, 1968b ) .  I t  i s  

b e lie v e d  th a t  th e s e  r e c e p to r s  which a re  found aD.so in  male an im als  (Kahwanago 

e t  a l .  1969 ; P f a f f ,  I 968 ; Stum pf, 1968b) have a r o le  in  th e  feedback  mechanism 

which c o n tro ls  th e  p i tu i ta ry -h y p o th a la m ic  a x i s .

A d m in is tra tio n  o f  a n tio e s tro g e n s  can b lock  th e s e  r e c e p to r s ,  th u s  p ro b ab ly  

i n i t i a t i n g  th e  p ro c e ss  o f g o n ad o tro p h in  r e le a s e  in  o v u la tio n  in d u c tio n  (Kahwanago
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e t  a l ,  1970) ;  c o n v e rse ly  a d m in is tr a t io n  o f o e stro g en  as  i n  th e  o ra l  

c o n tra c e p tiv e  can s t im u la te  th e  r e c e p to r s ,  which i n h i b i t  g o n ado troph in  

r e l e a s e ,  and hence o v u la tio n  (E is e n fe ld ,  I 969) .

A lthough th e se  r e p o r ts  have f a i l e d  to  dem onstra te  a n y  up tak e  o f 

o e s t r a d io l  by th e  c e re b ra l  c o r te x  o f th e  m ature an im al. B a r le y  e t  a l .  (1974) 

have observed  th e  t r a n s ie n t  p re sen ce  o f o e s t r a d io l  re c e p to r s  in  th e  c o r te x  

o f  im m ature ( 5-d ay  o ld ) r a t s ,  r a i s in g  th e  p o s s i b i l i t y  t h a t  th e  r e c e p to r  may 

be re s p o n s ib le  f o r  th e  sex u a l d i f f e r e n t i a t i o n  o f  th e  immature a n im a l.

H ole o f R ecep to rs  in  P h y s io lo g y . Animal experim ents su g g es t t h a t  

r e c e p to r s  ap p ea r p r i o r  to  exposure  to  endogenous o e s tro g e n , C la rk  and G orsk i 

( 1970) re p o r te d  a  ra p id  in c re a s e  in  th e  number o f re c e p to r s  e ig h t  to  te n  days 

a f t e r  b i r t h ,  t h e r e a f t e r  f a l l i n g  s l i g h t l y  and th e n  rem ain ing  c o n s ta n t t  

C h a r a c te r is a t io n  o f th e  r e c e p to r s  showed them to  be th e  same as a d u l t  r e c e p to r s ,  

G insburg  and h is  a s s o c ia te s  (1972) found h ig h  a f f i n i t y  re c e p to r s  i n  th e  

hypothalam us and p itu d .ta ry  o f  r a t s  and .concluded th a t  a  d i f f e r e n t  mechanism 

from  u te r in e  re c e p to r  fo rm a tio n  was re s p o n s ib le .  P Ia p in g e r  and h e r  c o lle a g u e s  

( 1973) have found h ig h  le v e l s  o f  b r a in  r e c e p to r s  i n  imm ature r a t s  ( 5-d ay  o ld ) 

and th e y  s p e c u la te  th a t  s in c e  th e y  a re  found in  b o th  male and fem ale  r a t s ,  t h e i r  

r o le  i s  p ro b ab ly  a  p r o te c t iv e  one from  m ate rn a l o e s tro g e n s , though a  r o le  i n  

sex u a l d i f f e r e n t i a t i o n  i s  an a l t e r n a t iv e  e x p la n a tio n .

I n  c o n s id e r in g  re c e p to r s  i n  a  n o rm a lly  " c y c lin g ” anim al th e re  a re  two 

m ajor problem s -  th e  e f f e c t  o f  endogenous p ro g e s te ro n e  and th e  e f f e c t  o f 

endogenous o e s tro g en  on th e  r e c e p to r s .

A lthough p ro g e s te ro n e  does n o t b lo ck  o e s tro g en  re c e p to r s  i t  does a f f e c t  

th e  re sp o n se  o f t a r g e t  c e l l s  to  o e s tro g e n , M artin  and F in n  ( I 968) n o ted  th a t  

o e s t r a d io l  a lo n e  cau ses  m ito se s  in  lu m in a l and g la n d u la r  e p ith e liu m  b u t n o t th e  

s tro m a l c e l l s  o f mouse u te r u s ;  p re tre a tm e n t w ith  p ro g e s te ro n e  re v e rs e d  t h i s  

e f f e c t  though  th e  o e s tro g e n  su rg e  n e c e s sa ry  f o r  im p la n ta tio n  overcame th e  

p ro g e s te ro n e  s u p p re s s io n . The a b i l i t y  o f th e  endometrium to  accum ulate  o e s t r a d io l
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however, vfas n o t a f f e c te d  (Sm ith e t  a l ,  1970; Taohi e t  a l .  19 7 2 ).

F lu c tu a tio n s  in  th e  l e v e l  o f re c e p to r s  have been no ted  in  th e  ra t 's  

o e s tru s  c y c le  (F eh e rty  e t  a l ,  1970; Lee and Jacobson , 197%; Shain  and B am ea ,

1971) though t h e i r  peaks were n o t c o n s i s te n t .  I t  has been cuggested  th a t  

th e re  i s  s y n th e s is  o f r e c e p to r  p ro te in s  to  account f o r  th e  f lu c tu a t io n s  

(S hain  and B am ea , 1971» Anderson e t  a l ,  1972b),

T a y lo r and h is  a s s o c ia te s  (B rush e t  a l ,  1 9 6 7 ;' T a y lo r , 1974) in  m easuring 

th e  up take  o f t r i t i a t e d  o e s t r a d io l  in  v iv o  in  women n o ted  a g r e a te r  up tak e  by 

p r o l i f e r a t i v e  th an  by s e c re to ry  endom etrium , R obertson  e t a l ,  ( 197I )  found 

maximum up take  a t  m id -cyc le  and minimum a t  th e  beg in n in g  and th e  end o f th e  

cy c le  b u t o th e rs  have found a  g r e a te r  u p tak e  d u rin g  th e  p r o l i f e r a t i v e  phase 

(Evans and HWihnel, 1971» Limpaphayom e t  a l ,  1971; Trams e t  a l ,  1973 ). These 

l a s t  th r e e  groups a l l  su g g es ted  th a t  th e  number o f re c e p to r  s i t e s  a v a i la b le  

c o r r e la te d  in v e r s e ly  w ith  th e  c i r c u l a t i n g  o e stro g en  l e v e l ,

K atzene llenbogen  e t  a l ,  (1973) d ev ised  a  c y to so l in c u b a tio n  tech n iq u e  

to  "c lean "  endogenous hormone o f f  th e  r e c e p to r s  and th u s  a llo w  assay  o f th e  

t o t a l  re c e p to r s  b u t th e y  concede th a t  th e  d u ra tio n  o f th e  in c u b a tio n  (18  -  24 

hours a t  25 to  30°C) may r e s u l t  i n  some p ro te in  d e g ra d a tio n . Be H ertogh e t  a l ,  

( I 97I&, 1971b) d e sc r ib e d  a tech n iq u e  o f su s ta in e d  (4 -h o u r) in fu s io n  o f r a d io a c t iv e  

o e s t r a d io l  in  v ivo  to  cause d isp lacem en t o f endogenous hormone. They c a lc u la te d  

t h a t  a t  any tim e in  th e  c y c le  th e  re c e p to r s  a re  about one th i r d  s a tu r a te d .  They 

s t a t e  a ls o  th a t  th e y  were u n ab le  to  prove o r  d isp ro v e  a c y c l ic  v a r ia t io n  in  

th e  number o f b ind ing  s i t e s  p e r  c e l l ,  bu t th a t  i f  v a r ia t io n  does occu r i t  i s  

p ro b ab ly  m inim al,

Jen sen  and Jacobson  ( I 962) no ted  th a t  o e s t r a d io l  was n o t a l t e r e d  by 

i t s  up tak e  and r e te n t io n  in  th e  r a t  u te r u s .  E a rly  experim ents in  human 

endometrium and myometrium su g g ested  th e r e  was minimal in te rc o n v e rs io n  between
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o e s t r a d io l  and o e s tro n e  (Ryan and E ngel, 1 9 5 3 ). However, more r e c e n t ly  

human endometrium has been shown to  be a b le  to  co n v ert o e s t r a d io l  to  

o e s tro n e  -  to  th e  e x te n t th a t  Sweat and h i s  a s s o c ia te s  ( I 967) su g g ested  

t h a t  co n v ersio n  to  o e s tro n e  was n e c e s sa ry  f o r  hormonal a c t io n ,  Tseng and 

G urpide (1972a, 1972b, 1973, 1974) have dem onstra ted  an in te rc o n v e r s io n  

betw een o e s t r a d io l  and o e s tro n e  and th ey  s p e c u la te  to o  on th e  r o le  o f 

o e s tro n e  in  th e  r e g u la t io n  o f o e s tro g en  a c t io n  in  humans a lth o u g h  th e y  p o in t 

ou t t h a t  o e s tro n e  fo rm a tio n  may be p a r t  o f th e  o e s t r a d io l  d e g ra d a tio n  and 

d is p o s a l  p ro c e s s , S i i t e r i  and hJ.s c o lle a g u e s  (1972) were u n ab le  to  co n firm  

an e x te n s iv e  in te rc o n v e r s io n  and th e y  to o  su g g est th a t  th e  o e s tro n e  formed 

may be a  d e g ra d a tio n  p ro d u c t. B rush e t  a l ,  ( I 968) found co n v e rs io n  o f 

o e s t r a d io l  to  o e s tro n e  in  t i s s u e  s l i c e  in c u b a tio n  o f  en d o m etria l carcinom a.

The d i s t r i b u t i o n  o f r e c e p to r s  in f e r r e d  by u p tak e  o f o e s tro g en  in  th e  

human u te ru s  has been d e sc r ib e d  as  d e c l in in g  in  amount from  th e  fundus by 

D avis e t  a l .  (1963) in  one case  and by R obertson  e t a l ,  ( I 971) i n  two c a s e s .  

B rush e t  a l ,  ( I 967) re p o r te d  o b se rv a tio n s  on 18 cases  and a lth o u g h  f in d in g  

v a r ia b le  d i s t r i b u t i o n  w ith in  a  s in g le  u te ru s  th e y  d id  n o t f in d  any c o n s is te n t  

p a t te r n  in  t h e i r  s e r i e s .  They su g g es ted  th a t  th e  v a r ia t io n  m ight have been 

due to  a l t e r e d  b lood  su p p ly  to  th e  d i f f e r e n t  p a r t s  o f  th e  u te r u s .

I n  c e r t a in  an im als i t  i s  known th a t  an o e s tro g en  su rg e  i s  n e c e s sa ry  f o r  

im p la n ta t io n  (Shelesnyalc, I 960) and th a t  i t s  a b o l i t io n  by , say , o e s t r i o l  cau ses  

f a i l u r e  o f im p la n ta tio n  (W otiz and S cu b lin sk y , 197 2 ). In  humans, how ever, 

a lth o u g h  th e re  i s  a  l u t e a l  phase  o e s tro g en  su rg e  i t  i s  n o t e s s e n t i a l  f o r  

im p la n ta t io n ,  W hether th e  v a r i a t io n  in  d i s t r i b u t i o n  o f o e s tro g en  re c e p to r s  

in f lu e n c e s  im p la n ta t io n , m ain tenance o f pregnancy o r  even p a r t u r i t i o n ,  i s  

u n c e r ta in .
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R ole o f  R ecep to rs  in  P a th o lo g y .

M en stru a l D is o rd e rs . Some m en stru a l d is o rd e r s  such  as  m enom etrorrhag ia  

a re  a t t r i b u t e d  to  abnorm al o e s tro g e n  s t im u la t io n  ( j e f f c o a t e ,  I 969) * The uptalee 

o f o e s t r a d io l  i n  c y s t i c  h y p e rp la s ia  o f th e  endometrium -  a  c o n d itio n  supposed 

to  be  caused  by e x c e s s iv e  o e s tro g e n  s t im u la t io n  -  was re p o r te d  by R obertson  

a t  a l ,  (1971) in  two ca se s  and by Evans and R 5 h n el(l9 7 1 , 1973) i n  fo u r  c a s e s .

No c o n s is te n t  p a t te r n  o f  a v a i l a b le  o e s t r a d io l  r e c e p to r  s i t e s  emerged though 

T e ren iu s  e t  a l .  (1971) found h ig h  o e s t r a d io l  up take  in  h y p e rp la s t ic  endometrium 

in  fo u r  c a s e s .

Leiomyomata ( F ib r o id s ) : O estrogens a re  known to  have a  t ro p h ic  e f f e c t

on th e  grow th o f c e r t a in  human f i b r o i d s .  F a rb e r  e t  a l .  (1972) compared c y to so l 

from  f ib r o id s  and from  t h e i r  a d ja c e n t myometrium and found th a t  th e  f i b r o id  

c y to so l bound ap p ro x im a te ly  20 p e r  c en t more o e s t r a d io l  th a n  an e q u iv a le n t 

amount o f  m yom étrial c y to s o l .  By su c ro se  d e n s i ty  g ra d ie n ts  in  0 .3  M KCl s o lu t io n  

th e y  were a b le  to  d em o n stra te  a  peak o f a c t i v i t y  in  t h e ' 48 r e g io n .

U te r in e  C arcinom a. B rush  e t  a l ,  ( I 968) a d m in is te red  t r i a t e d  o e s t r a d io l  

t o  12 p a t i e n t s  w ith  w e l l - d i f f e r e n t i a t e d  adenocarcinom a o f  th e  endometrium and 

found a  v a r ia b le  p a t te r n  o f up talce. The same group (T a y lo r  e t  a l ,  1971) re p o r te d  

f u r th e r  in  v iv o  s tu d ie s  in  g e n i t a l  t r a c t  tum ours and found a  h ig h  av erag e  uptalce 

i n  18 o a ses  o f  w e l l - d i f f e r e n t i a t e d  en d o m etria l adenocarcinom a and in  one case  

o f  c e r v ic a l  adenocarcinom a. I n  th re e  c a se s  o f p o o rly  d i f f e r e n t i a t e d  adenocarcinom a 

and one case  each  o f  c a rc in o -sa rc o m a , mixed mesodermal tum our and squamous 

carcinom a o f  th e  v ag in a , th e r e  was low uptalce o f  o e s t r a d io l .  I t  has been su g g es ted  

t h a t ,  to  e s t a b l i s h  w hether an adenocarcinom a i s  o f  en d o m etria l o r  o v a ria n  o r ig in ,  

a  r e c e p to r  a ssa y  should  be perform ed s in c e  on ly  th e  en d o m etria l tum our co u ld  b ind  

o e s t r a d io l  (T ay lo r e t  a l .  19 7 3 ).

Evans and Hâhnel ( l9 7 l )  found v e ry  h ig h  uptake and r e t e n t io n  o f t r i t i a t e d  

o e s t r a d io l  by t i s s u e  s l i c e s  from  two case s  o f en d o m etria l carcinom a. Trams e t  a l .
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( 1973) found ev idence o f  o e s t r a d io l  b in d in g  by t i s s u e  s l i c e s  in  s ix  ou t o f 

e ig h t cases  o f endom etria l carcinom a.

T e ren iu s  e t  a l .  ( I9 7 l)  s tu d ie d  g e n i ta l  t r a c t  tumour b io p sy  m a te r ia l  

by t i s s u e  s l i c e  in c u b a t io n . Of 26 ca se s  o f carcinom a o f th e  c e rv ix  on ly  th re e  

showed g r e a te r  o e s t r a d io l  u p tak e  th an  co rre sp o n d in g  v ag in a . Of n in e  ca se s  o f 

carcinom a o f th e  endometrium, fo u r  had h ig h  re c e p to r  c o n te n t ,  th re e  had 

in te rm e d ia te  l e v e l s ,  and two had v i r t u a l l y  no re c e p to r s .  The u p tak e  by th e s e  

tum ours appeared  to  be r e l a t e d  to  th e  h i s to lo g ic a l  d i f f e r e n t i a t i o n  -  th e  more 

d i f f e r e n t i a t e d  th e  l e s io n ,  th e  b e t t e r  th e  u p ta k e . Two m e ta s ta t ic  adeno- 

: carcinom as, a  leiom yosarcom a, two v a g in a l tum ours and a  v u lv a r  tum our 

v i r t u a l l y  la ck e d  o e s tro g en  r e c e p to r s .

Mammary Carcinom a. D im ethy lbenzan thracene  (DIÆBA) has been found to  

induce  o e s tro g en  dependent mammary carcinom a in  r a t s .  K ing e t  a l .  (1965b ,

1966) s tu d ie d  such tum ours and found marked up take  and r e te n t io n  o f th e  t r i t i a t e d  

o e s t r a d io l  in  th e  n u c le u s . Shyamala (1972) confirm ed c y to so l u p tak e  by DMA 

tumours b u t was unab le  to  con firm  t r a n s f e r  o f th e  o e s t r a d io l  to  th e  n u c le u s , 

T e ren iu s  (1971c) re p o r te d  th e  a b i l i t y  o f  a n tio e s tro g e n s  to  i n t e r f e r e  w ith  th e  

e a r ly  s ta g e s  o f BMBA c a rc in o g e n e s is .

G lascock and h is  c o lle a g u e s  (F o lca  e t  a l .  I 96I )  fo llo w ed  up t h e i r  p io n e e r  

wojdc on sheep and g o a ts  (G lascock  and H o ek stra , 1959) by a d m in is te r in g  t r i t i a t e d  

h e x o e s tro l  to  p a t ie n t s  w ith  advanced b r e a s t  c a n c e r . An a ttem p t was made to  

c o r r e l a t e  th e  f in d in g s  m th  th e  c l i n i c a l  response  to  b i l a t e r a l  ad renalec tom y 

and oophorectom y. The fo u r  p a t i e n t s  who responded to  th e  su rg e ry  were th e  fo u r  

w ith  th e  h ig h e s t  h e x o e s tro l u p ta k e .

F e h e rty  e t  a l .  ( I 971) s tu d ie d  53 carcinom a b io p s ie s  and found re c e p to r s  

i n  37 o f th e s e ;  th e  p ro p o r tio n  o f p o s i t iv e  r e s u l t s  was h ig h e r  among p o s t­

menopausal women. Johansson  e t  a l .  (1970) found re c e p to r s  i n  I 4 o f  31 cases  

o f  mammary carcinom a b u t found no c o r r e la t io n  w ith  age, menopause, c l i n i c a l
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s ta g e  o f  th e  tum our o r  h i s to lo g ic a l  d i f f e r e n t i a t i o n .  B oth  groups re p o r te d  

a  low in c id e n c e  o f  r e o e p to r - p o s i t iv e  b io p s ie s  from  ben ign  le s io n s  and b o th  

n o ted  th e  absence o f  r e c e p to r s  in  a d ja c e n t norm al b r e a s t  t i s s u e ,

Korenman and Dukes (1970) found seven " r e c e p to r - p o s i t iv e "  b io p s ie s  

ou t o f 15 mammary carc inom as, and an absence  o f re c e p to r s  in  norm al b r e a s t  

t i s s u e .  They n o ted  a  h ig h e r  l e v e l  o f f r e e  o e s tro n e  th a n  o e s t r a d io l  in  some 

post-m enopausal tum our c y to s o ls  and co n s id e re d  th a t  o e s tro n e  may be th e  

r e le v a n t  o e s tro g en  in  post-m enopausal women,

McGuire (1972) h as c h a r a c te r is e d  th e  r e c e p to r  from  mammary carcinom a 

by S c a tch a rd  a n a ly s is  (S c a tc h a rd , 1949) and su c ro se  d e n s i ty  g r a d ie n t ,  and 

found i t  to  be s im i la r  to  r e c e p to r s  i n  o th e r  human s i t e s .  He a ls o  re p o r te d  

a v a r ia b le  uptalee in  d i f f e r e n t  tum ours b u t an absence o f  b in d in g  in  b en ign  

fib roadenom a,

A number o f g roups have a ttem p ted  to  c o r r e la t e  th e  i n  v i t r o  f in d in g  

o f  r e c e p to r s  w ith  th e  c l i n i c a l  re sp o n se  to  en docrine  th e ra p y  (Engelsman e t  a l ,  

1973; Maass e t  a l ,  1972; J e n se n  e t  a l .  1972b; B re s c ia n i  e t  a l .  1 9 7 3 ). They 

a r e  c o n s is te n t  in  t h e i r  f in d in g s  -  th e  p re sen ce  o f r e c e p to r s  su g g es ts  a  

fa v o u ra b le  re sp o n se  to  en d o crin e  th e ra p y , th e  absence a  po o r re sp o n se . However, 

B raunsberg  e t  a l ,  (1973) were u n ab le  to  co n firm  co m p le te ly  th e  above f in d in g s  

w ith  i n  v iv o  s tu d ie s .  When th e  u p tak e  o f  o e s t r a d io l  was low , th e  p a t i e n t s  d id  

n o t respond fa v o u ra b ly  to  en d o crin e  th e ra p y  b u t th e  co n v erse  was n o t t r u e ;  

when th e  o e s t r a d io l  u p tak e  was h ig h , s e v e ra l  o f th e s e  p a t i e n t s  f a i l e d  to  respond  

to  tre a tm e n t.

In  an attempt to  stan d ard ise  th e id e n t i f ic a t io n  and measurement o f  

recep tors th e E.O.R.T.C. B reast Cancer C o-operative Group has been e s ta b lish e d  

and has la id  down In stru c tio n s  on experim ental procedures (E .O .R .T .C ., 1 9 7 3 ).

I t  i s  to  be hoped th a t  such c o l la b o r a t iv e  s tu d ie s  w i l l  en ab le  e a s ie r  com parison 

o f  r e s u l t s  and c o n c lu s io n s . I f  th e  f in d in g  o f re c e p to r s  enab led  i d e n t i f i c a t i o n
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o f  p a tie n ts  who would b e n e f it  from su rg ica l removal o f adrenals and o v a r ie s , 

o r  from endocrine therapy, the o v e ra ll gain  would be con sid erab le  (L ancet, 1974)-

C onclusions. In  summary i t  has been shown th at in t r a c e l lu la r  

macromolecular p rote in  recep tors are resp o n sib le  fo r  th e  uptake and r e ten tio n  

o f o e stra d io l by mammalian ta r g e t organs. B inding to  a cytoplasm ic recep tor  

i s  an e s s e n t ia l  f i r s t  s tep  in  tra n sferr in g  o e stra d io l in to  the nucleus where 

i t  becomes bound to  th e chromatin fr a c t io n  and ex er ts  a t le a s t  some o f i t s  e f f e c t  

throug%iMA.

Methods o f studying th e  recep tors in  v itr o  and in  v ivo  and a lso  o f  

e s ta b lish in g  various s p e c if ic a t io n s  re lev a n t to  the recep to rs , have been 

d escr ib ed .

The le v e l  o f a v a ila b le  recep tor s i t e s  v a r ie s  at d if fe r e n t  stages o f  the  

oestru s or menstrual c y c le  probably due to  v a r ia tio n s  in  c ir c u la t in g  hormone 

l e v e l s .  V ariation s in  recep tor  concen tration  have been noted in  d if fe r e n t  areas 

o f the same uterus but w ithout th e  emergence o f a c o n s is te n t  p a ttern .

Receptors have been d escrib ed  in  endom etrial and mammary carcinoma 

su ggestin g  s u s c e p t ib i l i t y  to  hormonal in f lu e n c e . H yperplastic  endometrium 

g en era lly  has h igh  recep tor  content though not in v a r ia b ly , and f ib r o id s  have 

been shov/n to  have a g rea ter  uptalce o f  o e stra d io l than myometrium in  c y to so l  

in cu b a tio n s ,

A s e r ie s  o f experim ents was planned to  e lu c id a te  the p a ttern  o f o e str a d io l  

uptake in  th e human u teru s . Did the sta g e  o f the menstrual c y c le  in flu en ce  

th e  uptake o f o estra d io l?  Did receptors from d if fe r e n t  p arts o f the uterus  

have d if fe r e n t  c h a r a c te r is t ic s  o f b inding or sedim entation? Was th ere conversion  

o f o e stra d io l to  oestron e in  th e  course o f  th e uptalce process? Could cy to so l  

in cu b ation s g iv e  a sim ple in d ic a tio n  o f receptor le v e l s  and s e n s i t iv i t y  to  

a n tioestrogen  therapy?
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I t  was proposed a ls o  to  a d m in is te r  t r i t i a t e d  o e s t r a d io l  to  p a t ie n t s  

p r i o r  to  h y ste rec to m y . How d id  p a t te r n s  o f  up tak e  in  v iv o  compare w ith  

o b se rv a tio n s  i n  v i t r o ? Ydiat t i s s u e s  o f  th e  g e n i ta l  t r a c t  h e i  th e  g r e a te s t

u p tak e  o f o e s t r a d io l  and d id  u te r in e  f ib r o id s  show any up take? How d id  an 

a n t io e s tro g e n  g iv en  p r i o r  to  th e  in j e c t i o n  o f o e s t r a d io l  in f lu e n c e  th e  

u p tak e  and d i s t r i b u t io n  o f th e  o e s tr a d io l?

The r e s u l t s  and o b se rv a tio n s  from  th e s e  experim ents a re  c o n ta in e d  

i n  t h i s  t h e s i s .
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CHAPTER 2,

ANTIOESTROGEI^S IN  THE) HüïvîAN.
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A n tio e s tro g e n s  a re  a  group o f compounds which a re  a t  p re s e n t  

a t t r a c t i n g  much a t t e n t io n  b o th  i n  s c i e n t i f i c  re s e a rc h  and in  c l i n i c a l  

p ra c tic e *  B oth a s p e c ts  were covered  i n  a  re c e n t rev iew  by Lunan and 

K lopper ( 1975) •

D e f in i t io n  o f an A n tio e s tro g e n * I n  th e  b ro a d e s t s e n se , an 

a n tio e s tro g e n  i s  a  su b s tan ce  which c o u n te ra c ts  th e  a c t i v i t y  o f o e s tro g en s  

(T e re n iu s , 1 9 7 4 ). F o r p re s e n t  p u rp o se s , how ever, th e  d e f i n i t i o n  w i l l  be 

r e s t r i c t e d  by th e  fo llo w in g  c o n s id e ra t io n s ;

(a )  D ire c t  E f fe c t  on O estrogen  A c t iv i ty ;  Some su b s ta n c e s  do n o t 

c o u n te ra c t o e s tro g en s  d i r e c t l y  b u t b lo ck  subsequen t e v en ts  s e t  in  t r a i n  by 

o e s tro g e n s . Hence su b s ta n c es  which a l t e r  o e s tro g en  re sp o n se  by i n t e r f e r i n g  

w ith  p ro te in  o r  MA s y n th e s is  in  a  t a r g e t  c e l l  o r  wi'oh o e s tro g en  m etabolism  

i n ,  s a y , th e  l i v e r ,  a re  n o t c o n s id e re d  a n tio e s tro g e n s  in  th e  c o n te x t o f t h i s  

th e s is *  N e ith e r  i s  a  su b s ta n c e  which o n ly  su p p re sse s  o e s tro g e n  s e c r e t io n  

co n s id e re d  a s  an a n t io e s t r o g e n . C e r ta in  su b s ta n c es  l i k e  androgens and 

p ro g es to g en s  can m odify r a t h e r  th a n  c o u n te ra c t o e s tro g en  e f f e c t s .  These 

su b s ta n c es  do n o t i n t e r f e r e  w ith  o e s tro g en  up tak e  by a  t a r g e t  c e l l  b u t m odify 

th e  o e s tro g en  re sp o n se  by s t im u la t in g  o th e r  c e l l  components (T e re n iu s  and 

L ju n g k v is t ,  1972) .

(b ) B lo ck in g  o f  O estrogen  R ec e p to rs ; A n tio e s tro g en s  have an a f f i n i t y  

f o r  th e  p r o te in  o e s tro g en  -  r e c e p to r s  in  th e  t a r g e t  c e l l  cy to p lasm . T e re n iu s  

( 1970) has d iv id e d  a n t io e s tro g e n s  in to  two c a te g o r ie s  depending  on th e  d u ra tio n  

o f  r e c e p to r  r e te n t io n  i n  th e  mouse u te r u s .  The f i r s t  group o f  a n tio e s tr o g e n s  

i s  e f f e c t iv e  fo llo w in g  sy stem ic  a d m in is t r a t io n  and has a  s u s ta in e d  e f f e c t  in  

b lo c k in g  o e s tro g en  s t im u la t io n .  The second group i s  most e f f e c t iv e  when g iv en  

l o c a l l y ,  and ap p ears  to  be o n ly  t r a n s i e n t l y  a t ta c h e d  to  th e  r e c e p to r ,  b u t 

im pedes th e  re sp o n se  to  o th e r  o e s tro g e n s  l i k e  o e s t r a d io l  -  I j p  (S ee  T ab le  2 .1 ) .
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TABLE 2 .1 .  

C la s s i f i c a t io n  o f A n tio e s tro g e n s ,

D e r iv a tiv e s  o f P o ly c y c lic  Phenols

D e r iv a tiv e s  o f 
D ip h en y le th y l ene

IC I 46474 
(Tam oxifen)

F 6066 
(C y c lo fe n il)

D e r iv a tiv e s  o f 
C h io ro tr ia n is e n e  

(TAGE)

MER-25 m - 3 7 MRL -41 
(C lom iphene)

D e r iv a tiv e s  o f 
D ihydronaph thalene  
and D iphenylindene

U 11 ,100  A 
(N afo x id in e)

U 11,555A

N i t r o s ty r y l
Compound

ON 55,945

Impeded O estrogens

D e r iv a tiv e s  o f 
O e s tra d io l O e s tr io l e n t-lT JB -o es trad io l

D e r iv a tiv e s  o f 
D ie th y l s t i lb o e s t r o l

D im e th y ls t i lb o e s t r o l
(DM8)

M eso -b u to e s tro l

A f te r  P rasad  and Sarlcaran (1972)

The Scone o f t h i s  Review

Which o e s tro g en  i s  b locked? I n t e r e s t  has m ain ly  focused  on o e s t r a d io l  

-  I J p  and to  a  l e s s e r  e x te n t  o e s t r a d i o l - l ? ^  and o e s tro n e  a s  th e s e  a re  th e  

main gonodal o e s tro g en s  o f th e  sp e c ie s  which have been s tu d ie d .  I t  i s  

n e c e s sa ry  to  e s t a b l i s h  t h i s  s in c e  c e r t a in  n a tu r a l ly  o c c u rr in g  o e s tro g en s  l i k e  

o e s t r i o l  a re  in  f a c t  impeded o e s tro g en s  w ith  c e r ta in  a n t io e s tr o g e n ic  p r o p e r t i e s ,  

W otiz and S cu b lin sk y  (1972) dem o n stra ted  t h a t  o e s t r i o l  can b lock  th e  p o s t­

o v u la tio n  o e s t r a d io l  su rg e  in  r a t s  and p re v e n t im p la n ta tio n  o f  a  f e r t i l i s e d  

ovum*
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V/hich organ  i s  a f fe c te d ?  A ll th e  re c e p to r -b lo c k in g  a n tio e s tro g e n s  

w ith  th e  e x ce p tio n  o f  li/IEH-25 have some o e s tro g e n ic  p ro p e r t ie s  (T e re n iu s ,

1971a) . Depending on th e  t a r g e t  s i t e  examined and th e  p a r t i c u l a r  a n t io e s tro g e n  

b e in g  c o n s id e re d , th e  re sp o n se  may be d i f f e r e n t .  In  t h i s  rev iew  a t t e n t io n  w i l l  

be d i r e c te d  a t  th e  e f f e c t  o f  sy stem ic  a d m in is tr a t io n  o f a n tio e s tro g e n s  on th e  

u te ru s  (endom etrium , myometrium, c e r v ix ) , hypothalam us and b r e a s t .

Which sp e c ie s  i s  examined? Compounds which a re  a n t io e s tr o g e n ic  i n  one 

s p e c ie s  may be o e s tro g e n ic  in  a n o th e r .  Tamoxifen (N olvadex -  IC I) was shown 

to  be a n t io e s tr o g e n ic  i n  r a t s  b u t o e s tro g e n ic  in  mice (H arp er and W alpole,

1967a) • U navoidably  most o f  th e  ex p erim en ta l woric has been done on r a t s  and 

m ice, and a lth o u g h  i t  can be m is le ad in g  to  t r a n s l a t e  th e  r e s u l t s  to  human 

c o n s id e ra t io n s  i t  i s  n e c e s s a iy  to  a s s e s s  t h e i r  re le v a n c e . C l in ic a l  e x p e rien ce  

w ith  a n tio e s tro g e n s  i s  dom inated by clom iphene c i t r a t e  (Clomid -  M e rre l l)  b u t 

r e c e n t ly  new er a n tio e s tro g e n s  such a s  tam ox ifen  have been t e s t e d  and made 

a v a i l a b le .

How i s  a n t io e s tr o g e n ic  re sp o n se  m easured? Measurement i s  d i f f i c u l t  

s in c e  assessm en t o f  th e  o e s tro g e n  re sp o n se  i t s e l f  can be d i f f i c u l t  (Eramens and 

M il le r ,  I 969) • O ften  th e  c h a r a c t e r i s t i c  e f f e c t s  a re  seen  on ly  s e v e ra l  days 

a f t e r  th e  a d m in is tr a t io n  o f an a c t iv e  su b stan ce  -  f o r  exam ple, an a n t i -  

u te ro t ro p h ic  e f f e c t  o f  an a n tio e s tro g e n  (T e re n iu s , I 97I& ). A l te r n a t iv e ly  an 

a n tio e s tro g e n  a d m in is te re d  p r i o r  to  in j e c t i o n  o f r a d io a c t iv e  o e s t r a d io l  may 

re v e a l a  reduced  uptalee in  t a r g e t  organs (T e re n iu s , 1970, 19 7 1 a). T h is  

p r in c ip le  was a p p lie d  i n  th e  experim en ts d e sc r ib e d  in  C h ap te r 5 o f  t h i s  th e s i s  

where tam ox ifen  was a d m in is te re d  to  p a t i e n t s  p r io r  to  i n j e c t i o n  o f  ^ H -o e s tra d io l ;  

th e  e f f e c t  o f th e  a n tio e s tro g e n  was a sse sse d  by exam ination  o f t i s s u e  o b ta in e d  

a t  h y s te rec to m y .

Mode o f  A c tio n  o f A n tio e s tro g en s

T here a re  c o n f l i c t in g  view s on th e  mode o f a c t io n  o f a n t io e s t r o g e n s .

I t  has been assumed th a t  c o m p e titiv e  in h ib i t i o n  occu rred  whereby th e  a n tio e s tro g e n
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b locked  th e  cy to p lasm ic  r e c e p to r  t o ,  sa y , o e s t r a d io l  lY-JB b u t d id  n o t t r i g g e r  

th e  sequence o f ev en ts  which o e s t r a d io l  no rm ally  i n i t i a t e s .

As a lre a d y  m entioned , T e ren iu s  (1970 , 1971^) has d em onstra ted  two 

ty p e s  o f a n t io e s t r o g e n ic  e f f e c t  -  when th e  su b stan ce  was g iv en  s y s te ra ic a l ly  

and induced  a  s u s ta in e d  e f f e c t ,  and when th e  su b stan ce  was g iv en  l o c a l l y ,  and 

e x h ib ite d  on ly  a  t r a n s ie n t  e f f e c t ,

EShnel and h is  c o lle a g u e s  (l9 7 3 a) have su g g ested  th a t  two d i f f e r e n t  

mechanisms may be in v o lv ed  -  e i t h e r  a  d i r e c t  co m p e titiv e  i n h ib i t i o n  as shown 

by an impeded o e s tro g e n , o r  a l l o s t e r i c  i n h ib i t i o n  whereby th e  a n tio e s tro g e n  

b in d s  s e p a ra te ly  to  th e  r e c e p to r  m olecu le  b u t i n t e r f e r e s  w ith  th e  o e s tro g en  

r e c e p to r  s i t e .  I t  may be th a t  p a r t  o f th e  a n tb e s tro g e n  m olecule i s  

" reco g n ised "  by an o e s tro g en  re c e p to r  s i t e ,  and accep ted  th u s  p a r t i a l l y  

b lo c k in g  o r  o b s tru c t in g  th e  s i t e .  I t  may be th a t  th e  a ttach m en t o f  an 

a n tio e s tro g e n  i n t e r f e r e s  w ith  th e  a b i l i t y  o f  th e  r e c e p to r  p ro te in  to  " tran sfo rm "  

in to  a  b io c h e m ic a lly  f u n c t io n a l  form  o r  i n  some way in t e r f e r e s  w ith  th e  a b i l i t y  

o f  th e  r e c e p to r  to  t r a n s f e r  th e  o e s t r a d io l  in to  th e  n u c le u s . T h is  problem  i s  

a llu d e d  to  i n  th e  D iscu ss io n  o f  th e  R e s u lts  in  C h ap ter 6 ,

I t  has been dem onstra ted  in  v i t r o  (S&hnel e t  a l ,  1973&) th a t  th e  

c o n c e n tra tio n  o f a n tio e s tro g e n  must be about 2 0 -fo ld  in  excess o f  o e s tro g en  

to  e l i c i t  an e f f e c t  and th a t  th e  a n t io e s tr o g e n ic  e f f e c t  in c re a s e s  a s  th e  

r e l a t i v e  c o n c e n tra tio n  in c r e a s e s .  These o b se rv a tio n s  a re  o f  c l i n i c a l  re le v a n c e  

i n  c o n s id e r in g  th e  dose o f  a n tio e s tro g e n  which may be re q u ire d  to  c o u n te r  th e  

in f lu e n c e  o f  endogenous o e s tro g e n .

A ll a n tio e s tro g e n s  w ith  th e  e x ce p tio n  o f  MER-25 have been shown to  have 

some o e s tro g e n ic  p ro p e r t ie s  (T e ren iu s  and L ju n g k v is t ,  1972): m oreover an

a n tio e s tro g e n  in  one sp e c ie s  may be an o e s tro g en  in  a n o th e r  (H arp er and 

W alpole, 1967a)*  The a n tio e s tro g e n  i s  presumed to  b lo ck  an o e s tro g en  and y e t
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by i t s  a c t io n  may s im u la te  an o e s tro g en  and convey th e  o e s tro g en  message 

to  th e  n u c le u s . The "impeded" o e s tro g e n s , w ith  t h e i r  t r a n s ie n t  a ttach m en t 

to  a  r e c e p to r ,  have m inim al o e s tro g e n ic  e f f e c t  u n le s s  th e  l e v e l  o f th e s e  

o e s tro g en s  i s  h ig h  and s u s ta in e d .  A s t r o n g ly  bound n o n - s te ro id a l  a n t i  o e s tro g en  

may, how ever, have o e s tro g e n ic  e f f e c t s  even when g iv en  a t  low dose and i n  th e  

end a  compromise betw een th e  p ro p e r t ie s  o f s tro n g  b in d in g  ( i . e .  p ro longed  

e f f e c t )  and o e s t r o g e n ! c i ty  must be re a ch e d . I t  may be t h a t  th e  ch o ice  o f 

th e  a p p ro p r ia te  a n tio e s tro g e n  w i l l  be made i n  term s o f th e  d e s ir e d  p a ra m ete r 

o f o e s tro g en  b lockage  -  f o r  exam ple, an a n t i - f e r t i l i t y  a n tio e s tro g e n  may be 

q u i te  d i f f e r e n t  from  an o v u la tio n - in d u c in g  a n t io e s tr o g e n , A b r i e f  c l a s s i f i c a t i o n  

o f  th e  commoner c l i n i c a l l y  a s se s se d  a n tio e s tro g e n s  i s  o u t l in e d  in  T ab le  2 .1 ,

C hem istry  o f A n tio e s tro g e n s . Hâhnel and h is  c o lle a g u e s , (1973b) have 

s tu d ie d  th e  s t r u c t u r e - a f f i n i t y  r e l a t io n s h ip  o f  oe s t r a d i 01-1^3 and have concluded 

th a t  o e s tr a d io l - lT p  p ro b ab ly  becomes a t ta c h e d  to  i t s  r e c e p to r  as a  r e s u l t  o f  a  

tw o -s te p  mechanism. I n  th e  f i r s t  in s ta n c e  th e  hydroxyl group on C-3 becomes 

f irm ly  a t ta c h e d  to  a  r e c e p to r  c e n t r e ,  th u s  e n ab lin g  th e  C-17yB-hydroxyl fu n c tio n  

to  a t t a c h  to  a  l e s s  s p e c i f i c  second b in d in g  c e n tr e .

The impeded o e s tro g e n s  a re  s t r u c t u r a l l y  so s im i la r  to  th e  p a re n t 

o e s t r a d io l  t h a t  d i r e c t  co m p e titio n  f o r  th e  r e c e p to r  s i t e s  i s  easy  to  u n d e rs tan d  

(F ig u re  2 .1 ) .  T h e ir  mode o f  a c t io n  i s  due to  poor r e t e n t io n  by th e  re c e p to r s  

a llo w in g  l i t t l e  s t im u la t io n :  when a p p lie d  l o c a l ly  o r  c o n tin u o u s ly  good

a n t io e s tr o g e n ic  e f f e c t  can be d em o n stra ted .

The o th e r  group o f n o n - s te r o id a l  a n tio e s tro g e n s  ap p ears  to  a c t  by 

p ro lo n g ed  a ttach m en t to  th e  r e c e p to r  p r o te in s .  C o n s id e ra tio n  o f t h e i r  s t r u c tu r e  

shows a  t r i p l e  benzene r in g  s t r u c tu r e  common to  a l l :  a l l  excep t c y c lo f e n i l  have

an a ro m atic  N -e th y l e th e r  g ro u p in g , and a l l  excep t ciom iphene and tam o x ifen  have 

a  m e th y l-e th e r  g ro u p in g  (F ig u re  2 .2 ) .  S t r u c tu r a l ly  i t  i s  more d i f f i c u l t  to  

dem o n stra te  a  d i r e c t  c o m p e titio n  w ith  o e s t r a d io l  f o r  th e  same r e c e p to r  s i t e ,



and ev idence  i s  now accu m u la tin g  th a t  th e s e  a n tio e s tro g e n s  a re  a tta c h e d  to  

d i f f e r e n t  a re a s  o f  th e  r e c e p to r  m olecu le  from  th e  o e s t r a d io l  s i t e  and a c t  by- 

i n t e r f e r i n g  w ith  th e  b in d in g  o f o e s t r a d io l  (H&hnel e t  a l .  1973b ) .

C l in ic a l  A p p lic a tio n  o f  A n tio e s tro g e n s . C l in ic a l  e x p e r ie n c e  w ith  

a n tio e s tro g e n s  i s  dom inated by ciom iphene a lth o u g h  a l t e r n a t iv e  a n tio e s tro g e n s  

a r e  now b e in g  m arke ted .

In d u c tio n  o f O v u la tio n .

I t  i s  in  t h i s  f i e l d  t h a t  a n t io e s tro g e n s  have so f a r  been most u sed  

c l i n i c a l l y .  And, i r o n i c a l l y ,  i t  was w h ile  a  c e r t a in  a n t io e s tro g e n  (îÆER-25) 

was b e in g  c o n sid e red  f o r  i t s  a n t i - f e r t i l i t y  e f f e c t s  t h a t  o b s e rv a tio n s  were 

made which su g g ested  th a t  i t  m ight be used  f o r  th e  in d u c tio n  o f  o v u la tio n  

(K is tn e r  and S m ith , 1959) • Subsequent c l i n i c a l  in v e s t ig a t io n  confirm ed  t h i s  

though MER-25 was soon sup ersed ed  by !MRL-41 o r  ciom iphene c i t r a t e  as b e in g  more 

e f f e c t iv e  and l e s s  to x ic  (T y le r  e t  a l .  I 96O; K is tn e r  and S m ith , 1961; G re e n b la t t  

e t  a l .  1961 ; K is tn e r ,  1 9 6 2 ).

Mode o f A c tio n . F o r many y e a rs  a f t e r  th e  i n i t i a l  s tu d ie s  th e r e  was 

c o n tro v e rsy  about th e  mode o f  a c t io n  o f ciom iphene, as an a n t io e s t r o g e n , i n  th e  

i n i t i a t i o n  o f  th e  o v u la tio n  p ro c e s s . Sm ith and h e r  c o lle a g u e s  (K is tn e r  and 

S m ith , 1961 ; Sm ith , 1962; Sm ith e t  a l .  1963; Sm ith and Day, 1963; Sm ith ,

1966) su g g es ted  th a t  ciom iphene a c te d  d i r e c t l y  on th e  o v a r ie s  to  s t im u la te  

o e s tro g en  b io s y n th e s is  and t h a t  th e  r a i s e d  o e s tro g en  le v e l s  s t im u la te d  gonado- 

; tro p h in  r e le a s e  by th e  p i t u i t a r y ;  in  t h i s  view  th e y  were su p p o rted  by many 

in v e s t ig a to r s  in  th e  f i e l d  (C h a rle s  e t  a l .  1963; I 966 ; W hitelaw  e t  a l .  I 964 ; 

L o ra in e , I 966) . O th e rs , how ever, su g g es ted  th a t  th e  ciom iphene a c te d  d i r e c t l y  

on th e  hypothalam us a n d /o r  th e  p i t u i t a r y  and m ediated  i t s  o v u la to ry  e f f e c t  th ro u g h  

them (G re e n b la t t  e t  a l .  I 96I ;  Roy e t  a l ,  1963, 1964) R ile y  and Evans, I 964) .

E a r ly  a ssay s  o f p i t u i t a r y  g o n a d o tro p h in s , F o l l i c l e  S tim u la t in g  Hormone 

(FSH) and L u te in is in g  Hormone (LH) were u n r e l ia b le  and sim ply  compounded th e
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d i f f i c u l t i e s  (D ickey e t  a l ,  1965; M is h e ll ,  1967; Jacobson  e t  a l ,  I 968) .

K ato and h i s  co-w orkers ( I 968) showed th a t  ciom iphene co u ld  d e p re ss  th e  

u p tak e  o f  o e s t r a d io l  by th e  a n t e r i o r  p i t u i t a r y  and a n t e r io r  hypothalam us in  

r a t s ,  and th e se  o b se rv a tio n s  were confirm ed by ICahwanago and h is  c o lle a g u e s

( 1970) • The r e le a s e  o f g o n ado troph in  r e le a s in g  f a c to r s  (FSH -  RP and LH -  EF)

I s  c o n tro l le d  by o e s t r a d io l :  ev idence  th a t  ciom iphene cou ld  b lo ck  th e

an tig o n a d o tro p h in  r e le a s in g  e f f e c t  o f o e s t r a d io l  in  humans was p re se n te d  by 

V a itu lc a i t is  and h e r  c o lle a g u e s  ( l 9 7 l ) • They suggested  th a t  th e  ciom iphene 

competed w ith  o e stro g en  a t  th e  r e c e p to r  s i t e s  in  th e  p i t u i t a r y  and hypothalam us, 

th u s  p re v e n tin g  th e  i n h ib i t i o n  o f g o n ado troph in  r e le a s e .

The p re s e n t u n d e rs tan d in g  i s  th a t  th e  a n tio e s tro g e n  b lo ck s  th e  o e s tro g en  

re c e p to r s  in  the ly p o th a lam u s th u s  b r in g in g  about a  r e le a s e  o f FSH which 

s t im u la te s  th e  developm ent o f  o v a ria n  f o l l i c l e s .  As th e  o e s tro g en  le v e l  

b u i ld s  up LH r e le a s e  i s  p rovoked, and o v u la tio n  induced  ( K e l le r ,  1 9 7 1 ). F o r 

t h i s  sequence to  occu r an i n t a c t  h y p o th a la m ic -p itu i ta ry  a x is  i s  e s s e n t i a l ,  as 

w e ll a s  o v a r ie s  c ap ab le  o f re sp o n d in g .

The im portance  o f norm al hypothalam ic fu n c tio n  i s  em phasised by th e  

f in d in g  o f a  h ig h  in c id e n c e  o f  abnormal e lec tro en cep h a lo g ram s (EEGs) in  women 

w ith  am enorrhoeic and a n o v u la to ry  s t e r i l i t y .  The most s u c c e s s fu l group o f  women 

i n  term s o f  o v u la tio n  and co n cep tio n  were th o se  whose EEGs became norm al w ith  

ciom iphene th e ra p y  (S h a rf  e t  a l ,  I 969) •

C l in ic a l  R e p o r ts .

A number o f la r g e  rev iew s (K is tn e r ,  1969a ; Johnson e t  a l .  I 966 ;

MacGregor e t  a l .  I 968) have borne  out th e  e f f ic a c y  o f  ciom iphene in  o v u la tio n  

in d u c t io n .  The most s u c c e s s fu l  c a te g o r ie s  o f p a t ie n t s  were th o se  w ith  

o ligom enorrhoea , secondary  am enorrhoea and p o ly c y s t ic  o v a ria n  ( 81 e in -L e v e n th a l) 

syndrome. P o o re r r e s u l t s  were o b ta in e d  w ith  p a t ie n t s  w ith  p i t u i t a r y  in s u f f ic ie n c y ,
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p i t u i t a r y  tum ours, p rim ary  am enorrhoea and o v a ria n  in s u f f ic ie n c y .

Ciomiphene i s  m arketed a s  a  m ix tu re  o f th e  c i s -  and t r a n s  -  isom ers 

o f th e  compound. C h arles  and h is  c o lle a g u e s  ( I 969) found b e t t e r  r e s u l t s  w ith  

c isc lom iphene and found su p p o rt f o r  t h e i r  view from  MacLeod e t  a l .  (1970) 

and van Campenhout e t  a l*  (1 9 7 3 ), M urthy and h i s  c o lle a g u e s  ( 197I )  , how ever, 

found a  lo w er pregnancy r a t e  and more s id e  e f f e c t s .  The a c t iv e  component 

o f  th e  c lo s e ly  r e l a t e d  compound tam oxifen  i s  th e  t r a n s -iso m e r o f th e  compound.

P a t ie n t s  w ith  gonodal d y sg en es is  (T u rn e r 's  Syndrome), p a n h y p o p itu ita r ism  

o r  p o s t-p a rtu m  p i t u i t a r y  f a i l u r e  (S h eeh an 's  Syndrome) do n o t respond to  

ciom iphene (K is tn e r ,  1965a , 1965b ) • A lso i n  prem ature  menopause an o v u la to ry  

re sp o n se  i s  n o t o b ta in ed  (P au lsen  and Herrmann, 1963; Adamopoulos e t  a l .  1 9 71a).

Shearman ( l9 7 l )  has su g g ested  a n tio e s tro g e n  o v u la tio n  in d u c tio n  i n  

p a t ie n ts  w ith  " p o s t - p i l l "  am enorrhoea, a  syndrome which he f i r s t  re co g n ised  

(shearm an, 1 9 6 6 a ). I n  la c ta tio n -a m e n o rrh o e a  syndrome e i t h e r  fo llo w in g  pregnancy 

(Ohiaei-Prommel Syndrome) o r  w ith o u t p re c ed in g  pregnancy (Ahuma d e l C a s t i l l o 's  

Syndrome) ciom iphene has been re p o r te d  as  be ing  u s e fu l in  r e - e s t a b l i s h in g  

m e n stru a tio n  and s to p p in g  abnorm al l a c t a t i o n  (K a is e r , 1963; Kase e t  a l .  1967; 

D ew hurst, 1 9 7 3 ), In  a n o re x ia  n e rv o sa , once th e  a c u te  phase has passed  and th e  

p a t ie n t  has s t a r t e d  to  g a in  w e ig h t, ciom iphene has been  used  to  ind u ce  o v u la tio n  

and in  some oases  to  r e - e s t a b l i s h  r e g u la r  m en stru a tio n  (M arsh a ll and E r a s e r ,

1971) ,  In  p o ly c y s t ic  o v a ria n  ( S te in -L e v e n th a l)  syndrome ciom iphene in d u c tio n  

o f o v u la tio n  ap p ears  to  have d is p la c e d  o v a ria n  wedge r e s e c t io n  as  th e  f i r s t  

l i n e  o f th e ra p y  (Shearman, 1966b; Cohen, I 966 ; Boon e t  a l .  1972; P errim an ,

1972) .
C r i te r i .a  f o r  th e  d ia g n o s is  o f o v u la tio n  v a ry  b u t th e re  i s  rem arkab le  

c o n s is te n c y  i n  th e  o v u la to ry  re sp o n se  re p o r te d  in  th e  la r g e  s e r i e s  a lre a d y  

m entioned (K is tn e r ,  1965a; Johnson e t  a l ,  I 966 ; MacGregor e t  a l .  I 968) as 

w e ll as th e  s m a lle r  s e r i e s .  Johnson e t  a l .  ( I 966) re p o r te d  an o v e ra l l  o v u la to ry  

r a t e  o f  69 p e r  cen t and an o v e ra l l  p regnancy r a te  o f o n ly  29 p e r  c e n t .
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V arious reaso n s have been pu t fo rw ard  to  accoun t f o r  th e  d isc re p a n c y  

betw een o v u la to ry  re sp o n se  and low p regnancy . K is tn e r  ( 1965a) p o in te d  out 

t h a t  a  number o f p a t ie n t s  d id  n o t want to  become p re g n a n t, and o th e rs  d id  n o t 

p e rse v e re  w ith  th e ra p y  f o r  lo n g  enough. Kase e t  a l .  ( I 967) su g g ested  a  

lu t e in i s e d  f o l l i c l e  as a  cause  o f a p p a ren t o v u la tio n  w hereas Rivo and Hock 

( 1965) blamed m is-tim ed  c o i tu s .  A p e r s i s t i n g  a n tio e s tro g e n ic  e f f e c t  on th e  

endometrium o r  c e r v ic a l  mucus has a ls o  been su ggested  as w e ll as un reco g n ised  

e a r ly  a b o r t io n , m is lead in g  b a sa l body te m p e ra tu re  re c o rd in g s  and a c c e le ra te d

tu b a l  t r a n s p o r t  (\7h itelaw  e t  a l .  1 970 ).

Some s e r i e s  have p re se n te d  c a lc u la t io n s  on how many o v u la to ry  c y c le s  

a re  re q u ire d  to  ach iev e  a  p regnancy . In  th e  norm al p o p u la tio n  Rock and H e r tig  

( 1944) su g g es t a  pregnancy ta k e s  an average  o f fo u r  o v u la to ry  c y c le s ,  whereas 

ciom iphene re q u ire d  s ix  to  n in e  o v u la to ay  c y c le s  b e fo re  c o n cep tio n  (R ivo and 

Rock, 1965 -  8 .9  o v u la to ry  c y c le s ;  Beck e t  a l ,  I 966 -  7 .1  c y c le s ;  Kase e t  a l .  

1967 -  6 .5  c y c le s ;  M acG illiv ray  and K lo p p er, I 968 - 7 , 1  c y c le s ) .

The lo s s  th ro u g h  a b o r t io n  in  clom iphene-induced  p reg n an c ie s  i s  between

20 and 30 p e r  c en t (Johnson e t  a l .  I 966 ; W hitelaw e t  a l .  1970; Jo n es  e t  a l .  

1970) which compares b ad ly  w ith  a normal p o p u la tio n  lo s s  o f about 10 p e r  cen t 

b u t compares w ell w ith  Buxton and Southam 's ( 1958) w astage r a t e  o f o v e r 20 p e r  

c en t in  p reg n an c ies  to  women w ith  a  h i s to r y  o f i n f e r t i l i t y .

A f te r  W hitelaw  and h is  c o lle a g u e s  ( I 970) suggestec/khat ciom iphene m ight 

cause  h o s t i l e  c e r v ic a l  mucus, S h a rf  and h i s  c o lle a g u e s  (1971a, 1971b) and G ra ff

(1971) gave o e s tro g en  supplem ents i n  m id -cy c le  to  a group o f  women who were 

o v u la tin g  in  re sp o n se  to  ciom iphene and a  number became p reg n an t (12 ou t o f  5I )  î 

39 o f th e  51 showed q u a n t i t a t iv e  and q u a l i t a t i v e  improvement o f c e r v ic a l  mucus, 

Seki e t  a l .  (1973) w ith  s im i la r  th e ra p y  ach ieved  7 p reg n an c ie s  in  32 women b u t 

a n o th e r  7 became a n o v u la r  and o th e rs  showed l u t e a l  d e p re s s io n .
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K is tn e r  ( 1966) f i r s t  su g g ested  th a t  resp o n se  to  ciom iphene cou ld  be 

o b ta in ed  by supplem enting  th e  m id -cy c le  su rge  o f LH, d e sc r ib e d  by D ickey and 

h is  c o lle a g u e s  ( I 965) ,  w ith  human c h o rio n ic  gonado troph in  (HCG). I n  20 women, 

who d id  n o t p re v io u s ly  o v u la te  w ith  ciom iphene a lo n e , o v u la tio n  was induced  in  

38 o f 56 c y c le s .  Van H a ll and Mastboom ( I 969) su ggested  a  l u t e a l  phase i n s u f f i c -  

j ie n c y  in  clom iphene-induced  o v u la tio n  and advocated  th e  u se  o f  HCG supplem ent- 

; a t io n  in  mid c y c le .

The m an u fac tu rers  a d v ise  a g a in s t  g iv in g  ciom iphene a f t e r  pregnancy has 

o c cu rred , K is tn e r  ( 1963a) re p o r te d  on 39 women who in a d v e r te n t ly  re c e iv e d  

ciom iphene in  e a r ly  pregnancy w ith o u t in c re a s in g  th e  chances o f  u n su c c e ss fu l 

p regnancy , though one in f a n t  had undescended t e s t e s ,  K is tn e r  (1965a) and 

MacGregor e t  a l ,  ( 1968) s t a t e  t h a t  no in c re a s e d  in c id e n c e  o f f e t a l  ab n o rm a lity  has 

been found fo llo w in g  ciom iphene in d u c tio n  o f o v u la tio n .

I n  experim ents w ith  r a t s  and mice a n tio e s tro g e n s  have been shown to  have 

an a n t i - f e r t i l i t y  e f f e c t  when g iv en  in  e a r ly  pregnancy (B arnes and M eyer, 1962; 

Davidson e t  a l ,  I 965 ; Emmens and M artin , I 965? H arper and W alpole, I 966 , 1967b) 

though th e  e f f e c t  was on th e  g e n i t a l  t r a c t  r a th e r  th a n  th e  b la s to c y s t  (S ta p le s ,  

1966) ,  The a n t i f e r t i l i t y  e f f e c t  o f tam oxifen  in  r a t s  may be due e i t h e r  to  

su p p re ss io n  o f th e  n id a to ry  o e s tro g en  su rg e  o r  to  a l t e r a t i o n  i n  u te r in e  m etabolism  

(O 'Grady e t  a l ,  1970; M ajor and E ea ld , 1974)* E in e r-Je n se n  ( 1967) found a  h ig h  

in c id e n c e  o f " l ig h t - f o r - d a te s "  r a t s  and mice in  some l i t t e r s  a f t e r  a d m in is te r in g  

low doses o f c y c lo f e n i l  in  e a r ly  p r e ^ a n c y  b u t no in c re a s e d  in c id e n c e  o f  f e t a l  

anom alies was re p o r te d  in  s u rv iv in g  f e tu s e s .

C l in ic a l  co m p lica tio n s  a s s o c ia te d  w ith  th e  u se  o f ciom iphene have been 

w ell documented (Johnson e t  a l ,  I 966 ; MacGregor e t  a l .  I 968) . O varian en largem ent 

was th e  commonest problem  o c c a s io n a lly  r e q u ir in g  laparo tom y (Southern and J a n o v sk i, 

1962 ; Ham m erstein, 1967) .  O th e r problem s such as h o t f lu s h e s ,  p e lv ic  d isc o m fo rt, 

nausea  and v o m itin g , b r e a s t  d isco m fo rt and v is u a l  u p s e ts  were a ls o  re p o r te d  b u t



g e n e ra l ly  s e t t l e d  q u ic k ly  w ith  c e s s a t io n  o f th e ra p y . M u ltip le  pregnancy 

may be c o n sid e re d  a  h aza rd  o f  th e ra p y : r e p o r ts  su g g es t t h a t  th e  r i s k  o f

tw ins i s  in c re a se d  about te n f o ld  (K is tn e r ,  1965a ; Johnson e t  a l ,  I 966 ;

Hack e t  a l ,  1 9 7 2 ). The r i s k  o f c l i n i c a l  c o m p lica tio n s  and m u lt ip le  pregnancy 

can be m inim ised by c a r e fu l  s u p e rv is io n  and m o n ito rin g  o f th e ra p y .

The b e n e f i t s  o f o v u la tio n  in d u c tio n  by a n tio e s tro g e n s  compared w ith  

in d u c tio n  by gonado troph ins a re  m a n ife s t:  tre a tm e n t i s  s im p le r  and l e s s

hazardous and i t  i s  o f te n  s u c c e s s fu l .  O c ca s io n a lly  induced  o v u la tio n  o r  

induced  o v u la tio n  pregnancy i s  fo llo w ed  by spontaneous c y c l i c a l  o v u la t io n , 

b u t more o f te n  th e  p rev io u s  m en stru a l p a t te r n  r e tu m s  and f u r th e r  o v u la tio n  

in d u c tio n  i s  n e c e ssa ry  (M urray and Osmond-Glarke, 1971)# I n  p o ly c y s t ic  

o v a ria n  ( S te in -L ev en th a l)sy n d ro m e an o p e ra tio n  f o r  o v a ria n  wedge r e s e c t io n  

may be avo ided  by s u c c e s s fu l o v u la tio n  in d u c tio n  w ith  a n t io e s t r o g e n s .

E xperience  w ith  o th e r  a n tio e s tro g e n s  in  o v u la tio n  in d u c tio n  i s  much 

more l im i t e d ,  C y c lo fe n il  (Ondonid -  R ousse l) e l i c i t e d  an o v u la to ry  re sp o n se  

in  50 p e r  cen t o f  42 p a t i e n t s  r e s u l t i n g  in  10 (24 p e r  c e n t)  p reg n an c ie s  

(H e llin g a  and L an g ed ijk , I 967) . Sato  e t  a l ,  ( I 969) re p o r te d  a  43 p e r  c en t 

o v u la to ry  resp o n se  in  122 p a t i e n t s :  o f th e s e  12 (lO  p e r  c e n t)  became p re g n a n t.

Tamoxifen was f i r s t  in v e s t ig a te d  as  an o v u la tio n  in d u c in g  ag en t by 

K lopper and H a ll ( I 97I )  • Twenty p a t i e n t s  were t r e a te d  and an o v u la to ry  resp o n se  

was e l i c i t e d  i n  16 o f 40 t re a tm e n t c y c le s  and th e re  were th r e e  p reg n an c ie s  

(15  p e r  c e n t ) , W illiam son and E l l i s  (1973) re p o r te d  a s e r ie s  o f 32 ca se s  w ith  

v a r io u s  o v u la tio n  d is o rd e r s  i n  which 26 ( 8 l  p e r  c en t)  a p p a re n tly  o v u la ted  and 

18 (56  p e r  c e n t)  conceived  -  f ig u r e s  which compare fa v o u ra b ly  'iTith th o se  o f  

ciom iphene. B oth s e r i e s  quo ted  case s  which re sp o n se ! to  tam oxifen  a f t e r  f a i l i n g  

to  respond  to  c iom iphene.

W illiam son and E l l i s  (1973) re p o r te d  one c ase  o f  o v a ria n  o v e r-s t im u lâ t io n  

w ith  tam oxifen  and a n o th e r  w ith  m ild  h a l lu c in a t io n  in  t h e i r  group o f 32 p a t i e n t s .



W ith c y c lo f e n i l  i t  i s  c la im ed  th a t  no s id e - e f f e o t s  have been n o te d  (R oth 

and R ic h te r ,  I 969» Sato  e t  a l ,  I 969) ,

A n tioestrogen s and Male F e r t i l i t y

K iilin  and h is  c o lle a g u e s  ( I 969) have su g g ested  th a t  p u b e rty  i s  

I n i t i a t e d  by a  lo w erin g  o f th e  s e n s i t i v i t y  o f th e  c e n t r a l  hypothalam ic 

re c e p to r s  re s p o n s ib le  f o r  g o n ado troph in  r e l e a s e .  The su g g es tio n  i s  b ased  on 

o b se rv a tio n s  made on p u b e r ta l  m ales and fem ales g iven  ciom iphene, where 

u r in a ry  FSH was m easured b e fo re , d u rin g  and a f t e r  th e ra p y . B efo re  p u b e rty  

low le v e l s  o f gonado troph ins a re  co u n te red  by low le v e l s  o f sex  s t e r o i d s ,  th e  

b a lan c e  b e in g  c o n tro l le d  by a  s e n s i t iv e  feedback mechanism. At p u b e r ty , th e re  

i s  a  d e c rea se  in  th e  s e n s i t i v i t y  o f th e  s te r o id  feedback so t h a t  much more 

i s  r e q u ire d  to  su p p ress  FSH and LH p ro d u c tio n . C onsequently  gonado troph in  

ou tp u t i s  in c re a s e d  and th e re  i s  f u r t h e r  gonodal s t im u la t io n .

R ankin and h is  co-w orkers (1971) observed one boy d u rin g  p u b e rty  and 

d em onstrated  th e  a l t e r e d  feedback  mechanism w ith  c iom iphene. C ath ro  e t  a l .

(1971) confirm ed th e  a l t e r i n g  re sp o n se  to  ciom iphene a t  p u b e rty  and su g g ested  

th a t  th e  e f f e c t  o f s t im u la t in g  LH p ro d u c tio n  was an a n t io e s tr o g e n ic  e f f e c t  

whereas th e  e f f e c t  o f s t im u la t in g  a d re n a l p ro d u c tio n  o f C -I9 compounds 

(d eh y d ro ep ian d ro ste ro n e  and an d ro s ten ed io n e ) which th e y  observ ed , was an 

o e s tro g e n ic  one.

Ciomiphene was g iv e n  to  fo u r  p a t ie n ts  w ith  K l i n e f e l t e r 's  syndrome 

b u t no c o n s is te n t  resp o n se  in  FSH, LH and androgen le v e l s  was found (Adamopoulos 

e t  a l .  1971b).

The r o le  o f a n t io e s tr o g e n s ,  o r  more s p e c i f i c a l l y ,  ciom iphene in  

sperm atogenesis  i s  c o n t r o v e r s ia l ,  H e l le r  and h is  a s s o c ia te s  (19&9) s tu d ie d  

a  group o f norm al men and c o n sid e re d  th a t  a  low dose o f ciom iphene (50 mg.) 

d a i ly  s tim u la te d  sperm ato g en esis  w hereas h ig h  dose (4OO mg.) d a i ly  caused  a  

maaiced f a l l  in  sp erm ato g en esis , p rov ided  o b se rv a tio n s  were co n tin u ed  o v e r a t  

l e a s t  th r e e  m onths.
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O th er s tu d ie s ,  on o lig o sp e rm ie  m ales , were l e s s  c o n c lu s iv e . F oss e t  

a l ,  (1973) found no d i f f e r e n c e  i n  sperm co u n ts  when ciom iphene and p laceb o  

th e ra p y  were com pared. W ieland e t  a l .  (1972) e l i c i t e d  r i s e s  in  LH and 

te s to s te r o n e  w ith  ciom iphene th e ra p y  b u t no c o n s is te n t  e f f e c t  on sperm c o u n ts . 

A nsari e t  a l .  (1972) found no c o n s is te n t  r i s e s  in  sperm co u n ts  and d e p re s s io n  

o f  th e  count in  two c a se s  ou t o f 6 . Jungck e t  a l ,  ( I 964) t r e a t e d  12 norm al men 

w ith  ciom iphene and induced  a  f a l l  i n  th e  sperm count o f  fo u r  o f  them . I t  i s  

d i f f i c u l t  to  draw any g e n e ra l c o n c lu s io n s  about th e  e f f e c t  o f a n tio e s tro g e n s  

on male f e r t i l i t y .  Some p a t i e n t s  may b e n e f i t  i n  term s o f im proved sperm count 

from  a  low dose o f ciom iphene o v e r a  p ro longed  p e rio d  b u t o th e rs  may a c tu a l ly  

show a  d ep ressed  c o u n t. At b e s t  th e  c a se  f o r  ciom iphene th e ra p y  in  

o lig o sp e rm ia  i s  n o t p roven .

Ciomiphene has been t r i e d  in  th e  tre a tm e n t o f  im potence (Cooper e t  a l ,

1972) ,  Four out o f f iv e  im p o ten t men showed in c re a s e d  te s to s te r o n e  p ro d u c tio n  

-  th e  one vfho showed no change was th e  on ly  one to  im prove h is  c o i t a l  perfo rm - 

ja n c e . Ciomiphene was n o t c o n sid e red  u s e fu l  in  th e  tre a tm e n t o f  im po tence .

T es t o f  P i t u i t a r y  F u n c tio n

Ciomiphene i s  e f f e c t iv e  in  s t im u la t in g  th e  o u tp u t o f FSH and LH in  

norm al men and women th ro u g h  i t s  a c t io n  on th e  p itu i ta ry -h y p o th a la m ic  a x i s .  

Kewton and h is  c o lle a g u e s  (Rewton, 1971» Newton and L ixon , 1971» Newton e t  

a l ,  1971) have u t i l i s e d  t h i s  e f f e c t  to  m easure p i t u i t a r y  fu n c t io n .  P a t ie n ts  

w ith  i n t a c t  p i t u i t a r i e s  responded to  ciom iphene w ith  an i n i t i a l  r i s e  in  

u r in a ry  g o nado troph ins fo llo w ed  by c. secondary  r i s e  in  o e s tro g e n s . P a t ie n ts  

w ith  h y p o p itu ita r ism  o r  a b la te d  g land  showed no re sp o n se  in  e i t h e r  g o n ad o tro p h in  

o r  o e s tro g en  l e v e l s .  The t e s t ,  however, does n o t d is t in g u is h  betw een 

hypothâlam ic and p i t u i t a r y  d y s fu n c tio n  and has n o t been w idely  ad o p ted .

R ayner and Rudd (1971) and 8a n ten e t  a l ,  (1971) have su g g es ted  a 

ciom iphene t e s t  o f p i t u i t a r y - t e s t i c u l a r  fu n c tio n  in  case s  o f d e layed  p u b e rty ;



in  c a se s  o f  p i t u i t a r y  d e f ic ie n c y  no r i s e  in  gonadotrophin  o r  te s to s te r o n e  

le v e l  was n o te d . Anderson e t  a l .  (1972a) have adap ted  t h i s  t e s t  to  a s s e s s  

hypogonadal m ales. No re sp o n se  was o b ta in ed  in  p a t ie n t s  w ith  p a n h y p o p itu ita r ism  

and i s o la te d  g o n ado troph in  d e f ic ie n c y ; and in  p a t ie n t s  w ith  K l i n e f e l t e r 's  

igyndrome and t e s t i c u l a r  d e g e n e ra tio n  h ig h  LH le v e l s  rem ained unchanged.

M arsha ll and h is  a s s o c ia te s  (1 9 7 2 ), u s in g  a  s im i la r  ciom iphene t e s t ,  a ls o  

found a  r i s e  in  t o t a l  plasm a c o r t i s o l  though th e  f r e e  u r in a ry  corrrtisol was 

n o t e le v a te d . They a t t r i b u t e d  t h i s  to  an o e s tro g e n ic  e f f e c t  o f ciom iphene 

in c re a s in g  th e  amount o f  s t e r o id  b in d in g  g lo b u l in ,

A n tio e s tro g en s  and Mammary P atho logy

C hronic c y s t ic  d is e a s e  o f th e  b r e a s t  i s  c o n sid e red  to  be due to  abnormal 

response  to  o e stro g en  s t im u la t io n ,  K is tn e r  and Sm ith (1959) used  MER-25 in  18 

women w ith  ch ro n ic  c y s t i c  d is e a s e  o f th e  b r e a s ts  and 16 d e riv e d  b e n e f i t .

Z elen ik  ( I 964) re p o r te d  th e  u se  o f ciom iphene in  20 women w ith  ch ro n ic  c y s t ic  

d is e a s e  o f b r e a s t  b u t a lth o h g h  b re a s t  d isco m fo rt was l e s s ,  s id e  e f f e c t s  were 

a  problem  -  f iv e  p a t ie n t s  w ith  o v a rian  c y s ts  (one laparo tom y) and seven p a t ie n t s  

w ith  h o t f lu s h e s .  Many op ted  f o r  th e  b r e a s t  d iscom fo rt'.

Carcinom a o f th e  B r e a s t . K is tn e r  and Sm ith (1959) gave MER-25 to  fo u r  

p a t ie n t s  w ith  advanced mammary carcinom a. Two p a t ie n t s  showed sym ptom atic 

improvement b u t two developed p sy ch o tic  r e a c t io n s  and th e  t r i a l  was n o t 

co n tin u e d .

H erbst and h is  co-w orkers ( I 964) gave ciom iphene to  s ix  women w ith  

d issem in a ted  b r e a s t  carcinom a -  th re e  showed improvement ( s u b je c t iv e  a n d /o r  

o b je c t iv e ) ,  two showed no im provem ent, and one developed h a l lu c in a t io n s  

re q u ir in g  c e s s a t io n  o f th e ra p y . The improvement no ted  was a t t r i b u t e d  to  

a l t e r a t i o n  in  th e  hormonal m ilie u  r a th e r  th a n  an e f f e c t  on th e  s p e c i f ic  

o e stro g en  r e c e p to r s .

More r e c e n t ly ,  in  v i t r o  s tu d ie s  u s in g  anim al and human mammary 

carcinom a t i s s u e  have shown th a t  c e r ta in  o e stro g en  re c e p to rs  which can be



b lo ck ed  by a n tio e s tro g e n s  (T e re n iu s , 1971b, 1971c).

T e ren iu s  (1971b) showed th a t  about one t h i r d  o f  human b r e a s t  

carcinom as have o e s tro g en  r e c e p to r s  which can be b locked  by a n tio e s tro g e n s  

such as  ciom iphene and n a fo x id in e  (tJ -  1 1 , lOOA -  U pjohn, L td .)  . He su g g es ted  

th a t  a n tio e s tro g e n s  cou ld  be b e n e f ic ia l  in  th e  tre a tm e n t o f  th e s e  p a t ie n t s  

s e le c te d  on th e  b a s is  o f th e  p re sen ce  o f r e c e p to r s .

HHhnel and h is  co -w orkers (1973&) in v e s t ig a te d  th e  b lo c k in g  e f f e c t  

o f v a r io u s  a n tio e s tro g e n s  on th e  u p tak e  o f  o e s t r a d io l  by human b r e a s t  carcinom a 

c y to so l i n  v i t r o , and a lth o u g h  im p o rtan t o b se rv a tio n s  were made th e y  d id  n o t 

s p e c u la te  on th e  re le v a n c e  to  c l i n i c a l  th e ra p y .

Tamoxifen i s  now a v a i la b le  f o r  u se  in  th e  tre a tm e n t o f  advanced b r e a s t  

carcinom a. C ole and h i s  c o lle a g u e s  (1971) compared tam oxifen  w ith  o e s tro g en  

and androgen th e ra p y  and found th a t  th e  tam oxifen  o b ta in e d  a  re m iss io n  r a t e  

o f  22 p e r  c en t and a  p a r t i a l  re sp o n se  in  a  f u r th e r  37 p e r  c en t o f  46 t r e a te d  

p a t i e n t s .  These f ig u r e s  compared fa v o u ra b ly  w ith  th e  two s te r o id s  b u t th e  main 

advantage  f o r  th e  p a t ie n t  was th e  absence o f s id e - e f f e c t s  compared v /ith  

o e s tro g en s  and an d ro g en s. Ward (1973) re p o r te d  a  s tu d y  o f 68 women w ith  

advanced re c u rre n c e  o f m e ta s ta t ic  b r e a s t  carcinom a t r e a te d  w ith  tam oxifen*

Out o f  33 women, 36 p e r  c e n t showed d e f i n i t e  improvement and a f u r t h e r  24 p e r  

c en t showed p a r t i a l  im provem ent. Again th e  absence o f s id e - e f f e c t s  was 

em phasised.

Bloom and Boesen (1974) re p o r te d  th e  use o f  n a fo x id in e  in  82 oases 

o f  advanced mammaiy carcinom a, most o f whom had ceased  to  b e n e f i t  from  o th e r  

en d o crin e  th e ra p y . The o b je c t iv e  re sp o n se  r a t e  (com plete  o r  p a r t i a l  r e g re s s io n  

o f  th e  d is e a s e )  was 37 p e r  c e n t and a lth o u g h  s id e - e f f e c t s  l i k e  d ry n ess  o f th e  

s k in , lo s s  o f s c a lp  h a i r  and s e n s i t i v i t y  to  s u n lig h t were n o te d , th ey  were 

c o n sid e red  m inor.

A n tio e s tro g en s  and E n d o m etria l P a th o lo g y

D y sfu n c tio n a l U te r in e  B leed in g  (M enom etro rrhag ia), E l-S h e ik h a  e t  a l .

( 1972) re p o r te d  th e  u se  o f tam ox ifen  in  s i x  p a t ie n ts  w ith  m enom etro rrhag ia .



Of th e  s ix  p a t i e n t s  two had a n o v u la to ry  and fo u r  had o v u la to ry  c y c le s  p r i o r  

to  th e ra p y . O v u la tio n  )vas in d u ced  in  t r e a t e d  c y c le s  and most o f th e  p a t i e n t s  

n o ted  a  d im in u tio n  i n  amount an i/d u ra tio n  o f  b le e d in g , and a ls o  a  ten d en cy  to  

more r e g u la r  b le e d in g . I n  a d d i t io n  to  a  hypothalam ic e f f e c t  in d u c in g  

o v u la t io n , th e y  su g g es ted  a  lo c a l  a n t io e s t r o g e n ic  e f f e c t  o f  th e  tam ox ifen  

on th e  endom etrium .

P u eb la  and G re e n b la t t  ( I 964) gave ciom iphene to  26 women w ith  

e x c e s s iv e  a n o v u la to ry  u te r in e  b le e d in g , and a lth o u g h  co n tin u o u s  o r  p ro lo n g ed  

th e ra p y  was g iv e n , o v u la t io n  o ccu rred  in  most c y c le s  (o v e r  80 p e r  c e n t)  and 

b le e d in g  was c o n s id e re d  l e s s .

E n d o m etria l H y p e rp la s ia is a s s o c ia te d  w ith  e x c e ss iv e  o e s tro g e n ic  

s t im u la t io n  o f  th e  endom etrium , unopposed by p ro g e s te ro n e , H e r t ig  and 

Sommers (1949) c o n s id e re d  th e  c o n d it io n  a  p re c u rs o r  o f en d o m etria l carc inom a,

K is tn e r  and Sm ith (19591 1961) re p o r te d  th e  u se  o f  MEH-25  in  c o n v e r tin g  

en d o m etria l h y p e rp la s ia  to  norm al t i s s u e .  MEH-25  was w ithdraw n because  o f 

t o x i c i t y  and was re p la c e d  by c iom iphene. K is tn e r  ( 1965b) re p o r te d  on 11 

p a t i e n t s  w ith  h y p e rp la s lc  endom etrium  t r e a t e d  w ith  c iom iphene. A pparent 

o v u la tio n  o c cu rred  in  a l l  p a t i e n t s  i n  4I  o f  44 tre a tm e n t c y c le s ,  and b io p sy  

showed a ty p ic a l  s e c re to ry  o r  m en stru a l endom etrium . K is tn e r  and h i s  c o lle a g u e s  

( 1966) a ls o  d e sc r ib e d  th e  e f f e c t  o f  ciom iphene on women w ith  c y s t i c  and 

adenom atous h y p e rp la s ia  o f th e  endom etrium . The ciom iphene was g iv en  

c o n tin u o u s ly  and, a f t e r  a  tem porary  s e c re to ry  p hase , an a tro p h ic  p a t t e r n  

p e r s i s t e d ;  t h i s  l a t t e r  change was a t t r i b u t e d  to  a  lo c a l  a n t io e s t r o g e n ic  e f f e c t .

C h a r le s  ( I 962) n o te d  th a t  o f  f o u r  p a t i e n t s  ly ith  en d o m etria l h y p e rp la s ia  

g iv en  ciom iphene th r e e  developed  a tro p h ic  endom etrium , and one a  s e c re to ry  

p a t t e r n .  C h a r le s  and h is  co -w o ikers  ( I 964) gave ciom iphene f o r  21 to  100 days 

to  22 women w ith  h y p e rp la s ia  o f th e  endom etrium ; i n  th e  group aged u n d e r 40 

an o v u la to ry  p a t te r n  was e s ta b l is h e d  and p e r s i s t e d  a f t e r  c e s s a t io n  o f  th e ra p y ;



i n  th e  ov er 40 age g ro u p , th e  o v u la to ry  e f f e c t  was t r a n s i e n t  o r  u n c e r ta in ,  

though in  a l l  c a se s  th e  p a t t e r n  changed to  a  m ild  h y p e rp la s ia  o r  a  

p r o l i f e r a t i v e  endom etrium .

Wall and h is  a s s o c ia te s  ( I 964) gave ciom iphene in  a  c y c l i c a l  manner to  

8 women w ith  h y p e rp la s ia .  A ll e ig h t o v u la te d  and th e  endometrium became 

no rm al. I n  a  subsequen t r e p o r t  (W all e t  a l .  I 965) 40 out o f 4I  women w ith  

p r o l i f e r a t i v e  o r  h y p e rp la s t ic  endometrium responded to  ciom iphene by o v u la tin g  

and d em o n stra tin g  s e c re to ry  endometrium; a n o th e r  group o f n in e  post-m enopausal 

women w ith  h y p e rp la s ia ,  t r e a t e d  w ith  ciom iphene, showed a tro p h y  i n  f i v e ,  

p r o l i f e r a t i v e  endometrium i n  one, no t i s s u e  in  two and no change in  one.

I t  would appear t h a t  th e  re sp o n se  e l i c i t e d  by ciom iphene i n  h y p e rp la s t ic  

endometrium was e i t h e r  a  d i r e c t  a tro p h ic  e f f e c t  o r  an i n d i r e c t  e f f e c t  th ro u g h  

th e  h y p o th a la m ic -p itu i ta ry  a x i s ,  in d u c in g  o v u la tio n  and hence a  s e c re to ry  

re sp o n se  in  th e  endom etrium .

Carcinom a o f th e  Endometrium. K is tn e r  and Sm ith (1959) re p o r te d  th e  

u se  o f  MBR-25  i n  t r e a t i n g  th re e  p a t ie n t s  w ith  en d o m etria l carcinom a; one 

p a t i e n t  r e v e r te d  to  norm al o v u la to ry  endom etrium , one had r e s id u a l  carc in o m a- 

i n - s i t u  a t  hysterec tom y  and th e  t h i r d  had a h y sterec tom y  b u t no p o s t- tre a tm e n t 

h is to lo g y  was re p o r te d .  MER-25 was su b seq u en tly  w ithdraw n b ecause  o f i t s  

t o x i c i t y .

W all and h is  c o lle a g u e s  ( 1964) re p o r te d  a s in g le  case  o f  adenocarcinom a 

o f th e  end omet riu ip4h ich  responded to  co n tin u o u s  ciom iphene th e ra p y  by c o n v e r tin g  

to  an a tro p h ic  ap p ea ran ce . The same group (W all e t  a l .  1965) re p o r te d  a  s e r ie s  

o f  11 oases o f  en d o m etria l carcinom a ( te n  p rim ary  l e s io n s ,  one v a g in a l 

m e ta s ta s is )  t r e a te d  w ith  ciom iphene. T here was no change in  th e  h i s to lo g ic a l  

appearance  o f  th e  v a g in a l m e ta s ta s is  and in  e ig h t  o f  th e  p rim ary  l e s i o n s .  One 

p rim ary  l e s io n  became a tro p h ic  and th e  o th e r  showed i r r e g u l a r  s e c re to ry  a c t i v i t y ,
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I n  two o th e r  c a se s  th e  s iz e  o f  th e  tum our mass was red u ced . They em phasised 

t h a t  ciom iphene th e ra p y  f o r  en d o m etria l carcinom a i s  a t  an ex p erim en ta l 

s ta g e  b u t s p e c u la te  on i t s  r o le  in  t r e a t i n g  such le s io n s  in  c o n ju n c tio n  

w ith  su rg e ry  a n d /o r  ra d io th e ra p y , and on i t s  r o le  in  th e  p ro p h y la x is  o f  th e  

d is e a s e .

Other C lin ic a l  Uses fo r  A n tioestrogen s

I n h ib i t io n  o f L a c ta t io n . Zuckerman and Carmel (1973) dem o n stra ted  

e f f e c t iv e  i n h ib i t i o n  o f  l a c t a t i o n  by ciom iphene i n  a  d o u b le -b lin d  t r i a l ;  no 

s id e  e f f e c t s  were r e p o r te d .  Shaaban (1975) has a ls o  re p o r te d  th e  s u c c e s s fu l 

su p p re ss io n  o f l a c t a t i o n  u s in g  tam o x ifen . The mode o f a c t io n  i s  u n c e r ta in :  

th e  a n tio e s tro g e n  may a c t  a s  a  m ild  o e s tro g en  o r  i t  may s t im u la te  endogenous 

o e s tro g en  p ro d u c tio n , i n h ib i t i n g  p r o la c t in  p ro d u c tio n ; i t  may a c t  d i r e c t l y  

on th e  b r e a s t s  o r  i t  may in d u ce  an in h ib i t i o n  o f p r o la c t in - r e le a s in g  f a c t o r  

by an e f f e c t  on th e  hypothalam us.

C o n tro l o f O v u la tio n  Tim e. F o r  p a t ie n t s  u s in g  th e  rhytiim method o f 

c o n tra c e p tio n  th e  tim in g  o f  o v u la tio n  i s  c r i t i c a l ,  B o u ts e l is  and h is  

c o lle a g u e s  ( I 967 , 1972) dem onstra ted  t h a t  th e  c y c le  to  c y c le  v a r ia t io n  i n  

tim in g  o f o v u la tio n  was th r e e  days o r  l e s s  in  on ly  24 p e r  c e n t o f casesw hen 

reco rd ed  o v er s ix  m onths. When o v u la tio n  was c o n tro l le d  w ith  ciom iphene 

98 .3  p e r  c en t (118 o f 120 women) v a r ie d  th re e  days o r  l e s s  o v e r s ix  m onths. 

A lthough th e r e  was v a r i a t io n  betw een one p a t ie n t  and a n o th e r  as to  how many 

days a f t e r  s to p p in g  ciom iphene o v u la tio n  o ccu rred , th e re  was l i t t l e  month to  

month v a r i a t io n  f o r  an in d iv id u a l  p a t i e n t .  However, th e r e  were s id e  e f f e c t s  

o f th e  ciom iphene th e ra p y , and a lth o u g h  th e se  were g e n e r a l ly  m ild  i t  would seem 

th a t  t h i s  form o f  o v u la tio n  c o n tro l  would be a c c e p ta b le  on ly  to  a  h ig h ly  

m o tiv a ted  s e c t io n  o f th e  community. T h is  method o f c o n t r o l l in g  o v u la tio n  may 

be used  to  tim e a r t i f i c i a l  in se m in a tio n  o f i n f e r t i l e  women,

O ligom enorrhoea and O v u la tio n . Some women w ith  o ligom enorrhoea may want 

to  u se  an o ra l  c o n tra c e p tiv e  o r  have p ro o f o f  o v u la to ry  c a p a c ity  p r io r  to



m a rria g e . K is tn e r  ( I 969) has su g g es ted  th a t  a  "ciom iphene t e s t "  cou ld  prove 

th e  a b i l i t y  to  o v u la te  and th u s  be a  u s e fu l  in v e s t ig a t io n  in  such  p a t i e n t s .

Leiomyomata (F ib ro id s )  and A n tio e s tro g e n s . The c l i n i c a l  o b se rv a tio n  

th a t  f ib r o id s  a re  o e s tro g en  s e n s i t iv e  i s  g iv en  f u r th e r  w eight by th e  

d em o n stra tio n  o f in c re a s e d  o e s t r a d io l  u p tak e  by f ib r o id  t i s s u e  compared w ith  

a d ja c e n t myometrium in  v i t r o  (P a rb e r  e t  a l .  1 9 7 2 ), F ib ro id  u p tak e  o f 

o e s t r a d io l  in  v iv o  i s  r e p o r te d  i n  C h ap te r 5 o f t h i s  th e s i s  and co n firm s th e  

o b se rv a tio n s  o f P a rb e r  and h is  co -w o rk e rs . These f in d in g s  su g g es t t h a t  

a n tio e s tro g e n s  may have a  r o le  i n  in f lu e n c in g  th e  gro^rkh o f  f i b r o i d s .  Frank e l  

and Benjam in (1973) re p o r te d  a  c ase  where ciom iphene th e ra p y  was a s s o c ia te d  

w ith  th e  ra p id  grow th o f  a  f i b r o i d .  I t  was su g g ested  t h a t  th e  ciom iphene may 

have i n i t i a t e d  an o e s tro g en  su rg e , m ed ia ted  th ro u g h  th e  hypothalam us and 

o v a r ie s .

C o n tra c e p tio n  and A n tio e s tro g e n s . A lthough e a r ly  work on a n tio e s tro g e n s  

was s tim u la te d  by a q u es t f o r  a  c o n tra c e p t iv e  a g e n t, a n t io e s tr o g e n s  have n o t 

so f a r  proved r e l i a b l e  i n  humans. Many experim ents on r a t s  and mice have 

in d ic a te d  th e  e f f e c t iv e n e s s  o f  a n tio e s tro g e n s  i f  g iv en  a t  a  c r i t i c a l  s ta g e  

a f t e r  o v u la tio n ; th e y  p ro b ab ly  a c t  by a b o lis h in g  th e  o e s tro g en  su rg e  which i s  

e s s e n t i a l  f o r  im p la n ta tio n  (S h e le sn y ak , I 960) .

I n  summary, a n tio e s tr o g e n s  have an  e s ta b l is h e d  c l i n i c a l  r o le  i n  

in d u c tio n  o f  o v u la t io n , b u t n o t ,  as y e t ,  i n  th e  management o f  male i n f e r t i l i t y .  

In  b r e a s t  c a n c e r, a n t io e s tro g e n s  have been  shown to  be as  e f f e c t iv e  as 

co n v en tio n a l s t e r o id  hormone th e ra p y  b u t i n  o th e r  a re a s  such as  l a c t a t i o n  

su p p re s s io n , management o f en d o m etria l p a th o lo g y , and c o n tro l  o f o v u la tio n  tim e 

t h e i r  u se  i s  more ex p erim en ta l and s p e c u la t iv e .

Ciomiphene was th e  f i r s t  com m ercially  a v a i la b le  a n t io e s tro g e n  and has 

been e x te n s iv e ly  in v e s t ig a te d ;  i t s  u s e fu ln e s s  -  and i t s  l im i t a t i o n s  -  a re  

re c o g n ise d  and i t  seemed in e v i t a b le  t h a t  a l t e r n a t iv e  p re p a ra t io n s  would be 

so u g h t.
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Tamoxifen was developed  s p e c i f i c a l l y  as an a n tio e s tro g e n  by th e  

P h a rm aceu tica l D iv is io n  o f  Im p e ria l Chem ical I n d u s t r ie s  L im ite d , and e a r ly  

ex p erim en ta l work confirm ed  i t s  a n t io e s tr o g e n ic  p r o p e r t ie s  in  r a t s  though  n o t 

i n  mice (H arp er and W alpole, 1967a ) ,  C l in ic a l  t r i a l s  w ith  tam ox ifen  on p a t ie n t s  

w ith  advanced mammary carcinom a proved encourag ing  (C ole e t  a l ,  1971; Ward,

1973) ,  and in  1973 th e  d rug  was m aiketed  s p e c i f i c a l l y  f o r  t h a t  p u rp o se ,

. O ther c l i n i c a l  t r i a l s ,  how ever, were c o n tin u in g , K lopper and H a ll (1971) 

r e p o r te d  su c c e s s fu l o v u la tio n  in d u c tio n  w ith  tam oxifen  and l a t e r  W illiam son 

and E l l i s  (1973) confirm ed th a t  r e p o r t .  I n  1974 tam oxifen  was m arketed 

com m ercially  f o r  use  in  o v u la tio n  in d u c t io n ,  E l-S h e ik h a  e t  a l ,  (1972) 

re p o r te d  th e  b e n e f i t  o f  tam ox ifen  in  m enom etrorrhagia and a  r e c e n t  r e p o r t  by 

Tem pleton and K lopper (1974) would te n d  to  su p p o rt t h i s .  Shaaban (1975) 

has r e c e n t ly  re p o r te d  s u c c e s s fu l  su p p re ss io n  o f l a c t a t i o n  w ith  tam o x ifen .

I n  d i f f e r e n t  sp h eres  o f  c l i n i c a l  p r a c t ic e  tam oxifen  was g a in in g  momentum as

an e f f e c t iv e  -  and s a fe  -  a n t io e s t r o g e n . F o r t h i s  re a so n  i t  was chosen as

th e  a n tio e s tro g e n  to  be examined in  th e  s e r ie s  o f experim en ts which were p lanned.

Tamoxifen has been w id e ly  used  c l i n i c a l l y  w ith o u t a  r e a l  u n d e rs tan d in g

o f  i t s  mode o f a c t io n ,  a lth o u g h  Fromson and Sharp (1974) » u s in g  tam ox ifen

re p o r te d  on i t s  u p tak e  and r e te n t io n  i n  women undergo ing  h y ste rec to m y  f o r

m en orrhag ia . In  what way does tam oxifen  i n t e r f e r e  w ith  a  t i s s u e 's  re sp o n se

to  o e s tr a d io l - lT p ?  I t  was d ec id ed  to  t e s t  an i n  v i t r o  system  o f whole t i s s u e
3

in c u b a tio n  to  see  how e f f e c t iv e ly  th e  tam ox ifen  b lo ck ed  th e  u p tak e  o f H- 

o e s t r a d io l  and th e n  to  ex tend  t h i s  concep t to  see how e f f e c t iv e ly  u p tak e  in  v ivo  

was b lo c k ed . L a t t e r ly  c y to so l in c u b a tio n s  were employed to  m easure t o t a l  

r e c e p to r s  and t h e i r  s u s c e p t i b i l i t y  to  b lockage  by tam o x ifen .

J
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MATERIALS

R ad iochem icals . R ad io ac tiv e  o e s t r a d io l  -  ITjB as o e s t r a d io l  

- 2 , 4»6 ,7  -^H(85 -100 Ci/m mole) and n-hexadeoane -1 ,2 -^H  (2 p C l / g )  were 

p u rchased  from  th e  R adiochem ical C e n tre , Amersham. The ^ Z -o e s tr a d io l  was 

p u r i f ie d  by th in  l a y e r  chrom atography acco rd in g  to  Skidmore e t  a l .  (1972) 

b u t u s in g  as d ev e lo p in g  s o lv e n t ch lo ro fo rm ; e th y l  a c e ta te  (4-il v /v )  to  which 

a  t r a c e  o f  red u c in g  agen t (C le la n d 's  re a g e n t o r  m ereap to e th an o l) was added 

(D o err, 1971)* The a re a  co rre sp o n d in g  to  a  s tan d a rd  o e s t r a d io l  m arker sp o t 

( lo c a te d  by F o lin -G io c a lte a u  re a g e n t;  M itc h e ll  and D av ies , 1954) was e lu te d  

as  d e sc r ib e d  by Skidmore e t  a l .  (1972) and th e  e th y l a c e ta te  e x t r a c t  was 

ev ap o ra ted  to  d ryness u n d er n i t r o g e n .

The s to ck  s o lu t io n  f o r  in  v i t r o  experim ents was p rep a red  by d is s o lv in g  

t h i s  m a te r ia l  in  benzene and s to r in g  a t  6^0 w ith  o c c a s io n a l check ing  f o r  

p u r i ty  in  th e  same chrom atograph ic  system .
3

Where th e  H -o e s tra d io l  was re q u ire d  f o r  in je c t i o n  in to  p a t i e n t s ,  an 

a l iq u o t  o f th e  Amersham m a te r ia l  was p u r i f i e d  as j u s t  d e sc rib e d  w ith in  24 

hou rs  o f  th e  i n j e c t i o n ,  th e  m a te r ia l  l e f t  a f t e r  e v ap o ra tio n  o f th e  e th y l 

a c e ta te  b e in g  d is s o lv e d  in  a b so lu te  a lc o h o l .  A sm all p o r t io n  (O.Ol ml) o f 

th e  s o lu t io n  was removed f o r  ra p id  e s tim a tio n  o f th e  ^ H -o e s tra d io l c o n c e n tra t io n , 

and th e  rem ainder s to re d  a t  6^C u n t i l  r e q u ire d ,  when i t  was d i lu te d  w ith  th e  

a p p ro p r ia te  volume o f w a te r (aq u a  p ro  i n j e c t i o n s ) .

O ther C hem icals. Tam oxifen, p u re  compound and in  t a b l e t  form  (N o lvadex ), 

was g en ero u sly  donated  by D r. A .L. W alpole and D r. R .T . Rouse ( l . G . I ,  

P h a rm aceu tica ls  D iv is io n ) .  O e s tr a d io l ,  o e s tro n e , t e s to s te r o n e ,  p ro g e s te ro n e  

and s t i l b o e s t r o l  were o b ta in e d  from  S te r a lo id ,  and l i k e  th e  a n tio e s tro g e n s  

were s to re d  in  e th an o l s o lu t io n  u n t i l  d i lu te d  in  b u f f e r  as r e q u ire d .



'P r o to s o l '  t i s s u e  s o l u b i l i z e r  was su p p lie d  by R .E .N . C hem icals, Gmbh,
I

'P o lygram ' th in  l a y e r  chrom atography p la te s  were su p p lie d  by 

M acherey N ag el,

O ther m a te r ia ls  were o b ta in ed  from  th e  fo llo w in g  so u rc e s ; e th y l 

a c e ta te  and benzene (N anograde), M a ll in c k ro d t; e th an o l ( A r i s ta r )  B .D .H .;

D ex tran  T . 40» Pharm acia; N o r i t  A, Sigma; bov ine serum album in , Armour 

P h arm aceu tica l Co, L td , ;  B u ty l FBD, C iba; a l l  o th e r  chem icals were A.R. 

g rad e  from  Hopkins and W illiam s,

S o lu t io n s ,

Hanlcs' S o lu tio n ; (Hanks and W allace, 1949) •

Sodium C h lo rid e  (NaCl) 80 g ; P o tassium  C h lo rid q  (^(Cl) 4 g»

Magnesium S u lp h a te  (MgSO^ yEgO) 2g; C alcium  C h lo rid e  (CaCl^) 1 .4  g 

.((dissolved s e p a ra te ly )  ; D isodium  hydrogen o rth o p h o sp h a te  d ih y d ra te  

' (Na^HPO^. PHgO) 0 .6  g ; P o tassium  d ihydrogen  o rth o p h o sp h a te  (KH^PO^)

0 .6  g ; G lucose (C^H^gO^) 10 g ; d is so lv e d  in  d i s t i l l e d  w a te r to  make one 

l i t r e  s to ck  s o lu t io n .

F o r use  th e  s to ck  was d i lu te d  1 :10  w ith  d i s t i l l e d  w a te r and 0 .5  m l. o f 

1 .4  p e r  c e n t ( i s o to n ic )  sodium b ic a rb o n a te  (NaHCO^) was added to  every  20 m l. 

o f d i lu te d  s to c k . The pH was c o r re c te d  to  7 ,6 .

T h is  s o lu t io n  was used  f o r  t i s s u e  t r a n s p o r t  and in c u b a t io n . 

S a l in e /C i t r a t e  S o lu t io n .

0 .1 4  M Sodium C h lo rid e  (NaCl) 0 .0 0 4  M sodium c i t r a t e  (C^H^(OH)

(COONa)^. ZHgO). This so lu t io n  wa.4 used fo r  t is s u e  transporb ,

T.E. B u ffer .

EDTA 10 mM T r i s ,  pH 7*5• T h is  s o lu t io n  was used  as a  c o n v en tio n a l 

b u f f e r  s o lu t io n .

Chare oal/D  ext r a n .

0 ,25  per cent w/v N orit A O.OO25 per cent w/v Dextran T 40
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1 mM EDTA 10 mM T r is  pH 8 .0

This s o lu t io n  was used  f o r  rem oving lo o s e ly  bound o e s t r a d io l .

B u ffe r  H,

0 .15  M KCl, 0 ,002 M CaClg, O.O5 M T r is  (S p e lsb e rg  e t  a l .  1 9 7 1 ).

T his s o lu t io n  was used  f o r  t i s s u e  h o m ogen isa tion . On o cca s io n , su c ro se  was 

added to  malce O.5  M and 1 ,8  M s u c ro se /B u ffe r  H s o lu t io n s ,

TE /Sucrose B u f fe r .

1 mM EDTA 10 mM T r is  0 .25  M S u cro se .

T h is  s o lu t io n  was used  f o r  t i s s u e  hom ogen isa tion .

S o lu tio n  A.

13 p e r  c en t Sodium C arbonate  (NUgCO^) 25 ml; 4 p e r  c en t R o ch e lle  

S a l t  (p o ta ss iu m  sodium t a r t r a t e  -  COOK (CH.OH)^ COO.Na.4 H^O) 0 .75  ml;

2 p e r  c en t Copper S u lp h a te  (CuSO^, 5H2O) 0 .75  m l.

T h is  s o lu t io n  was used  in  p r o te in  a s s a y s .

Y east A lcohol Dehydrogenase (YAD) Assay S o lu t io n ,

0 ,1  M sodium pyrophosphate  (Ra^P^Oy. lOH^O) pH 9*0 w ith  g ly c in e  

(am in o ao etic  a c id  -  NH^.CE^.COOH) I .67  mg/ml; Semicarba^zide h y d ro c h lo rid e  

(NHg.NH.C0,NH2.HCl) 25 mg/ml pH 6 .5  i n  w a te r : NAD (n ic o tin a m id e  -  ad en in e  -

d in u c le o tid e )  20 mg/ml w a te r .

S o lu tio n : 52 m l. sodium py rophosphate; 2 m l. sem ica rb az id e :

2 m l. NAD; 2 m l. e th a n o l .

T issu e  Specim ens. F o r th e  c y to so l in c u b a tio n s  t i s s u e  was o b ta in e d  from 

p a t ie n t s  undergo ing  d ia g n o s t ic  c u re t ta g e  and h y s te rec to m y . U te r i  were in c is e d  

lo n g i tu d in a l ly  a f t e r  h y ste rec to m y  and endometrium c u re t te d  from  one h a l f ,  th e

o th e r  b e in g  l e f t  f o r  h i s to lo g ic a l  ex am in atio n . The endometrium was tr a n s p o r te d

to  th e  la b o ra to ry  in  i c e  co ld  s a l i n e / c i t r a t e  s o lu t io n  where i t  a r r iv e d  w ith in  

30 m inutes o f removal from  th e  p a t i e n t .  A part from th e  in c u b a t io n s , a l l  

subsequen t p ro cedu res were c a r r i e d  ou t in  a  co ld  room a t  4^0 .
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F o r th e  t i s s u e  in c u b a tio n s  o n ly  hysterec tom y  specim ens were u sed ; 

th e  endometrium was o b ta in e d  a s  d e sc r ib e d  above b u t c u r e t te d  from  th r e e  

a r b i t r a r i l y  d e l in e a te d  re g io n s  -  v a u l t ,  body and lo w er body -  a s  in d ic a te d  

i n  F ig u re  3.1* The t i s s u e  was t r a n s p o r te d  to  th e  la b o ra to ry  in  ic e - c o ld  

Hanks’ s o lu t io n .

F o r th e  in  v ivo  experim ents on ly  p a t ie n t s  undergo ing  h y ste rec to m y  

f o r  non-raa lignan t c o n d itio n s  were u sed . Endometrium was o b ta in e d  as  a lre a d y  

d e sc r ib e d , and in  th re e  c a se s  (N os. 1 , 2 , and 3) th e  endometrium was tak en  

s e p a ra te ly  from  v a u l t ,  body and low er body. P o r tio n s  o f myometrium, f i b r o i d ,  

(where p r e s e n t ) , c e rv ix ,  F a l lo p ia n  tu b e , v a g in a l s k in , ovary , m uscle sh e a th , 

abdom inal sk in  and subcu taneous f a t  were a ls o  talc en and tr a n s p o r te d  s e p a r a te ly  

in  ic e - c o ld  Hanks’ s o lu t io n  to  th e  l a b o r a to r y .

METHODS

C ytoso l In c u b a tio n s . The t i s s u e  was tra n s p o r te d  to  th e  la b o ra to ry  in  

r e f r i g e r a te d  s a l in e  c i t r a t e  and subsequen t p ro cedu res perform ed i n  a  c o ld  

room a t  , The t i s s u e  was damp d r ie d ,  c lean ed  by rem oving any b lood  c lo t  

o r  mucus, and w eighed. The endometrium was homogenised in  a  g l a s s / t e f l o n  

( P o tte r-E lv eh jem ) o r  g la s s /g l a s s  (U niform -Jencons) hom ogeniser by  te n  s tro k e s  

o f th e  p lu n g e r . The g la s s  tu b e  was immersed in  i c e  w a te r  th ro u g h o u t th e  

p ro ced u re . H om ogenisation was perform ed in  3 -  10 volumes o f  T .E . B u f fe r  to  

which was added 0*25 M d i t h i o t h r e i t o l . The homogenate was th e n  c e n tr ifu g e d  

a t  100,000 g^^ f o r  30 m inu tes to  g iv e  th e  c y to so l f r a c t i o n .  I f  n o t p ro cessed  

im m edia te ly  t h i s  was s to re d  f ro z e n  ( 1 - 3  days) u n t i l  u sed .

To 0*5 m l. c y to so l was added e i t h e r  0 .5  m l. TE b u f f e r  ( c o n t r o l ) ,  0 .5  m l.

10 u n la b e l le d  o e s t r a d io l ,  0*5 m l. 10 tam o x ifen , 0*5 m l. 10 p ro g e s te ro n e

o r  0 .5  m l. 10 t e s to s te r o n e .  A f te r  in c u b a tio n  f o r  1 hour a t  4^0 , 0 .2  m l.

-9  310 M H -o e s tra d io l  was added to  each tu b e  and in c u b a tio n  c o n tin u e d  f o r  1 hour*
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An a l iq u o t  o f 0*5 nxL, c h a rc o a l/d e x tra n  s o lu t io n  was th e n  added and 

in c u b a tio n  co n tin u ed  f o r  10 m in u te s , b u t a t  30^0* The tu b e s  were co o led  

c e n tr ifu g e d  and a l iq u o ts  o f  th e  su p e rn a ta n t tak en  f o r  c o u n tin g .

T issu e  In c u b a t io n s .

Com-parison o f D if f e r e n t  U te r in e  A re a s . U n less  o th e rw ise  s ta t e d  

a l l  p ro cedu res were c a r r ie d  o u t in  a  c o ld  room a t  4^0 . The endometrium from  

each a re a  was s e p a ra te ly  b lo t t e d  w ith  f i l t e r  p ap er, weighed and te a s e d  ou t 

u s in g  f in e  fo rc e p s . T h is p ro ced u re  was adopted  because  th e  n a tu re  o f  th e  

t i s s u e  was v a r ia b le  and a tte m p ts  to  o b ta in  uniform  t i s s u e  s l i c e s  i n  ad eq u a te  

y ie ld  c o n s is te n t ly  from  a l l  th r e e  re g io n s  o f  one u te ru s  were u n s u c c e s s fu l .

The t i s s u e  was th en  t r a n s f e r r e d  to  25 m l. c o n ic a l  f l a s k s  (F ig u re  3 .2 ) 

c o n ta in in g  1 .0  -  2^6 X 10 %  ^ H -o e s tra d io l in  Hanlcs' s o lu t io n  (u s u a l ly  5 m l. 

p e r  200 -  300 mg. t i s s u e ) .  I n  two experim en ts th e  l a b e l le d  o e s t r a d io l  

c o n c e n tra tio n  was r a is e d  to  6 X 10 and in  a  f u r th e r  experim ent E a g le ts  

medium ( E a r le ’ s m o d if ic a tio n  o f E a g le ’ s medium (E ag le , 1959) ) was s u b s t i t u te d  

f o r  Hanks* s o lu t io n .  The in c u b a tio n  m edia were p rep a red  by e v a p o ra tin g  s to ck  

^ H -o e s tra d io l/b e n z e n e  s o lu t io n  to  d ry n ess  in  a  f l a s k  in  a  c u r re n t  o f n i t r o g e n , 

add ing  th e  a p p ro p r ia te  volume o f Hanlcs’ s o lu t io n  and s ta n d in g  f o r  30 m inu tes 

a t  room te m p e ra tu re , th e  c o n c e n tra t io n  b e in g  checked by s c i n t i l l a t i o n  c o u n tin g  

o f a  sm all sam ple.

The t i s s u e  was th e n  in c u b a te d , w ith  c o n s ta n t sh ak in g  i n  an atm osphere 

o f 95 p e r  c en t 0^ /5  p e r  c e n t 00^ f o r  30 m inutes a t  37°C, a f t e r  which th e  

f l a s k s  were c h i l l e d  in  ic e  and th e  c c n te n ts  c e n tr ifu g e d  f o r  10 m inu tes a t  

800 g^^ i n  an  M .S.E, Bench c e n tr i fu g e  in  th e  c o ld  room. The s u p e rn a ta n t was 

d isc a rd e d  and th e  t i s s u e  was washed th r e e  tim es in  f r e s h  c o ld  Hanks' s o lu t io n  

by re su sp e n s io n  and c e n t r i f u g a t io n  to  remove th e  unused l a b e l le d  o e s t r a d io l .

M easuring B lo ck in g  E f f e c t  o f Tamozcifen. The endometrium was u s u a l ly  

o b ta in e d  from  hy sterec to m y  specim ens b u t o c c a s io n a lly  by u te r in e  c u r e t ta g e .



The t i s s u e  was tra n s p o r te d  and p rep a red  by damp d a tin g , w eighing and te a s in g  out 

as a lre a d y  d e sc r ib e d .

The t i s s u e  was th e n  d iv id e d  in to  th re e  app rox im ate ly  equal am ounts, 

rew eighed , and added to  th re e  25 m l, c o n ic a l f la s k s  c o n ta in in g  2 .5  m l, co ld  

Hanks* s o lu t io n  e i t h e r  a lo n e  ( c o n tro l)  o r  w ith  2 X 10 tam ox ifen  o r  2, X 10"^M 

u n la b e l le d  o e s t r a d io l .  A f te r  p re - in c u b a tio n  o f th e  c o n tro l  and tam oxifen  

f la s k s  f o r  10 -  15 m inu tes a t  37*^0 ( th e  ‘ c o ld ’ o e s t r a d io l - c o n ta in in g  f l a s k  

b e in g  k e p t c h i l l e d  u n t i l  th e  l a s t  two m inutes when i t  was wanned to  37°C) a  

f u r th e r  2 .5  m l. Hanks' s o lu t io n  a t  37°0 c o n ta in in g  2 X 10~*%1 ^ H -o e s tra d io l

were added to  each  f l a s k .  T h is ^ H -o e s tra d io l s o lu t io n  was p re p a red  as

3 -9d e sc rib e d  above. The f i n a l  c o n c e n tra tio n s  were th u s  H -o e s tra d io l  1 X 10 Ms

tam oxifen  1 X 10 'co ld*  o e s t r a d io l  1 X 10~*^M. A ll f l a s k s  vrere in c u b a ted

w ith  c o n s ta n t shalcing a t  37^C f o r  30 m inu tes in  an atm osphere o f 95 p e r  c en t

Og/5 cen t COg, a f t e r  which th e  f l a s k s  were c h i l le d  in  i c e  and th e  c o n te n ts

c e n tr i fu g e d . The t i s s u e  was washed th re e  tim es by re su sp e n sio n  and c e n t r i f u g -

; a t  io n  on an M .S.E, Bench c o n tr i fu g e .

Measurement o f ^H -O estrad io l in  S u b c e l lu la r  F r a c t io n s . The ' washed* 

endometrium from  th e  two s e r i e s  o f experim ents was th en  homogenised in  a  

g l a s s / t e f l o n  hom ogeniser, as  p re v io u s ly  d e sc r ib e d , in  3 -  5 m l, o f B u ffe r  

H /0 ,5  M su c ro se ; 10 u n la b e l le d  o e s t r a d io l  was a ls o  in c lu d e d  to  i n h i b i t  

th e  b in d in g  to  c y to so l re c e p to r s  o f ^ H -o e s tra d io l lo o s e ly  tra p p e d  in  th e  t i s s u e  

and re le a s e d  on hom ogenising (W illiam s and G o rsk i, 1971)* The calc ium  (Oa*̂ **”) 

io n s  (0 ,002  M) in  th e  hom ogenising medium h e lp  to  p re se rv e  n u c le a r  s t r u c tu r e  

and g e n e ra l ly  in c re a s e  th e  l e v e l  o f o e s t r a d io l  b in d in g  d e te c ta b le  in  th e  

n u c le i ,  though th e  cy to p la sm ic  b in d in g  may be d ecreased  (Evans and H&hnel, 1973).

The t i s s u e  homogenate was th en  c e n tr ifu g e d  b r i e f l y  (10 m inutes a t  800 g^^^) 

y ie ld in g  a  crude n u c le a r  p e l l e t  and th e  su p e rn a ta n t, which was re c e n tr ifu g e d  

f o r  a  minimum o f 30 m inutes a t  100,000 g^^ to  g iv e  th e  ( s o lu b le )  c y to so l f r a c t i o n .
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P o r tio n s  (0 .3  ml*) o f t h i s  were ta k en  f o r  measurement o f t o t a l  r a d io a c t iv i ty  

( t o t a l  c y to so l ^ H -o e s tra d io l c o n c e n tra t io n ) ,  th e  rem ainder b e in g  t r e a te d  f o r  

10 m in u te s 'a t  30°C w ith  c h a re o a l/d e x tra n  (M ester e t  a l .  1970) to  remove f r e e  

and lo o se ly -b o u n d  ^ - o e s t r a d i o l .  A f te r  c e n tr i f u g a t io n  th e  su p e rn a ta n t was 

c a r e f u l ly  removed and p o r t io n s  counted  to  o b ta in  an e s tim a te  o f th e  c y to so l 

^ - o e s t r a d i o l  bound vfith h ig h  a f f i n i t y ,  F u r th e r  p o r tio n s  o f  th e  c y to so l 

f r a c t io n  were tak en  f o r  p ro te in  e s tim a tio n  (Lowry e t  a l ,  1951 ).

The crude  n u c le a r  p e l l e t s  were tw ic e  c e n tr ifu g e d  th ro u g h  1 ,8  M sucrose 

i n  B u f fe r  H a t  25,000 f o r  20 m inutes (S p e lsb e rg  e t  a l ,  1971)* Though 

im proved when compared w ith  th e  crude n u c le a r  p e l l e t ,  th e  f i n a l  n u c le a r  

p re p a ra t io n s  were s t i l l  seen  to  c o n ta in  some cy top lasm ic  con tam inan ts  and 

f ib r e s  when examined by phase c o n tr a s t  and normal l i g h t  m icroscopy . T h is  i s  

expected  s in c e  th e  f i n a l  T r i to n  X -  100 tre a tm e n t n e c e ssa ry  to  produce c le a n  

n u c le i  by t h i s  method (S p e lsb e rg  e t  a l ,  1971) was o m itted  b ecause  o f  doubts 

exp ressed  by some in v e s t ig a to r s  as  to  th e  e f f e c t  o f c e r t a in  s u r f a c ta n ts  on 

o e s t r a d io l  re c e p to rs  ( J u n g b lu t , 1970)*

The n u c le a r  p e l l e t  was d is p e rs e d  once in  5 #1* B u ffe r  H and re c e n tr i fu g e d  

to  remove most o f  th e  su c ro se ; th e  r a d io a c t iv i ty  was e x tra c te d  from th e  p e l l e t  

w ith  1 ,5  m l, e th an o l ( t h i s  removed e s s e n t i a l l y  a l l  th e  r a d i o a c t i v i t y ) ,  and, 

a f t e r  c e n t r i f u g a t io n ,  p o r t io n s  o f  th e  e x t r a c t  were removed f o r  s c i n t i l l a t i o n  

c o u n tin g . The e x tra c te d  and d ra in e d  p e l l e t  was d ig e s te d  o v e rn ig h t a t  30^0 in

1 ,0  M HaOH f o r  measurement o f DNA c o n te n t ( C e r i o t t i ,  1 952 ). In  a  few experim en ts 

th e  p e l l e t  was d ig e s te d  w ith  2 p e r  c e n t p e rc h lo r ic  a c id  a t  90^0 l o r  20 m inutes 

(Hubbard e t  a l , 1970).

I n  Vivo E xp erim en ts .

P ro ced u re , A ll th e  p a t i e n t s  were schedu led  to  undergo hysterec tom y  

f o r  m enorrhag ia; no case  was a s s o c ia te d  w ith  m alignancy. Two hours b e fo re  th e



o p e ra tio n  each p a t ie n t  re c e iv e d  a  s in g le  subcutaneous i n j e c t i o n  o f 

o e s t r a d io l  (20-55 /lOi) i n  0 .5  m l. e th a n o l: w a te r (2 :5  v / v ) . The in j e c t i o n

s i t e  was covered w ith  a  swab which was removed a t  th e  tim e  o f th e  o p e ra tio n , 

and th e  r e le v a n t  sk in  a re a  was washed w ith  a  f r e s h  sv^ab soaked in  e th a n o l .

These swabs, th e  s y r in g e , th e  n e ed le  and th e  v i a l  were p laced  i n  a  la r g e  

b eak e r c o n ta in in g  I 50 m l.e th a n o l and in cu b a ted  f o r  a t  l e a s t  30 m inutes a t  

37^0, p o r tio n s  o f th e  s o lu t io n  b e in g  th e n  removed and counted  to  o b ta in  th e  

t o t a l  o f th e  'u n in je c te d ' m a te r ia l ,  from  which th e  t r u e  q u a n t i ty  o f 

^ H -o e s tra d io l re c e iv e d  cou ld  be c a lc u la te d .

In  a l l ,  th e  s tu d ie s  were c a r r ie d  out on 12 p a t i e n t s .  Of th e s e ,  fo u r  

re c e iv e d  in  a d d it io n  30 mg, tam oxifen  (3 X 10 rag, 'N o lv ad ex ')  ad m in is te red  

o r a l ly  over the3& hours p r i o r  to  o p e ra tio n  40 mg. over 4 8 h o u rs ) . The 

l a s t  t a b l e t  was g iv en  d u rin g  th e  60 m inutes p reced in g  th e  ^ - o e s t r a d i o l  

i n j e c t i o n .

D uring  th e  o p e ra tio n , 10 m l, o f b lood  were ta k en  from  th e  a n te c u b i ta l  

v e in , a n t i  co ag u la ted  w ith  l i th iu m  h e p a r in  and c e n tr ifu g e d  a t  once, and th e  

c h i l l e d  plasm a t r a n s p o r te d . to  th e  la b o r a to r y .  An a d d i t io n a l  sample o f b lood 

was ta k en  from fo u r  p a t i e n t s  (N os, 5» 6 , 8 and 10) j u s t  b e fo re  th e  H -o e s tra d io l 

i n j e c t i o n .

F o llow ing  th e  o p e ra t io n , 24 hour u r in e  c o l le c t io n s  were i n s t i t u t e d  

f o r  a l l  p a t ie n t s  over a t  l e a s t  5 d ay s .

T issu e  b o l l e c t lo n .  Im m ediately  a f t e r  rem oval, th e  u te ru s  was d iv id e d  

lo n g i tu d in a l ly ,  one h a l f  b e in g  tak en  f o r  t h i s  experim ent, and th e  o th e r  f o r  

p a th o lo g ic a l ex am ination . The endometrium from th e  ex p erim en ta l h a l f  was 

se p a ra te d  from th e  myometrium by c u r e t ta g e .  I n  th re e  c a se s  (N os, 1 , 2 and 3) 

th e  endometrium was removed s e p a ra te ly  from  th e  v a u l t ,  mid-body and low er body 

reg io n s  because o f th e  re g io n a l v a r i a t io n  wliich may be encoun tered  (B rush e t  

a l .  1967) .  In  th e  o th e r  c a se s  th e  e n t i r e  endometrium was removed from th e



s e c t io n  and combined p o r t io n s  o f  myometrium and where p re s e n t  ( th r e e  c a se s )  

f ib r o id s  vfere a ls o  ta k e n . I n  a d d i t io n ,  sm all s e c t io n s  o f  c e rv ix ,  F a llo p ia n  

tu b e , v a g in a l s k in , m uscle s h e a th , ovary , abdom inal sk in  (o ld  s c a r  t i s s u e )  

and subcutaneous f a t  were a ls o  rem oved. A ll th e  t i s s u e s  were p la ce d  in  sm all 

c o n ta in e rs  c o n ta in in g  ic e - c o ld  Hanks’ s o lu t io n  f o r  t r a n s p o r ta t io n  to  th e  

la b o r a to r y .

T reatm ent o f T is s u e s .  A ll en d o m etria l t i s s u e  was p ro cessed  im m ed ia te ly  

upon a r r i v a l  in  th e  l a b o r a to r y  and on ly  in  th e  case  o f p a t ie n t s  10 to  12 were 

th e  o th e r  t i s s u e s  s to re d  a t  -20*^0 p r i o r  to  exam in atio n .

A ll t i s s u e  p ro c e s s in g  was c a r r ie d  out in  a  c o ld  room. The t i s s u e  was 

washed, i f  n e c e s sa ry , in  H anks' s o lu t io n ,  dam p-dried and w eighed, A sm all 

p o r t io n  was f ro z e n  f o r  subsequen t measurement o f th e  DNA c o n te n t and th e  

rem ainder was used  f o r  hom ogenisation  a n d /o r  d ig e s t io n  to  e s tim a te  th e  

r a d io a c t i v i t y  p r e s e n t .

The endometrium was homogenised and n u c le a r  and c y to so l f r a c t io n s  

were p re p a red  as d e sc r ib e d  i n  th e  "T issu e  In c u b a tio n s"  s e c t io n .  O ther t i s s u e s  

(myometrium, f i b r o i d ,  e t c . )  were f i n e ly  chopped w ith  a  s c a lp e l  and homogenised 

w ith  an U ltra -T u rra x  hom ogeniser (3 X 20 s e c , b u r s t s  a t  80 v o l t s  w ith  30 

second c o o lin g  in t e r v a l s )  , The homogenate was th e n  f i l t e r e d  th ro u g h  ny lo n  

gauze and t r e a te d  as  f o r  endom etrium .

M easurem ents o f  th e  c o n te n t o f  r a d io a c t i v i ty  in  b o th  th e  c y to so l and 

n u c le a r  f r a c t io n s  were made as d e sc r ib e d  in  th e  e a r l i e r  s e c t io n .  The DNA 

c o n te n t o f th e  n u c le a r  p e l l e t  and th e  p ro te in  c o n te n t of. th e  c y to so l were 

a ls o  m easured .

R a d io a c t iv i ty  M easurem ents.

G enera l Methods o f  C o u n tin g , A few o f th e  e a r ly  sam ples w ere 

coun ted  w ith  th e  N u c lea r Chicago 300 L iq u id  S c i n t i l l a t i o n  S p ec tro m ete r b u t 

a l l  o th e r  co u n ts  were made w ith  th e  P ackard  T r ic a rb  Model 3320, th e  s m a lle r
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background count o b ta in e d  a t  th e  low er o p e ra tin g  te m p e ra tu res  p ro v in g  

u s e fu l  a t  th e  v e ry  low le v e l s  o f  a c t i v i t y  encoun tered  i n  th e  in  v ivo  

ex p erim en ts .

S c i n t i l l a n t s , F o r 'P ro to so l*  t i s s u e  d ig e s t s  I 5 m l, a ’ a  P P O /to luene 

s c i n t i l l a n t  was preferred  b u t f o r  o th e r  sam ples a  B u ty l PBD s c i n t i l l a n t  i n  

to lu en e /m eth o x y eth an o l was u sed ,

Quench C o r re c t io n s , These were made, a s  in d ic a te d ,  e i t h e r  by 'sp ik in g *  

sam ples w ith  s tan d a rd  ^H -hexadecane o r  w ith  th e  a id  o f th e  'S c in tp o l*  system  

(S ea to n , 1973) u s in g  e x te r n a l  s ta n d a rd  ch annels  r a t i o  to  compute th e  

d i s in te g r a t io n s  p e r  m inute ( dpm).

Measurement o f R a d io a c tiv ity  in  T issu es and Body F lu id s ,

C e ll  F r a c t io n s ,  R a d io a c t iv i ty  i n  c y to so l (b e fo re  and a f t e r  c h a r c o a l /  

d e x tra n  tre a tm e n t)  was m easured by add ing  0 ,2  o r  0 .3  m l, d i r e c t l y  to  15 m l, 

s c i n t i l l a n t .  The n u c le i  were e x tra c te d  w ith  e th an o l (1 ,0  o r  1 .5  m l,)  f o r  

30 m inutes a t  37^0 and p o r t io n s  o f th e s e  e x t r a c ts  were co u n ted .

T o ta l T issu e  R a d io a c t iv i ty ,  . 'P r o to s o l '  was added to  th e  t i s s u e  

(ro u g lily  1 m l. p e r  100 mg.) in  v i a l s  w ith  t i g h t - f i t t i n g  caps and d ig e s t io n  

a llow ed  to  p roceed  w ith  shak ing  a t  40^0 f o r  40 -  48 h o u rs . A f te r  c o o lin g  

fo u r  i d e n t i c a l  a l iq u o ts  were t r a n s f e r r e d  to  s c i n t i l l a t o r  v i a l s  and 15 m l,

PPG s c i n t i l l a n t  and 0 ,0 3  m l, g l a c i a l  a c e t i c  a c id  was added* To two o f each 

t e t r a d  o f  v i a l s  0 ,1  m l, o f  d i lu te d  H-hexadeoane (4 ,440  dpm /O .l m l.) a b so lu te  

s ta n d a rd  was a ls o  added so t h a t  quench c o r re c t io n s  cou ld  be made.

Body F lu id s ,

(a )  P lasm a, To m easure th e  t o t a l  a c t i v i t y  0 .5  m l. plasm a was 

d ig e s te d  w ith  1 .0  m l. 'P r o to s o l '  and p o r t io n s  o f d ig e s t  were counted  as  f o r  

t i s s u e  d ig e s t s .  I n  a d d i t io n  some plasm a sam ples were coun ted  d i r e c t l y  i n  

B u ty l PBD s c i n t i l l a n t .  R e s u lts  o b ta in ed  by th e s e  two methods shovfed good 

agreem ent •
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To m easure th e  c o n c e n tra tio n  o f  f r e e  ^ H -o e s tra d io l in  th e  p lasm a,

2 ,0  ml# plasm a was e x tr a c te d  w ith  e th e r ,  as d e sc r ib e d  by B rush  e t  a l .  ( I 967) . 

A f te r  e v a p o ra tio n  to  d ry n ess  in  a  c o u n tin g  v i a l ,  th e  e x tra c te d  re s id u e  was 

d is so lv e d  in  PPO s c i n t i l l a n t  and coun ted ; quench c o r re c t io n s  were made 

a f t e r  'sp ik in g *  th e  sam ples and reco u n tin g #

(b) b r in e .  A f te r  measurement o f th e  t o t a l  d a i ly  volume 4 X 0 .4  m l. 

sam ples were tak en  from  each 24-h o u r  specim en and each was added to  I 5 m l, 

s c i n t i l l a n t ,  two o f  th e s e  b e in g  ' spiked* w ith  s tan d a rd  ^H -hexadecane.

S ucrose  D en sity  G rad ien t C e n tr i fu g a t io n .  The c y to s o ls  were e i t h e r  

p rep a red  in  th e  absence o f su c ro se  -  f o r  example TB b u f f e r  -  o r  d i lu te d  

s u f f i c i e n t l y  to  pe rm it la y e r in g  on to p  o f  5 p e r  c en t .sucrose .

C e n t r ifu g a tio n s  were c a r r ie d  out in  5 o r  13 m l. i s o k in e t i c  su c ro se  

d e n s i ty  g r a d ie n ts .  The 5 m l. g ra d ie n ts  were p rep a red  by th e  method o f 

M artin  and Ames ( I 96I )  o r  by la y e r in g  su c c e ss iv e  1 m l. sam ples o f  g ra d ie n t  

and le a v in g  to  d i f f u s e  o v e rn ig h t; 13 m l, g ra d ie n ts  (5  -  26 .3  p e r  c e n t)  were 

formed u s in g  th e  a p p a ra tu s  d e sc r ib e d  by N o ll ( 1969) . Up to  0 ,5  m l. c y to so l 

to  which 0 .05  m l, y e a s t  a lc o h o l dehydrogenase (YAD) (2 ,5  mg. YAD/ml, TE b u f f e r )  

was added as a  m arker, was la y e re d  on to  th e  g r a d ie n ts .  The g ra d ie n ts  were 

c e n tr ifu g e d  a t  2^0 in  th e  Beckman Model L 2 65B U lt r a c e n tr i fu g e  (5 m l, g ra d ie n ts  

i n  th e  S.W, r o to r  f o r  17 ho u rs  a t  145,000 6 ^ ^  and 13 m l. g ra d ie n ts  in  S,W, 40 -  6 

r o to r  f o r  e i t h e r  40 hou rs  a t  180,000 o r  62 hours a t  110,000 g^^) . The 

b ase  o f  each tu b e  was p ie rc e d  and 50 p e r  c en t su cro se  was pumped in  to  d is p la c e  

th e  g ra d ie n t  upw ards. Three o r  seven drop  f r a c t io n s  were c o l le c te d  d i r e c t l y  

in to  s c i n t i l l a t i o n  v i a l s  and counted  a f t e r  a ssay in g  f o r  y e a s t  a lco h o l 

dehydrogenase a c t i v i t y .

Thin L ayer Chrom atography.

To d e term ine  what p ro p o r tio n  o f r a d io a c t i v i ty  i n  v a r io u s  t i s s u e  f r a c t io n s  

was due to  o e s t r a d io l  i t s e l f ,  e th a n o l ic  e x t r a c t s  o f n u c le i ,  o r  e th y l a c e ta te
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e x t r a c t s  o f c y to so l were c o n c e n tra te d  by ev ap o ra tio n  un d er n i tro g e n  and 

chrom atographed to g e th e r  w ith  o e s t r a d io l  and o e s tro n e  m arkers a s  d e sc r ib e d  

u n d e r  ̂ R adiocheinicals\

MA and P rote in  E stim a tio n s,

MA e s tim a tio n  was by th e  method o f  C e r i o t t i  (1952) i n  th e  in  v i t r o  

ex p erim en ts , and by th e  method o f  Hubbard e t  a l., (1970) i n  th e  i n  v ivo  

ex p e rim en ts . The p r o te in  a ssa y  th ro ughou t was by th e  method o f  Lowry

(1 9 5 1 ).

Plasma O estrad io l and Progesterone A ssays,

Plasm a o e s t r a d io l  -  I J p  was assay ed  by th e  method o f H o tch k iss  e t  a l ,  

( 1971) i l l  Aberdeen and by a m o d if ic a tio n  o f  th e  method o f  V/u and Lundy (1971) 

i n  Glasgow: b o th  a ssa y s  u sed  an a n tib o d y  r a is e d  in  2?abb its  a g a in s t

I'/JB -  o e s t r a d io l  -  6 -  (o  -  carboxym ethyl) oxim e-bovine serum album in (Dean 

e t  a l ,  1971) '  Plasm a p ro g e s te ro n e  was assay ed  by a  c o m p e titiv e  p ro te in  

b in d in g  te ch n iq u e  s im i la r  to  t h a t  d e sc r ib e d  by Johansson  ( 1969)*

The a u th o r  d id  n o t perfo rm  th e s e  a s s a y s .
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CHAPTER 4,

OESTROGEN RECEPTORS AND TAMOXIOT -  IN  VITRO STUDIES
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A,t th e  r i s k  o f re p e a t in g  th e  methods d e sc rib e d  in  C h ap ter 3 , 

f o r  each s e t  o f r e s u l t s  a  case  w i l l  be d e sc rib e d  in  d e t a i l  -  in c lu d in g  

m easurem ents, in c u b a t io n s , and c a lc u la t io n s  -  in  o rd e r  th a t  th e  r e s u l t s  

may be b e t t e r  u n d e rs to o d .

P rocedure  4 .1 *

Comparison o f ^ H -o e s tra d io l up tak e  by d i f f e r e n t  end o m etria l a r e a s .

T issu e  was o b ta in ed  from a  hysterec tom y specim en. The u te ru s  was

in c is e d  s a g i t a l l y  and th e  endometrium c u re t te d  under d i r e c t  v is io n  from

one h a l f  o f th e  u te r u s ,  ta k in g  c a re  to  o b ta in  th e  endometrium from  th e
/

a r b i t r a r i l y  d e fin e d  a r e a s ,  v a u l t ,  body and low er body, as d e p ic te d  in  

F ig u re  3 ,1 .  The rem ain ing  specimen was th en  sen t f o r  ro u tin e  h i s to lo g ic a l  

exam ination .

The endom etria l specim ens were p laced  im m ediately  in  r e f r i g e r a te d  

sam ples o f Hanks* s o lu t io n  and tra n s p o r te d  in  an ic e d  Dewar f l a s k  to  th e  

la b o ra to ry  w ith in  15 m inutes o f rem oval. There th e y  were damp d r ie d  in  th e  

co ld  room u s in g  f i l t e r  p a p e r , and w eighed. The re s p e c t iv e  w e ig h ts  f o r  

each end o m etria l re g io n  w ere: v a u l t  endometrium 320 mg. ; body endometrium

165 mg. ; low er body endometrium 314 mg. Each ponfcion o f t i s s u e  was te a s e d  

out u s in g  f in e  d is s e c t in g  fo rce p s  so th a t  th e  p iece s  o f t i s s u e  were u n ifo rm ly  

sm a ll.

Hanks* s o lu t io n  w ith  1 .0  X 10 %  ^ H -o e s tra d io l was p rep a red  by ta k in g  

0 .4  m l, o f th e  s to ck  ^ H -o e s tra d io l (lOO Ci/mmole) in  benzene to  d ry n ess  under 

n i t r o g e n , and th en  add ing  20 m l. of Hanks* s o lu t io n  to  d is s o lv e  th e  ^H- 

o e s t r a d io l .  F ive  m l. o f t h i s  Hanks’ s o lu t io n  was added to  each o f th re e  

c o n ic a l f l a s k s .  The f la s k s  were p laced  in  a  w ater b a th  a t  37°C and a f t e r  a  

few m inutes th e  t i s s u e  from th e  v a u l t ,  body and low er body was added to  each 

f l a s k .  A stream  o f 95 c e n t 0^ /5  p e r  c en t CO  ̂ was m ain ta in ed  in  th e
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atm osphere w ith in  each f la s k  (F ig u re  3 ,2 )  and th e  f l a s k s  were c o n s ta n t ly  

a g i ta te d  d u rin g  th e  in c u b a t io n  p e rio d  o f  30 m in u tes . D u p lic a te  0 ,1  m l. 

a l iq u o ts  o f th e  H a n k s* /^ H -o es trad io l s o lu t io n  were talc en f o r  c o u n tin g  

(T ab le  4*1)•

TABLE 4 .1 .

In c u b a tio n  Medium. 

dpm /O.l m l. In c u b a tio n  Medium 20,757

dpi^/l.O  m l. In c u b a tio n  Medium 207,570
3

To c o n v e rt dpm to  fem to moles H -o e s tra d io l  d iv id e  by 222,
3Hence fm oles H - o e s t r a d i o l / l ,0  m l.

In c u b a tio n  Medium ' 935

fm oles ^ H - o e s t r a d io l / l i t r e  In c u b a tio n  Medium 0.935 X 10^

C o n c e n tra tio n  o f ^ H -o e s tra d io l 0 .935 X 10 % .

A f te r  th e  in c u b a tio n  th e  f la s k s  were coo led  i n  an ic e d  b a th  and th e  

c o n te n ts  were t r a n s f e r r e d  to  10 m l, g la s s  c e n tr i fu g e  tu b e s ;  th e  tu b e s  were 

th en  spun on an MSE Bench c e n tr i fu g e  a t  800 ac.d th e  su p e rn a ta n t o f each

was d is c a rd e d . A pproxim ately  5 m l. o f Hanlcs* s o lu t io n  was added to  each tu b e  

and th e  t i s s u e  a g i ta te d  w ith  a  g la s s  rod  to  wash out th e  f r e e  ^ H -o e s tra d io l .  

The tu b e s  were spun ag a in  and th e  su p e rn a ta n t d is c a rd e d . The washing' was 

re p e a te d  th re e  t im e s .

Each f r a c t i o n  o f  t i s s u e  was th e n  homogenised in  a  t e f lo n /g l a s s  

hom ogeniser i n  3 m l, o f TE su c ro se  b u f f e r  w ith  0 ,25  nM d i t l i i o th n i to l  

c o n ta in in g  10**̂ M u n la b e l le d  o e s t r a d io l  to  d i l u t e  any rem ain ing  ^ H -o e s tra d io l .  

The homogenate8 were c e n tr i fu g e d  in  an MSE Bench c e n tr i fu g e  ( i n  th e  c o ld  room) 

a t  800 g^^ f o r  10 m inutes to  y ie ld  a  crude  n u c le a r  p e l l e t  and a  s u p e rn a ta n t 

hom ogenate. The su p e rn a ta n t was d ecan ted  o f f  in to  u l t r a c ent r i f u g e  tu b e s  to  

be spun on th e  MSE Superspeed  50 U l t r a c e n tr i f u g e  f o r  30 m inutes a t  100,000 g^^ .



D u p lic a te  0 .3  m l. a l iq u o ts  o f th e se  c y to so l f r a c t io n s  were tak en  f o r  

co u n tin g  (T able  4 * 2 ).

TABLE 4 .2 .

C y toso l b e fo re  Ch a rc o a l/p e x tra n  In c u b a tio n

V a u lt. Body. Lower Body.

dpm/0.3 m l. C y toso l 5990 6438 585I

d p n /l.O  m l. C y toso l 19970 21460 19500

dpms converted  to  fm oles ^ H -o e s tra d io l by d iv id in g  by 222.

f m o l e s  H " O e s t r a d i o l /
1 .0  m l. C y toso l 90 9^*7 87 .8

Two m l. o f  each o f th e  rem ain ing  c y to so l f r a c t io n s  were added to  a  

c h a rco a l p e l l e t  (p rep a red  by sp in n in g  down 2 .0  m l. o f  c h a rc o a l/d e x tra n  

s o lu t io n )  in  a  14 m l. g la s s  c e n tr i fu g e  tu b e . The c y to s o ls  and th e  p e l l e t s  

were a g i ta te d  in  a  w a te rb a th  a t  30°G f o r  10 m inutes to  a llo w  th e  c h a rc o a l/  

d e x tra n  to  remove th e  lo o s e ly  bound ^ H -o e s tra d io l;  th e y  were th e n  co o led  in  

an ic e d  b a th , c e n tr ifu g e d  on an MSE Bench c e n tr ifu g e  a t  8OO g^^ , and th e  

s u p e rn a ta n t th e n  g e n t ly  a s p i r a te d  o f f .  D u p lic a te  0 .3  m l. a l iq u o ts  o f t h i s  

su p e rn a ta n t were th en  ta k e n  f o r  co u iitin g  (T ab le  4*3)*

C ytoso l a f t e r  C h a re  o a l/P  ex t ran  In c u b a tio n

___________________   V a u lt .  Body. Lower Body.

d p n /0 .3  m l. C y toso l %  110 I 5I

dpm/l.O  m l. C y toso l 320 366 503
dpms co n v erted  to  fm oles ^ H -o e s tra d io l by d iv id in g  by 222,

fm oles ^ H -o e s tra d io l /
1 .0  m l. C y toso l 1 .4 4  I .64  2 ,26

f m o l e s  ^ H " O e s t r a d i o l /
5 .0  m l. C y toso l 7*20 8 .20  11 .30
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An 0 .5  m l, a l iq u o t  o f  th e  c y to so l f r a c t io n  o f each was ta k en  f o r  

in c u b a tio n  o v e rn ig h t w ith  1 .0  m l. 0 .66  M NaOH f o r  a  p ro te in  a ssa y  

(P rocedu re  4*2) *

The crude p e l l e t  o f nucl.e i from th e  8OO sp in  was suspended in  

4 m l. o f  B u ffe r  H /1 ,8  M su c ro se , and th e n  c e n tr ifu g e d  on an MSE Superspeed  

59 f o r  20 m inutes a t  25,000 The su p e rn a ta n t c o n ta in in g  c e l l  d e b r is  was

d is c a rd e d , th e  p e l l e t  d ra in e d , and th e  p rocedure  re p e a te d . The s u p e rn a ta n t 

was ag a in  d isc a rd e d  and th e  p e l l e t  c o n ta in in g  th e  n u c le i  suspended in  4 m l. 

B u ffe r  H, to  d is s o lv e  th e  su c ro se  and re c e n tr ifu g e d  a t  8OO g^^ on an MSE 

Bench c e n tr i f u g e .  The su p e rn a ta n t was d isca rd e d  and th e  p e l l e t  d ra in e d .

One m l. e th an o l was added to  each n u c le a r  p e l l e t ;  th e  p e l l e t  was broken 

up in  th e  e th a n o l , th(.n in c u b a ted  and a g i ta te d  f o r  30 m inutes a t  37^0 to  

e x tr a c t  th e  ^ H -o e s tra d io l. Once more th e  su sp en sio n s  were c e n tr i fu g ’ed a t  

800 g^^ and th e  su p e rn a ta n t was decan ted  o f f .  D u p lic a te  0 .3  m l. a l iq u o ts  were 

tak en  f o r  co u n tin g  (T ab le  4*4)•

N u c lea r C onten t o f ^ H -O e s tra d io l.

V a u lt .  Body. Lower Body,

dpm/0 .3  m l. E th an o l 1268 3342 5621
dpm /l.O  m l. E thano l ( t o t a l )  4230 IO8IO 18740
dpms co n v erted  to  fm oles ^ H -o e s tra d io l by d iv id in g  by 222.

fm oles ^ H -o e s tra d io l
p e r  p e l l e t .  3 ? . l  48 .7  84-3

The p e l l e t s  were d ra in e d  and 1 .0  m l, M NaOH was added to  each p e l l e t  

which was broken up and in c u b a ted  o v e rn ig h t a t  30^C f o r  DNA a ssa y  (P rocedure  

4 .3 ) .

The coun ts were o b ta in e d  as co u n ts  p e r  m inute (cpm ). The e f f ic ie n c y  

o f  th e  count was e s tim a te d  from  an e x te rn a l  s tan d a rd  channel r a t i o  and th e
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cpm co n v erted  to  d i s in te g r a t io n s  p e r  nd.nnte (dpm). I n  each experim ent a  

d u p l ic a te  background count was made and s u b tra c te d  from  th e  reco rd ed  c o u n ts . 

M oreover, a l l  th e  co u n ts  were c a r r ie d  o u t in  d u p l ic a te  and on ly  th e  mean i s  

reco rd ed  h e re .

P rocedure  4 .2 .

P r o te in  A ssay . “

As reco rd ed  e a r l i e r ,  0 .5  m l. o f  each c y to so l f r a c t io n  was ta k en  f o r  

o v e rn ig h t in c u b a tio n  w ith  0 .66  M WaOH. U sing  a s tan d a rd  p ro te in  s o lu t io n  

(b ov ine  serum -album in) in  a  c o n c e n tra tio n  o f 1000 /ig /m l, s ta n d a rd s  were s e t  

up w ith  20 ;ug, 50 Jiig, 100 ;ug, 150 jug and 200 th e  volumes were made up to

1 ,5  ml® \ ï i th  0 .66  M UaOH, and a l l  th e  tu b e s , s tan d a rd  and "unknowns, " were 

in c u b a ted  in  a  w g te r b a th  o v e rn ig h t a t  30^^0 (T ab les 4*5 and 4 .6 )  . The n e x t 

m orning a l iq u o ts  o f th e  "unlcnown" d ig e s t s  were talc en -  0 .1  and 0 .3  m l. and 

made up to  1 .5  m l. w ith  0 .66  M UaOH.

An 0 .5  m l, a l iq u o t  o f th e  S o lu tio n  A (C h ap ter 3) was th e n  added to  each 

tu b e , im m edia te ly  mixed, and a llow ed to  s tan d  a t  room te m p e ra tu re  f o r  10 

m inutes I 0«5 m l, o f P o l in  C io c a lte a u  (P .O .)Reagent was th e n  added to  each 

tu b e , im m edia te ly  mixed and a llow ed  to  s tan d  f o r  30 m in u te s t  room te m p e ra tu re . 

The o p t ic a l  d e n s i ty  a t  550 nm was th e n  e s tim a te d  f o r  each tu b e  on a  Unicam 

S p ec tro p h o to m ete r (T ab les  4*5 and 4 * 6 ), The s ta n d a rd  p ro te in  r e s u l t s  were 

p lo t te d  and th e  "unknowns" re a d  o f f  (F ig u re  4 * 1 ).

Standa^rd P ro te in  D ig e s ts .

1 2 3 ..__4_____ 5 _ 6 7
ml. d ig e s t 0 .02 0.05 0 .1 0 0 .15 0 .20
;ug. p ro te in - — 20 50 100 150 200
m l. 0 .66  M RaOH - - 1 .4 8 1 .45 1 .4 0 1 .35 1 .3 0
m l. S o lu tio n  A 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5
m l. F . 0 .Reagent 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5
O ptical D en sity  at

550 nm 0 .104 0.237 0.462 0 .680  0.865
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TABLE 4 .6 .  

"Unknown" P rote in  D ig ests

VI V2 B1 B2 Ll L2

m l. d ig e s t 0 .3 0 .5 0 .3 0 .5 0 .3 0 .5
m l. 0 .66  M NaOH 1 .2 1 .0 1 .2 1 .0 1 .2 1 .0
m l. S o lu tio n  A 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5
m l. F .C . Reagent 0 .5 0 .5 0 .5 0 .5 0 .5 0 .5
O p tic a l D en sity  a t

550 nm 0 .247 0.385 0.205 0 .375 0.202 0 .336
p.g p ro te in 53 85 44 83 43 73
p.g p e r  1 ,5  m l. d ig e s t 265 265 220 249 215 219
Mean 265 235 217

S in ce  1 .5  m l. d ig e s t  co n ta in ed  0 .5  m l. c y to so l

V au lt (Y) Body (B) Lower Boc

^  p ro te in  per 1 .0  ml. 
c y to so l 530 470 434

These r e s u lt s  enable c a lc u la t io n  o f r a d io a c t iv ity  in  the c y to s o l ,  

r e la t in g  i t  to  mg. p ro te in  or 100 mg. whole t is s u e  (T ables 4*7, 4*8 and 4 .9 )

TABLE 4 .7 .

^H -oestradiol in  C ytosol before  ch arcoal/dextran  incc&ation.

(T ota l ^ H -o estra d io l).

Vault, Body, Lower Body.

fm oles ^H -oestrad iol in  1 m l.
c y to so l (from Table 4 .2 ) 90 96 .7 8 7 .9

lag. p ro te in  in  1 .0  m l. c y to so l 0 .53 0 .4 7 0 .4 3
fm oles ^H -oestrad iol per mg.

p ro te in 170 206 204
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TABLE 4 .8 .

^H"0e s t r a d io l  in  C y toso l a f t e r  c h a rc o a l/d e x tra n  in c u b a t io n .

(O nly s p e c i f i c a l l y  Bound o e s t r a d io l )

V a u lt , Body, Lower Body,

fm oles ^ H -o e s tra d io l i n  
1 m l, c y to s o l ,
(T ab le  4 .3 ) 1 .4 4 1 .6 4 2.26

mg, p ro te in  in  1 .0  m l. 
c y to so l 0 .5 3 0 .47 0 .434

fm oles ^ H -o e s tra d io l p e r  
mg. p ro te in 2 ,72 8.49 5 .20

TABLE 4 .9 .  

^ H -o e s tra d io l bound in whole t i s s u e

V a u lt , Body, Lower Body.

Mass o f  t i s s u e  in c u b a te d  
(nig) 320 165 314

fm oles ^ H -o e s tra d io l in  
5 mlo c y to so l 7 .20 8.20 11 .30

fm oles p e r  100 mg, t i s s u e  2 ,26 4.91 3 .6 0

These r e s u l t s  a re an e x p re ss io n  o f th e  amount o f r a d io a c t iv i ty

bound in  th e  t i s s u e .  B efo re  th e  c h a rc o a l/d e x tra n  in c u b a tio n  th e r e  i s  much 

f r e e  and lo o s e ly  bound ^ H -o e s tra d io l (T ab le  4*7) b u t a f t e r  th e  in c u b a t io n  

on ly  th e  s p e c i f i c a l l y  bound ^ H -o e s tra d io l rem ains (T ab le  4 .8 ) .  The r e ta in e d  

^ H -o e s tra d io l may be ex p ressed  in  r e l a t i o n  to  th e  ma^s o f o r ig in a l  t i s s u e  

(T ab le  4*9)• These r e s u l t s  a re  in c lu d e d  in  T ab le  4 .13  a lo n g  w ith  th e  r e s u l t s  

o f  th e  e lev en  o th e r  s im i la r  in c u b a t io n s .

.ure

BHA Assay

As reco rd ed  e a r l i e r  th e  n u c le a r  p e l l e t s  were in c u b a ted  a t  30 G o v e rn ig h t
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i n  1*0 m l, M NaOH. ( In  th e  in  v ivo  experim ents th e  n u c le i  were d ig e s te d  hy 

2 p e r  c en t p e rc h lo r ic  a c id  a t  ^0^0 f o r  20 m in u te s ) , U sing  a  s ta n d a rd  UNA 

s o lu t io n  (400 ;ag /m l.) 0 .0 4 , 0 .0 8 , 0 ,1 2 , 0 . l6  and 0 .20  m l. were p ip e t te d  in to  

tu b es  and th e  volume made up to  2 ,0  m l, by th e  a d d it io n  o f d i s t i l l e d  w a te r; 

two b lan k s  w ith  2 .0  m l, d i s t i l l e d  w a te r on ly  were a lso  made u p . A liq u o ts  o f 

0 ,1  m l, and 0 ,3  m l, were t  alt en from  each o f th e  n u c le a r  d ig e s t s ,  p ip e t te d  in to  

tu b es  and th e  volume made up to  2 ,0  m l. w ith  d i s t i l l e d  w a te r . One m l, o f  

c o n ce n tra te d  h y d ro c h lo ric  a c id  (S p e c if ic  G ra v ity  1 ,18 ) and 1 ,0  m l. In d o le  

S o lu t io n  (0 ,0 4  p e r  c en t w/v in  d i s t i l l e d  w ater) were added to  each tu b e . A ll 

th e  tu b e s  were th en  h ea ted  f o r  10 m inutes in  a b o i l in g  w a ter b a th .  The tu b es  

were th e n  coo led  in  ic e d  w a te r  and e x tra c te d  th re e  tim es w ith  ch lo ro fo rm  (AH), 

Four m l, ap p ro x im ate ly  o f cliLoroform was added to  each tu b e  which was shaken 

th o ro u g h ly  and a llow ed to  s e t t l e .  The h e a v ie r  ch lo ro fo rm  was removed by P a s te u r  

p ip e t t e  and th e  p ro cess  re p e a te d  th re e  t im e s . A f te r  th e  l a s t  e x t r a c t io n  th e  

tu b es  were spun on an MSE Bench c e n tr i fu g e  a t  450 g^^ to  co m p le te ly  s e p a ra te  

th e  sm all amount o f rem ain ing  ch lo ro fo rm  from  th e  aqueous l a y e r .  The aqueous 

la y e r  was th en  p ip e t te d  o f f  and th e  o p t ic a l  d e n s ity  a t  490 nm was m easured f o r  

each tu b e  (T ab les  4*10 and 4 * i l )«  The s tan d a rd  UNA r e s u l t s  were p lo t te d  and 

th e  "unknowns" read  o f f  (F ig u re  4 * 2 ).

TABLE 4 ,1 0 .

S tan d a rd  UNA A ssay.

1 2 3 4 5 6 7

m l, s ta n d a rd  UNA 0 0 0 ,0 4 0 ,08 0,12 0 ,16 0 ,2 0
;ug UNA 0 0 16 32 48 64 80
m l, d i s t i l l e d  w a te r 2 .0 2 ,0 1 .96 1 .9 2 1 ,8 8 1 ,8 4 1 ,8 0
m l. conc . HCl. 1 .0 1 ,0 1 .0 1 .0 1 .0 1 ,0 1 ,0
m l. In d o le 1 .0 1 .0 1 .0 1 ,0 1 ,0 1 ,0 1 .0
O p tic a l U en sity  a t  

490 nm - - 0 .130 0.210 0,319 0,423 0 .550
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TABLE 4.11.
"Unknovm" MA -  N u o lear P e l l e t  D ig e s ts

VI V2 B1 B2 L l L2

m l. d ig e s t 0 ,1 0 .3 0 ,1 0 .3 0 .1 0 .3
m l. d i s t i l l e d  w a te r 1 .9 1 .7 1 .9 1 .7 1 .9 1 .7
m l. co n c , HGl. 1 .0 1 .0 1 .0 1 ,0 1 ,0 1 .0
m l. In d o le 1 .0 1 .0 1 .0 1 .0 1 .0 1 ,0
O p tic a l D e n s ity  a t

490 nm 0 .476 0 .830 0 .550 0 .880 0.216 0 .6 1 8
;ug DNA 72 * 80 * 32 *
T o ta l DNA/ml. d ig e s t 720 800 320

*  O p tic a l  D e n s ity  o u tw ith  s ta n d a rd  g raph  v a lu e s .

V =5 V a u lt .  B « Body. L « Lower Body.

From th e s e  r e s u l t s  and th e  r e s u l t s  o b ta in e d  i n  T ab le  4*4 i t  i s  p o s s ib le  

to  c a lc u la te  th e  n u c le a r  c o n te n t o f ^H“ o e s t r a d io l  (T ab le  4 * 1 2 ).

TABLE 4 .1 2 .

N u c lea r  C o n ten t o f ^ H -o e s tra d io l .

V a u lt .  Body. Lower Body.

;ug DNA per p e l l e t 720 800 320
fm oles ^H -oestradid per p e l l e t  

(T able 4*4) 1 9 .1 4 8 .7 84 .3
fm oles ^ H -oestrad io l per 100 jdg  

m A 2 .65 6 .0 9 26 .3

The above r e s u l t s  a re  in c o rp o ra te d  in to  T ab le  4*13. I n  th e  t a b l e  

th e  n u c le a r  u p tak e  r e s u l t s  have been ex p ressed  as  a  r a t i o  o f th e  

o e s t r a d io l  i n  th e  v a u l t  and lo w er body r e l a t i v e  to  t h a t  in  th e  body endometrium, 

The r e s u l t s  o f  th e  12 case s  a re  sum m arised, and c l a s s i f i e d  a cc o rd in g  to  

h i s to lo g ic a l  appearance  o f  th e  endom etrium  in  T ab les  4*14 and 4*15*
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TABLE 4->14

Summary o f N u c lea r TJptalce o f H "O estrad io l (T o ta l)
(fm oles/lO O  j i g  M A /l l i l  ^ H -o e s tra d io l in  in c u b a tio n  medium)

E ndom etrial
ArAA.. .. . P r o l i f e r a t i v e S e c re to ry

V au lt 32 .6  ^  10 .3 1 6 .9  -  5 .8
Body 40 .6  t  10 .1 2 7 .8  i  11 .6

Lower Body 35 .2  ^  5 .6 4 0 .0  i  5 .8

R e s u lts  ex p ressed  as Mean -  SEIÆ

TABLE 4 .15

Summary o f H u c lea r Uptake o f  ^H ~ o estrad lo l (R a tio )

(R a tio  o f in ta lce  by v a u l t  and low er body
endometrium r e la t io n  to  body endometrium =

E ndom etria l
A rea. P r o l i f e r a t i v e . S e c re to ry .

V au lt 0 .86  — 0 ,2 3 1.11  t  0 .50

Body 1 .0 1 .0

Lower Body 0 .99  "  0 .30 2,46  i  0 .62

R e su lts  ex p ressed  as Mean -  SEM

The r e s u l t s  o f th e  n u c le a r  uptalce o f H -o e s tra d io l by th e  d i f f e r e n t  

en d o m etria l a re a s  a r e ^ r e s e n te d  in  F ig u re  4 .3 .  The r e s u l t s  have been grouped 

acco rd in g  to  th e  h i s to lo g ic a l  appearance o f th e  endometrium.

The n ex t two P rocedures (4*4 and 4*5) c r i t i c a l l y  examined th e  

v a r ia b le s  i n  th e  d e te rm in a tio n  o f o e s t r a d io l  up take  by endometrium.

Procedure  4 .4 .

E f fe c t  o f In c u b a tio n  C o n ce n tra tio n  on ^ H -o e s tra d io l U ptake.

The in c u b a tio n  m edia were p rep a red  by ta k in g  0 .6  m l. o f th e  s to ck  

^ H -o e s tra d io l in  benzene to  d ry n ess  in  a  f l a s k ,  then  adding  $ ,0  m l. o f
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Hanlcs' so lu tio n *  One m l, o f th e  c o n te n ts  was t r a n s f e r r e d  to  a  second f la s k  

to  which was added m l, o f Hanks* s o lu t io n .  One m l. o f th e  c o n te n ts  o f t h i s  

f la s k  was th en  t r a n s f e r r e d  to  a  th i r d  f l a s k ,  to  which was added 9 m l. o f Hanks' 

s o lu t io n .  An a l iq u o t  o f 0 .1  m l. was tak en  i n  d u p lic a te  from each f la s k  f o r  

co u n tin g  to  confirm  th e  r e l a t i v e  c o n c e n tra tio n s  (T ab le  4*16).

TABLE 4 .16

C o n ce n tra tio n  o f ^ H -o e s tra d io l in  In c u b a tio n  F lu id s

F la sk  1 . F lask  2 . F la sk  3 ,

dpm i n  0 .1  m l. ( l e s s  background) 135,735 21,931 2,089
fm oles ^ H -o e s tra d io l in  0 .1  m l. 611.42 98 .8 9 .4
conc. ^ H -o e s tra d io l (M X lo ” ^) 6 .11 0.99 0 .09

T issu e  was o b ta in ed  from a  s in g le  hysterec tom y specim en, t r a n s p o r te d  

to  th e  laboratory  in  r e f r i g e r a te d  Hanks' s o lu t io n ,  damp d r ie d ,  te a s e d  ou t and 

d iv id e d  in to  th re e  ap p ro x im ate ly  equal p o r t io n s .  These were weighed (T ab le  4 .17 ) 

and added to  an in c u b a tio n  f la s k  as d e sc r ib e d  in  th e  e a r l i e r  in c u b a tio n  

experim ent (P rocedure  4 .1 ) .

A f te r  th e  in c u b a tio n , c o o lin g , hom ogenisation and u l t r a c e n t r i f u g a t io n ,
3

th e  th re e  n u c le a r  p e l l e t s  were ta k en  f o r  e x tr a c t io n  o f H -o e s tra d io l by 1 .0  m l. 

e th an o l as d e sc rib e d  in  P rocedure  4 .1 .  The p e l l e t s  were th en  in c u b a ted  w ith

3 .0  m l. M HaOH o v e rn ig h t, and th e  fo llo w in g  day a BHA assay  was perform ed as 

d e sc rib e d  e a r l i e r .  (R e su lts  in  T able 4 .1 7 ) .
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Fimire 4 .4 .  Endométrial Incubations E ffect o f Inoubation
3Ooncentration on H -oestradiol Uptake»

Over the oonoentrations o f ^H-oestradiol tested  (0 .1  -  6 .0  riM) 
a stra igh t l in e  graph was obtained.
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TABLE 4 .1 7 .

Uptake o f ^ H -o e s tra d io l a t  d i f f e r e n t  c o n c e n tra tio n s .

F la sk  1 . F la sk  2 . F la sk  3 .

Gone, o f in c u b a tio n  f l u i d

(M X 10“ ^) 6 .11 0 .9 9 0.09
Mass o f T issu e  (mg) 900 910 890
;ug UNA in  p e l l e t 900 1260 1260

dpm/0 .3  m l. E thano l 
( l e s s  background) 3543 1013 297

d p n /l.O  m l. E thano l 11810 3377 990
fm oles ^ H -o e s t r a d io l /p e l le t 53.2 15 .2 4 .5
fm oles ^ H -o e s t r a d io l / l00 /ig  

m k 5.94 1 .20 0 .36

T h e s e  r e s u l t s  w e r e  p l o t t e d  ( F i g u r e  4*4) a n d  a  s t r a i g h t  l i n e  o b t a i n e d  

o v e r  t h i s  r a n g e .

P rocedure  4 .5 .

E f f e c t  o f In c u b a tio n  Time on ^ H -o e s tra d io l u p ta k e .

Endometrium was o b ta in ed  from a hysterec tom y specim en and tra n s p o r te d  

t o  th e  la b o ra to ry  in  r e f r i g e r a te d  Hanks' s o lu t io n .  I t  was p rep a red  by damp 

d ry in g , te a s in g  ou t and w eighing as p re v io u s ly  d e sc r ib e d . The t i s s u e  was 

d iv id e d  in to  fo u r  ap p ro x im ate ly  equal p o r tio n s  and ag a in  weighed: (a ) 390 m g.; 

(b) 390 mg.; (c ) 300 mg.; (d) 310 rag,^

An a l iq u o t  of 0 ,4  m l. ^ H -o e s tra d io l s to ck  s o lu t io n  was talc en to  d ry n ess  

and th en  d is so lv e d  i n  11 ,4  m l. Hanks' s o lu t io n .  Of t i l l s  ^ - o e s t r a d io l /H a n k s ' 

s o lu t io n  2 ,5  m l. was added to  fo u r  sm all c o n ic a l f la s k s  each c o n ta in in g  a 

p o r t io n  o f th e  endometrium: 0 .2  m l. i n  d u p l ic a te  was a ls o  tak en  f o r  c o u n tin g . 

The f la s k s  were in cu b a ted  a t  37°C in  95 p e r  cen t 0^/5  p e r  c e n t CO^as b e fo re . 

F la sk  (a ) was tak en  o f f  a f t e r  15 m inu tes and c h i l le d  i n  an ic e  b a th ; i t  was 

th e n  spun and washed th re e  tim es w ith  Hanks* s o lu t io n  as in  th e  p rev io u s  

in c u b a tio n  experim ent (P rocedu re  4 .1 ) .  F la sk  (b) was removed a f t e r  30 m in u tes ,
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F lask  (c )  a f t e r  60 m in u tes , and F la sk  (d) a f t e r  120 m in u tes , and each was 

coo led  and i t s  c o n te n ts  washed th re e  tim es*

Each f r a c t io n  was homogenised i n  5 ffll. fE B u ffe r  w ith  10” ^ I  

u n la b e l le d  o e s t r a d io l  to  d i l u t e  any rem ain ing  % I-o e s tra d io l .  The homogenate 

was spun a t  800 g^^ on an MSE Bench c e n t r i f u g e .  The s u p e rn a ta n t was tak en  

f o r  c y to so l p re p a ra t io n  and th e  p e l l e t  f o r  n u c le a r  p re p a ra t io n .  The c y to so l 

was in c u b a te d  w ith  c h a rc o a l/d e x tra n  to  remove lo o s e ly  bound H -o e s t ra d io l ;

0 ,3  m l, i n  d u p l ic a te  o f th e  t r e a te d  c y to so l was tai^en f o r  c o u n tin g  (T ab le  4*18) • 

The n u c le a r  p e l l e t  was in c u b a ted  w ith  1 ,0  m l, e th an o l and 0 .3  m l, in  d u p l ic a te  

o f th e  e th an o l was tak en  f o r  c o u n tin g  (T ab le  4*19) * P r o te in  and DKA a ssa y s  

were perform ed on th e  c y to so l and n u c le a r  p e l l e t  r e s p e c t iv e ly  f o r  each 

sam ple, ■

TABLE 4 .1 8

C y toso l U ptake o f ^ H -o e s tra d io l ( a f t e r  c h a rc o a l/d e x tra n  in c u b a t io n )

(a ) (b) ( 0) ( 4

dpnv/O.3 m l. c y to so l 307 388 317 288 ■

dpn/5*0 m l, c y to so l 5106 6462 6283 4795
fm oles ^ H -o e s tra d io l /5 ,0  m l, 

c y to so l 23 .0 29,1 2 3 .8 21 .6
Mass o f  t i s s u e  in  mg. 320 410 350 300
fm oles ^H -o estrad io l/lO O  mg, 

t i s s u e 7*2 7 .1 6 ,8 7 .2

TABLE 4 .1 9
N u c lea r U ptake o f H -o e s t ra d io l ,

.  _(&) ......._(_bj__________________ (c) (d)_ . .............

dpn /0 .3  m l, e th an o l 416 403 250 142
dpm/1 ,0  m l, e th an o l 1385 1342 832 472
fm oles ^ H - o e s t r a d io l / l ,0  m l, 

e th an o l 6 ,2 4 6,05 3.75 2 .13

T o ta l MA (pg) 130 155 150 125

fm oles ^H-oe s t r a d io l /1 0 0  p g  
MA 4 .8 3 .9 2 .5 1 .7
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Figure 4 .5 # Endometrial Incubation:
E ffect of Incubation Time on ^ -o e s tr a d io l Uptake#

R esults o f two experiments are displayed* Thé nuclear uptake 
i s  p lo tted  with c ir c le s ,  cy toso l uptake with tr ia n g le s .
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The r e s u l t s  a r e  re p re s e n te d  in  F ig u re  4*5• The experim ent was 

re p e a te d  on a second o c ca s io n  and th e  r e s u l t s  a re  in c o rp o ra te d  on th e  g rap h .

The r e l i a b i l i t y  and p r e c is io n  o f th e  method was examined in  th e  n e x t 

p ro ced u re .

P rocedure  4 .6 .

Uptake o f ^ H -o e s tra d io l in  R e p l ic a te  Sam ples.

Endometrium was o b ta in e d  from  a  hysterec tom y specim en and t r a n s p o r te d  

to  th e  la b o r a to r y  in  r e f r i g e r a t e d  Hanks’ s o lu t io n .  The t i s s u e  was damp d r ie d ,  

w eighed, te a se d  o u t ,  d iv id e d  in to  fo u r  app rox im ate ly  equal p o r t io n s  and 

re-w eighed : (a )  140 m g.; (b ) 120 mg.; (c ) 130 m g.; (d) 120 mg.

An a l iq u o t  o f 0 .3  m l, ^ H -o e s tra d io l s to ck  s o lu t io n  was ta k en  to  d ry n ess  

and d is so lv e d  i n  I 5 m l. Hanks' s o lu t io n .  Three m l. o f t h i s  ^ H -o e s tra d io l /  

Hanks* s o lu t io n  were added to  each  o f fo u r  f la s k s  and 0 .1  m l. iip ^ u p lic a te  was 

tak en  f o r  c o u n tin g . A p o r t io n  o f endometrium was added to . each f la s k  and 

in c u b a ted  a t  3 1 ^0  i n  95 p e r  c e n t 0^ /5  p e r  cen t COg w ith  a g i t a t i o n .  A f te r  30 

m inutes a l l  th e  f l a s k s  were coo led  and t h e i r  c o n te n ts  spun and washed th re e  

tim es i n  Hanks' s o lu t io n .

Each f r a c t io n  was homogenised i n  5ml. TE B u ffe r  w ith  10 ^ M u n la b e l le d  

o e s t r a d io l  to  d i l u t e  any rem ain ing  ^ H -o e s tra d io l, C y to so l and n u c le i  were 

p rep a red  as  a lre a d y  d e s c r ib e d . A f te r  th e  c h a rc o a l/d e x tra n  in c u b a tio n  d u p l ic a te  

a l iq u o ts  (0 .2  m l.) o f  th e  c y to so l were tak en  f o r  co u n tin g  (T ab le  4«20) and 

a f t e r  th e  e th an o l in c u b a t io n  o f th e  n u c le a r  p e l l e t  d u p l ic a te  a l iq u o ts  (0 .3  m l.) 

o f th e  e th an o l were ta k e n  f o r  co u n tin g  (T ab le  4*21). P ro te in  and BÏÏA a ssay s  

were perform ed on th e  c y to so l and n u c le a r  p e l l e t  r e s p e c t iv e ly  f o r  each sam ple.
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TABLE 4 .2 0  

C y to so l U ptake o f ^ H -o e s tra d io l.

(a ) .(b)' . (_cl_____ (d)

d p V o .2  m l. c y to so l 3082 2943 2131 2505
dpn/5*0 m l. c y to so l 77056 73593 53280 62626

fm oles ^ H -o e s tra d io l/5 * 0  m l.
c y to so l 347.1 331.5 240 .0 282.1

Mass o f  t i s s u e  i n  mg. 390 390 300 310
fm oles ^H -o es trad io l/lO O  mg.

t i s s u e 0 .8 9 0 .85 0 .80 0 .91

TABLE 4 .21

N u c le a r  U ptake o f -o e s tra d io l

______ (a ) _ . . (b) . (c ) .. (d)

dpiV l*3 m l. e th an o l 804 736 649 650

dpm /l.O  m l. e th an o l 2679 2454 2164 2166
fm oles ^ H - o e s t r a d io l / l .0  m l.

e th an o l 1 2 .1 11 .1 9 .8 9 .8

T o ta l MA (;ug) 170 165 150 160
fm oles ^H -o es trad io l/lO O  p.g

MA 7 .1 6 .7 6 .5 6 .1

The r e s u l t s  in  t h i s  experim ent and a n o th e r  i d e n t i c a l  one a r e  in c lu d e d  

i n  th e  r e s u l t s  i n  T ab le  4*13. The c o e f f i c i e n t  o f v a r i a t io n  f o r  th e s e  r e s u l t s  

was9#5 p e r  c e n t and 6 .3  p e r  c en t g iv in g  a  mean v a lu e  o f 7*9 p e r  c e n t .

Procedure 4*7*

^ H -o e s tra d io l re c o v ery  from  E ndom etria l C e ll F r a c t io n s .

T h is  p ro ced u re  was perform ed tw ice  w ith  s im i la r  r e s u l t s ;  one w i l l  

th e r e f o r e  be d e sc r ib e d  in  d e ta i l*

Endometrium was o b ta in e d  a t  h y ste rec to m y  and tr a n s p o r te d  to  th e  

la b o ra to ry  i n  r e f r i g e r a t e d  s a l i n e / c i t r a t e  s o lu t io n .  The t i s s u e  was damp d r ie d ,
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P i^ r e  4 .6 .  Endometrial Incubation;
Recovery o f R adioactiv ity  from N uclei and Cvtoaol. \

Thin la y er  chromatography (TLC) p la tes  of nuclear (ethanol) 
extract and cy toso l (eth y l acetate) extract run against unlabelled  
oestrad io l and oestrone in  chloroform: ethyl acetate 4:1# The 
numbers in d ica te  d isin tegra tion s per minute (dpm). About 15 per 
cent of the ra d io a ctiv ity  i s  related  to  oestrone.
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weighed and in c u b a ted  as d e sc r ib e d  in  P rocedure  4.1* The P rocedure  4*1 was 

fo llo w ed  e x a c tly  to  th e  s ta g e  o f o b ta in in g  th e  n u c le a r  p e l l e t .

The n u c le a r  p e l l e t  was in c u b a ted  a t  37°G f o r  30 m inutes i n  1 .0  m l, 

cdhanol to  e x t r a c t  th e  ^ H -o e s tra d io l ,  A f te r  sp in n in g  th e  e th an o l and p e l l e t  

on an MSE Bench c e n tr i fu g e  a t  800 g^^ th e  su p e rn a ta n t was p ip e t te d  o f f  and i t s  

volume reduced by warming to  50^0 in  a  w a ter b a th  and ev ap o ra tin g  th e  e th an o l 

w ith  a  g e n tle  flow  o f n i t r o g n n .

An a l iq u o t  o f 1 ,5  m l, c y to so l was extracted w ith  3 ,0  m l, e th y l  a c e ta te  

by shak ing  a t  room tem p era tu re  f o r  30 m in u tes . A f te r  c e n tr i f u g a t io n  th e  e th y l 

a c e ta te  l a y e r  was p ip e t te d  o f f  and th e  volume reduced by ev ap o ra tio n  in  

n i t r o g e n ,

Two 'Polygram* th in - l a y e r  chrom atography p la te s  were soaked f o r  5 

m inutes in  an a lc o h o l ic  a c e ta t e - a c e t i c  a c id  s o lu t io n  and th en  a c t iv a te d  by 

h e a tin g  a t  100^0 f o r  30 m in u te s .

The p la te s  were d iv id e d  lo n g i tu d in a l ly  by a  l i n e  drawn on th e  p l a t e s .

On th e  r ig h t  s id e  o f each p la te  m arker sp o ts  o f u n la b e l le d  o e s t r a d io l  and 

o e s tro n e  were p laced  a t  th e  " o r ig in ."  On th e  l e f t  s id e  o f one th e  c o n ce n tra te d

n u c le a r  (e th a n o l)  e x tr a c t  was s p o tte d  and on th e  l e f t  s id e  o f th e  o th e r  th e

c y to so l ( e th y l - a c e ta te )  e x t r a c t  was s p o t te d .  (F ig u re  4*6)*

The p la te s  were run  in  ch lo ro fo rm  and r e d i s t i l l e d  e th y l a c e ta te  4 :1  

w ith  C le la n d 's  Reagent (2 mg./lOO m l,) as a  red u c in g  a g e n t. I t  took  65 

m inu tes to  reach  th e  I 5 cm, m arker l i n e ,

The l e f t  s id e  o f th e  p la te s  was covered  w hile  th e  r ig h t  s id e  was sprayed

w ith  P o l i n 's  re a g e n t; th e  p la te s  were warmed to  50*̂ C and th e  m arker a re a s  o f 

o e s t r a d io l  and o e s tro n e  became e v id e n t . The a re a  o p p o s ite  th e  two m arker sp o ts  

was scrap ed  o f f  in to  s e p a ra te  co u n tin g  v i a l s  and th e  rem ainder o f th e  p la te s  

were sc raped  o f f  in  1 cm. s t r i p s  in to  th e  co u n tin g  v i a l s .  F i f te e n  m l. B u ty l 

PBD s c i n t i l l a n t  was added to  each v i a l .
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The p la te s  and coun ts  (ex p re ssed  as  dpm) a re  d isp la y ed  in  

F ig u re  4*6 and dem onstra te  t h a t  in  b o th  th e  c y to so l and n u c le a r  e x t r a c t s ,  

a lth o u g h  most o f th e  r a d io a c t i v i ty  i s  a s s o c ia te d  w ith  o e s t r a d io l ,  a  sm all 

amount i s  a s s o c ia te d  w ith  o e s tro n e , o r  w ith  compounds in s e p a ra b le  from  

o e s t r a d io l  and o e s tro n e  by t h i s  TLC te c h n iq u e .

C h a r a c te r is a t io n  o f u te r in e  c y to so l re c e p to rs  by su c ro se  d e n s i ty  

g ra d ie n ts  and by e q u i l ib r a t io n  s tu d ie s  i s  d e sc rib e d  in  P rocedures 4*8 to  

4 .1 1 .

P rocedure  4*8.

E ndom etrial C y toso l R ecep to r C h a r a c te r is a t io n  by Sucrose G ra d ie n t,

C y toso l was p rep a red  from  endometrium from each o f th e  th r e e  u te r in e  

a re a s  as d e sc r ib e d  in  P rocedu re  4 .1 .  Y east a lco h o l dehydrogenase (YAL) was 

p rep a red  (2*5 mg. YAD/ml. TE b u f fe r )  as a  sed im en ta tio n  m arker w ith  a  

c o e f f ic ie n t  o f 7 .6  Svedberg u n i t s  ( 7 .6 8 ) ,  YAL assay  s o lu t io n  was p re p a red  

as  d e sc r ib e d  in  C hap ter 3 .

An 0 .3  m l. a l iq u o t  o f  c y to so l was la y e re d  on to  5 “ 20 p e r c en t l i n e a r  

su c ro se  g ra d ie n ts  in  TE b u f f e r  (5 m l,) a lo n g  w ith  0 .05 m l, YAL m arker s o lu t io n .  

C e n tr ifu g a tio n  was c a r r ie d  out a t  2°G in  th e  SW 65 r o to r  o f th e  Beckman L2 

65B u l t r a c e n t r i f u g e  f o r  17 hours a t  145>000 ê̂ g,v* th e  c e n t r i f u g a t io n  th e

g ra d ie n ts  were d is p la c e d  upwards w ith  50 p e r  c en t su cro se  dyed w ith  b lu e  

d e x tra n  in  TE b u f f e r .  T h ree-d ro p  f r a c t io n s  were c o l le c te d  i n  th e  c o u n tin g  v i a l s  

-  28 v i a l s  from  th e  v a u l t  and body c y to so l g r a d ie n ts ,  29 from th e  lo w er body. 

F o r  th e  YAL a ssa y , 3 m l, o f th e  a ssa y  s o lu t io n  was added to  a  

sp ec tro p h o to m ete r c e l l ;  0 ,01 m l, o f th re e -d ro p  f r a c t io n  was p ip e t te d  on 

to  a  p l a s t i c  padd le  and added to  th e  c e l l  and q u ick ly  m ixed. The o p t ic a l  

d e n s i ty  change a t  340 nm was m easured a g a in s t  tim e (1 5 , 45> 75> 105» 135 

seco n d s); th e  v ia l  c o n te n ts  g iv in g  th e  s te e p e s t  s lo p e  re p re se n te d  th e  peak 

o f  YAL (T ab le  4 .2 2 ) .
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F ig u re  4 .7 .  Y east A lcohol Dehydrogenase (YAB) A ssay*

The v i a l  producing ' th e  s te e p e s t  r i s e ,  c o n ta in s  

th e  maximum YAD# The c o e f f ic ie n t  o f  sed im en ta tio n  o f  

YAD i s  7 .6 8 .
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V "  YAD Marker (7.6S)

Sucrose D ensity Gradient o l  Fibroid Cytosol.

F ibroid cytoso l was divided in to  two parts: both were pre-
inoubated, one with ( • • • « • • • )  the other without (— — ) 
d ie th y ls t ilb o e s tr o l p rior to  la b e llin g  with H -oestradiol# A fter  
charcoal/dextran treatm ent, both were centrifuged on 13 ml. 
iso k in e t ic  sucrose gradients and centrifuged at 179,000 g fo r  . 
37 hours* ^
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TABLE 4 .2 2 .

O p tic a l D e n s ity  R eadings (340 nm)

Time.
V a u lt .  

V ia l No. 17 . 18 . 19 .
15 seconds 0.036 0.025 0.025
45 seconds 0 .068 0 .068 0 .048
75 seconds 0.102 0.106 0 .089

105 seconds 0.133 0.146 0 .118
135 seconds 0 .167 0.182 0 .149

S im ila r  re a d in g s  were o b ta in ed  f o r  Body and Lower Body c y to s o ls ,  

and th e s e  were p lo t te d  (F ig u re  4*7)•

F i f te e n  m l. B u ty l FBD s c i n t i l l a t o r  was added to  each c o u n tin g  v i a l  

and th e  a c t i v i t y  co u n ted . The co u n ts  (opm) were p lo t te d  a g a in s t  th e  

f r a c t i o n  number (F ig u re  4*8)•

P rocedure  4 .9*

F ib ro id  C y toso l R ecep to r C h a r a c te r is a t io n  by Sucrose G ra d ie n t .

F ib ro id  c y to so l was p rep a red  in  TE b u f f e r .  An a l iq u o t  o f 0 .5  m l. 

o f th e  c y to so l was in c u b a te d  f o r  10 m inutes a t  4*̂ 0 in  th e  p re sen ce  of 

7 X 10*"^I s t i l b o e s t r o l a n d  0 .5  m l. in c u b a ted  in  th e  absence o f 

s t i l b o e s t r o l ^ ^ ) .  ^ H -o e s tra d io l ( f i n a l  c o n c e n tra tio n  1 .7  X 10 was

added to  each s o lu t io n  and th e  in c u b a tio n  was co n tin u ed  f o r  a  f u r th e r  60 

m inutes a t  4°C* A f te r  rem oving th e  f r e e  and lo o s e ly  bound o e s t r a d io l  w ith  

c h a rc o a l/d e x tra n  in c u b a t io n , 0 .4  m l. o f  each s o lu t io n ,  and 0 .05  YAB s o lu t io n  

were la y e re d  on to  a  13 m l. i s o k in e t ic  su c ro se  g ra d ie n t  and c e n tr ifu g e d  a t  

179» 000 f o r  37-2 hours a t  2°C.

D isplacem ent o f  th e  g ra d ie n ts  was by 50 p e r  c en t su cro se  w ith  b lu e  

d e x tra n  and f iv e -d ro p  f r a c t io n s  were c o l le c te d  f o r  YAD assay  and c o u n tin g . 

Tube (a) y ie ld e d  45 f r a c t io n s  and tu b e  (B) 44 f r a c t i o n s .  The coun ts  p e r  20 

m inutes were p lo t te d  a g a in s t  th e  f r a c t io n  number (F ig u re  4 .9 ) .
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I t  may be concluded th a t  th e r e  a re  re c e p to rs  in  f ib r o id  c y to so l and 

th a t  th e s e  re c e p to r s  a re  s im i la r  in  sed im en ta tio n  p ro p e r t ie s  to  endom etria l 

c y to so l r e c e p to r s .

P rocedure  4 .1 0 ,

Assay o f A ssoc ia tion  Constant o f Endometrial C ytosol R eceptors.

The endometrium was o b ta in ed  from  th e  th re e  u te r in e  a re a s  as d e sc r ib e d  

in  P rocedure  4 .1 .  The t i s s u e  was damp d r ie d ,  weighed -  v a u lt  290 mg.; body 

370 m g.; low er body 170 rag. -  and th en  homogenised in  2 .0  m l. TE b u f f e r  

u s in g  a  g l a s s / t e f lo n  hom ogeniser. C y toso l was o b ta in ed  fo llo w in g  u l t r a ­

c e n t r i f u g a t io n  a t  105,000  g^^ .

An a l iq u o t  o f 0 .05  m l. o f ^ H -o e s tra d io l s to ck  s o lu t io n  was tak en  to  

d a ^ e s s  in  a  t e s t  tu b e  and th e n  d is so lv e d  in  2 ,5  m l. TE b u f f e r  by s ta n d in g  

a t  room tem p era tu re  f o r  20 m in u tes ; 0 .5  m l. o f t l i i s  s o lu t io n  was added to

1 ,5  m l. TE b u f f e r  r e s u l t in g  in  a  d i lu te d  ^ H -o e s tra d io l s o lu t io n .

The fo llo w in g  tu b es  were s e t  up f o r  each en d o m etria l f r a c t i o n .

TABLE 4 .2 3 .

A sso c ia tio n  Constant Assay -  Incubation Tubes.

C o n tro l. S tandard  
. . l b ) .

1 2 3 4 5 6 7

m l. TE b u f f e r 0 .1 0.65 0.65 0.09  0 .08 0.06 0.03  — 0 .05 0 .02
d i lu te d  H -o e s tra d io l - - 0 .05 0.01 0.02 0 .04 0 .07  0 .10 - -

m l. conc. ^ H -o e s tra d io l -, 0.05 .. — mm 0.05 0 .08
m l. c y to so l 0 .1 - - 0 .1 0 .1 0 .1 0 .1  0 .1 0 .1 0 .1

The tu b es  were mixed th o ro u g h ly  b e fo re  in c u b a tin g  a t  30^0 f o r  30 

m inutes w ith  a g i t a t io n ;  0 .5  m l. c h a rc o a l/d e x tra n  s o lu t io n  was added to  each 

tu b e , mixed, and th e  in c u b a tio n  co n tin u ed  f o r  a  f u r th e r  10 m in u te s . The tu b es  

were th en  coo led  in  an i c e  b a th  and spun on an MSE Bench c e n tr i fu g e  a t  8OO g^^ 

f o r  5 m inutes to  b r in g  down th e  c h a rc o a l .  The su p e rn a ta n t was p ip e t te d  o f f



in to  a  c le a n  tu b e  and 0 .4  m l. a l iq u o ts  tak en  f o r  co u n tin g  (T ab le  4 . 24) .

C h a rc o a l/d e x tra n  was n o t added to  th e  s tan d a rd  s o lu t io n s ;  0 .1  m l. 

o f each s ta n d a rd  s o lu t io n  was tak en  in  d u p l ic a te  f o r  c o u n tin g .

The mean count f o r  0 .1  m l. S tan d a rd  (a ) was 1442 dpm. The t o t a l  volume 

was 0 .7  m l. o f which 0 .05  m l. was th e  ’ c o n c e n tra te d ’ ^ H -o e s tra d io l ,  Hence 

in  0 .01  m l. of th e  ’ c o n c e n tra te d ’ ^ H -o e s tra d io l s o lu t io n  th e re  would be 

2021 dpm which co rresponds to  9*1 fm oles ^ H -o e s tra d io l.

S im ila r ly  th e  count f o r  O .Î^S tan d ard  (b) was 387 dpm and th e  amount

3 3o f H -o e s tra d io l in  0 .01  m l. o f th e  ’d i l u t e d ’ H -o e s tra d io l  s o lu t io n  was

2 .3  fm o les .

These r e s u l t s  co rresp o n d  w ell to  th e  4 :1  c o n c e n tra tio n  r a t i o .

TABLE 4 .2 4  

A sso c ia tio n  C o n stan t Assay -  Assay Counts

V a u lt .

1 2 3 .... 4.... _  5 _ 6 1  -

dpn /0 .4  m l. (background 
c o rre c te d ) 118 204 409 568 730 1175 1440

Bound ^ H -o e s tra d io l
( fm o le s ) /0 .4  m l. 0 .5 0 .9 1 .8 2 .6 3 .3 5-3 6 .5

Bound ^ H -o e s tra d io l /0 ,7  m l. 
(fm oles) (b) 0 .9 1 .6 3 .2 4 .5 5 .8 9 .3 11 .4

Volume o f ^ H -o e s tra d io l 
s o lu t io n  (a ) 0 .01 0 .0 2 0 .04 0.07 0 .10

0 .05 0 .0 8

T o ta l ^ H -o e s tra d io l 
(fm oles) 2 .3 4*6 9 .2 16.1 23 .0 4 6 .0 72.8

Free ^ H -o e s tra d io l 
(fm oles) (F) 1 .4 3 .0 6 .0 11 .6 17.2 36 .7 61 .4

Boundy^^^^ (^ /f ) 0 .6 4 0 .53 0.53 0 .3 8 0 .3 4 0 .25 0 .18

S im ilar  c a lc u la tio n s  were performed fo r  cy to so l from the body and 

low er body.
3 3The amount o f bound H -o estra d io l (B) and th e amount o f fr e e  H -o estrad io l
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(f ) a re  reco rd ed  above in  fm oles in  0 .2  m l. r e a c t io n  m ix tu re . T h e re fo re

to  o b ta in  th e  m o la r ity  o f  th e  s o lu t io n ,  m u ltip ly  by ^ X 10^.

8c a tc h a rd  p lo ts  a re  drawn o f  B ound/Free ( ' / ? )  a g a in s t  Bound (b ) 

F ig u re  4 .1 0 ) ,  (S c a tc h a rd , 1 9 4 9 ). A s t r a i g h t  l i n e  on a  S ca tch a rd  g raph  i s  

on ly  o b ta in e d  i f  i s  c o n s ta n t;  th a t  i s ,  i f  th e re  i s  on ly  one c la s s  o f 

b in d in g  s i t e s .

The A sso c ia tio n  C o n stan t (K^) i s  de term ined  from  th e  fo rm u la

Where i s  th e  t o t a l  b in d in g  s i t e s  and B i s  th e  occupied  b in d in g  s i te s ' in  

m olar c o n c e n tra tio n  and S i s  th e  t o t a l  ^ H -o e s tra d io l,

At th e  in te r c e p t  on th e  a b s c is s a ,  where /F  *= 0 , P^ » B.

At th e  in te r c e p t  on th e  o rd in a te  where P = 0 , ^ /P  = K. P .

S lope o f  L ine  = ^o = K
^o

A o'

A

K, (V au lt)  = Tïï-<- | - •12A 15 .1  X 5 X 10

« 8 .6  X  10^ l /m o le .

(Body) = 7 .3  X 10^ l/m o le

K  (Lower
Body) = 6 .0  X 10^ l /m o le .

Amount o f R ecep to r r e la te d  to  wet w e ig h t. DNA and p r o te in .

The amount o f r e c e p to r  (Pq) in  0 .1  m l. c y to so l was o b ta in e d  by m u ltip ly in g
n

th e  in te r c e p t io n  on th e  ab sd asa  by / 4  s in c e  0 .1  m l. c y to so l was c o n ta in e d  in  

th e  f in a l  0 .7  m l. o f which 0 .4  m l. was co u n ted .

To o b ta in  th e  t o t a l  c y to so l (2 .0  m l.)  c o n te n t ,  th e  r e s u l t  was m u lt ip l ie d  

by 20 (T ab le  4 .2 5 ) .
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TABLE 4 . 25 .

Amount o f R ecep to r in  T o ta l C ytoso l (2 .0  m l.)

V au lt 15 X 7 X 20 
4 a  525 fm olea ^ H -o e s tra d io l

Body- 30 X 7 X 20 
4 K 1050 fm oles H -o e s tra d io l

Lower Body 12 .5  X 7 X 20 
4 « 437.5  fm oles ^ H o e strad io l

TABLE 4 .2 6 .

Amount o f R eceo to r r e l a t e d  to  Wet W eight.

V au lt Wet w eight 290 mg. 1.81  fm oles ^ H -o e s tra d io l /  
mg. wet w e ig h t.

Body Wet W eight 370 mg. 2 .84  fm oles ^ H -o e s tra d io l /  
mg. wet w e ig h t.

Lower Body Wet W eight 170 i%. 2 .59  fm oles ^ H -o e s tra d io l /  
mg, wet Tfeight.

TABLE 4 .2 7 .

Amount o f R ecep to r r e la te d to  t o t a l  DNA

V au lt T o ta l DNA 670 pg 78,4  fm oles ^ H -o e s tra d io l/  
100 ^  DNA,

Body T o ta l DNA 85O pg 123,5  fm oles ^ H -o e s tra d io l /  
100 p g  DNA

Lower Body T o ta l DNA 300 pg 145.8  fm oles ^ H -o e s tra d io l /  
100 jog DNA

TABLE 4 .2 8 .
Amount o f R ecep to r r e la te d  to  C ytoso l P ro te in  C ontent

V au lt T o ta l P ro te in 9 .0  mg. 58,4  fm oles ^ H -o e s tra d io l /
mg. p ro te in

Body T o ta l P ro te in 12 .0  mg. 87.5  fm oles ^ H -o e s tra d io l/
rag, p ro te in

Lovær Body T o ta l P ro te in 6 .0  mg. 72,9  fm oles ^ H -o e s tra d io l /
mg, p ro te in
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These r e s u l t s  re v e a le d  no m ajor d if f e r e n c e s  among th e  th r e e  a re a s  

i n  th e  a s s o c ia t io n  c o n s ta n t  o f  th e  r e c e p to r s  f o r  o e s t r a d io l  a lth o u g h  th e  

amount o f b in d in g  was l e s s  i n  th e  v a u l t  (T ab les  4 ,2 6 , 4.27 and 4 .2 8 ) .

S im ila r  com parisons o f c y to so l from  th e  th r e e  u te r in e  a re a s  were 

c a r r ie d  o u t on two o th e r  c a s e s ;  th e  p a t t e r n  o f r e s u l t s  was th e  same w ith  

l e a s t  u p tak e  a t  th e  v a u l t .  The ranged  between 2 .2  -  9*1 X 10^ l /m o le .  

P rocedure  4 .1 1 .

Assay o f  A sso c ia tio n  C o n s ta n ts  ) o f  F ib ro id  and M yom étrial R e c e p to rs .

I n  two c a se s  i t  was p o s s ib le  to  s tu d y  th e  a s s o c ia t io n  c o n s ta n t of 

f i b r o id  r e c e p to r s  and i n  one, o f  m yom étrial r e c e p to r s ,  and compare th e s e  

to  th e  endometrium i n  each c a s e .

I n  th e  f i r s t  c a se  c y to s o l  was p re p a red  from endometrium and a sm all 

f i b r o id  and th e  a ssa y  a lr e a d y  d e sc r ib e d  (P rocedure  4 .1 0 ) perfo rm ed . The 

a s s o c ia t io n  c o n s ta n t (K^) o f  th e  f i b r o id  was 2 .7  X 10^ 1 /mole whi.ch was o f 

th e  same o rd e r  as th e  f o r  o e s t r a d io l  -  6 .7  X 10^ l /m o le .

In  th e  second c a se  c y to s o l  was p re p a red  from  th e  endom etrium , 

nyom etrium , and from a  f i b r o i d ,  ta k in g  t i s s u e  s e p a ra te ly  from  th e  in n e r  and 

o u te r  p a r t  o f th e  f i b r o i d .  Once more th e  a ssay  (P ro ced u re  4 .IO) was perform ed, 

The a s s o c ia t io n  c o n s ta n ts  f o r  th e  fo u r  c y to so l sam ples were rem arkab ly  

s im i la r  (T ab le  4 .2 9 ) .

TABLE 4 .2 9 .
A ssociation C o n s ta n ts  (K^ )̂ f o r  F ib r o id ,  Myometrium and Endom etrium ,

f i b r o i d  -  in n e r 2 .5  X 10^ 1 /m o le .

f i b r o id  -  o u te r 2 ,8  X 10^ l/m o le .

myometrium 5 .0  X 10^ l/m o le .

endometrium 2 ,2  X 10^ l/m o le .
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The amounts o f r e c e p to r  r e l a t e d  to  t o t a l  DNA, to  wet w eight and 

to  p r o te in  were c a lc u la te d  f o r  each c y to so l p re p a ra t io n ,  and i n  each c ase  

th e  amount o f r e c e p to r  in  th e  f i b r o id  c y to s o l  was h ig h e s t ,  w ith  th e  o u te r  

f i b r o id  t i s s u e  b e in g  g r e a t e s t  each tim e .

P rocedu re  4 .1 2 .

E f fe c t  o f Tamoxifen on U ptake o f ^ H -o e s tra d io l by Endom etrium.

Endometrium was o b ta in e d  by c u re t ta g e  o f a  h y ste rec to m y  specim en 

and was t r a n s p o r te d  to  th e  la b o ra to ry  i n  r e f r i g e r a te d  Hanlcs* s o lu t io n .  There 

th e  t i s s u e  was damp d r ie d ,  w eighed, te a s e d  out and d iv id e d  in to  th re e  

ap p ro x im a te ly  equal p o r t io n s  w hich were rew eighed; (a ) 645 mg, ; (b) 527 mg. ;

(c )  427 mg.

Three sm all c o n ic a l  f l a s k s  were made up c o n ta in in g  ( l )  2 ,5  m l. Hanks* 

s o lu t io n ,  ( 2 ) 2 .5  m l. Hanks' s o lu t io n  w ith  2 X l o " ^  tam o x ifen , (3) 2 .5  m l. 

Hanks' s o lu t io n  w ith  2 X 10"'^M o e s t r a d io l  (u n la b e lle d )  , A p o r t io n  o f th e  

t i s s u e  was added to  each f l a s k  and a l l  th r e e  were in c u b a ted  a t  3 7 ^0  w ith  

a g i t a t i o n  i n  95 p e r  c e n t 0 ^ /5  p e r  c en t COg f o r  10 m in u te s .

An a l iq u o t  o f  O .I5 m l, ^ H -o e s tra d io l s to ck  ta k en  to  d ry n ess  was th e n  

d is so lv e d  i n  8 ,5  m l. H anks' s o lu t io n  g iv in g  2 X 1 0 "%  s o lu t io n ;  2 .5  m l. o f 

t h i s  s o lu t io n  was added to  each f l a s k  and th e  in c u b a tio n  and a g i t a t i o n  co n tin u ed  

f o r  a n o th e r  30 m in u te s . (The f i n a l  ^ H -o e s tra d io l c o n c e n tra t io n  was 1 X 10"% ) . 

D u p lic a te  0 ,1  m l, a l iq u o ts  o f  th e  ^ H -o e s tra d io l/H a h k s ' s o lu t io n  were ta k e n  f o r  

c o u n tin g .

A f te r  30 m inu tes th e  f l a s k s  were co o led  in  an ic e  b a th ,  spun on Bench 

c e n tr i fu g e  a t  80O g^^ and washed th re e  tim es w ith  Hanks' s o lu t io n .  The t i s s u e  

p o r t io n s  were th en  hom ogenised in  5 . 8 ^ ^  b u f f e r  w ith  10 u n la b e l le d  o e s t r a d io l  

to  d i l u t e  any f r e e  ^ H -o e s tra d io l .  The homogenates were spun on th e  ÎÆSE Bench 

c e n tr i fu g e  a t  80O g^^ and n u c le i  and c y to so l p rep a red  as a lre a d y  d e sc r ib e d  

(P ro ced u re  4 * 1 ).
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The c y to so l was incubated  w ith  charcoal/d extran  to  remove th e  
3lo o s e ly  bound H -œ strad io l; 0 .3  m l. in  d u p lica te  o f  th e tr e a ted  c y to so l  

was talc en fo r  counting (T able 4*30) • The n u clear  p e l l e t  was incubated w ith  

I jO m l. ethanol and 0 .3  m l. in  d u p lic a te  o f  th e  ethanol was taken fo r  

counting (Table 4 .3 1 ) .  P ro te in  and DNA assays were performed on the c y to so l  

and n u clea r  p e l l e t  r e s p e c t iv e ly  fo r  each sam ple.

TABLE 4 .3 0

C y to so l Uptake o f ^ H -o e s tra d io l -  Tamoxifen E f f e c t .

C o n tro l , Tamoxifen U n la b e lled  O e s tra d io l

(lO^^M)

dpn/O .3 m l. c y to so l 2280 1981 767
dpny'^.O m l. c y to so l 38496 32963 12710
fm oles ^ H -o e s tra d io l /  

5*0 m l. c y to so l 171 .2 148 .4 5 7 .3
mg. p r o te in /1 .0  m l. 

c y to so l 4 .0 0 4 .5 0 4 .1 0
fm oles ^ - o e s t r a d i o l /  

mg. p ro te in 8 .6 6 .6 2 .8

TABLE 4 .31

N u c lea r Uptalce o f  ^ H -o e s tra d io l - Tamoxifen E f f e c t .

C o n tro l Tamoxifen U n la b e lle d  O e s tra d io l

(1Q"^Û.._._. ( i o - \ o

dpn/O .3 m l. e th an o l 1584 857 348
d p n /l.O  m l. e th an o l 5279 2857 1159
fm oles ^ H -o e s tra d io l /  

1 .0  m l. e th a n o l 2 3 .8 1 2 .9 5 .2

T o ta l DNA (^g) 290 330 290
fm oles ^ H -o e s tra d io l /  

100 ;cig DNA 8 .2 3 .9 1 .8
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Figure 4.11 Endométrial Inoubatiozi: E ffec t o f Tamoxifen oh
Cytosol Uptake o f E -o estra d io l.

The e f fe c t  o f t^ o x if e n  (lO” M) and unlabelled  oestrad io l 
(10 *̂ M) on uptake o f ^H-oestradiol in to  endometrial cytoso l a fte r  
t is s u e  incubation with la b e lle d  oestrad io l ( 1 0 " & ) .  In  Experiment A, 

the tamoxifen concentration was only 10"^M*
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Figure 4,12# Endométrial Incubation:
E ffect of Tamoxifen on Huclear TJntake. of 
^ -o e s tr a d io l .

The e f fe c t  o f lO " ^  tamoxifen (T) and 10’"'̂ M unlabelled  
oestrad io l (Cold E2) on uptake o f H -oestradiol in to  endometrial 
n u clei a fte r  t is s u e  incubation with 10*% la b e lled  oestrad io l (B2*). 
In Experiment A the tamoxifen concentration was only 10"%,



These r e s u l t s  a r e  c o n ta in ed  in  F ig u re s  4*11 and 4*12, and in  

T ab les 4*32 and 4*33* On two o c c a s io n s , w ith  A and B, th e  f l a s k  c o n ta in in g  

th e  u n la b e l le d  o e s t r a d io l  in c u b a tio n  b roke d u rin g  th e  p ro c e d u re . However, 

th e  co u n ts  and a ssa y s  were c a r r ie d  out on th e  two rem ain ing  p o r t io n s  o f  

t i s s u e ,

TABLE 4 .3 2 .
C y to so l U ptake o f % - o e s t r a d io l  -  Tamoxifen E f f e c t  

(fm o les % -o e s tra d io l /m g , p r o te in . )

C o n tro l . Tamoxifen (10“ M) U n la b e lle d  O e s tra d io l

A 1 0 ,0  8 ,0  ^
B 3 . 9  0 .6
C 9*1 3 .7 3 .7
3) 8 ,6  6 ,6 2 ,8

*  Tamoxifen 10 M in  t h i s  ex p erim en t.

TABLE 4 .3 3 ,

N u c lea r Uptalce o f ^ H -o e s tra d io l -  Tamoxifen E f fe c t

(fm o les % - o e s t r a d io l  /lOO p g  DNA)

C o n tr o l  • Tamoxif en ( 10~% ) U n la b e lled  O e s tra d io l

_ _ . ( l o A o  ________

A 2 9 ,7  2 1 .3  *
B 1 1 ,2  6 ,1
C 14*1 1 0 ,8 3 .7
D 8 ,9  4 .8 2 .3

*Tam oxifen 10” %  used  in  t h i s ex p erim en t•

P rocedure  4*13,

Assay o f  A sso c ia tio n  C o n stan t o f  R ecep to rs f o r  Tam oxifen.

T h is was a  s im i la r  a ssa y  to  P rocedure  4*10. An a l iq u o t  o f 0 ,01  m l, 

o f th e  s to ck  tam oxifen  (10*% ) i n  e th an o l was d i lu te d  to  1 0 .0  m l. w ith  th e  TE 

b u f f e r  r e s u l t i n g  in  10 ^ ta m o x ifen . F o r c o n tro l  0 .01  m l. e th a n o l was added
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FXiRure 4 .13* B ind ing  A f f in i ty  o f  C y toso l R eoeptors f o r  Tamoxifen,
B ind ing  o f  H -o e s tra d io l  to  end o m etria l c y to so l was

3measured by incubating the cytoso l with H -oestradiol in  the
• •7

p re sen ce  (c lo se d  c i r c l e s )  and absence (open c i r c l e s )  o f  10 M 

tam oxifen  (S ca tch a rd  p l o t ) #



to  10*0 m l. TE b u f f e r ;  0 .0 5  m l. o f e i t h e r  th e  tam oxifen  s o lu t io n  o r  th e  

c o n tro l TE s o lu t io n  was added to  each tu b e  o f two s e r ie s  ( c o n tr o ls  and t e s t s )  

p rep a red  as  in  T able  4 ,2 3 . TE b u f f e r ,  ^ H -o e s tra d io l and c y to so l were added to  

b o th  s e r ie s  as b e fo re . The f i n a l  in c u b a tio n  c o n c e n tra tio n  o f tam oxifen  in  

th e  t e s t  s e r ie s  was 2 X 10~'^M.

The c a lc u la t io n s  were c a r r ie d  th ro u g h  e x a c tly  as in  P ro ced u re  4,10» 

and a  S ca tch ard  p lo t  o f th e  Bound T ree  ^^/P) ^ H -o e s tra d io l a g a in s t  th e  Bound 

(B) ^ H -o e s tra d io l was drawn (F ig u re  4 ,1 3 ) and th e  a s s o c ia t io n  c o n s ta n t (K^) 

f o r  tam oxifen  was c a lc u la te d  -

(Tamoxifen) -  0 .6 3  X 10^ l/m o le

I n  a l l ,  fo u r  s im i la r  a ssa y s  o f (Tam oxifen) were perform ed and th e  v a lu e s
n

ranged betw een 0*63 and 0 .9 9  X 10 l/m d e . The (O e s tra d io l)  was c a lc u la te d  

a t  2 ,2  -  9 ,1  X 10^ l /m o le . Hence th e  ta m lx lfe n  was on ly  0 .002  to  0 .009  tim es 

t h a t  o f  o e s t r a d io l .

P rocedure  4 ,1 4 .

E ffect/o f Tamoxifen on C ytosol B inding o f H -o e s tr a d io l.

The endometrium was o b ta in ed  from  p a t ie n t s  undergo ing  hyste rec to m y  o r  

u te r in e  c u re t ta g e ,  o f te n  a t  la p a ro sc o p ic  s t e r i l i s a t i o n ,  A sam ple o f venous 

b lood was tak en  a t  o p e ra tio n  to  e s tim a te  plasm a o e s t r a d io l  and p ro g e s te ro n e .

Once more a  s in g le  case  w i l l  be fo llo w ed  th ro u g h  in  d e t a i l .

A p o r t io n  o f th e  c u r e t te d  m a te r ia l  was s e n t in  form ol s a l in e  f o r  

h i s to lo g ic a l  exam ination  and th e  rem ainder was t r a n s p o r te d  in  r e f r i g e r a t e d  

s a l i n e / c i t r a t e  s o lu t io n  to  th e  la b o r a to r y .  There th e  t i s s u e  was damp d r ie d  and 

weighed (463 mg'.) p r i o r  to  hom ogen isation  in  4 m l. TE b u ffe r /O .2 5  mîÆ C le la n d 's  

re a g e n t w ith  a  g la s s  hom ogeniser.

The homogenate was th e n  spun on an MSE Superspeed 50 a,t 100,000 g^^ 

f o r  20 m inutes to  o b ta in  th e  su p e rn a ta n t c y to so l f r a c t i o n .  An 0 .1  m l.
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a l iq u o t  was talc en f o r  p r o te in  a s s a y .

To sm all t e s t  tu b e s  c o n ta in in g  O.4  nil, o f TE b u f f e r  e i t h e r  a lo n e  o r

w ith  10’’̂ M u n la b e l le d  o e s t r a d io l ,  o r  10” ^M te s to s te r o n e ,  o r  10*"^M p ro g e s te ro n e , 
-6o r 10 M tam o x ifen , was added 0 ,4  m l. c y to s o l .  The tu b es  were in c u b a te d  a t  

4°C f o r  one ho u r p r i o r  to  add ing  0 .2  m l. 10” ^M ^ H -o e s tra d io l s o lu t io n .  

In c u b a tio n  was co n tin u ed  f o r  a  f u r th e r  h o u r.

A f te r  th e  second in c u b a t io n  0 .5  m l. c h a rc o a l/d e x tra n  s o lu t io n  was 

added to  each  tu b e  and in c u b a t io n  co n tin u ed  f o r  10 m in u te s , b u t i n  a  w a te r b a th  

a t  30^0. The tu b es  were th e n  c h i l l e d  i n  an ic e  b a th  and spun on an MSE Bench 

c e n tr i fu g e  a t  800 g^^; th e  s u p e rn a ta n t was p ip e t te d  o f f  and d u p l ic a te  0 .2  m l.

a l iq u o ts  ta k e n  f o r  c o u n tin g  (T ab le  4 .3 4 ) .
» .

TABLE 4 .3 4 .

C y to so l B in d in g  o f  ^ E -o e s tr a d io l .

dpm/0 .2  m l, dpm/ml, dpm/mg, fm oles/m g. P e rcen tag e
a l i q u o t . C y to so l P ro te in  P r o te in .  o f  c o n tro l

C o n tro l (TE b u f fe r )  

10 O e s tra d io l 

10"^M T e s to s te ro n e  
10" ^  P ro g es te ro n e  

10"^M Tamoxifen

9862 18491 3469 15.6
3161 5926 1112 5.0 32 .1

9484 17782 3336 15 .0 96 .2

9114 17089 3206 1 4 .4 9 2 .4
4106 7699 1444 6 .5 4 1 ,6

A liq u o t coun ts  o f  0 .2  m l, were m u lt ip l ie d  by 7«5 s in c e  t o t a l  volume was

1 .5  m l . ; t h a t  I .5 m l. c o n ta in e d  0 ,4  m l. c y to so l -  hence m u lt ip l ie d  by 2 .5  to  g ive

dpm p e r  m l, c y to s o l .  The p r o te in  c o n te n t o f th e  c y to so l was 4*2 m g./m l. en ab lin g

e x p re ss io n  o f th e  r a d io a c t i v i t y  as fm oles ^ H -o e s tra d io l p e r  mg. p r o te in .  The
3

c o n tro l  in c u b a tio n  was tak en  as  b e in g  100 p e r  c en t s a tu r a te d  w ith  H -o e s t r a d io l j  
3

th e  amount o f H -o e s tra d io l  bound to  th e  c y to so l re c e p to r s  a f t e r  th e  v a r io u s  

in c u b a tio n s  have been ex p re ssed  as  p e rc en ta g e s  o f th e  c o n tro l  l e v e l s .

The r e s u l t s  a re  d iv id e d  acco rd in g  to  th e  h is to lo g y  o f th e  endometrium -  

P r o l i f e r a t i v e  (T ab le  4*35) > S e c re to ry  (T ab le  4*36) and M sc e lla n e o u s  (T ab le  4 .3 7 ) .
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F i ^ r e  4 .1 4 . C y toso l In o u b a tio n s i

E f fe c t  o f  Tamoxifen on "^H -oestrad io l B inding,»

The r e s u l t s  a re  ex p ressed  as a  p e rc en ta g e  ( -  SEM) o f  th e

I n  a d d i t io n  to  in c u b a tio n  w ithH « o e s trad io l hound i n  a  c o n tro l  in cu b a tio n *

tam oxifen  (10"^M ), in c u b a tio n s  were a ls o  conducted  w ith  u n la b e l le d  o e s t r a d io l  
(10" M), p ro g e s te ro n e  (10"^M) and te s to s te r o n e  (10“^M) • The r e s u l t s  have 

been d iv id e d  in to  p r o l i f e r a t i v e  and s e c re to ry  phase t i s s u e  c y to so ls  a cco rd in g  
to  th e  h i s to lo g ic a l  appearance* '
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I t  can be seen  th a t  in  T ab les 4*35 and 4*36 th e re  i s  a  good 

c o r r e la t io n  between th e  h is to lo g y  and th e  plasm a p ro g e s te ro n e  and 

o e s t r a d io l ;  in  t h i s  la b o ra to ry  a  p ro g e s te ro n e  le v e l  g r e a te r  th a n  5 n g /ra l, 

i s  ta k en  as in d ic a t iv e  o f o v n la t io n . In  th e  s e r ie s  th e re  was no re p o r te d  

case  o f p r o l i f e r a t i v e  endometrium w ith  a  plasm a p ro g e s te ro n e  g r e a t e r  than  

3*2 n g /m l. The plasm a o e s t r a d io l s  were s l i g h t l y  h ig h e r  on av erag e  in  

th e  s e c re to ry  group o f c a s e s ,  as  would be expected  (Shaaban and IQ opper,

1973)*

In the con tro l in cu b a tio n s, th e r e s u lt s  have been expressed in  

fm oles ^H -oestradiol per mg. p r o te in . The le v e l s  o f r a d io a c t iv ity  were 

s ig n if ic a n t ly  h igher in  the p r o l i f e r a t iv e  group than in  the secreto ry  

group (p <C 0 .02 ) .

In  most in stan ce , s th e  u n la b e lled  o e stra d io l and tam oxifen blockage  

ran c lo s e ly  in  p a r a lle l  w ith  th e o e stra d io l being s l ig h t ly  more e f f e c t iv e  

in  b lock ing  th e recep to rs . The o e stra d io l and tam oxifen appeared to  be 

more e f f e c t iv e  b lockers in  th e p r o lif e r a t iv e  phase t is s u e s  than the secreto ry  

phase t is s u e s  (F igue 4*14)*

The p re - in c u b a tio n s  w ith  te s to s te r o n e  and p ro g e s te ro n e  caused  no 

b lockage o f th e  o e s t r a d io l  re c e p to r s  in  t h i s  s e r i e s .  I n  on ly  one c ase  (Ho. lO ) , 

where th e  endometrium was m e n s tru a l, was th e re  any ap p aren t b lo ck ag e .

In  th e M iscellaneous Group, two p a tien ts  had menstrual phase 

endometrium but had w idely  d if fe r in g  plasma hormone l e v e l s ,  and one 

(Case Ho. lO) had com pletely  in e x p lic a b le  r e s u lt s .

There were two cases reported to  have fo c a l hyp erp lasia; progesterone  

l e v e l s  were low as would be expected but th e o e stra d io l l e v e l s  were a lso  low . 

One had a very high l e v e l  o f ^H -oestrad iol binding whereas the o th er was low .
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Two p a t ie n t s  had. been on s te r o id  hormone th e ra p y  u n t i l  j u s t  p r io r  

to  o p e ra tio n ; th e re  were m oderate d if f e r e n c e s  in  com paring th e  c o n tro ls  

b u t v e ry  wide d if f e r e n c e s  in  th e  p e rc en ta g e  b lockage o f th r  r e c e p to r s .

The case  w ith  a tro p h ic  endometrium showed average  ^ E -o e s tra d io l  

uptalee w ith  e f f e c t iv e  b lockage  o f th e  r e c e p to r s .

There was one case  o f en d o m etria l carcinom a in  th e  s e r i e s .  T here 

was ev idence  o f ^ H -o e s tra d io l b in d in g  in  th e  t i s s u e  examined w ith  m oderate 

b lockage by tam oxifen  and o e s t r a d io l .
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CHAPTER 5 .

OESTROGM RECEPTORS AED TAMOXIM -  IH VIVO STUDIES
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I n  t h i s  s e r i e s ,  12 p a t i e n t s  u ndergo ing  hy sterec to m y  f o r  

m enorrhag ia  were s tu d ie d *  F our o f  th e s e  p a t ie n t s  were g iv en  p re -o p e ra t iv e  

tre a tm e n t w ith  Tamoxifen (N o lv ad ex ), 10 mg. tw ice  d a i ly  d u rin g  th e  46 hours 

p r i o r  to  o p e ra t io n .

At th e  r i s k ,  once m ore, o f  re p e a t in g  d e t a i l s  o f  methods d e sc r ib e d  

i n  C h ap te r 3» one c ase  w i l l  be fo llo w ed  th ro u g h  in  d e t a i l  to  d em o n stra te  

how th e  v a r io u s  r e s u l t s  were o b ta in e d . I n  t h i s  s e r ie s  o f ex p erim en ts  th e  

^ H -o e s tra d io l was ( 2 ,4 ,6 ,7  -^E) o e s t r a d io l  -  1"^ (85 C i/m ole) : to  c o n v e r t

to  fm o les , th e  dpm t o t a l  was d iv id e d  by  189*

P rocedure  5 .1 .

P re p a ra t io n  o f  ^ H -o e s tra d io l  f o r  i n j e c t i o n .

•Polygram ’ th in  l a y e r  chrom atography (TLC) p la te s  were p re p a red  as  

d e sc r ib e d  i n  C h ap te r 3* An a l iq u o t  o f  0 .075  n il. (n o m in a lly  62 ^C i) 

^ H -o e s tra d io l s to ck  was s p o tte d  on to  a  p la t e  a lo n g s id e  a  s ta n d a rd  o e s t r a d io l  

s p o t .  The p la t e  was developed  i n  ch lo ro fo rm  : e th y l  a c e ta te  4 :1  f o r  10 cm. 

upwards and th e n  d r ie d  i n  th e  d a rk . The m arker s t r i p  was c u t o f f  and sp ray ed  

w ith  F o l in -C io c a lte a u  re a g e n t to  i d e n t i f y  th e  o e s t r a d io l  s p o t .  The a re a  

co rre sp o n d in g  to  th e  o e s t r a d io l  m arker was sc rap ed  o f f  th e  t e s t  s id e  i n t o  a  

15 m l. c e n tr i fu g e  tu b e  and e lu te d  a t  37°C f o r  20 m inu tes w ith  3 .0  m l. e th y l  

a c e ta te  w ith  o c c a s io n a l shalcing. A f te r  add ing  0 .3  ml* w a te r  th e  tu b e  was 

c e n tr ifu g e d  and th e  e th y l  a c e ta te  l a y e r  removed and tak en  to  d ry n e ss  i n  a  new 

s c i n t i l l a t i o n  v i a l  w hich had been  f i l l e d  w ith  a b so lu te  a lc o h o l f o r  th r e e  h o u rs , 

th e n  d ra in e d  and d r i e d .  The e th y l a c e ta te  e x t r a c t  was ta k en  to  d ry n ess  w ith  

n i t r o g e n  and 0 .2 1  m l, o f  a b s o lu te  a lc o h o l was added and m ixed. An a l iq u o t  

( 0 .01  m l.)  o f t h i s  m ix tu re  was removed and d i lu te d  to  1 .0  m l. i n  e th a n o l .  

D u p lic a te  a l iq u o ts  (0 .0 2  m l.)  were ta k e n  f o r  an approxim ate  co u n t o f th e  

amount o f  r a d io a c t i v i t y  i n  th e  s o lu t io n s  (T ab le  5 .1 ) .
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Approxim ate Count o f R a d io a c t iv i ty .

dpra in  0 .02  m l, d i lu te d  s o lu t io n  1 ,1 0  X 10^

dpm in  1 .01  m l. d i lu te d  s o lu t io n  5*55  % 10^
r , e a ^
dpm in  Q.Ol m l. o f  cone, s o lu t io n  5 «55 X 10

a c t i v i t y  in  0 .01  m l. o f
cono, s o lu t io n  2 ,49  /UGi.

The rem ain ing  0 .20  m l , .o f  ^ H -o e s tra d io l in  e th an o l was s to re d  

o v e rn ig h t in  a  deep f r e e z e  compartment p r io r  to  a d m in is tra t io n  to  a  

p a t i e n t .

P rocedure  5 .2 .

A d m in is tra tio n  o f ^ H -o e s tra d io l i n j e c t i o n .

An 0 .5  m l. a l iq u o t  o f w a te r f o r  in j e c t io n  was added to  th e  0 .2  m l,

e th a n o l /  E -o e s tra d io l  im m edia te ly  p r i o r  to  in je c t io n :  0 .5  m l. o f t h i s

s o lu t io n  was drav/n up and ad m in is te red  su b cu tan eo u sly  to  th e  p a t i e n t .

An a lco h o l swab was a p p lie d  to  th e  i n j e c t i o n  s i t e  to  absorb  any leak ag e

o f  th e  s o lu t io n .  The c o n ta in e r  w ith  th e  rem ain ing  ^ H -o e s tra d io l s o lu t io n ,

th e  sy rin g e  and, l a t e r ,  th e  swab from th e  in je c t io n  s i t e  were t r a n s f e r r e d

back to  th e  la b o ra to ry  in  a  p o ly th en e  bag .

At th e  la b o ra to ry  0 ,2  m l, o f th e  in j e c t io n  s o lu t io n  was added to

2 .0  m l, e th an o l and d u p l ic a te  a l iq u o ts  were taken  f o r  c o u n tin g  (T ab le  5 .2 . )

TABLE 5 .2 .

R a d io a c tiv i ty  in  I n je c t io n  S o lu tio n

dpm in  0 .0 2  m l, o f d i lu te d  e th an o l
s o lu t io n  32425

dpm in  0 ,02  m l, o f o r ig in a l
i n j e c t i o n  s o lu t io n  32425 X 101 = 1 .475 /:iGi

in  0 .6 8  m l. o f  i n j e c t io n
s o lu t io n  50.2  ;uCi
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To c a lc u la te  th e  amount o f o e s t r a d io l  n o t in je c te d ,  th e  

in je c t io i j^ o lu t io n  c o n ta in e r ,  th e  sy r in g e  and n e e d le , th e  swab and th e  

p o ly th en e  bag were p laced  i n  I 50 m l. e th an o l and in cu b a ted  a t  37^0 f o r  30 

ï t in u te s ,  D u p lic a te  0 .2  m l, a l iq u o ts  were taken  f o r  c o u n tin g  (T ab le  5*3 .)

TABLE 5 .3 .

R a d io a c t iv i ty  n o t in je c te d

dpm in  0 .2  m l, e th an o l s o lu t io n  33,100

A dpm in  I 50 m l. e th a n o l s o lu t io n  3 .3  X 10^ X 7*5 X 10^

.% t o t a l  a c t i v i t y  n o t in je c te d  11 .2  ;aCi,

P a t ie n t  th e r e f o r e  re c e iv e d  50 .2 -  11 .2  = 39 /lO i.

P rocedure  5 .3 .

C o lle c t io n  o f T issu es  and Body F lu id s .

In  th e  case  b e in g  d e sc r ib e d , a f t e r  hysterec tom y th e  u te ru s  v/as in c is e d  

and endometrium removed from  th e  th r e e  p re v io u s ly  d e fin e d  a re a s  -  v a u l t ,  body

and low er body (F ig u re  3 .1 ) .  I n  a d d i t io n  to  endometrium, myometrium, F a llo p ia n

tu b e  and v a g in a l sk in  were a ls o  o b ta in e d . The t i s s u e s  were p laced  in  in d iv id u a l  

p o ts  o f r e f r i g e r a te d  Hanks’ s o lu t io n  and t r a n s f e r r e d  to  th e  la b o r a to r y .

Ten m l. o f  venous b lood  was drawn o f f  d u rin g  th e  o p e ra t io n , h e p a r in is e d  

and c e n tr ifu g e d  to  o b ta in  p lasm a.

F o llow ing  th e  o p e ra t io n , 24 -hour u r in e  c o l le c t io n s  were i n s t i t u t e d  

f o r  a l l  p a t ie n t s  f o r  a t  l e a s t  5 d ay s .

P rocedure  5 .4 .

S tu d ie s  on Endom etrium.

At th e  la b o ra to ry  th e  endometrium was damp d r ie d  and w eighed; 

app ro x im ate ly  50 mg, o f  each f r a c t io n  was tak en  f o r  a  t o t a l  t i s s u e  count 

(P rocedu re  5 * 5 ). The rem ain ing  t i s s u e  f r a c t io n s  -  v a u l t  endometrium (232 mg).
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body (270  mg.) and low er body ( I 96 mg.) -  were homogenised ( in  2 m l. TE

b u f f e r  w ith  10 u n la b e l le d  o e s t r a d io l )  by te n  s tro k e s  o f th e  g l a s s / t e f l o n

homogeniser* The hom ogeniser was th en  spun a t  8OO g on th e  MSE Benchav
c e n tr i fu g e  f o r  10 m in u te s . The su p e rn a ta n ts  were re c e n tr ifu g e d  a t  100,000 g, 

f o r  30 m inutes to  produce th e  so lu b le  c y to so l f r a c t i o n s .  The c rude  n u c le a r

av

p e l l e t s  were tw ice  c e n tr ifu g e d  th rough  b u f f e r  H/l.8îvî su c ro se  a t  25,000  f o r  

20 m inu tes and f i n a l l y  "washed” in  B u f fe r  H to  produce th e  n u c le a r  p e l l e t s .

C y to so l. D u p lic a te  0 .2  m l, a l iq u o ts  o f c y to so l were talc en f o r  

c o u n tin g  (T ab le  5 * 4 ). The rem ain ing  c y to so l was added to  th e  p e l l e t  from 

2 m l. c h a re o a l/d e x tra n  s o lu t io n  and in c u b a ted  f o r  10 m inutes a t  37°C, th e n  

spun on an MSE Bench c e n tr i fu g e  a t  8OO g^^ . D u p lic a te  0 .3  m l. a l iq u o ts  were

tak en  f o r  co u n tin g  (T ab le  5*5) • An 0 .5  m l, a l iq u o t  o f  c y to so l was d i lu te d

to  2 ,0  m l. w ith  B u ffe r  H to  lov^er th e  su c ro se  c o n c e n tra tio n : 0 .3  m l. o f th e

d i lu te d  c y to so l vfas la y e r e d ,  w ith  0 ,2  m l. y e a s t a lc o h o l dehydrogenase (YAD) 

on to  a  5 ” 20 p e r  c en t su c ro se  i s o k in e t i c  g ra d ie n t and c e n tr ifu g e d  f o r  17 

hours a t  145,000 g^^ (P rocedu re  4 .8 ) .  Three d r ip  c o l le c t io n s  were made, YAD

assay  perform ed and th e  v i a l s  coun ted ; 0 ,1  m l, o f th e  c y to so l was talcen f o r

p ro te in  a ssay  (P rocedu re  4 .2 ) .

TABLE 5 .4 .
C y toso l -  T o ta l R a d io a c tiv i ty

V a u lt, Body, Lower Body,

dpm/0 . 2,m l .  c y to so l 40 46 38
d p m /l.0 ^ ô y to so l 200 230 190
P ro te in /m l. c y to so l 7.03 8.73 5.63
dpVmg. p ro te in 28 .4 26 .3 29 .6
fm oles ^ H -o es trad io l/m g . p ro te in 0 .15 0 .1 4 0 .1 6

dpgi in  t o t a l  c y to so l (2 m l.) 400 460 380
fm oles ^ H -o e s tra d io l/2  m l, c y to so l 2.12 2.43 2.01
mass o f t i s s u e  (mg.) 232 270 196
10 moles ^ H -o e s tra d io l/m g . t i s s u e 9.14 9.00 10.26
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TABLE 5 .5 .
C y toso l -  R a d io a c t iv i ty  a f t e r  c h a re o a l/d e x tra n

V a u lt . Body. Lower Body.

dpn /0 . 3 m l. c y to so l 39 49 40
dpny 1 .0  m l, c y to so l 130 163 133
p ro te in /m l . c y to so l 7 .03 8.73 5 .63
dpn/mg. ^ p ro te in 1 8 .4 1 8 .7 23 .6
fm oles H -o e s trad io l/m g . p ro te in 0.697 0 .099 0.125

dpra in  t o t a l  c y to so l (2 m l.) 260 326 266
fm oles ^ H -o e s tra d io l in  2 m l. c y to so l 1.38 1 .72 1 .41
10 moles ^ H -o es trad io l/m g . t i s s u e 5.95 6 .37 7 .19

N u clea r P e l l e t s .  The n u c le a r  p e l l e t s  were in c u b a ted  in  1 .0  m l. e th an o l

a t  37 G f o r  30 m inutes and th e n  spun on an MSE Bench c e n tr i fu g e  a t  800 g 

f o r  10 m in u tes . The s u p e rn a ta n t was decan ted  and 0 .3  m l. a l iq u o ts  in  

d u p l ic a te  were taken  f o r  c o u n tin g  (T ab le  5 * 6 ), The p e l l e t s  were d ra in e d  

and in cu b a ted  o v e rn ig h t a t  3 0 wi t h 1 .0  m l. M HaOH.

TABLE 5 .6 .

N u c le i -  T o ta l R a d io a c t iv i ty .

av

V au lt • Body. Lower Bod?/-.

dpm/0 .3  m l, e th an o l 190 175 1568
d p n /l.O  m l. e th an o l ( t o t a l ) 633 583 5227
fm oles ^ H - o e s t r a d io l / l ,0  m l. e th an o l 3 .35 3 .09 27.66
jug B N A /pellet 640 740 500
fm oles ^H -o estrad io l/lO O  jug BNA 0 .5 2 0 ,42 5.53

P rocedure  5 .5 .

T reatm ent o f T is s u e s .

The t i s s u e s  were tra n s p o r te d  to  th e  la b o ra to ry  as  d e sc r ib e d  in  

P rocedure  5 «3. There th e  t i s s u e  v/as damp d r ie d  and weighed (T ab le  5*6) .
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P r io r  to  th e  hom ogen isation  a  sm all p o r t io n  o f each en d o m etria l f r a c t i o n  

was tak en  f o r  t i s s u e  d ig e s t io n .  I n  th e  case  d e sc rib e d  th e  t i s s u e s  o b ta in e d  

were endometrium ( v a u l t ,  body, lo w er body), myometrium, F a l lo p ia n  tu b e  and 

v a g in a l s k in .

Each p o r t io n  o f t i s s u e  was t r a n s f e r r e d  to  a  g la s s  v i a l  to  which 2 .0  

o r  3 .0  m l, o f th e  t i s s u e  d ig e s t  " P ro to so l"  was added. The caps were se a le d  end 

th e  v i a l s  in c u b a ted  o v e rn ig h t a t  40°G. The fo llo w in g  m orning th e  d ig e s t  

f l u i d s  were found to  be c l e a r .

D u p lic a te  0 .2  m l. a l iq u o ts  from  each v i a l  were ta k en  f o r  c o u n tin g ; 

f u r t h e r  d u p l ic a te  0 .2  m l. a l iq u o ts  were tak en  and ’ sp ik e d ' by th e  a d d i t io n  

o f  0 .1  m l. d i lu te d  ^H -hexadecane to  each  o f th e se  v i a l s  (T ab les  5»7 and 5 * 8 ). 

A ll th e  v i a l s  had 0 .0 3  m l. g l a c i a l  a c e t i c  a c id  addod to  e l im in a te  

chem ilum inescence and were k e p t a t  room tem p era tu re  o v e rn ig h t p r i o r  to  

c o u n tin g .

TABLE 5 .7 .

Whole T issu e  D ig e s ts  -  'Spiked*
C o u n ts.

T issu e CPQI
sam ple

cpm 
sam ple 

and sp ike*

cpm co u n tin g  dpm 
sp ik e*  e f f ic ie n c y ^  sampl

dpm
e ( l e s s  

background)

V au lt 38 2153 2115 47.6 80 57
Body 35 2184 2149 48 .5 73 50
Lower Body 42 1986 1944 4 3 .8 96 73
Myometrium 53 2025 1969 44 .3 124 101
V agina 54 2004 1951 43 .8 122 99
F a llo p ia n  Tube 63 2045 1992 4 4 .8 141 118

0 .1  m l. d i lu te d hexadecanle should  be 4440 dpm.
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TABLE 5 .8 .

Whole T issu e  R a d io a c t iv i ty  -  C a lc u la tio n s

T issu e dpm
sam ple

m l.
sam ple

m l.
T o ta l
sample

dpm
T o ta l
sam ple

mg.
t i s s u e .

fm oles
in

d ig e s t^  _

f  mol e s /
gm

t i s s u e

V au lt 57 0 .2 3 .0 855 70 4 .52 64 .6
Body 50 0 .2 3 .0 750 51 3 .97 7 7 .8
Lower Body 73 0 .2 3 .0 1095 55 5*79 105 .3
Myometrium 101 0 .2 2 ,0 1010 232 5 .3 4 23 .0
V agina 99 0 .2 -2.0 990 240 5 .2 3 2 1 .8
F a l lo p ia n  Tube 118 0 .2 2 ,0 1180 230 6 .2 4 27 .1

These r e s u l t s ,  a lo n g  w ith  th o se  o f th e  o th e r  p a t i e n t s ,  a re  

in c o rp o ra te d  in to  T ab le  5 . I 4 .

P rocedure  5 .6 .

T reatm ent o f Body F lu i d s .

Plasm a -  T o ta l A c t iv i t y . Plasm a 0 .5  m l. was d ig e s te d  w ith  1 .0  m l.

' P ro to s o l ;  in c u b a t io n , c o u n tin g  and s p ik in g  were c a r r ie d  out as in  P ro ced u re  

5 .5  (T ab les  5 .9  and 5 .IO ) .

Plasm a -  E th e r  E x t r a c ta b le  A c t iv i ty  ( f r e e  s t e r o i d ) ;  Plasm a I .5  m l. 

was e x tra c te d  w ith  7 .5  m l. e th e r ,  th en  washed w ith  O .I5 m l. sodium b ic a rb o n a te  

( 1 ,0  M) and 0 .1 5  m l, d i s t i l l e d  w a te r . The e x t r a c t  was th e n  ta k en  to  d ry n ess  

i n  a  c o u n tin g  p o t and counted  a f t e r  th e  a d d i t io n  o f s c i n t i l l a n t ,  Quench 

c o r r e c t io n s  were made a f t e r  ' s p ik in g ' th e  sam ples and re c o u n tin g  (T ab les  5*9 

and 5 . 10) .

TABLE 3 .9 .
Pl.asma D ig e s ts  -  'S p ik e d ' C o u n ts ,

cpm cpm cpm ^  • dpm
sam ple sam ple sp ik e*  e f f ic ie n c y *  sample

dpm 
sample l e s s

T o ta l A c t iv i ty  53 2055 2002 4 5 .1 117 94
E th e r - e x t  r a c te d

A c t iv i ty  I 63 2709 2546 57.3 284 261
* 0 .1  m l. d i lu te d  ^H -hexadecane shou ld be 4440 dpra.
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Plasm a D ig e s ts  R a d io a c tiv i ty  -  C a lc u la tio n s

Plasma dpra m l.
sample sam ple.

m l.
t o t a l
sample

dpm
t o t a l

sample

m l.
Plasma

fm oles
t o t a l
sample

fm o le s /m l. 
plasm a

T o ta l
A c t iv i ty  94 0 .2 2 .0 940 0 .5 4 .9 7 9.95
E th e r -  
e x tra c te d  
A c tiv i ty  26l 1 .5 1 .5 261 1 .5 1 .3 8 0 .92

U rin e ; Fo llow ing  measurement o f th e  d a i ly  o u tp u t fo u r  0 ,4  m l. 

a l iq u o ts  were talcen from  each d a i ly  specim en and added to  I 5 m l. s c i n t i l l a n t  

f o r  co u n tin g , two o f th e  v i a l s  b e in g  sp ik ed  w ith  0 .1  m l. d i lu te d  ^H-hexadecane 

(T ab les  5 .11 and 5 .1 2 ) .

TABLE 5 .1 1 .

U rin e  -  'Spiked* C oun ts.

Day cpm
sample

cpm cpm 
sample . sp ike"  
+ sp ike*

io
e ff ic ie n c y *

dpm
sample

dpm
le s s  background

1 N il 2160 2160 48 .6 N il N il

2 2331 4588 2251 50.6 4507 4471
3 & 4 692 2949 2257 50 .6 1362 1326

5 531 2955 2424 54 .9 968 932
10 78 2198 2120 47 .7 166 130

* 0 .1  ml . d i lu te d  ^E-hexadecane c o n ta in s  4400 dpm.
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TABLE 5 .1 2 .

U rin e  R a d io a c t iv i ty  -  C a lc u la tio n s

Day dpm
sample

m l.
sample

m l.
t o t a l
sam ple.

dpm
t o t a l
sample

p.Ci
t o t a l

sample

io
a d m in is te re d

r a d io a c t i v i ty

1 N il 0 .4 12 N il — —

2 4471 0 .4 2000 2 2 , 355,000 1 0 .1 2 5 .7

3+4 1326 0 .4 1560 5 , 173,000 2 .3 5 .9

5 932 0 .4 890 2 , 073,700 0 .93 2 .4
10 130 0 .4 1000 325,000 0 .1 5 0 .4

T h is  enab led  e s t im a tio n  o f th e  amount o f r a d io a c t i v i t y  e x c re te d  

i n  th e  u r in e .

R e su lts  from Twelve C ase s .

A summary o f th e  p r in c ip a l  r e s u l t s  and p a th o lo g y  r e p o r ts  i s  found 

i n  T ab le  5 .1 3 . I t  w i l l  be n o ted  th a t  th e  dose o f r a d io a c t i v i t y  a d m in is te red  

v a r ie d  from  22 .9  /U-Ci to  55*0 ;^Ci. To a llo w  com parison o f th e  r e s u l t s  a s  

in  F ig u re s  5*1» 5*3 and 5*4 v a lu e s  have been c o r re c te d  to  th o se  e q u iv a le n t 

to  an i n je c t io n  o f 50 P-Ci, a  s te p  which does n o t a l t e r  th e  o v e ra l l  p a t t e r n  

o f th e  r e s u l t s  o b ta in e d . The r e s u l t s  in  T able  5 .13  have n o t been th u s  

a d ju s te d .
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F our p a t i e n t s ,  Case Numbers 3 , 4 , 5 and 11 , were p r e - t r e a te d  w ith  

tam oxifen  10 mg, 12-h o u r ly  f o r  36 to  48 hours p r io r  to  h y s te rec to m y .

Whole T issu e  H a d io a c t iv i ty  L e v e ls . The r e s u l t s  from  th e  whole 

t i s s u e  d ig e s t s  were c a lc u la te d  as d e sc r ib e d  in  P rocedure  5*5*  The r e s u l t s  

a re  l a i d  out in  T ab le  5«14» I n  th e  f i r s t  th r e e  cases  endometrium was talcen 

from th e  d i f f e r e n t  u te r in e  a re a s  (F ig u re  3 .1 )  and in  th e  n e x t th r e e  c a se s  

th e  endometrium was poo led  and d ig e s te d  as a  s in g le  sam ple. In  th e  l a s t  

s i x  c a se s  a l l  th e  endometrium was homogenised f o r  th e  c e l l  f r a c t i o n  s tu d ie s .  

I t  can  be seen  th a t  th e  u p tak e  o f ^ H -o e s tra d io l by th e  endometrium was 

g e n e r a l ly  g r e a te r  th-.in by o th e r  t i s s u e s  in  th e  same p a t i e n t .
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Figure 5 .1 . Total T issue R adioactiv ity  a f te r  in jec tio n  of

^H -oestradiol«
Total t is s u e  ra d io a ctiv ity  i s  expressed in  various t is s u e s  two. 

hours, a fte r  subcutaneous in jec tio n  o f ^ -o e s tr a d io l  (E2*) w ith or 
without tamoxifen pre-treatm ent. Mean va lu es, corrected to  a standard 
in je c tio n  dose o f 0 .59 fmoles (50 ^ i )  R -oestradiol? are shown.
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F ig u re  5 .2 . R a d io a c tiv i ty  i n  E ndom etrial N u c le i a f t e r  In .1eo tion

o f ^ H -o e s tra d io l .
'

The H -o e s tra d io l r e te n t io n  i n  th e  n u c le i  from  d i f f e r e n t  u te r in e  
a re a s  was measured i n  th e  f i r s t  th r e e  cases  though r e s u l t s  i n  Case 3 
were too  low f o r  th e  purposes o f  com parison. I n  C ases 4 to  12 th e  t o t a l  
endometrium was p o o led . The r e s u l t s  a re  n o t a d ju s te d  to  a  s tan d a rd  
in je c t io n  d o se .

Plasma le v e ls  of H -oestradiol are a lso  displayed.
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F ig u re  5.3* E f fe c t  o f Tamoxifen on E ndom etrial Uptake o f  H -o e s t r a d io l .

H -o e s tra d io l (B2*) up tak e  in  f r a c t io n s  o f u te r in e  endometrium 

two hours a f t e r '  subcutaneous in je c t io n  in to  p a t ie n t s  w ith  o r  w ith o u t 

tam oxifen  p re - tr e a tm e n t.  Mean v a lu e s , c o r re c te d  to  a  s tan d a rd  
in j e c t io n  dose o f 0 .5 9  fm oles (50 ^ C i)  ^ H -o e s tra d io l -  SM  a re  

shown.
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F ig u re  5 .4 .  E f f e c t  o f Tamoxifen on N u c lea r U ptake o f  H -o e s t r a d io l .
A G cattergram  showing ^ H -o e s tra d io l (E3*) p re s e n t i n  n u c le i  from  

endometrium two hours a f t e r  subcutaneous in j e c t io n  in to  p a t ie n ts  w ith  
o r  w ith o u t tam oxifen  p re - t r e a tm e n t .  V alues a re  c o rre c te d  to  a  s ta n d a rd  
in je c t io n  dose o f  0 .59  fm oles (50 )cCi) H -o e s t ra d io l .



-  119 “

To enab le  com parison o f th e  same t i s s u e  among d i f f e r e n t  p a t ie n t s  

and c o n s id e ra tio n  o f th e  e f f e c t  o f  th e  tam oxifen  th e  r e s u l t s  were c o rre c te d  

to  a  s ta n d a rd  in je c t io n  dose o f 0 .59  fm oles ^ H -o e s tra d io l (50  pO i) (F ig u re  5*1)•

Only w ith  th e  myome iriu in  was i t  p o s s ib le  to  dem o n stra te  an 

o e s tr a d io l -b lo c k in g  e f f e c t  by th e  tam oxifen  (P = O.O5) . Much l a r g e r  amounts 

o f myometrium were a v a i la b le  f o r  d ig e s t io n  and as th e  l e v e l s  o f r a d io a c t i v i ty  

i n  a l l  th e  t i s s u e s  were v e ry  low , th e  m yom étrial r e s u l t s  a re  p ro b ab ly  th e  

most a c c u ra te .  No m ajor e f f e c t  o f th e  drug  was seen in  th e  F a llo p ia n  tu b e , 

v ag in a , c e rv ix  o r  ovary s tu d ie s ;  th e  f a c t  th a t  th e  co u n ts  were o f te n  c lo s e  to  

th e  background le v e l s  cou ld  make i t  d i f f i c u l t  to  d em onstra te  a  sm all e f f e c t .

N u c lea r R a d io a c tiv i ty  L e v e ls . In  th e  f i r s t  th r e e  c a s e s ,  where 

th e re  was s u f f i c i e n t  endometrium from  th e  d i f f e r e n t  u te r in e  a re a s  to  en ab le  

s tu d ie s ,  th e  n u c le a r  up tak e  was m easured. However, in  Case No. 3 ( p r e t r e a te d  

v d th  tam oxifen) th e  coun ts  were to o  low to  be d e te c te d . In  th e  o th e r  two 

th e re  was re g io n a l v a r i a t io n ,  w ith  maximum up take  in  th e  endometrium from 

th e  low er body re g io n  (F ig u re  5 .2 ) .
3

The mean le v e l  o f n u c le a r  H -o e s tra d io l f o r  th e  ta m o x ife n - tre a te d  

p a t ie n t s  was 0 ,0 5  fm oles/lOO p g  MA whereas th e  mean le v e l  f o r  th e  c o n tro l  

p a t ie n t s  was 0 ,8 9  fm oles/lOO p g  M A, b u t th e  v a r ia t io n  in  th e  c o n tro l  v a lu e s  

vras s u f f i c i e n t l y  la rg e  f o r  th e  d if f e r e n c e  n o t to  be s t a t i s t i c a l l y  s ig n i f i c a n t  

(F ig u re s  5*3 and 5*4)• Even i f  th e  v e ry  h ig h  v a lu es  from  th e  f i r s t  th r e e  

c o n tro l  p a t ie n t s  a re  o m itted  th e  mean v a lu e  o f th e  rem ainder i s  s t i l l  a lm ost 

tw ice  a s  h ig h  as th a t  f o r  th e  tam oxifen  t r e a te d  group (0 ,0 9  and 0 .049 fm oles/lOO 

pg  DNA r e s p e c t iv e ly ) .

A th in  l a y e r  chrom atography (TLC) p la te  was run  w ith  e th a n o l ic  n u c le a r  

e x t r a c t ;  th e  on ly  ra d io a c t iv e  sp o t corresponded  to  a u th e n t ic  o e s t r a d io l  i t s e l f  

(P rocedu re  4 .7 ) b u t th e  co u n ts  were v e iy  low .



I n  c ase s  4» 5» 6 , 7 and 12, i n  a d d i t io n  to  hom ogenisation  o f endometrium, 

myometrium a n d /o r  f ib r o id  were a ls o  hom ogenised, en ab lin g  p re p a ra t io n  o f 

n p o le i  and c y to s o l .  N u c lea r r a d io a c t i v i ty  was th e re fo re  c a lc u la te d  in  th e se  

t i s s u e s  (T ab le  5 .1 5 ) .

TABLE 5.15

N uclea r  R adioact i v i t y  i n
and F ib r o id .

Case No. 4 5 6 7 12

Endometrium 0 .6 0 0 .30 1 .75 0 .037 0 .03
Myometrium - 0 .11 1 .9 2 0 .077 0.006
F ib ro id 1 .3 5 - 9 .7 - 0 .0 4

R e s u lts  a re  ex p ressed  as fm oles/lOO ug BNA

I n  Case 6 h a l f  th e  n u c le a r  p e l l e t  from th e  m yom étrial homogenate was 

homogenised Lvith 1 .0  m l. TE/0.4M KOI and l e f t  f o r  one hou r a t  0^0 and th en  

spun a t  100,000 g^^ f o r  one h o u r; 0 .2  m l. o f t h i s  was counted  i n  d u p l ic a te  

b u t th e  c o u n t^ e r e  on ly  m a rg in a lly  above th e  background. Almost none o f th e  

r a d io a c t i v i t y ,  s u c c e s s fu l ly  e x tra c te d  by e th a n o l , was o b ta in ed  by th e  h ig h  

s a l t  c o n c e n tra t io n . A su c ro se  g ra d ie n t  was a ls o  run b u t no s ig n i f i c a n t  

coun ts  o b ta in ed  in  any f r a c t i o n .

C y toso l R a d io a c t iv i ty  L e v e ls . In  c o n tr a s t  to  th e  i n  v i t r o  experim ents 

th e re  was co m p ara tiv e ly  l i t t l e  f r e e  ^ H -o e s tra d io l i n  th e  c y to so l f r a c t io n s  

o f th e  endom etrium . Most o f th e  o e s t r a d io l  was s p e c i f i c a l l y  bound to  th e  

r e c e p to r  p ro te in s  and th e  c h a re o a l/d e x tra n  in c u b a tio n  th e r e f o r e  accounted  

f o r  l i t t l e  l o s s .  In  th e  ta b le s  (5*16) 'T o ta l '  r e f e r s  to  t o t a l  r a d io a c t iv i ty  

(Bound + F ree) and 'Bound' r e f e r s  to  th e  r a d io a c t iv i ty  l e f t  a f t e r  th e  

ch are  o a l /d  ex t ran  in c u b a t io n . The r e s u l t s  a re  exp ressed  b o th  i n  fm oles
3  « .I  R  3
H -o e s tra d io l/m g , p ro te in  and lO” moles H -o e s tra d io l/m g . t i s s u e .
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ire 5.5* Suoroisé D en sity  G rad ien ts  o f ■ E ndom etrial C ytosol 
( la b e l le d  in  v iv o )»

C ytoso l was p rep ared  from endometrium o b ta in ed  two. hours a f t e r  
u taneous i n j e c t io n  o f ^ H -o e s tra d io l (a ) 3 9 ^ G i (b) 23ynCi. The 
so l was t r e a te d  w ith  c h a re o a l/d e x tra n  and c e n tr ifu g e d  on a  9 m l. 

2d^) l i n e a r  su cro se  g ra d ie n t and c e n tr ifu g e d  f o r  18 hours a t
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These r e s u l t s  a re  more sim ply  re p re se n te d  in  F ig u re  5 «3.

I n  two case s  (N os. 1 and 2) 0 .3  m l. o f  d i lu te d  c y to so l was used f o r  

su c ro se  d e n s i ty  g ra d ie n t  c e n tr i f u g a t io n  as d e sc r ib e d  in  P rocedure  5*4* 1%

b o th  ca se s  th e  m aorom olecules to  which th e  o e s t r a d io l  e n te r in g  th e  endometrium 

was bound sedim ented a t  about 4^53 in  0 .2 5  M KOI (F ig u re  5«5)*

F ib ro id  R a d io a c t iv i ty  L e v e ls . Three p a t ie n ts  (Case Numbers 4j ^ and 

12) were found to  have f ib r o id  u t e r i .  E i th e r  th e  whole f ib r o id  i f  i t  was 

sm a ll, o r  th e  o u te r  p o r t io n s  were homogenised as d e sc r ib e d  in  C h ap te r 3 , and 

th e  c e l l  f r a c t io n s  p re p a re d . Myometrium a n d /o r  endometrium were a lso  

homogenised in  th e se  case s  to  enab le  d i r e c t  com parisons to  be made.

While ag a in  th e re  was wide v a r ia t io n  in  th e  amounts o f r a d io a c t i v i ty  

a s s o c ia te d  w ith  th e  f ib r o id  n u c le i  ( 0 .0 4  to  9*7 fm oles/lOO p s  bNA) th e y  were 

in  each case  h ig h e r  th a n  th o se  found in  th e  myometrium (O.OO6 to  I .92 fm o les / 

100 Jig DNA) o r  even endometrium (0 .0 3  to  1 .75  fraoles/lOO jag DNA) from th e  

same u te ru s  (T ab le  5*15)*

Plasm a R a d io a c tiv i ty  L e v e ls . The plasm a r a d io a c t iv i ty  was measured 

as  d e sc r ib e d  in  P rocedure  5*6; and i s  reco rd ed  in  T able 5*13 and in  F ig u re  5*2, 

A lthough th e  plasm a r a d io a c t i v i ty  le v e l s  were low er in  th e  ta m o x ife n - tre a te d  

group th e  d if f e r e n c e  was n o t s t a t i s t i c a l l y  s ig n i f i c a n t .
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CHAPTER 6 ,

DISGUSSION OP RESULTS.
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The u te ru s  was chosen f o r  th e  p re s e n t  s tu d y  p r im a r i ly  b ecause  o f  

th e  a u th o r 's  i n t e r e s t  i n  i t s  mode o f c o n tro l  and fu n c t io n .  M oreover, i t  

i s  th e  most r e a d i ly  a v a i la b le  o e s tro g en  t a r g e t  t i s s u e  i n  th e  human and 

cou ld  be s tu d ie d ,  a lm ost in  i t s  ' n a t i v e ' s t a t e  . N o tides (1970) found 

marked s i m i l a r i t i e s  i n  o e s tro g en  re c e p to r s  in  r a t  u te ru s  and a n t e r io r  

p i t u i t a r y  though th e  c o n c e n tra t io n  o f re c e p to rs  d i f f e r e d  in  th e  two t a r g e t  

o rg an s . I t  i s  p ro b ab le  th a t  o e s tro g en  re c e p to r s  in  th e  human a re  s im i la r  

in  d i f f e r e n t  t a r g e t  a re a s  and th a t  th e  a c t io n  o f an a n tio e s tro g e n  though 

a s se s se d  h e re  on ly  in  th e  u t e r u s , i s  r e le v a n t  to  i t s  a c t io n s  e lsew here  

i n  th e  body.

V a r ia t io n  in  th e  u p tak e  o f  o e s t r a d io l  in  d i f f e r e n t  re g io n s  o f human 

endometrium v;as su g g es ted  a f t e r  th e  a d m in is tr a t io n  o f t r i t i a t e d  o e s t r a d io l  

to  a  s in g le  p a t ie n t  two hours p r io r  to  hysterec tom y  (D avis e t  a l ,  I 963) ,  

R obertson  e t  a l ,  (1971); who re p o r te d  in  v i t r o  s tu d ie s  on t i s s u e  o b ta in e d  a t  

two h y sterec tom y  o p e ra t io n s , found v a r i a t io n  in  re c e p to r  c o n c e n tra tio n  a l s o .

B oth groups found th a t  maximum up take  was by th e  v a u l t  endometrium, f a l l i n g  

o f f  tow ards th e  c e r v ix .

B rush , T a y lo r and K ing ( I 967) s tu d ie d  endometrium from  18 women who had 

p re -o p e ra t iv e  ^ H -o e s tra d io l , and a lth o u g h  th e y  confirm ed a re g io n a l v a r i a t io n ,  

th ey  were unab le  to  f in d  any c o n s is te n t  p a t t e r n .  They su g g ested  th a t  a  p o s s ib le  

rea so n  f o r  th e  v a r i a t io n  in  u p tak e  was th e  d if f e r e n c e  i n  th e  b lood  supp ly  to  th e  

v a u l t  and low er re g io n s  o f th e  u ten v s  (%jwick and Y /illiam s, 1 9 73); v a r i a t io n  in  

th e  u te r in e  v a s c u la tu re  cou ld  be p h y s io lo g ic a l  o r  due to  p a th o lo g ic a l  changes 

caused by d i s to r t i o n  o f  th e  myometrium by f ib r o id s .

I t  was decided  to  t e s t  t h i s  h y p o th e s is  by e lim in a tin g  th e  e f f e c t  o f  a  

v a r ia b le  b lood  supp ly  in  t i s s u e  in c u b a t io n s . T issu e  s l i c i n g  was u n s a t i s f a c to r y
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because o f  the s o f t  and o ften  fragmented nature o f th e specimen and a 

technique fo r  te a s in g  out th e t is s u e  to  obtain  uniform ly sm all p ortion s o f  

endometrium was d ev ised ,
3

The range o f  H -oestrac.io l concen tration  in  th e  incub ation  medium was 

1 ,0  -  6 ,2  nM fo r  the t i s s u e  incubation  experim ents (Procedure 4*1)* As 

confirmed in  the experiment (Procedure 4*4) on the e f f e c t  o f s te r o id  concen- 

:tr a t io n  in  the incub ation  medium, the amount o f o e stra d io l taken up by 

th e c e l l s  and tra n sferred  to  th e n u c le i was proportional to  the con cen tration  

in  th e incubation  f lu id  -  th at i s ,  the receptors were not saturated  a t th ese  

con cen tra tio n s. At h igher con cen tration s there i s  a l e v e l l in g  o f f  in  the  

amount o f o e stra d io l which can be taken up and reta ined  (Gorski e t a l ,  1973), 

The incubation  tim e o f 30 minutes was chosen on the b a s is  th a t the  

maximum uptake o f ^H -oestrad iol in  th is  human endom etrial system  occurred  

between 15 and 30 m inutes. This was confirmed in  the experiment on the e f f e c t  

o f incub ation  tim e on th e uptake o f ^H -oestradiol (Procedure 4*5)* \Vhen 

immature rat u te r i are s im ila r ly  incubated at comparable ^ - o e s t r a d io l  concen- 

: t r a t io n s , maximum uptake in to  the n u c le i takes about 60 minutes (W illiam s and 

G orski, 1971; Giannopoulos and G orski, 1971)* This i s  probably due to  th e  

slow er p en etra tion  o f th e  hormone in to  th e  in ta c t  u teru s as compared w ith  the  

teased  out endometrium used in  th ese  experiments,"

To e s ta b lis h  th a t the d if fe r e n c e s  found in  th ese  s tu d ie s  were not sim ply  

due to  experim ental v a r ia tio n  i t  was decided to  carry out two in cub ation s in  

quadruplicate w ith  t is s u e s  from a s in g le  p a t ie n t . The r e s i t s  o f th ese  

in cub ation s (Table 4*13) show th a t th e method g iv e s  very reproducible r e s u lt s ,  

the maximum to t a l  v a r ia tio n  w ith in  each experiment being very much l e s s  than 

th e reg ion a l d if fe r e n c e s  in  q u estio n . The c o e f f ic ie n t  o f v a r ia tio n  was 9*5 

per cent and 6 ,3  per cent in  the two r e p lic a te  in cu b a tio n s.



I n  a l l  th e  experim ents th e  e x is te n c e  o f endogenous o e s t r a d io l  in  th e  

end o m etria l c e l l s  has been ig n o red  and th e  r e s u l t s  a re  exp ressed  in  term s o f 

th e  o e s t r a d io l  hav ing  th e  same s p e c i f ic  a c t i v i t y  as  t h a t  in  th e  in c u b a tio n  

medium. I t  has been shown t h a t  human endometrium, u n lik e  th e  r a t  u te r u s ,  i s  

a b le  to  co n v ert o e s t r a d io l  to  o e s tro n e  in  v i t r o  (G urpide and 7/elch, 1969»

Tseng e t  a l ,  1972; K rishnan  e t  a l .  1973)* I i i  th e  re p o r te d  s e r i e s  o f ex p erim en ts , 

e th an o l e x tr a c ts  o f th e  n u c le i  and e th y l a c e ta te  e x t r a c ts  o f th e  c y to so l were 

c o n c e n tra te d  and chrom atographed (P ro ced u re  4*7)• Most of th e  r a d io a c t i v i t y  

e x tra c te d  was a s s o c ia te d  w ith  o e s t r a d io l  b u t a sm all amount (abou t 15 p e r  cen t) 

o f ra d io a c tiv e  o e s tro n e  was a ls o  found to  be p re s e n t ,  en d o rs in g  th e  p rev io u s  

o b s e rv a tio n s .

The amount o f s p e c i f i c a l l y  bound ^ H -o e s tra d io l in  th e  c y to so l was 

d e term ined  a f t e r  in c u b a tio n  w ith  c h a rc o a l-d e x tra n  s o lu t io n  to  remove th e  f r e e  

and lo o s e ly  bound hormone (M este r e t  a l , 1 9 7 0 ), The r e s u l t s  o b ta in e d  by t h i s  

m ethod, when r e la te d  to  t i s s u e  w eight (T ab le  4 .13 ) o r  to  c y to so l p ro te in  

c o n c e n tra tio n  (T ab le  4*3) d id  n o t alw ays c o r r e la te  d i r e c t l y  w ith  th o se  f o r  

th e  n u c le i ,  though th e  tre n d  was s im i la r .

I n  one in c u b a tio n  experim ent (C ase No, 10) E a g le 's  Medium was used as 

th e  in c u b a tio n  f l u i d ;  th e  p a t t e r n  o f r e s u l t s  was s im i la r  to  th a t  found w ith  

Hanks’ s o lu t io n  bu t th e  n u c le a r  l e v e l s  were v e ry  low and th e  r e s u l t s  were o m itted  

from th e  com parisons o f  t o t a l  n u c le a r  c o n ten t (T ab le  4 .1 4 ) b u t were inckded  when 

th e  com parisons were " in t r a - u t e r i n e "  ( i . e .  between d i f f e r e n t  re g io n s  o f th e  

one u t e r u s ) ,  (T ab le  4 .1 5 ) .

I n  agreem ent w ith  th e  o b se rv a tio n s  o f o th e r  w orkers ( i n  v i t r o , Tseng and 

G urp ide, 1973;1974; in  v iv o . B rush e t  a l ,  I 967) i t  was found th a t  mean up take  

i n  v i t r o  o f ^ H -o e s tra d io l in to  n u c le i  o f endometrium in  th e  p r o l i f e r a t i v e  phase



was g r e a t e r  th an  th e  u p tak e  in to  n u c le i  o f s e c re to ry  endometrium (mean 

n u c le a r  le v e l s  o f 36 .1  and 25.6  fm oles/lOO pg DNA r e s p e c t iv e ly ) .

The amounts o f  ^ H -o e s tra d io l tak en  up in to  th e  n u c le i  in  t h i s  s e r ie s  

o f  experim ents v a r ie d  c o n s id e ra b ly  from  one u te r in e  specimen to  a n o th e r .

From T ab le  4*13, i t  w i l l  be seen  th a t  th e re  we^e l e s s  maiked b u t n e v e r th e le s s  

d e f i n i t e  d if f e r e n c e s  i n  u p tak e  in to  endometrium from  d i f f e r e n t  re g io n s  o f 

th e  same u te r u s .  These d i f f e r e n c e s ,  though m ostly  sm a ll, were in  some case s  

q u i te  c o n s id e ra b le . The r e s u l t s  were exp ressed  (T ab les  4»14 and 4*15) b o th  

as  t o t a l  n u c le a r  up take  and a ls o  in  r a t i o  form -  th e  up tak e  by th e  body re g io n  

endometrium b e in g  s e t  a t  u n i ty  and th e  up tak e  by th e  o th e r  re g io n s  ex p ressed  

as a  p ro p o r tio n  o f t h i s . '

From T ab le  4 .13  i t  can be seen th a t  th e re  i s  a  d i s t i n c t  d i f f e r e n c e  

betw een u p tak e  in  v i t r o  in to  endometrium from th e  v a u l t  re g io n  and th a t  from  

th e  low er p a r t s  o f th e  u te r u s .  The d i f f e r e n c e  between th e  mean ^ H -o e s tra d io l 

le v e l s  in  v a u l t  and low er body en d o m etria l n u c le i  i s  n o t s t a t i s t i c a l l y  s ig n i f i c a n t  

(H * t e s t )  b u t becomes so i f  on ly  f u l l y  s e c re to ry  endometrium i s  co n s id e re d  

( i . e .  Case No. 6 , e a r ly  s e c r e to r y ,  i s  ex c lu d e d ).

To de te rm in e  w hether o r  n o t t h i s  v a r ia t io n  r e f le c te d  re g io n a l d i f f e r e n c e s  

in  th e  n a tu re  o f th e  cy to p la sm ic  re c e p to r s  f o r  th e  hormone, c y to so l f r a c t io n s  

were p rep a red  from  endometrium ta k en  from th e  th re e  re g io n s  o f d i f f e r e n t  u t e r i ,

No c o n s is te n t  m ajor d i f f e r e n c e s  were observed  in  th e  a s s o c ia it !on c o n s ta n ts  found 

f o r  th e  re c e p to r s  from  each re g io n  (P ro ced u re  4 .IO ) ,

S ucrose  d e n s i ty  g ra d ie n ts  on c y to so l from th e  th r e e  re g io n s  were a ls o  

ru n  and ag a in  th e  p a t te r n s  from  th e  th r e e  re g io n s  were s im i la r  w ith  th e  main 

peak a t  ? -  88, and a  s m a lle r  one a t  4 -  53, as would be expec ted  in  low io n ic  

s t r e n g th  g ra d ie n ts  (Je n se n  and DeSombre, 1973),
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R eceptors from myometrium and f ib r o id  were a lso  ch ara cter ised  by 

determ ining a s so c ia t io n  c o n sta n ts , and in  th e case o f  one f ib r o id , by sucrose  

d e n s ity  g ra d ien t. Once more, the a s so c ia t io n  con stan ts o f myométrial and 

f ib r o id  recep tors fo r  o e str a d io l were in  the same order as endom etrial 

r ec e p to r s . I t  was, however, in te r e s t in g  to  note th at the amount o f recep tor  

m ateria l was h igh er in  th e ou ter  la y e rs  o f the f ib r o id  than th e in n er  la y e rs  

and th a t both had h igh er recep to r  le v e l s  than adjacent myometrium, Farber e t a l ,

( 1972) a lso  noted h igher recep tor  content in  f ib r o id  t is s u e  than in  adjacent 

myometrium but did not examine d if fe r e n t  areas in  the f ib r o id .

The sucrose d en s ity  grad ien t o f th e f ib r o id  c y to so l showed a major peak 

o f a c t iv i t y  at th e 7 " reg ion ; th is  peak was e f f e c t iv e ly  e lim in ated  by 

d ie th y ls t i lb o e s tr o l  but another peak o f r a d io a c t iv ity  a t 4 -  53 was not 

elim in ated  by the s t i lb o e s t r o l  which does not compete out binding fo r  non­

s p e c if ic  s i t e s  (o r  to  blood p r o te in s , Murphy, I 968) ,

To measure how e f f e c t iv e ly  tam oxifen could block the uptake o f  

o e s tr a d io l, t i s s u e  incubation s were s e t  up w ith u n lab elled  o e str a d io l or

tam oxifen as w ell as a co n tro l in cu b ation  w ith the la b e lle d  hormone a lo n e ,
-6The tam oxifen was a t a concen tration  o f 10 M in  th e incub ation  medium, 1000 

tim es th a t o f the ^ H -o estra d io l, At th a t concentration  the tam oxifen caused  

a reduction  30 to  50 per cent in  the t o t a l  amount o f ^H -oestrad io l taken up 

in to  th e  n u c le i .  U n lab elled  o e stra d io l was even more e f f e c t iv e  than the 

tam oxifen in  b lock ing  uptake although i t s  concen tration  was one-ten th  th at 

o f tam oxifen (F igures 4 .I I  and 4 .1 2 ) ,  W illiam s and Gorski (1972b) suggested  

th at ^ H -oestrad iol en ter in g  the nucleus in  the presence o f 1 0 0 -fo ld  excess o f  

u n la b e lled  o e stra d io l was n o n -s p e c if ic a l ly  bound; th is  being the c a se , the 

e f f e c t  o f  tam oxifen on s p e c if ic  uptake was even g rea ter .

In  the c y to so l fr a c t io n , the e f f e c t  o f th e 10 0 0 -fo ld  excess o f tam oxifen
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o v er ^ H -o e s tra d io l in  th e  in c u b a tio n  medium was to  cau se  a  re d u c tio n  in  th e  

amount o f bound hormone -  i . e .  th e  hormone su rv iv in g  th e  c h a re o a l/d e x tra n  

in c u b a tio n  -  b u t n o t in  th e  t o t a l  ^ H -o e s tra d io l l e v e l s ,  which i s  n o t s u r p r is in g  

as t h i s  l a t t e r  in c lu d e s  a l l  th e  hormone lo o s e ly  tra p p e d  in  th e  t i s s u e s  

(W illiam s and G o rsk i, 1971)* A lthough a  tam oxi.fen-induced re d u c tio n  in  

cy to so l-b o u n d  ^ R -o e s tra d io l was observed  c o n s is te n t ly ,  th e  amount was r a th e r  

v a r i a b le .

T h is  tam ox ifen -induced  re d u c tio n  in  up take  o f ^ H -o e s tra d io l by 

human en dom etria l t i s s u e  in  v i t r o  i s  in  good agreem ent w ith  th e  50 p e r  c e n t 

d e c rea se  in  t o t a l  uptalee o f ^ H -o e s tra d io l in to  immature mouse u t e r i  in  v i t r o  

observed  by T eren iu s  (1971a) a t  a  s im i la r  r a t i o  o f tam oxifen ; H -o e s tra d io l 

in  th e  in c u b a tio n  medium.

Tamoxifen has been shorn  to  be a n tio e s tro g e n ic  in  o th e r  sp e c ie s  (H arper 

and W alpole, 1967a; T e re n iu s , 1971a; Skidmore e t  a l .  1972; Jo rd an  and 

K o em er, 1975) * The o b se rv a tio n s  re p o r te d  in  th e  p re s e n t s e r ie s  in d ic a te  a  

d i r e c t  a n t i  o e s tro g e n ic  a c t io n  in  th e  human by in h ib i t i n g  th e  uptalce o f exogenous 

o e s t r a d io l  in to  th e  n u c le i  o f  end o m etria l c e l l s .

The e f f e c t  o f tam ox ifen  on th e  d i r e c t  in te r a c t io n  o f o e s t r a d io l  w ith  

th e  u te r in e  re c e p to r s  was a ls o  exam ined, Skidmore e t  a l .  (1972) have shown th a t  

tam oxifen  i n h i b i t s  th e  b in d in g  o f o e s t r a d io l  to  re c e p to rs  in  u te r in e  c y to so l 

in  v i t r o ; t h e i r  d a ta  a re  c o n s is te n t  w ith  t h i s  b e in g  due to  d i r e c t  c o m p e titio n  

f o r  th e  re c e p to rs  which have an ap p aren t (tam oxifen ) o f about o n e - f i f t i e t h  

th a t  f o r  o e s t r a d io l  b in d in g .

W ith human u te r in e  c y to s o l ,  a  s im i la r  i n h ib i t i o n  was observed  (F ig u re  

4*13) b u t th e  f o r  tam oxifen  (0*63 -  0 .99  X 10^ l/m o le ) was on ly  0 ,002 to  

0 .009 tim es th a t  f o r  o e s t r a d io l  (K^ 2 ,2  -  9*1 X 10^ l /m o le ) .  The experim ents 

d e sc rib e d  h e re  on human re c e p to r s  were however m easured a t  30^0 and n o t a t  25°C 

as  in  th e  o th e r  sp e c ie s  (Skidm ore e t  a l ,  1972),
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The c y to so l in c u b a t io n s  (P ro ced u re  4*14) were designed  as a  fu n c t io n a l  

t e s t  o f endom etrium . H is to lo g ic a l  exam ination  o f th e  endometrium was 

perform ed ro u t in e ly  to  re c o rd  th e  appearance  o f th e  c e l l s .  Plasm a 

p ro g es te ro n e  and o e s t r a d io l  l e v e l s  were assayed  to  p ro v id e  in fo rm a tio n  about 

th e  hormonal m ilie u  in  which th e  endometrium was fu n c tio n in g . The in c u b a tio n s  

o f c y to so l were in te n d e d  to  p ro v id e  more in fo rm a tio n  about how th e  c e l l s  were 

behav ing  and how th a t  b e h av io u r was r e f l e c te d  in  re c e p to r  l e v e l s .  I t  was a lso  

p lanned  to  a s s e s s  w hether tam o x ifen , p ro g e s te ro n e  o r  te s to s te r o n e  had any 

e f f e c t  on th e  c y to so l r e c e p to r s .

I t  must be em phasised th a t  th e  r e c e p to r  measurements r e p o r te d , r e f l e c t  

a v a i la b le  re c e p to r  s i t e s  o n ly . In  r a t s  i t  has been shown th a t  th e  le v e l  o f 

a v a i la b le  r e c e p to r  f a l l s  as  th e  plasm a o e s t r a d io l  le v e l  r i s e s  (de  H ertogh e t  a l ,  

1971a, 19 7 1 b ), A pparent f lu c tu a t io n s  in  le v e l s  o f human re c e p to r s  may a ls o  

r e f l e c t  f lu c tu a t io n s  o f  p lasm a o e s t r a d io l .

P r o l i f e r a t i v e  phase /em o m etriu m  ta k e s  up more o e s t r a d io l  th a n  s e c re to ry  

phase t i s s u e  (B rush  e t  a l ,  1967; Limpaphayom e t  a l .  197 1 ). Tseng and G urpide

( 1973) su g g es t th a t  th e  p ro g e s te ro n e  o f th e  s e c re to ry  phase red u ces  th e  number 

o f re c e p to r s  p e r  c e l l  b u t does n o t i n t e r f e r e  w ith  o e s t r a d io l  u p tak e  o th e rw ise . 

W hatever i t s  mode o f a c t io n  p ro g e s te ro n e  does have a  m odifying e f f e c t  on 

c e l l u l a r  re sp o n se  to  o e s t r a d io l  (Laumas e t  a l ,  1972),

T e s to s te ro n e  was in c lu d e d  in  th e  c y to so l in c u b a tio n s  because  i t  to o  i s  

known to  i n t e r f e r e  w ith  i n t a c t  c e l l  re sp o n se  to  o e s t r a d io l .  M oreover th e  plasm a 

s e x - s to r o id  b in d in g  g lo b u l in  i s  sh ared  by bo th  te s to s te r o n e  and o e s t r a d io l  

(Vermeulen and V erdonck, I 968) and R o ch efo rt e t  a l ,  (1972) have dem onstra ted  

th e  a b i l i t y  o f t e s to s te r o n e  to  augment n u c le a r  b in d in g  o f o e s t r a d io l  r e c e p to r .  

The in c u b a tio n s  showed th a t  n e i th e r  p ro g es te ro n e  n o r  t e s to s te r o n e  was 

a b le  to  b lock  th e  o e s t r a d io l  r e c e p to r s .

The plasm a le v e l s  o f o e s t r a d io l  and p ro g es te ro n e  c o r r e la te d  w ell w ith



th e  h i s to lo g ic a l  d a tin g  o f th e  endom etrium . In  th e  p r o l i f e r a t i v e  phase th e  

p lasm a o e s t r a d io l  was low er (mean 64 pg/m l) and th e  plasm a p ro g e s te ro n e  was 

low o r  ab sen t (mean 1 ,3  n g /m l) , w hereas in  th e  s e c re to ry  phase th e  plasm a 

o e s t r a d io l  was h ig h e r  (mean 92 pg/m l) and th e  plasm a p ro g e s te ro n e  was a ls o  

h ig h e r  (mean 5*2 n g /m l) .

The up take  o f ^ H -o e s tra d io l by th e  p r o l i f e r a t i v e  phase c y to so l was 

s ig n i f i c a n t ly  h ig h e r  th an  th e  uptalce by th e  s e c re to ry  phase c y to so l (p  K. 0 ,0 2 ) ,  

I t  was a ls o  e v id en t th a t  where th e re  were more re c e p to r s  th e  p ro p o r tio n  b locked  

by u n la b e lle d  o e s t r a d io l  and tam oxifen  was m arkedly in c re a s e d  (T ab les  4 .35

and 4 , 36) ,
3

I t  may be th a t  a  p o r t io n  o f  th e  H -o e s tra d io l in  th e  ’ co n tro l*  

in c u b a tio n  i s  n o n - s p e c i f ic a l ly  bound and th e re fo re  n o t a v a i la b le  f o r  c o m p e titio n  

by th e  u n la b e l le d  o e s t r a d io l  and tam o x ifen . I n  th e  p r o l i f e r a t i v e  phase th e re  

a re  more s p e c i f ic  o e stro g en  re c e p to r s  a v a i la b le  and th e  b lo ck in g  e f f e c t  o f 

o e s t r a d io l  and tam oxifen  i s  e v id e n t even when superim posed on th e  non- 

s p e c i f i c a l l y  bound ^ H -o e s tra d io lÎ in  th e  s e c re to ry  phase th e re  a re  few er 

re c e p to r s  and a lth o u g h  th e  p ro p o r tio n  b locked  by th e  o e s t r a d io l  and th e  

tam oxifen  i s  th e  same, ithen superim posed on th e  n o n -s p e c if ic  b in d in g , th e  

d if f e r e n c e  appears much l e s s .

The m isce llan eo u s group (T ab le  4*37) in d ic a te s -  th a t  h i s to lo g ic a l  

appearance i s  n o t r e la te d  e i t h e r  to  o e s t r a d io l  l e v e l s  o r  to  c e l l u l a r  c o n te n t 

o f r e c e p to r s .

There were two c a se s  w ith  m en stru al endometrium w ith  w idely  d i f f e r in g  

plasm a hormone l e v e l s ;  one o f th e  c a se s  gave com ple te ly  in e x p l ic a b le  r e s u l t s ,  

p o s s ib ly  due to  th e  n o n -v ia b le  n a tu re  o f th e  t i s s u e .  The two c a se s  o f fo c a l  

h y p e rp la s ia  had u n ex p ec ted ly  low plasm a o e s t r a d io l  l e v e l s ;  one had v e ry  h ig h  

le v e l s  o f  o e s t r a d io l  r e c e p to r s ,  th e  o th e r  had low l e v e l s .  The two on o ra l  

s te r o id  hormone th e ra p y  showed wide v a r ia t io n  in  r e c e p to r  c o n te n t and even w ider
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différence in receptor binding by unlabelled oestradiol and tamoxifen. One 

case of atrophic endometrium showed moderately high le v e l of receptors with 

e ffec tiv e  blockage. The one case of endometrial carcinoma showed average 

receptor content and a moderate blockage of the receptors.

The case  o f en d o m etria l carcinom a a ls o  r a i s e s  i n t e r e s t i n g  q u e s t io n s ,

T ay lo r e t  a l ,  (1971) have re p o r te d  o e s t r a d io l  up take  in  v iv o  by en d o m etria l 

carcinom a; in  18 cases  s tu d ie d ,  a l l  were found to  have o e s t r a d io l  r e c e p to r s .  

However o th e r  groups have n o t been a b le  to  dem onstra te  r e c e p to r s  in  a l l  

e n d o m etria l carcinom as though th e  m a jo r ity  c e r ta in ly  do have re c e p to r s  (T e ren iu s  

e t  a l ,  1971 ; Trams e t  a l ,  1 9 7 3 ), I t  i s  p o s s ib le  th a t  such  an a ssa y  as has been 

d e sc r ib e d  cou ld  be used  to  s e l e c t  p a t i e n t s  who have horm onally  s e n s i t i v e  le s io n s  

and who m ight b e n e f i t  from e i t h e r  p ro g e s te ro n e  th e ra p y  (Sm ith  e t  a l ,  I 966) o r  

even from  a n tio e s tro g e n  th e ra p y  (W all e t  a l , I 964) ,

C e r ta in ly  mammary carcinom a has been found to  c o n ta in  o e s t r a d io l  re c e p to rs  

i n  about 40 p e r  c e n t o f c a se s  (Maass e t  a l ,  1 9 7 2 ). C y toso l in c u b a tio n s  a re  used  

as  th e  b a s is  o f i d e n t i f i c a t i o n  o f  r e c e p to r s  and a re  a t  p re s e n t u ndergo ing  m u lt i­

c e n tre  in v e s t ig a t io n  in  Europe (E .0 ,R ,T .C .1 9 7 3 ) in  th e  hope o f s e le c t in g  th e se  

c a se s  w hich a re  horm onally  s e n s i t iv e  and hence which may b e n e f i t  from o v a ria n  

a b la t io n ,  s te r o id  hormone th e ra p y  o r  a n tio e s tro g e n  th e ra p y  (C ole e t  a l ,  1 9 7 i;

Ward, 1973) .

The b lockage o b ta in e d  w ith  tam oxifen  fo llow ed  th a t  o f  th e  u n la b e l le d  

o e s t r a d io l  v e ry  c lo s e ly  in  a l l  th e  in c u b a tio n s  (ex cep t one o f th e  m en stru a l c a s e s , 

Case No, 1 0 ) , A lthough such an in c u b a tio n  system  cannot d is t in g u is h  betw een an 

o e s tro g en  and an a n t io e s tro g e n , s in c e  b o th  ten d  to  ’b in d ’ th e  r e c e p to r s ,  i t  has 

been su g g ested  th a t  such a system  could  be  used to  measure th e  a f f i n i t y  o f th e  

re c e p to r s  f o r  an unknown a n t i  o e s tro g e n , g iv in g  an in d ic a t io n  o f i t s  p o s s ib le  

a n t io e s tr o g e n ic  po tency  (Korenman, I 969) • More im m ed ia te ly , how ever, th e  system
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as  described may give some indication of the efficacy  of the antioestrogen, in  

th is  series tamoxifen, for a particular c lin ic a l problem or for a particular  

endometrial pathology.

The o b se rv a tio n  in  v i t r o  t h a t  th e r e  i s  a  re g io n a l v a r ia t io n  in  o e s t r a d io l  

u p take  in  th e  u te ru s  and th a t  th e  up take  can be b locked a t  l e a s t  p a r t i a l l y  by 

th e  a n tio e s tro g e n  tam oxifen  su g gested  th e  v a lu e  o f  a  s e r i e s  o f  in  v ivo  s tu d ie s .

I n  a d d it io n  to  v e r i fy in g  th e  o b se rv a tio n s  o f B rush a t  a l .  ( I 967) on th e  re g io n a l 

v a r ia t io n  in  th e  up take  and r e te n t io n  o f o e s t r a d io l  by endom etrium , i t  was 

proposed to  g iv e  fo u r  o f th e  p a t ie n t s  tam oxifen  to  a s s e s s  i t s  e f f e c t ;  an 

a n tio e s tro g e n  had n o t b e fo re  been te s t e d  in  v ivo  in  humans, excep t in  e m p iric a l 

c l i n i c a l  t r i a l s .

As a lre a d y  ex p la in ed  in  C h ap ter 2 tam oxifen  had been chosen a s  an 

a n t i  o e s tro g en  which was a lre a d y  i n  u se  f o r  p a t ie n t s  w ith  advanced mammary 

carcinom a, and had been foim d to  be e f f e c t iv e ,  s a f e ,  and f r e e  from  troub lesom e 

s id e - e f f e c t s .  I t  was hoped th a t  th ro u g h  th e se  s tu d ie s  more would be le a rn e d  

o f  where and p o s s ib ly  hovf th e  compound o p e ra te d ,
3

In the series described, 12 patients were given H-oestradiol prior to  

hysterectomy; the amount actually  given varied from 22 .9  to 55*0 /iCi of the 

oestrad io l. The maximum in jection  corresponded to le s s  than 0 ,65  nmoles, le s s  

than the amount found to be present in  750 ml, of a patient’s plasma. To allow  

comparison of the resu lts the values were corrected to those equivalent to an 

in jection  of 50 /UCi, an adjustment which did not a ffect the overall pattern of 

r esu lts .

The a d m in is te red  o e s t r a d io l  was r e ta in e d  p r in c ip a l ly  in  th e  Endometrium 

and myometrium, compared w ith  F a llo p ia n  tu b e , c e rv ix , vag in a  and ovary . Non­

ta r g e t  t i s s u e  such as abdom inal s k in , m uscle sh ea th  and abdom inal w a ll f a t  r e ta in e d  

l e s s  o e s t r a d io l  th an  th e  t a r g e t  t i s s u e s .  The p ro p o r tio n  o f ad m in is te red
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r a d io a c t i v i t y  e x c re te d  in  th e  u r in e  d u rin g  th e  f i r s t  f iv e  days p o s t -  

o p e ra t iv e ly  was a p p re c ia b ly  lo w er ( c o n tro ls  21 to  55 p e r  c e n t ,  tam o x ifen - 

t r e a te d  p a t i e n t s  18 to  5 i p e r  c e n t)  th a n  in  th e  s e r i e s  p u b lish e d  by B rush  

e t  a l .  ( 1967) (43  to  72 p e r  c e n t ) .  There was no obvious e x p la n a tio n  f o r  

t h i s  d i f f e r e n c e .

The r e te n t io n  i n  th e  endometrium o f th e  th r e e  ca se s  where re g io n a l 

f r a c t io n s  were tak en  confirm ed  th e  e a r l i e r  in  v ivo  o b se rv a tio n s  o f  D avis e t  a l .

( 1963) and B rush e t  a l .  ( 1967) o f d if f e r e n c e s  in  up tak e  in  d i f f e r e n t  

en d o m etria l a r e a s .  C ase No. 3 had tam oxifen  p re -o p e ra t iv e ly  and th e  u p tak e  

in to  th e  n u c le i  was so  sm all as to  make com parisons m ean in g less . U ptake 

r e l a t e d  to  DNA c o n te n t (T ab le  5« i3) showed h ig h e s t  u p tak e  in  th e  low er body 

e p ith e liu m  in  b o th  Cases 1 and 2; when th e  up take  was r e l a t e d  to  t i s s u e  mass 

(gm) , th e  u p tak e  in  th e  lo w er body endometrium was h ig h e s t  in  one and second 

h ig h e s t  in  th e  o th e r  two (T ab le  5 •14)*

These resu lts  corroborate the findings of the tissu e  incubations where 

there was regional variation in  uptake with a tendency for the greatest uptake 

to be in  the lower body region, Tfhether a higher lev e l of receptors in  the lower 

region of the uterus has any physiological relevance i s  uncertain. The lower 

segment of the uterus and the cervix do have an important role in  pregnancy 

and labour, but the ro le  of that area in , say, the retention of an early  

conceptus or in  normal menstruation or even in  the contracting 'polarity ' of 

the uterus, i s  poorly understood.

The uptake of the oestradiol in  vivo into the cytosol fraction of the 

human uterus appears to be mainly v ia  sp ec ific  binding; that there was l i t t l e  

free oestradiol was indicated by the small difference recorded a fter  removal 

of the free and loosely  bound oestradiol by charcoal-dextran incubation.



The c y to so l re c e p to r s  were c h a r a c te r is e d  by su cro se  d e n s i ty  and were 

found to  have a c o e f f ic ie n t  o f sed im en ta tio n  (4*5 3) s im i la r  to  th o se  o f  th e  

b in d in g  su b stan ces  which a re  l a b e l le d  d u rin g  in  v i t r o  in c u b a tio n s  o f human 

endometrium (M a rtin ,1 972). C h a r a c te r is a t io n  had n o t p re v io u s ly  been perform ed 

on o e s t r a d io l - r e c e p to r  com plexes formed in  v iv o  in  humans. An a ttem p t was a lso  

made to  c h a r a c te r is e  th e  m yom étrial r e c e p to r  complexes bu t th e  co u n ts  were to o  

lo  w to  d e te c t  a  r a d io a c t i v i t y  pealc. The c y to so l was u l t r a c e n t r i f u g e d  in  th e  

p re sen ce  of a  h ig h  c o n c e n tra t io n  o f KCl i n  th e  in  v ivo  su c ro se  d e n s i ty  g r a d ie n ts ;  

when th e  c y to so l was spun a t  low  o r  zero  io n ic  s tre n g th  in  th e  in  v i t r o  

experim ents th e  sed im en ta tio n  c o e f f i c i e n t  was m ainly around 8S,

I n  view o f th e  ev idence  th a t  o e s t r a d io l  can be co n v erted  to  o e s tro n e  

d u rin g  in c u b a t io n  w ith  human endometrium ( t h i s  t h e s i s ,  G urpide and W elch, 1969; 

Tseng e t  a l .  1972), an a tte m p t was made to  see  i f  th e re  was any ev idence  o f 

such co n v ers io n  in  v iv o . However th e  co u n ts  were to o  sm all to  dra\^ény f irm  

c o n c lu s io n .

A lthough F a rb e r  e t  a l .  (1972) dem onstra ted  o e s t r a d io l  re c e p to r s  in  

f ib r o id  c y to so l th e  cases  re p o r te d  in  t h i s  s e r ie s  were th e  f i r s t  where o e s t r a d io l  

u p tak e  in  f ib r o id s  was confirm ed in  v iv o . A lthough th e re  was wide v a r i a t io n  

in  th e  a b so lu te  le v e l s  o f r a d io a c t i v i ty  a s s o c ia te d  w ith  th e  f i b r o id  c e l l  n u c le i ,  

th e re  was c o n s is te n t ly  more u p tak e  th a n  in to  a d jac e n t en d o m etria l o r m yom étrial 

n u c le i ,  su g g es tin g  genu ine  s e n s i t i v i t y  to  o estro g en  s t im u la t io n  in  th e  f ib r o id s  

exam ined.

These r e s u l t s  t i e  in  w ith  th e  c h a r a c te r i s a t io n  experim en ts c a r r ie d  out 

in  v i t r o  where a f f i n i t y  c o n s ta n ts  o f th e  re c e p to rs  from f ib r o id s  were v e ry  

s im i la r  to  th o se  o f endometrium, and th e  c o e f f ic ie n t  o f sed im en ta tio n  was 

a ls o  in  th e  same ran g e .

The numbers in  th e  s e r i e s  were to o  sm a ll, and th e  en d o m etria l h is to lo g y  

to o  v a r ie d  to  a llow  any v a l id  com parison o f up take  a t  d i f f e r e n t  s ta g e s  o f th e



— Juju —

c y c le . M oreover, i t  i s  im p o ss ib le  to  compare th e se  r e s u l t s  w ith  th e  t i s s u e  

in c u b a tio n s  where h ig h e r  u p tak e  in  th e  p r o l i f e r a t i v e  phase was n o ted  o r  w ith  

th e  c y to so l in c u b a tio n s  which a ls o  re v e a le d  a h ig h e r  uptalee o f ^ H -o e s tra d io l 

in  th e  p r o l i f e r a t i v e  phase c y to s o l .  I t  must be re -em phasised  th a t  in  each 

case  h y ste rec to m y  was perform ed because o f  m enorrhagia; th a t  i s ,  w hatever 

th e  h i s to lo g ic a l  appearance  fu n c t io n a l ly  th e  u te ru s  was abnorm al. Hence a l l  

com parisons even w ith in  th e  group o f  t r e a te d  p a t ie n ts  shou ld  be in te r p r e te d  

w ith  c a u tio n .

I n  th e  s e r i e s ,  fo u r  p a t i e n t s  were t r e a te d  w ith  tam oxifen : th e

tam oxifen  had an a n t io e s tr o g e n ic  e f f e c t ,  b lo c k in g  th e  u p tak e  o f exogenous 

o e s t r a d io l  in to  th e  n u c le i  o f  th e  end o m etria l c e l l s .  There was a lm ost no 

e f f e c t  on c y to so l u p ta k e . The d i f f e r e n c e  in  up take  by th e  n u c le i  from 

tam oxifen  t r e a te d  and u n tre a te d  c a s e s ,  however, was n o t s t a t i s t i c a l l y  

s ig n i f i c a n t  because o f th e  wide range o f  v a lu es  in  th e  c o n tro l  g roup . The 

t o t a l  m yom étrial up take  o f ^ H -o e s tra d io l was s ig n i f i c a n t ly  low ered by tam oxifen  

(p  =s 0 . 05) p ro b ab ly  due to  th e  l a r g e r  amounts o f t i s s u e  a v a i la b le  f o r  d ig e s t io n .  

No p a t ie n t  w ith  u te r in e  f ib r o id  re c e iv e d  tam o x ifen .

I t  cou ld  be argued th a t  th e se  d if f e r e n c e s  in  mean t i s s u e  le v e l s  o f 

^ H -o e s tra d io l a f t e r  a d m in is tr a t io n  in  v iv o  r e s u l t  on ly  from  a l t e r a t i o n  in  

hormone le v e l  s in c e  th e r e  i s  an ap p aren t lo w erin g  o f f r e e  and t o t a l  plasm a 

^ H -o e s tra d io l in  th e  ta m o x ife n - tr e a te d  group (T ab le  5*13). A lte re d  plasm a 

le v e l s  cou ld  r e s u l t  i f ,  f o r  in s ta n c e ,  th e  drug were to  induce  g ro ss  changes in  

o e s t r a d io l  m etabolism . I t  i s  d i f f i c u l t  to  accep t t h i s  as th e  b a s is  f o r  th e  

d if f e r e n c e s  observed in  th e  t i s s u e s .  In  th e  t r e a te d  p a t i e n t s ,  th e  ap p aren t 

re d u c tio n  in  th e  mean plasm a ^ H -o e s tra d io l le v e l s  ( s t a t i s t i c a l l y  n o t s ig n i f i c a n t  

by th e  *t* t e s t  a t  th e  0 ,05  l e v e l  o f p r o b a b i l i ty )  i s  v e ry  much l e s s  th a n  th a t  

observed  in  th e  end o m etria l n u c le i  and m yom étrial whole t i s s u e ,  w h ile  i n  th e  

o th e r  t i s s u e s  th e  d i f f e r e n c e  i s  much g r e a te r .



Templeton and Klopper (1975) have studied plasma oestradiol le v e ls  in  

normally ^cycling in fe r t i le  women; comparisons were made between cycles treated  

with tamoxifen 20 mg’./day for f iv e  days, and untreated cycles. No difference  

was noted in the oestradiol pattern and le v e ls  in  the contro?, and treatment 

cycles.

I n  a n o th e r  sm all s tu d y  o f normal women g iven  tam oxifen  20 m g ./day , th e  

ev idence  ag a in  d id  n o t show any c o n s is te n t  m ajor change in  endogenous plasm a 

o e s t r a d io l  l e v e ls  d u rin g  th e  f i r s t  36 to  48 hours o f th e ra p y  (Boyns and Groom, 

1974) .  At a  l a t e r  s t a g e ,a f t e r  f iv e  days o f tam oxifen  th e ra p y , th e y  n o ted  an 

in c re a s e  in  o e s t r a d io l  c o n c e n tra tio n s  wMch th ey  a t t r ib u te d  to  r a is e d  

gonado troph in  le v e l s  in  th e  p lasm a.

I t  seems u n l ik e ly  t h a t  tam oxifen  tre a tm e n t induces w ith in  th e  tim e 

s c a le  o f th e se  experim ents any g ro ss  changes in  o e s tr a d io l  m etabolism  which 

m ight a f f e c t  th e  plasm a le v e l s  o f a d m in is te red  ^ H -o e s tra d io l ,

I t  was found in  v iv o  t h a t  tam oxifen  p re - tre a tm e n t had a  r e l a t i v e l y  sm all 

e f f e c t  on th e  le v e l  o f ‘̂ H -o e s tra d io l bound to  c y to so l re c e p to rs  though th e  

n u c le a r  l e v e l s  were c o n s id e ra b ly  low ered , C lark  and McCracken (1972) n o ted  

th a t  o e s tro g en  a n ta g o n is ts  i n h i b i t  th e  up tak e  in  v ivo  o f  o e s t r a d io l  from  th re a d s  

p laced  in  mouse vag in a  on ly  in to  th e  n u c le a r  f r a c t io n  b u t n o t in to  th e  c y to so l 

f r a c t io n  o f th e  c e l l s .  I t  cou ld  sim ply  be t h a t  because o e s t r a d io l  accum ulates 

in  th e  nu c leu s  where th e re  i s  a  la r g e  excess o f a c c e p to r  s i t e s  (W illiam s and 

G o rsk i, 1972a) r a th e r  th a n  in  th e  c y to s o l ,  th e  e f f e c t  o f in h ib i to r s  i s  more 

e a s i ly  d e te c te d  in  th e  n u c le a r  f r a c t i o n .

W hile i n h ib i t i o n  of o e s t r a d io l -b in d in g  to  i t s  c y to so l r e c e p to r  m olecule 

must be in v o lv ed  in  t h i s  in h ib i t i o n ,  i t  i s  by no means c e r ta in  t h a t  t l i i s  i s  th e  

on ly  o r  indeed  th e  most c r i t i c a l  o f th e  a c t i v i t i e s  o f tam oxifen  in  e x e r t in g  

i t s  pharm aco log ica l e f f e c t s .

Tamoxifen i s  e f f e c t iv e  in  i n h ib i t i n g  o e s tr a d io l  up take  in to  en d o m etria l 

n u c le i ;  and hence , presum ably , i t  can i n t e r f e r e  w ith  th e  a b i l i t y  o f o e s t r a d io l  

re c e p to r s  e lsew here to  t r a n s f e r  o e s t r a d io l  in to  th e  n u c le u s . C onsequen tly , i t
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may e x e r t  a  c e n t r a l  hypothalam ic e f f e c t  w here, by b lo c k in g  o e s t r a d io l  feed b ack , 

gonado troph in  re le a s e  i s  caused , r e s u l t in g  in  o v a rian  o e stro g en  b io g e n e s is .  

Hence à  f ib r o id  tum our, as in  th e  case  quoted  by F rankel and Benjam in (1 9 7 3 ), 

may be s tim u la te d  to  ra p id  grow th r a th e r  th an  rendered  q u ieco en t by an a n t i -  

Î o e s tro g e n . C onversely  th e  gonado troph in  s t im u la t in g  e f f e c t  o f clom iphene may 

be co u n tered  by a  lo c a l  a n t io e s tro g e n ic  e f f e c t  on endometrium o r  c e r v ic a l  mucus 

(S h a r f , 1971a, 1971b; G ra f f ,  1 971 ),

Perhaps s p e c i f ic  a n tio e s tro g e n s  can be developed -  f o r  exam ple, f o r  

hypothalam ic d is o r d e r s ,  f o r  m enorrhag ia , f o r  mammary carcinom a, f o r  end o m etria l 

carcinom a, f o r  f i b r o id s ,  even f o r  f e r t i l i t y  c o n t r o l .  I t  i s  known th a t  c e l l  

r e c e p to r  c o n c e n tra tio n  v a r ie s  i n  d i f f e r e n t  o rg an s; perhaps m etabolism  o r 

u p tak e  o f o e s t r a d io l  a ls o  v a r ie s ,  o r  cou ld  be a l te r e d  by more s p e c i f ic  

a n t i c e s tro g e n s  t a i l o r e d  to  th e  s p e c i f ic  m etab o lic  p a t te rn s  o f  th e  v a r io u s  

t i s s u e s .

A n tio e s tro g en s  o f f e r  a  wide range  o f p o s s ib le  c l i n i c a l  a p p l ic a t io n s .

The more th a t  i s  und ers to o d  o f t h e i r  mode o f a c t io n ,  th e  more l i k e l y  i t  i s  

th a t  t h e i r  p o te n t ia l  w i l l  b e  r e a l i s e d .  I n  th e  w ider c o n te x t o f th e  

pharm aco log ica l e f f e c t  o f an a n t io e s tro g e n , th e  more th a t  i s  u n d erstood  o f  

th e  mechanisms o f c e l l  b eh av io u r and c e l l  re sp o n se , th e  e a s ie r  w i l l  i t  be to  

re c o g n ise  c e l l  d is o rd e r  and c o r r e c t  i t .
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CONCLUSIONS.
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I n  th e  s tu d ie s  on th e  u p tak e  o f ^ H -o e s tra d io l by d i f f e r e n t  

en d o m etria l a re a s  i t  was dem onstra ted  t h a t  th e  up take  in  th e  endometrium 

o f th e  low er p a r t  o f th e  u te ru s  was g r e a t e r  th an  th e  u p p er p a r t  and th a t  

t h i s  d i f f e r e n c e  becomes s t a t i s t i c a l l y  s ig n i f i c a n t  ( S tu d e n t 's  ' t ' t e s t )  i f  

f u l l y  s e c re to ry  t i s s u e  on ly  i s  c o n s id e re d . I t  was a ls o  n o ted  th a t  th e  

u p tak e  o f th e  ^ H -o e s tra d io l was g r e a te r  by p r o l i f e r a t i v e  phase t i s s u e  th a n  

by s e c re to ry  phase t i s s u e ,  in d ic a t in g  a  h ig h e r  le v e l  o f a v a i la b le  re c e p to r s  

i n  th e  p r o l i f e r a t i v e  phase t i s s u e .

C h a r a c te r is a t io n  o f th e  re c e p to r s  in  endometrium tak en  from  th e  

d i f f e r e n t  u te r in e  a re a s  was perfo rm ed . B oth  su cro se  d e n s i ty  g ra d ie n ts  and 

a s s o c ia t io n  c o n s ta n t a ssay s  f a i l e d  to  re v e a l any d if f e r e n c e s  in  th e  

c h a r a c t e r i s t i c s  o f th e  re c e p to r s  from th e  d i f f e r e n t  a r e a s .  A lthough such 

s tu d ie s  had n o t p re v io u s ly  been c a r r ie d  out on endometrium from  d i f f e r e n t  

u te r in e  a r e a s ,  th e  r e s u l t s  o b ta in e d  f o r  th e  sed im en ta tio n  c o e f f i c i e n t s  and

th e  a s s o c ia t io n  c o n s ta n ts  were w ith in  th e  p u b lish e d  range f o r  human endometrium,

3 3C onversion  of H -o e s t ra d io l  to  H -o estro n e  a f t e r  t i s s u e  in c u b a t io n

was dem o n stra ted ; about 15 p e r  c en t o f th e  r a d io a c t i v i ty  e x tr a c te d  from

c y to so l and n u c le i  was r e l a t e d  to  o e s tro n e .

A sso c ia tio n  c o n s ta n t a ssay s  were a ls o  perform ed on re c e p to r s  from

myometrium and f ib r o id ,  and showed v a lu e s  f o r  o e s t r a d io l  o f  th e  same o rd e r

as th e  end o m etria l r e c e p to r s .  Sucrose, d e n s i ty  g ra d ie n t  o f  a  f i b r o id  c y to so l

gave a  sed im en ta tio n  c o e f f i c i e n t  f o r  th e  r e c e p to r  s im i la r  to  th a t  o f  th e

en d o m etria l r e c e p to r s .

I t  was dem onstra ted  t h a t  th e  u p tak e  o f o e s t r a d io l  in  v i t r o  by th e

f ib r o id  c y to so l was g r e a t e r  i n  th e  o u te r  la y e r s  th an  th e  in n e r  la y e r s  and th a t

b o tl/r e re  g r e a te r  th an  a d ja c e n t myometrium.

The a n t io e s tr o g e n ic  e f f e c t  o f  tam ox ifen  was shown by i t s  b lockage  o f

^ H -o e s tra d io l up tak e  b o th  by th e  c y to so l re c e p to rs  and th e  n u c le a r  re c e p to r s



In  th e  t i s s u e  in c u b a tio n  ex p erim en ts . In  th e se  experim ents th e  c o n c e n tra tio n  

o f th e  tam oxifen  was 100 to  1000 tim es th a t  o f ^ H -o e s tra d io l,

E q u i l ib r a t io n  s tu d ie s  on end o m etria l re c e p to rs  showed an a f f i n i t y  

c o n s ta n t (K^) f o r  tam oxifen  l e s s  th an  one-hundred th  th a t  f o r  o e s t r a d io l .

The t i s s u e  in c u b a tio n  s tu d ie s  re v e a le d  more a v a i la b le  re c e p to rs  in  

th e  p r o l i f e r a t i v e  phase c y to so l th an  th e  s e c re to ry  phase c y to s o l ;  th e  d if f e r e n c e  

was s t a t i s t i c a l l y  s ig n i f i c a n t  by S tu d e n t 's  ' t '  t e s t .  M oreover th e  b in d in g  

by tam oxifen  and u n la b e l le d  o e s t r a d io l  was g r e a te r  in  th e  p r o l i f e r a t i v e  th an  

th e  s e c re to ry  phase c y to s o l .  I n  bo th  c a te g o r ie s  th e  tam oxifen  was s l i g h t l y ,  

b u t c o n s is te n t ly ,  l e s s  e f f e c t iv e  in  b lo c k in g  th e  re c e p to rs  th a n  th e  u n la b e l le d  

o e s t r a d io l ,
A-

The s tu d ie s  on th e  m isce llan eo u s  group o f endom etria  f a i l e d  to  re v e a l 

any un iform  p a t te r n  though th e y  d id  in d ic a te  a  sim ple method f o r  d e te c t in g  

o e s t r a d io l  re c e p to r s  which co u ld  be o f  v a lu e  in  s e le c t in g  c a se s  f o r  s p e c i f ic  

th e ra p y  by a n t io e s tro g e n s .

The a d m in is tr a t io n  o f ^ H -o e s tra d io l p r io r  to  h y sterec tom y  enabled  

s tu d ie s  to  be made on o e s t r a d io l  r e te n t io n  in  a  m ajor t a r g e t  o rg an . The uptaice 

by endometrium and myometrium was g r e a te r  th an  by F a llo p ia n  tu b e , c e rv ix ,  v ag in a  

and ovary . The up take  in  n o n - ta rg e t  t i s s u e s  such as s k in , f a t ,  and m uscle 

sh ea th  was l e s s  th an  in  th e  t a r g e t  t i s s u e s .

Where endometrium was ta k en  from  d i f f e r e n t  u te r in e  a re a s  th e  up tak e  was 

g r e a te r  in  th e  low er p a r t  o f th e  u te r u s ,  confirirdng  th e  i n v i t r o  f in d in g s .

I n  c o n tr a s t  to  th e  i n  v i t r o  s tu d ie s  th e  amount o f f r e e  o r  lo o s e ly  bound 

^ H -o e s tra d io l in  th e  c y to so l was v e ry  sm a ll; n e a r ly  a l l  th e  r a d io a c t i v i ty  

re ta in e d  in  v ivo  was s p e c i f i c a l l y  bound to  th e  c y to so l r e c e p to r s .

S ucrose d e n s i ty  g ra d ie n ts  in  h ig h  s a l t  c o n c e n tra tio n  re v e a le d  a  

sed im en ta tio n  c o e f f ic ie n t  co m patib le  w ith  o th e r  p u b lish ed  s tu d ie s  a lth o u g h  

th e se  s tu d ie s  were on b in d in g  ach ieved  in  v i t r o .
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An attempt was made to ascertain whether there was any in  vivo 
3 3co n v ers io n  o f H -o e s tra d io l  to  H -o estro n e  b u t coun ts  on th e  n u c le a r  e x t r a c t  

run  on s i l i c a  g e l  TLG p la te s  were to o  low f o r  m eaningful i n t e r p r e t a t i o n .

Those p a t ie n t s  who re c e iv e d  p re -o p e ra t iv e  tam oxifen  showed v e ry  low
3

u p tak e  o f  H -o e s tra d io l  i n t o  th e  n u c le i  a lth o u g h  th e  tam ox ifen  made l i t t l e  

im pact on c y to so l b in d in g . The mean l e v e l  o f up tak e  o f  ^ H -o e s tra d io l by 

th e  tam ox ifen  p r e - t r e a te d  p a t i e n t s  was much l e s s  th an  by c o n tro l  p a t i e n t s ,  

b u t th e  range o f  v a lu e s  in  th e  c o n tro l  group was so wide th a t  s t a t i s t i c a l  

s ig n if ic a n c e  was n o t p ro v en .

In the myometrium a d e fin ite  lowering (P = 0,05) of the mean to ta l  

uptake in  the tamoxifen-pretreated group of patients was noted. Other t is su e s ,  

such as Fallopian tube, vagina, cervix and ovary did not show any major 

e ffec t of the drug.

No p a t ie n t  w ith  u te r in e  f ib r o id s  re c e iv e d  p re -o p e ra t iv e  ta m o x ife n . 

U ptake o f ^ H -o e s tra d io l i n to  f ib r o id s  i n  v iv o  was confirm ed and h ig h e r  up tak e  

in to  th e  f ib r o id s  th an  in to  a d ja c e n t endometrium o r  myometrium was d e te c te d ,  

co n firm in g  th e  in  v i t r o  s tu d ie s .

A lthough in  v iv o  measurement o f th e  e f f e c t  o f an a n t io e s tro g e n  by 

th e  method d e sc r ib e d  o f f e r s  th e  most u s e f u l  method o f s tu d y , i t  i s  n o t id e a l  

c l i n i c a l l y ,  A s im p le r  ap p roach , as in  th e  t i s s u e  o r  even th e  c y to so l 

in c u b a t io n s , cou ld  i d e n t i f y  t i s s u e s  w ith  o e s tro g en  r e c e p to r s  and enab le  

assessm en t o f th e  v a lu e  o f a n tio e s tro g e n s  in  th e ra p y .
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