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Relation between relative estrogenic activity and angle of twist in 
substituted 4, 4'-dimethoxystilbenes 

Substitution on the estrogenic angle relative 
4, 4'-dimethoxystitbene activity ~ 9b activity~ 

none 10 0 ° < 0.06 % 
~-methyl 0.47 26 ° ~ 1  % 
2, 2'-dimethyl 5.5 28 ° ~ 0 . 1 %  
2, 2"-diethyl 5.4 30 ~ ~ 0 . 1 %  
~, 2'-dimethyl 0.47 31 ° ,~1 % 
~, 2-dimethyl 0.52 33 ° ,~1 % 
2, 2", 6, 6'-tetramethyl 0.21 45 ° r-~3 % 
ce,~'-dimethyl 0.12 53 ° ~ 5  % 
~,2,2'-trimethyl 0. t l  60 ° --~5 % 
~,c~'-diethyl 0.006 68 ° 100 % 
a,~', ~-trimethyl 0.0058 71 ° I00 % 
a,c¢', 2, 2'-tetramethyl 0.0051 90 ° > 100 % 

Minimum dosis, mg. Using groups of five mice for each assay, com- 
pounds dissolved in peanut oil were injected subcutaneously. For 
each compound the concentration was determined that brought 
about cornification in vaginal smears of some-  not all--mice of the 
test group. For exact establishment of minimum doses, more animals 
would be required, but we think that for the present preliminary 
account our method is adequate. It was verified that with 0.1 7 
estradiol eornification could still be induced. 
Calculated from UV-data ~. 

o Dimethylether of stilbestrol as a standard (=  100). 

Biologica l  a s say  was  m a d e  w i t h  t h e  At len -Doisy  tes t .  I n  
v iew of t h e  close s t r u c t u r a l  s imi l a r i t y  of t h e  c o m p o u n d s  
t e s t ed ,  we suppose  t h a t  t h e  d i s a d v a n t a g e  of t h e  m e t h o d  
does  n o t  in f luence  o u r  resul t s .  Becaus e  of d i f f i cu l ty  in  

p u r i f y i n g  t h e  h y d r o x y  c o m p o u n d s ,  we t e s t e d  t h e  d i m e t h -  
oxy  c o m p o u n d s .  As on ly  r e l a t i ve  po tenc ie s  a re  compared ,  
t h i s  m e t h o d  seems to  b e  permiss ib le .  

Our  r e su l t s  are  s u m m a r i z e d  in  t h e  Tab le ,  w h i c h  shows  
t h a t  t he  a c t i v i t y  increases  w i t h  t h e  n u m b e r  a n d  size of t h e  
a lky l  s u b s t i t u e n t s .  T h e  ef fec t  is g r e a t e r  w i t h  t h e  a tky l  
g roups  in  t h e  a- t h a n  in  t h e  o-posi t ions.  Pa r a l l e l i sm  is 
o b v i o u s  b e t w e e n  t h e  r e l a t i ve  e s t rogen ic  ac t i v i t i e s  a n d  t h e  
ang le  of t w i s t  of t h e  p h e n y l  nuclei .  I t  sugges t s  t h a t  in  t h e  
class  of d i m e t h o x y s t i l b e n e s  s te r ic  h i n d r a n c e  to  c o p l a n a -  
r i t y  m a y  be  one  of t h e  f ac to r s  e s sen t i a l  t o  s t r o n g  bio-  
logical  ac t iv i ty .  The  s t r o n g  increase  of a c t i v i t y  for  ang les  
b e t w e e n  60 a n d  70 ° is r e m a r k a b l e .  T h e  p resence  of  sub-  
s t i t u e n t s  of a c e r t a i n  fo rm a n d  bu lk ines s  m a y  also be  one  
of  t h e  r e q u i r e m e n t s  for  h i g h  ac t iv i ty .  T h e  d a t a  on  t h e  two  
l a s t  c o m p o u n d s  p r o v e  t h a t  o p t i m a l  a c t i v i t y  m a y  be  ob-  
t a i n e d  w i t h o u t  e t h y l  g roups  as ~ - subs t i t uen t s .  

Zusammenfassung. Ffir  eine Re ihe  Me thy l -  bzw.  ~ t h y l -  
s u b s t i t u i e r t e r  4 , 4 ' - D i m e t h o x y s t i l b e n e  i s t  die r e l a t i ve  
6 s t rogene  W i r k s a m k e i t  e r m i t t e l t  worden .  D a b e i  e r g a b  
s ich eine Pa ra l l e l e  zwischen  de r  A k t i v i t i t t  u n d  d e m  G r a d  
de r  s t e r l s chen  H i n d e r u n g ,  welche  die K o p l a n a r i t A t  de r  
b e i d e n  P h e n y l k e r n e  a u f h e b t .  M a x i m a l e  W i r k s a m k e i t  
k o n n t e  a u c h  m i t  Methy l - ,  n i c h t  n u t  m i t / ~ t h y l g r u p p e n  a n  
de r  D o p p e l b i n d u n g  e r r e i c h t  werden .  
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S o m e  P h y s i c o - C h e m i c a l  P r o p e r t i e s  
o f  M o u s e  R e d  C e l l s  a n d  H e m o g l o b i n  

Hete rogene i t i e s  a m o n g  a d u l t  h e m o g l o b i n s  f rom d i f fe ren t  
i n b r e d  s t r a i n s  of mice  h a v e  been  d e m o n s t r a t e d  e lect ro-  
phore t i ca l ly .  B y  m e a n s  of f i l te r  p a p e r  e lec t rophores is ,  
t w o  classes,  a s ing le -spo t  (Hb  1) a n d  a di f fuse  t y p e  ( H b  2) 
h a v e  b e e n  d i s t i ngu i shed  1; b y  s t a r c h  gel a n d  s t a r c h  b lock  
e lec t rophoreses  of h e m o g l o b i n  f rom f ive i n b r e d  s t r a i n s  of 
mice,  four  d i s t i n c t  p a t t e r n s  could  be  obse rved  s epa rab l e  
b y  t h e  pos i t ion  a n d  n u m b e r  of b a n d s  ~. T he  l a t t e r  f ind ings  
wou ld  i nd i ca t e  t h a t  t h e r e  are  p r o b a b l y  more  t h a n  t h e  two 
allelic h e m o g l o b i n  t y p e s  t h a t  were  p o s t u l a t e d  previous ly* .  
A l t h o u g h  each  v e r t e b r a t e  species was  t h o u g h t  to  h a v e  
h e m o g l o b i n s  c h a r a c t e r i s t i c a l l y  assoc ia ted  w i t h  i t s  fe ta l  
s t age  a n d  p o s t n a t a l  life, h e m o g l o b i n s  of n e w b o r n  a n d  
l a t e r - s t age  fe tuses  of mice  (viz., C 5 7 B L / 6 J )  were  r e c e n t l y  
d i scovered  to  be  i n d i s t i n g u i s h a b l e  f rom t h a t  of t h e  a d u l t  
u p o n  s t a r c h  gel e l ec t rophores i s ;  also, no  s ign i f i can t  differ-  
ences  of l a t e  f e t a l  a n d  a d u l t  mouse  h e m o g l o b i n  (viz., C B A  
s t ra in )  cou ld  be  d e t e c t e d  w i t h  r e s pec t  to  a lka l i  d e n a t u r -  
a t i o n  (J.  BARROWMAN, pe r sona l  c o m m u n i c a t i o n ) .  Th i s  
p a p e r  r e p o r t s  o n  f u r t h e r  m e t h o d s  app l i ed  to  ' f e t a l '  a n d  
a d u l t  m o u s e  h e m o g l o b i n  a n d  red  b lood  cells in  a t t e m p t s  
to  d e t e c t  specif ic  differences.  

Mice  f rom seven  i n b r e d  s t r a i n s  (C57BL/Ks ,  C 5 7 B L / 6 J ,  
C57BR/cd ,  C58/J ,  D B A / 1 ,  DBA/2, J3ALB]c, a n d  C 3 H / H e J )  
a n d  t h r e e  h y b r i d s  (CAF1, BAF1,  a n d  BDF1) were  used.  
F e t a l  b lood  was  de r ived  f rom e m b r y o s  t h a t  were a t  leas t  
two  weeks  old. P r e p a r a t i o n  of smea r s  w i t h o u t  p l a c e n t a l  
(ma te rna l )  b lood  c o n t a m i n a t i o n  f rom y o u n g e r  fe tuses  was  
t e c h n i c a l l y  diff icul t .  I t  h a s  b e e n  r e p o r t e d  t h a t  hemo-  
g lob in  of a d u l t  h u m a n  red  cells, in  c o n t r a d i s t i n c t i o n  to  

fe ta l  hemog lob in ,  was  r ead i l y  e lu ted  in a f ixed s m e a r  b y  
a n  ac id  c i t r a t e  buffer4-% I n  p r e l i m i n a r y  e x p e r i m e n t s  w i t h  
mouse  red  cells i t  was  found  t h a t  a s l igh t  increase  of 
e x t r a c t i o n  t i m e  f rom 1 (op t ima l  for m a n )  to  11/2 miD a t  a 
b u f f e r - p H  of 3.5 gave  t h e  m o s t  u n i f o r m  resul ts .  Two 
s t a in s  were  employed ,  t h e  ferr ic  f e r r i cyan ide  r e d u c t i o n  for  
free s u l p h y d r i l  g roups  a n d  t h e  inc l ina t ion-coupled  t e t r a -  
z o n i u m  s t a i n  for a r o m a t i c  a m i n o  acids.  H u m a n  red  b lood  
cells s t a i n e d  b y  the se  m e t h o d s  also were  used  for purposes  
of compar i son .  A l t h o u g h  n e i t h e r  of t h e  h i s t ochemica l  
t e c h n i q u e s  is specific for  hemoglob in ,  u n d e r  t he  cond i t ions  
of t h e  p r o c e d u r e  t h e y  a re  s a t f s f ac to ry  in v iew of t he  large  
a m o u n t  (90%) of h e m o g l o b i n  c o m p a r e d  to  o t h e r  p r o t e i n s  
in  r ed  b lood  cells. B y  t h e  ferr ic  f e r r i cyan ide  r e d u c t i o n  
s~ain, r e d  cells of all  s t r a i n s  of mice,  b o t h  a d u l t  a n d  feta l ,  
g ive a h o m o g e n e o u s  deep  b lue  color  of P rus s i an  b lue  p r i o r  
to  e x t r a c t i o n .  All  s t r a i n s  of t he  or ig ina l  H b  1 (C57BL/6 ,  
C 5 7 B R / c d ,  a n d  C58/J) ,  a n d  also B A L B ] c  ( H b  2) fo l lowing  
ac id  d e n a t u r a t i o n  d i sp lay  on ly  a f a i n t  pa le  b lue  color,  or  
a re  e n t i r e l y  devo id  of color. A/J, D B A / 1 ,  D B A / 2 ,  a n d  
CDH/HeJ  (alt H b  2) are  no t ,  or  o n l y  p a r t i a l l y  e x t r a c t e d .  I n  
e a c h  i n s t a n c e  a d u l t  a n d  fe ta l  r ed  b lood  cells s h o w  e q u a l  
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# v  10; 
Blood smear from a 15 day old BDF I fetus stained by the ferric ferri- 
cyanide reduction stain for free sulphydril groups following acid 
extraction. Negative (extracted) red blood cells are presumably of 
maternal origin (C57BL/6); the unextracted (dark) cells are 'fetal' 
red cells staining similarly as the red cells of the father (DBA/2). 

X 600 

acid  so lub i l i ty  or  r e s i s t ance  for  t h e  r e spec t ive  s t ra in .  
W h e r e a s  h u m a n  a n d  m o u s e  red  b lood  cells give app rox i -  
m a t e l y  s imi la r  i n t e n s e  P r u s s i a n  b lue  s ta ins ,  cons ide rab l e  
less pos i t ive  r e a c t i o n  is o b t a i n e d  in mice  ( tan)  t h a n  m a n  
(brown)  b y  t h e  i od ina t i on -coup l ed  t e t r a z o n i u m  s ta in .  
T h e r e  were  no  readily, pe rcep t ib l e  d i f ferences  in  s t a i n i n g  
i n t e n s i t y  a m o n g  d i f f e ren t  s t r a i n s  of mice,  or  a d u l t  com-  
p a r e d  to  fe ta l  red  b lood  ceils. 

H y b r i d  fe tuses  r e su l t i ng  f rom crosses of m o t h e r s  h a v i n g  
a c i d - e x t r a c t a b l e  h e m o g l o b i n  (C57BL/6 a n d  B A L B / c )  a n d  
f a t h e r s  w i t h  ac id - r e s i s t an t  h e m o g l o b i n  (A/J  a n d  D B A / 2 )  
c o n t a i n  t h e  t w o  t y p e s  of red  b lood cells (Fig.). Since a d u l t  
h y b r i d s  (CAF 1, B D F  1, BAF1) h a v e  c i r cu la t ing  red  cells of 
on ly  one  k ind ,  i den t i ca l  to  t h e i r  f a t h e r s  in  t h a t  t h e y  a re  
n o t  or  i n c o m p l e t e l y  e lu t ed  b y  acid,  t r a n s p l a c e n t a l  passage  
of m a t e r n a l  b lood  m a y  be  inferred .  T h e  p resence  of t w o  
k i n d s  of h e m o g l o b i n  in e.g. B D F  1 fe tuses  (C57BL/6  
females  x D B A / 2  males)  h a s  also been  ver i f ied  b y  a g a r  gel 
e lec t rophores is ,  s h o w i n g  a s ingle  spo t  a n d  dif fuse  p a t t e r n  
supe r imposed .  

Ci rcu la r  p a p e r  c h r o m a t o g r a p h y  was e m p l o y e d  us ing  
W h a t m a n  f i l ter  p a p e r  No. 1; so lven t s  app l i ed  were  
1 0 - 5 0 %  aqueous  py r id ine  a n d  c o m b i n a t i o n s  of N - b u t a n o l ,  
py r id ine  a n d  water .  T h e  c h r o m a t o g r a p h i c  d a t a  r evea l  t h a t  
t h e  h e m o g l o b i n  v a r i a n t s  lie w i t h i n  a n a r r o w  r a n g e  of 
m o b i l i t y ;  Rf  va lues  do n o t  differ  b y  more  t h a n  -t- 0.04 
u n i t s  i n d e p e n d e n t  of t h e  e l u e n t  used,  s t r a i n  of mouse ,  a n d  
a d u l t  or  fe ta l  or igin of t h e  hemoglob in .  

Zusammenfassung. HAmoglob in  u n d  E r y t h r o z y t e n  v o n  
pr/i- u n d  p o s t n a t a l  u n t e r s u c h t e n  I n z u c h t m S m s e n  v e r h a l t e n  
sich, was  v e r s ch i ed en e  p h y s i k a l i s ch -ch emi s ch e  A n a l y s e n  
be t r i f f t ,  /i.hnlich. Die E x i s t e n z  eines f6 ta l en  Hi imog lob ins  
k o n n t e  n i c h t  bewiesen  werden .  
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E s t i m a t i o n  o f  D e c a m e t h o n i u m  i n  B i o l o g i c a l  
F l u i d s  

I n  a p r ev ious  work,  i t  h a s  been  d e m o n s t r a t e d  t h a t  
aqueous  so lu t ions  of m e t h o n i u m  salts ,  if m i x e d  w i t h  a 
sma l l  a m o u n t  of Ness ler ' s  r eagen t ,  deve lop  a t u r b i d i t y  
p r o p o r t i o n a l  to  sa l t s  c o n c e n t r a t i o n .  T h r o u g h  th i s  v e r y  
sens i t ive  reac t ion ,  i t  h a s  been  poss ible  to  e s t i m a t e  v e r y  
smal l  a m o u n t s  of m e t h o n i u m  salts.  Since th i s  r eac t i on  is 
e n h a n c e d  b y  t h e  l e n g t h  of t he  c a r b o n  cha in ,  i t  m a y  be  of a 
p a r t i c u l a r  i n t e r e s t  for  d e t e c t i o n  of d e c a m e t h o n i u m  1 a t  
low c o n c e n t r a t i o n s .  On  a c c o u n t  of i t s  s t r o n g  cu ra r i z ing  
ac t ion ,  C10 is wide ly  e m p l o y e d  in c l inical  a n d  e x p e r i m e n t a l  
p h a r m a c o l o g y ,  a n d  the re fo re  i t s  a c c u r a t e  e s t i m a t i o n  is 
v e r y  m u c h  needed  in biological  fluids, for  w h i c h  we 
p rev ious ly  p o s t u l a t e d  t h e  use  of t h e  i so topic  m e t h o d s  2. 

T h e  d i rec t  a p p l i c a t i o n  of t h e  t u r b i d i m e t r i c  r eac t i on  to  
b iological  fluids,  a n d  specia l ly  to  u r ine  a n d  se rum,  is im-  
possible,  owing  to  t h e  p resence  of va r ious  i n t e r f e r i n g  
subs t ances .  I t  is necessa ry  to d i sca rd  t he se  subs t ances ,  
w i t h o u t  loss of C10. 

I n  t h i s  p a p e r  t he  resu l t s  will be  r epo r t ed  wh ich  r e l a t e  to  
t he  app l i c a t i on  of th i s  new r e a c t i o n  for  q u a n t i t a t i v e  
e s t i m a t i o n  of C10 in b iological  fluids, such  as  b lood s e r u m  
a n d  ur ine.  

Urine procedure. To 10 mt  of f resh ly  col lec ted  n o r m a l  
h u m a n  ur ine  were a d d e d  100 m g  of solid HgCI~ a n d  1 ml  
of 2 N N a O H .  The  mass ive  b l a c k  p r e c i p i t a t e  was  dis- 
c a r d e d  b y  f i l t ra t ion ,  o b t a i n i n g  a s l igh t ly  t u r b i d  f i l t ra te .  
B y  a d d i t i o n  of 2 ml  of 10% HC1 in glacial  ace t ic  acid,  t h e  
so lu t ion  becomes  c lear  on  mix ing .  Samples  of 5 ml  of t h e  
c lear  f i l t r a t e  are  col lected a n d  0.2 ml  of Ness ler ' s  r e a g e n t  

added .  Af te r  30 min,  t h e  t u r b i d i t y  was r ead  in a B e c k m a n  
s p e c t r o p h o t o m e t e r  rood. D.U.  a t  580 m ~  w a v e l e n g t h  
ag a i n s t  a b l a n k  c o n t a i n i n g  ur ine  w i t h o u t  C10, s imi la r ly  
t r ea t ed .  I n  F igure  1, t h e  d a t a  are  g iven  of t h e  d e t e c t i o n  of 
d i f f e ren t  a m o u n t s  of C10 a d d e d  to  ur ine.  

As is shown,  t h e  u r ine  m e t h o d  al lows a c c u r a t e  de te r -  
m i n a t i o n  of Clo c o n c e n t r a t i o n s  b e t w e e n  20-200 y/ml.  I t  
m u s t  be  p o i n t e d  t h a t  in  t h e  acid m e d i u m  t h e  r e a c t i o n  is 
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Fig. l. Estimation by turbidity reaction of decamethonium in urine. 
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