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employed  in t he  p r e s e n t  s t u d y  h a v e  b e e n  p rev ious ly  
charac te r i zed  accord ing  to g r o w t h  p a t t e r n  and  h i s to logy  
b y  GARDNER 9. The  g ranu losa  (Types I a n d  I I I )  and  theca  
t u m o r s  (Type II)  descr ibed  b y  GARDNER were usua l ly  
composed  of a t  leas t  7 0 - 8 0 %  of t h e  p a r t i c u l a r  cell t y p e  
des ignated .  I n  addi t ion ,  t he  t u m o r s  were func t iona l  h a v -  
ing been  shown to  p roduce  est rogen,  and  to  a lesser 
ex ten t ,  androgen .  I t  was n o t e d  b y  LI a n d  GARDNER 1~ 
t h a t  t he  ovar ies  of t u m o r  bea r i ng  mice  t r e a t e d  w i t h  
g o n a d o t r o p h i n  (p r egnan t  m a r e  serum) showed andro-  
genic effects. The  ova r i an  suppress ion  b y  t he  t h e c a  cell 
t u m o r s  n o t e d  in t h e  p re sen t  s t u d y  f u r t h e r a t t e s t  to  t he  
androgen ic  effects p roduced  by  th i s  t u m o r  type.  Thus,  t he  
his to logical  and  endocr ine  aspec ts  of these  t u m o r s  are 
well  es tabl i shed.  

P rev ious  inves t iga t ions  h a v e  impl i ca t ed  t he  t heca  cells 
a n d  t h e i r  der iva t ives ,  t he  in t e r s t i t i a l  cells, as a n  index  of 
HCG sens i t i v i t y  1~. I n  t he  hypophysectomized ra t ,  H C G  
has  been  repor ted  to exer t  a powerfu l  s t i m u l a t i n g  effect  
on the  ova r i an  in t e r s t i t i a l  cells 2. I n  t h e  i n t a c t  animal ,  
HCG is k n o w n  to p r o m o t e  fol l icular  g r o w t h  a n d  lu te in iza-  
t ion  due to i t s  synerg is t ic  a c t i v i t y  w i t h  t h e  p i t u i t a r y  
g o n a d o t r o p h i n s  is. The  recep tor  cell for H C G  in t he  
p s e u d o p r e g n a n t  r a t  o v a r y  is r epo r t ed ly  t h e  lu te in  ceils of 
t he  corpus  l u t e s  1., Thus ,  i t  appea r s  t h a t  m o s t  of t he  
o v a r i a n  cel lular  c o n s t i t u e n t s  are sens i t ive  to  HCG 
s t i m u l a t i o n  d e p e n d i n g  on the  physio logica l  s t a t e  of t he  
a n i m a l  ovary .  

The  two cell t h e o r y  of h o r m o n e  p r o d u c t i o n  in t h e  o v a r y  
s t a t e s  t h a t  the  g ranu losa  ceils p roduce  one t y p e  of steroid,  
t he  t h e c a  ano the r ,  a n d  t h a t  b o t h  are necessa ry  for es t rogen  
p r o d u c t i o n  ~s. R e c e n t  t i ssue  cu l tu re  a n d  t r a n s p l a n t  s tudies  
h a v e  shown t h a t  a t  leas t  2 of t he  ova r i an  cell t ypes  
(granulosa  + t h e c a  or in te r s t i t i a l )  m u s t  be  p re sen t  in  
order  for  es t rogen secre t ion  to occur  ~s. Thus ,  s te ro id  
p r o d u c t i o n  in t he  o v a r y  is d e p e n d e n t  on  an  i n t e r p l a y  be-  
tween  the  2 cell types.  The  t heca  and  in t e r s t i t i a l  cells are 
capab le  of p r o d u c i n g  copious  a m o u n t s  'of androgen ic  
s teroids  such  as a n d r o s t e n e d i o n e  and  t e s to s t e rone ;  these  
s te ro ids  are  t he  i m m e d i a t e  precursors  of es t rogens  ~7. I t  is 
suggest ive,  f rom t h e  p r e s en t  s tudy ,  t h a t  t he  t h e c a  a n d / o r  
i n t e r s t i t i a l  cells are t he  m a j o r  H CG  recep tor  cell in t he  
in tac t ,  n o n p r e g n a n t  r o d e n t  o v a r y  a n d  o v a r i a n  t u m o r  

(theca).  P e r h a p s  H C G  s t imu la t e s  tl~e t h e c a  ceils to  p roduce  
t he  androgen ic  p recursors  w h i c h  t h e n  i n t e r a c t  w i t h  
g ranu losa l  ceils for t he  p r o d u c t i o n  of es t rogens.  I n  t h e  
corpus  lu t eum,  however ,  t he  g ranu losa  cells are t r a n s -  
fo rmed  in to  a l u t e in  cell c apab le  of b o t h  p roges t e rone  and  
es t rogen  b iosyn thes i s .  The  lu te in  cells become  h igh ly  
sens i t ive  to  H C G  since t h e y  are more  capab le  of p r o d u c i n g  
t he  androgen ic  s tero id  precursors  due  to t he  change  in t he  
b i o s y n t h e t i c  p a t h w a y .  

Zusammen/assung. Bei  Mgusen  m i t  Granulosa- oder  
T h e c a - T u m o r e n  wurde  die B i n d u n g  yon  I=sI-HCG un te r -  
sucht .  I m  Vergle ich  zur  B i n d u n g  a n  a n d e r e  Gewebe 
derse lben  Tiere k o n n t e  eiue zel lspezif ische B i n d u n g  im 
Bere ich  der  T u m o r e n  fes tges te l l t  werden.  Die Be funde  
werden  im Z u s a m m e n h a n g  m i t  der  Zweizel l theor ie  der  
ovar ie l len  Stero idgenese  d i sku t ie r t .  
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Na-Carbamoyl-2-O-Methyltyrosine-oxytocin and 1-6 a Deamino Cystathionine-2-O-methyltyrosine 
Oxytocin: Two Antagonists of Oxytocin on Amphibian Epithelial Cell Receptors  

Severa l  s t r u c t u r a l  ana logues  of n e u r o h y p o p h y s e a l  hor-  
mones  h a v e  been  shown  to a n t a g o n i z e  t he  effects  of t he  
ac t ive  pep t ides  on t he i r  d i f fe ren t  t a r g e t  o rgans  (for review, 
see ~). I n  the  p r e sen t  s tudy ,  we descr ibe  t he  i nh ib i t i on  of 
t he  h y d r o o s m o t i c  and  na t r i fe r ic  effects  of oxy toc in  on t he  
frog skin  and  b l a d d e r  by  N e - C a r b a f n o y l - 2 0 - m e t h y l t y  - 
ros ine -oxy toc in  : C b m O T  2 and  1 -6~  d e a m i n o c y s t a t h i o n i -  
n e - 2 - O - m e t h y l t y r o s i n e - o x y t o c i n  : MeDCOT-18;  the  s t ruc-  
t u r e  of these  ana logues  4 is descr ibed  in Tab le  1. 

Experimental. The  h y d r o o s m o t i c  effect  ( increase in t he  
ne t  w a t e r  flow a long  a n  osmot ic  grad ien t )  was  m e a s u r e d  
on  t he  i so la ted  frog b l a d d e r  (Rana esculenta) us ing  a pre-  
v ious ly  descr ibed  t e c h n i q u e  5. T he  dose-response  re la t ion-  
ship for s y n t h e t i c  oxy toc in  ( Syn t oc i non  Sandoz)  was f i rs t  
d e t e r m i n e d  us ing  t he  c u m u l a t i v e  doses t echn ique .  The  
a f f in i ty  of oxy toc in  for i ts  r ecep to r  was  m e a s u r e d  accord-  
ing to EGGENA 6 et  al. by  t he  P D  2 va lue  (negat ive  l o g a r i t h m  
of t he  mo la r  c o n c e n t r a t i o n  of h o r m o n e  in t he  m e d i u m  
(AS0) y ie ld ing  ha l f  the  m a x i m u m  response) .  I t s  a p p a r e n t  

in t r ins ic  a c t i v i t y  was m e a s u r e d  b y  t h e  m a g n i t u d e  of t he  
m a x i m u m  biological  response.  Af te r  wash ing  ou t  t h e  hor-  
m o n e  and  comple te  reversa l  of t he  h y d r o o s m o t i c  response,  
t he  dose-response  r e l a t i onsh ip  for oxy toc in  was aga in  de- 
t e r m i n e d  in t h e  presence  of a k n o w n  c o n c e n t r a t i o n  (B) of 
t h e  inh ib i to r .  The  new A 50 va lue  (A 50 B) was used to  
ca lcu la te  t he  a f f in i ty  c o n s t a n t  of t h e  i nh ib i t o r s :  

pA 2 = --  log (B/(A 50B/A50-1))  
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T h e  na t r i f e r i c  effect  ( s t i m u l a t i on  of ac t ive  sod ium t r a n s -  
por t )  was  m e a s u r e d  on  t h e  i so la ted  sk in  b y  t h e  increase  in 
t h e  c u r r e n t  (SCC) f lowing t h r o u g h  t h e  shor t - c i r cu i t ed  
p r e p a r a t i o n  ~. The  c u r r e n t s  f lowing t h r o u g h  6 i n d e p e n d e n t  
a reas  (0.8 cm 2 each)  of t he  same  sk in  were  s i m u l t a n e o u s l y  
recorded,  us ing  a p r ev ious ly  descr ibed  deviceS. The  gen- 
eral  p rocedure  for  t he  d e t e r m i n a t i o n  of a f f in i ty  c o n s t a n t s  
and  in t r ins i c  ac t iv i t i e s  is s imi la r  to  t h a t  descr ibed  above,  
excep t  t h a t  t he  dose-response  r e l a t ionsh ips  in  t he  pres-  
ence a n d  absence  of i n h i b i t o r  were d e t e r m i n e d  on  sym-  
me t r i ca l  areas  of t he  same  p r e p a r a t i o n .  

Results.  High  doses of C b m O T  and  MeDCOT-1 (final con-  
c e n t r a t i o n s  in  t h e  m e d i u m  up  to  2 x 10-5M) were com- 
p le t e ly  devoid  Of b o t h  na t r i f e r i c  a n d  h y d r o o s m o t i c  ac t iv -  
i t ies b u t  s ign i f i can t ly  sh i f t ed  the  dose-response  re la t ion-  
ships  for oxy toc in  t ow ar ds  t he  h i ghes t  concen t r a t i ons .  On 
t he  o t h e r  h a n d ,  t he  a p p a r e n t  in t r ins i c  a c t i v i t y  of t he  oxy-  
toc in  was  no t  modi f ied  (Table  II) .  Th i s  l a s t  o b s e r v a t i o n  
sugges ted  t h a t  C b m O T  and  MeDCOT-1 ac t  as t r u l y  com- 
pe t i t i ve  i n h i b i t o r s  of oxy toc in  a t  t h e  level  of i ts  r ecep to r  
sites. The  m e a n  p A 2  va lues  (Table  I) i nd i ca t e  t h a t  
MeDCOT-1 has  a h ighe r  a f f in i ty  t h a n  CbmOT,  T h e  hypo-  
thes is  of t h e r e  be ing  c o m p e t i t i o n  a t  t h e  level  of t h e  recep-  
t o r  si tes was  con f i rmed  b y  t h e  o b s e r v a t i o n  t h a t  these  two  
ana logues  were to some e x t e n t  able  to  s t i m u l a t e  t h e  adeny!-  
cyclase s y s t e m  of frog skin and  b l a d d e r  ep i the l i a l  cells in  
t he  same way  as b iological ly  ac t ive  n e u r o h y p o p h y s i a l  
pep t ides  9. Thus ,  w h e n  t he  p h o s p h o d i e s t e r a s e  a c t i v i t y  was 
i n h i b i t e d  w i t h  t h e o p h y l l i n e  suf f ic ien t ly  to  raise the  in t r a -  

cel lular  cyclic A M P  c o n c e n t r a t i o n  to  a level  g iv ing less 
t h a n  t h e  m a x i m u m  increase  in  w a t e r  p e r m e a b i l i t y  a n d  
ac t ive  sod ium t r a n s p o r t ,  MeDCOT-1 p roduced  a s ign i f ican t  
biological  effect  (Table  I I I ) .  T h e  p o t e n t i a t i o n  of t h e  theo-  
phy l l i ne  effects  b y  C b m O T  was  on ly  a p p a r e n t  in  t h e  na t r i -  
feric effect  (Table  I). 

Discussion.  Tab le  I V  gives t he  af f in i t ies  a n d  in t r ins ic  
ac t iv i t i es  of the  two  ana logues  s tud ied  and  of t h e i r  p a r e n t  
c o m p o u n d s :  (O-me thy l t y ro s ine -oxy toc in  (MeOT) and  
1 -6~  d e a m i n o - c y s t a t h i o n i n e - o x y t o c i n  (DCOT-1). B o t h  
are expressed  as a pe rcen t age  of t he  a f f in i ty  a n d  in t r ins ic  
a c t i v i t y  of oxy toc in  used as a s t a n d a r d .  I n  t he  h y d r o o s m o -  
t ic  and  na t r i fe r ic  tests ,  m e t h y l a t i o n  of t he  t y rosy l  res idue 
s t rong ly  r educed  t h e  a f f in i ty  for t he  r ecep to r  as c o m p a r e d  
to oxytocin~~ b u t  was  c o m p a t i b l e  w i t h  t he  m a i n t e n a n c e  
of h igh  in t r ins ic  ac t iv i ty .  On ~he o the r  hand ,  w h e n  
DCOT-1 and  MeDCOT-1 are compared ,  i t  m a y  be  n o t e d  
t h a t  m e t h y l a t i o n  of t he  t y ro sy l  res idue  does no t  lead to 
such  a large drop  in aff in i ty ,  sugges t ing  t h a t  s ter ic  modi -  
f ica t ions  i nduced  b y  m e t h y l a t i o n  are in some way  re l a t ed  
to  t h e  presence  of a s u l p h u r  a t o m  in pos i t ion  1. 
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Oxytocin :Y=-S-S-  
X = -NH 2 
R=-H  

CbmOT : Y=-S-S-  
X= NH2CONH- 
R = CH~ 

MeDCOT-I: Y=-CH2-S- 
X = H- 
R = CH 3- 

Table I. Structure of oxytocin antagonists tested 

Table II. Competitive inhibition of hydroosmotic and natriferic activities of oxytocin by CbmOT and MeDCOT-1 

Maximum effect (~zA/cm -2) 
Natriferic test pD2 pA2 A-B 

Without inhibitor (A) With inhibitor (B) 

CbmOT (6) 8.6zL0.4 ~ 4.9=L0.1 17.6~5.0 14.0jz6.6 3.6~-4.2 NS b 
MeDCOT-1 (5) 8.4J 0.1 6.0~_0.1 19.8i8.6 17.2~7.8 2.6i1.1 NS 

Maximum effect (~zl/min-1/em -'~) 
Hydroosmotic test pD 2 pA 2 A-B 

Without inhibitor (A) With inhibitor (B) 

CbmOT (5) 8.5~0.4 5.7~-0.7 2.4i0.4 2.0:~0.5 0.4~=0.3 NS 
MeDCOT-1 (10) 8.1-}=0.3 6.1~=0.4 2.1~0.3 1.9~0.3 0.3~0.3 NS 

Values are means • S.D. The number of determinations is indicated in brackets, b The mean values of the differences A-B were compared to 
0 using the Student's t-test. NS, non significant at the probability level of 0.05. 



964 Specialia 

Table III. Potentiation by theophylline of the effects of CbmOT and MeDCOT-1 
Natriferic effect (z] SCC: [zA/em -'a) 

EXPERIENTIA 28/8 

Experiment Oxytocin Theophylline Theophylline + CbmOT 

1 29 9.5 11 
2 20 11.5 15 
3 26 8.5 14.5 

Oxytoein Theophfiline Theoph3dline + MeDCOT-1 

4 21 9.5 19.5 
5 21 13.5 19.0 

Hydroosmot i ce f f ec t (dWate r f low:~ l /min -1 / cm -2) 

Expe~ment  Oxytocin Theophylline Theophylline + CbmOT 

6 5.8 1:3 1.1 
7 6.1 0.6 0,4 ~ 

Oxytocin Theophylline Theoph~line + MeDCOT-1 
8 3.5 0.2 1.9 
9 3.5 0.4 1.8 

10 2.0 0.5 1.2 
11 2.0 0.3 1.3 

The effect of a max imum dose of oxytocin was measured in both tests (Column 2). After testing the absence of response to CbmOT or MeDCOT 
1 (the concentrations used were 2-3 times those giving half saturation of the receptors), the effects of an infra-maximnm concentration of 
theophylline were measured (Column 3). At the max imum response, the same doses of CbmOT or MeDCOT-1 were added to the incubation 
medium. The magnitude of the response aroused is indicated in Column 4. a In. this experiment, further addition of oxytocin led to a nearly 
maximum effect. 

Table IV. Comparison of the affinity and intrinsic activity of CbmOT and MeDCOT-1 with those of their parent compounds 

Peptide 
Affinity (% of oxytoein affinity) Intrinsic activity (% of oxytocin activity) 

Natriferic test Hydroosmotic test Natriferie test Hydroosmotie test 

Oxytoein 100 100 100 100 
MeOT 1.9 3.9 100 ~ 90 b 
CbmOT 0.012 0.11 0 0 
DCOT-1 3.4 2.1 103 ~ 49 o 
MeDCOT-1 0.36 1.1 0 0 

Value quoted from MOREL and BASTIDE la. b Value quoted from JaRn et al. 12. o Value quoted from BARTH et a134. 

F u r t h e r m o r e ,  c a r b a m y l a t i o n ,  or  t h e  r e p l a c i n g  of o n e  S 
a t o m  b y  a m e t h y l e n e  g r o u p ,  e n h a n c e s  t h e  r e d u c t i o n  in  in-  
t r i n s i c  a c t i v i t y  i n d u c e d  b y  m e t h y l a t i o n ,  a s  is  a p p a r e n t  in  
t h e  h y d r o o s m o t i c  t e s t %  ~,  *2. 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  N a - a c e t y I - 2 - O - m e t h y l t y r o s i n e - o x y t o c i n  i n d i c a t e d  
t h a t  a c e t y l a t i o n  p r o d u c e s  t h e  s a m e  e f fec t .  H o w e v e r ,  t h e  
r e s u l t s  o b t a i n e d  w i t h  t h i s  a n a l o g u e  w e r e  h i g h l y  v a r i a b l e ;  
s o m e t i m e s  i t  w a s  c o m p l e t e l y  i n a c t i v e ,  wh i l e  in  o t h e r  ex -  
p e r i m e n t s  i t  b e h a v e d  l ike  a p a r t i a l  o x y t o c i n  a g o n i s t .  

F i n a l l y ,  t h e  loss  in  a f f i n i t y  a s s o c i a t e d  w i t h  a l l  t h e  s u b -  
s t i t u t i o n  s t u d i e d  is m o r e  p r o n o u n c e d  in  t h e  n a t r i f e r i c  t h a n  
t h e  h y d r o o s m o t i c  t e s t ,  e s p e c i a l l y  for  C b m O T .  I n  c o n n e c -  
t i o n  w i t h  t h i s  o b s e r v a t i o n ,  i t  is  i n t e r e s t i n g  to  n o t e  t h a t  
M e D C O T - 1  w a s  f o u n d  to  be  a c t i v e  o n  u t e r o t o n i c  a n d  a n t i -  
d i u r e t i c  t e s t s  ~5. 

Rdsumd. L a  N ~ - C a r b a m o y l - 2 - O - M e t h y l t y r o s i n e  o c y t o -  
c ine  e t  la  1 - 6  ~ d 6 a m i n o c y s t a t h i o n i n e  2 - O - M e t h y l t y r o s i n e  
o c y t o c i n e  i n h i b e n t  les e f f e t s  h y d r 0 o s m o t i q u e  ( a u g m e n -  
t a t i o n  de  la  p e r m 6 a b i l i t 6  o s m o t i q u e  ~ l ' e a u  de  Ia v e s s i e  de  
Greuou i l l e )  e t  n a t r i f 6 r i q u e  ( s t i m u l a t i o n  d u  t r a n s p o r t  a c t i f  
de  s o d i u m  p a r  Ia p e a u )  de  l ' o c y t o c i n e .  L ' i n h i b i t i o n  ob-  
s e r v 6 e  e s t  de  n a t u r e  c o m p 6 t i t i v e .  L e s  a f f i n i t 6 s  r e s p e c t i v e s  
de  ces  d e u x  a n a l o g u e s ,  e x p r i m d e s  e n  % de  l ' a f f i n i t 6  de  

i ' o c y t o c i n e ,  s o n t  de  0 ,012 e t  0,36 s u r  le t e s t  n a t r i f 6 r i q u e  
e t  de  0,11 e t  1,1 s u r  le t e s t  h y d r o o s m o t i q u e .  
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