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A c t i o n  o f  R a t  U t e r i n e  S e c r e t i o n  o n  t h e  C o r o n a  
H o r m o n e s  

SwYEg ~ d e m o n s t r a t e d  in 1947 t h a t  t he  ov iduc t  of t he  
r a b b i t  co n t a in s  a fac tor  t h a t  leads  to comp le t e  d i spers ion  
of t h e  corona  r a d i a t e  of ova  w i th in  3 h of t he i r  be ing  
p laced in t h e  fa l lopian  tube .  In  1953, SHETTLES ~ p roduced  
comple t e  d e n u d a t i o n  of t he  h u m a n  t u b a l  o v u m  in v i t ro  
a f t e r  i n c u b a t i o n  a t  37 ~ for 3 h in h o m o l o g o u s  blood 
s e r u m  wi th  s e m e n  and  h o m o l o g o u s  t u b a l  m u c u s  added.  
I n  1964, MASTROIANNI 3 ob t a ined  s imi la r  resu l t s  in v i t ro  
when  o v a  f ro m  the  r a b b i t  ov iduc t  were i n c u b a t e d  wi th  
secre t ion  f ro m  r ab b i t s  in oes t rus .  

These  an d  o the r  s imi la r  e x p e r i m e n t s  ind ica te  t h a t  the  
ov id u c t  m u c o s a  or i ts  secre t ion  con t a in s  a f ac to r  respon-  
sible for  the  l ibe ra t ion  of the  o v u m  a f t e r  n o r m a l  ovu la t i on  
w h e n  it  is s u r r o u n d e d  b y  foll icular cells. The  objec t  of our  
e x p e r i m e n t s  was  to d e t e r m i n e  w h e t h e r  the  u te r ine  secre- 
t ion  of the  r a t  h a s  the  s a m e  ac t ion  in v i t ro  on t he  cells of 
the  corona  r a d i a t e  and  w h e t h e r  th i s  ac t ion  is modi f ied  
w h e n  t h e  r a t  is p r e t r e a t e d  w i th  sex h o r m o n e s .  

R a t  u te r ine  secre t ion  was  ob t a ined  in t he  following 
way :  female  r a t s  we igh ing  a p p r o x i m a t e l y  200 g were 
p r i m e d  wi th  oes t radio l  in a da i ly  dose of 3 p,g/kg af te r  ex- 
cision of the  ovar ies  and  ov iduc t ;  t he  u t e r ine  secre t ion  
was  al lowed to a c c u m u l a t e  for 21 d a y s  a f te r  l iga tu re  of the  
neck  of t h e  u te rus .  F r o m  the  14th to t he  21st day ,  sex 
h o r m o n e s  were a d m i n i s t e r e d  s.c. in v a r y i n g  doses,  one un-  
t r ea t ed  g roup  of r a t s  se rv ing  as controls .  On t he  d a y  of 
au topsy ,  which  was carr ied ou t  u n d e r  steri le condi t ions ,  
the  u t e r ine  f luid f rom all t he  a n i m a l s  in the  s a m e  groups  
was  recovered  an d  pooled 4. 

Th e  ova  were ob ta ined  by  r e m o v i n g  t he  ov iduc t  f rom a 
n o r m a l  r a t  in oes t rus .  U n d e r  a lens w i t h  a m a g n i f i c a t i o n  
of 16. we opened  the  ov iduc t  and  ex t r ac t ed  t he  f reshly  
ovu l a t ed  ova.  These  are s u r r o u n d e d  by  a m a s s  of foll icular 
cells in a m u c o u s  clot. The  ova  were p laced separa te ly ,  
u n d e r  steri le condi t ions ,  in a small ,  closed c h a m b e r  con- 
t a i n in g  u te r ine  f luid and  i n c u b a t e d  for 6 h a t  37 ;'C. I m m e -  
d ia te ly  thereaf te r ,  and  t hen  a t  h o u r l y  in te rva ls ,  we pho to-  
g r a p h e d  each o v u m.  t raced  the  sur face  p ro jec t ion  ( "< 100) 
and  m e a s u r e d  it  p l an ime t r i ca l l y  (Figure  1}. 

Th e  resu l t s  h a v e  been  ca lcu la ted  on the  bas is  of the  
dif ferences  in the  m e a n  p lan imet r i c  va lues  of the  eggs a nd  
corona  cells before and  af te r  incuba t ion .  These  va lues  ha ve  
been  expressed  in m m  2. 

Results.  After  2 3 h i ncuba t i on  in u te r ine  secre t ion  f rom 
cont ro l  ra ts ,  t he  corona  cells b e c a m e  de t ached  f rom the  
zone  pel lucida,  and  a f te r  6 h t he  sur face  area  h a d  in- 
creased b y  more  t h a n  150~ owing to  d i spers ion  of the  
ent i re  corona  (Figure 2). U te r ine  secre t ion  re t a ins  th i s  
p r o p e r t y  a f te r  freezing, h e a t i n g  to 50 ~C and  lyophi l iza-  
t ion.  

U p o n  i n cu b a t i o n  of t he  ova w i th  u te r ine  secre t ion  f rom 
ra t s  p r e t r ea t ed  wi th  oes t radiol  (3-30 Dg/kg, daily),  t he  
corona  cells showed  the  s a m e  response  as the  cont ro ls  
(Table I). W h e n  ova  were i n c u b a t e d  in u te r ine  secret ion 
f rom ra t s  p r e t r ea t ed  w i th  p roges te rone  in a dose of 3 m g /  
kg  daily,  the  d ispers ion  of t he  corona  cells was  s imi la r  to 
t h a t  observed  af te r  i n c u b a t i o n  in the  secre t ion  f rom con- 
t rol  a n i m a l s ;  b u t  in secre t ion  f rom r a t s  p r e t r ea t ed  w i th  
doses  of 10 a n d  30 m g / k g  daily,  d i spers ion  was  comple t e ly  
inhib i ted .  I n c u b a t i o n  in u te r ine  sec re t ion  f rom ra t s  pre-  
t r e a t ed  w i th  3 an d  10 m g / k g  t e s t o s t e rone  da i ly  gave  the  
s a m e  resu l t s  as i n c u b a t i o n  in t he  secre t ion  f rom control  
ra ts ,  b u t  in t h e  secret ion ob ta ined  a f te r  p r e t r e a t m e n t  w i th  
30 m g / k g  daily,  t he  s a m e  degree of i nh ib i t i on  was  pro- 
duced  as w i th  10 m g  of p roges te rone .  

I t  m a y  be conc luded  t h a t :  (1) u t e r ine  secre t ion  con t a in s  
a fac tor  s imi la r  to t h a t  found  in t h e  o v i d u c t  by  o the r  
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au tho r s ,  w h i c h  induces  d i spers ion  of t he  cells of t he  corona  
a nd  l ibe ra t ion  of t he  o v u m ;  (2) t r e a t m e n t  wi th  pro-  
ges t e rone  in doses of 10 m g / k g  da i ly  or wi th  t e s t o s t e r o n e  
in large doses  inh ib i t s  t h e  ac t ion  of th i s  factor ,  w he rea s  
oes t radiol  in doses up  to  30 Ixg/kg dai ly  is w i t h o u t  effect.  

Discuss ion.  Thi s  p h e n o m e n o n  can  be re la ted  to modi -  
f ica t ions  of ce r t a in  phys i c a l  p roper t i es  of t he  u t e r ine  
secre t ion  i nduc e d  by  large doses of p roges te rone  a nd  tes tos -  
t e rone  t h a t  we observed  in p rev ious  e x p e r i m e n t s  a. I t  was  
no ted  t h a t  i nh ib i t i on  of t he  fac tor  fac i l i t a t ing  t h e  d isper-  
s ion of t he  cells of t he  corona  r a d i a t e  t akes  place w h e n  t he  
v o l u m e  a n d  p H  of the  secre t ion  are d i m i n i s h e d  a n d  i ts  
v i scos i ty  increased  (Figure  3). Recen t ly ,  STA~BAUCH et  
a l )  u s ing  r a b b i t  ov iduc t  secre t ion  d e m o n s t r a t e d  t h a t  t h i s  
factor ,  wh ich  ac t s  on m a t u r e  t u b a l  ova  b u t  no t  on follic- 
ular  ova,  is t he  b i c a r b o n a t e  ion, s ince corona  cell d isper-  
s ion can  be i nh ib i t ed  by  ace tozo lamide  (Diamox) .  As our  
e x p e r i m e n t s  were carr ied ou t  in a n o t h e r  species  us ing  
secre t ion  collected f rom di f fe rent  si tes,  it  still  r e m a i n s  to 
be seen w h e t h e r  these  obse rva t i ons  can  be con f i rmed  in 
respec t  of  t h e  effects  of  u t e r i ne  secre t ion  on t u b a / r a t  ova. 

l'i~. 1. (A) Rat (~va surrounded by c{)rona radiate after ovul;~tion; 
\ 125. (B) Surface area projection; / 100. 

Fig. 2. (A) Ova surrounded by cortma radiata after incubation for 
6 h in uterine secretion of control rats; • 125. (B} Surface area 
projection; >, 100. 
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Difference in surface area of the corona cells of ova after incubation for 6 h in uterine secretion from rats pretreated with oestradiol, pro- 
gesterone or testosterone 

Substances Doses No. of assays Initial Surface area after Absolute 
s.c. No. of rats surface area 6 h incubation increase 

(mrn 2) (mm ~) (mm 2) 

Controls Vehicle only 12/36 1841 4- 108 4708 -t- 348 2867 i 377 
Oestradiol 3 ~xg/kg 2/4 1191 4- 073 3509 4- 490 2318 -4- 344 

10 txg/kg 2/6 1233 --  212 3202 -t- 1200 1968 4- 988 
30 ~xg/kg 2[6 1394 4- 048 3989 4- 076 2495 4- 159 

Progesterone 3 mg/kg 2i6 2319 4- 020 4665 4- 561 2346 4- 582 
10 mg/kg 7/19 1401 4- 179 1664 4- 306 264 -4- 209 
30 mg/kg 4/10 1254 -r 323 1145 -t- 262 -- 109 4- 082 

Testosterone 3 mg/kg 3/8 1771 4- 056 4071 -b 240 2300 4- 184 
10 mg/kg 3/8 1697 4- 155 4823 4- 780 3125 :L 830 
30 mg/kg 3/8 1437 4- 376 1861 4- 910 424 4- 560 
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Fig. 3. Physical properties of uterine secretion from progesterone 
pretreated rats and action in vitro on dispersion of corona cells 
of the ovum. 

PINCUS s a n d  McCLEAN e t  al.  7 a s s u m e d  t h a t  t h i s  f a c t o r  
m i g h t  be  a n  e n z y m e  s i m i l a r  to  s p e r m a t o z o a l  h y a l u r o n i -  
da se .  W e  h a v e  o b s e r v e d  t h a t  t h e  d i s p e r s i o n  of  t h e  c o r o n a  
cel ls  c a n  be  a c c e l e r a t e d  in  v i t r o  f o l l o w i n g  a d d i t i o n  o f  r a t  
s p e r m a t o z o a ,  w h i c h  s u g g e s t s  t h a t  t h e  f a c t o r  r e s p o n s i b l e  
for  t h i s  e f f ec t  m i g h t  wel l  be  of  a n  e n z y m a t i c  n a t u r e  a n d  
t h a t  i t  c a n  b e  i n h i b i t e d  b y  p r o g e s t e r o n e  t r e a t m e n t .  

Rdsum6. L a  l i g a t u r e  d e s  e x t r ~ m i t 6 s  d i s t a l e s  d e s  c o r n e s  
u t 6 r i n e s  de  r a t e s  c a s t r 6 e s  e t  s e n s i b i l i s 6 e s  ~ l ' c e s t r a d i o l  
(3 [xg/kg/ jour ,  s .c.)  p e r m e t  de  r ecue i l l i r  a u  b o u t  de  21 j o u r s  
la  s 6 c r 6 t i o n  u t 6 r i n e  a c c u m u l 6 e .  Cel le-ci  r e n f e r m e  u n  Iac-  
t e u r  p r o v o q u a n t  in  v i t r o  la  d i s p e r s i o n  de s  ce l lu les  de  la  
c o u r o n n e  de  l 'ceuf .  C e t t e  a c t i o n  e s t  i n h i b 6 e  p a r  u n  p r6 -  
t r a i t e m e n t  de  p r o g e s t 6 r o n e  (10 m g / k g / j o u r ,  s.c.) d u  14e a u  
21 '  j o u r  ou  p a r  de  f o r t e s  d o s e s  de  t e s t o s t 6 r o n e .  L ' c e s t r a -  
diol ,  p a r  c o n t r e ,  ne  p r 6 s e n t e  p a s  c e t t e  a c t i o n  i n h i b i t r i c e .  
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Thyroca l c i ton in  and Citric Acid 

T h e  r e l a t i o n s h i p  o f  c a l c i u m  a n d  c i t r i c  a c i d  h a s  b e e n  
k n o w n  fo r  a l o n g  t i m e  1. A c a l c i u m - c i t r a t e  c o m p l e x  in  
b l o o d  r e p r e s e n t s  t h e  n o n - i o n i z e d  u l t r a f i l t r a b l e  f r a c t i o n  
o f  c a l c i u m  a n d  t h e  a m o u n t  of  c i t r i c  a c i d  in  s e r u m  m a y  
i n f l u e n c e  t h e  q u a n t i t y  o f  i o n i z e d  c a l c i u m .  A w h o l e  
n u m b e r  o f  h o r m o n e s  a n d  o t h e r  f a c t o r s  w h i c h  i n d u c e  
c h a n g e s  o f  t h e  s e r u m  c a l c i u m  l eve l  c a n  i n f l u e n c e  t h e  
c i t r i c  a c i d  t o o :  p a r a t h o r m o n e ,  v i t a m i n  D,  t h y r o x i n ,  e tc .  
T h y r o c a l c i t o n i n  (TC) r e d u c e s  t h e  s e r u m  c M c i u m  v e r y  
q u i c k l y ,  a n d  v i c e  v e r s a  t h e  p r o d u c t i o n  of  t h e  h o r m o n e  is 
c o n t r o l l e d  b y  t h e  a c t u a l  q u a n t i t y  of  c a l c i u m  in  t h e  c i r cu -  
l a t i o n .  So f a r  n o t h i n g  is k n o w n  a b o u t  a p o s s i b l e  a c t i o n  of  
T C  c o n c e r n i n g  o r g a n i c  a c i d s  in  g e n e r a l  a n d  c i t r i c  a c id  in  
p a r t i c u l a r .  

I n  o u r  e x p e r i m e n t s  we  t r i e d  to  e s t a b l i s h  w h e t h e r  t h e  
l eve l  o f  c i t r i c  a c id  fo l lows  t h e  c h a n g e s  of t h e  s e r u m  
c a l c i u m  a n d  w h e f l l e r  i t  d e p e n d s  o n  t i m e  a n d  d o s a g e .  T C  
w a s  g a i n e d  f r o m  t h e  t h y r o i d  g l a n d s  o f  p i g s  a c c o r d i n g  t o  
HIRSCHS. T h e  p u r i f i e d  e x t r a c t  in  a c e t a t e  b u f f e r  ( p H  3.8) 
w a s  i n j e c t e d  i .m .  to  i n t a c t  5 0 - d a y - o l d  m a l e  r a t s  of  t h e  
W i s t a r  s t r a i n  ( 1 0 0 - 1 2 0  g) w h i c h  we re  k e p t  for  4 d a y s  on  a 
c a l c i u m - f r e e  d ie t .  Al l  e x p e r i m e n t a l  a n d  c o n t r o l  a n i m a l s  
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