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The Act ion of Sex  H o r m o n e s  on Endometr ia l  Secret ion  in Spayed  Rats  Sens i t ized  to Oestradiol  

N u m e r o u s  s tudies ,  some of t h e m  d a t i n g  b a c k  to  t he  
v e r y  b e g i n n i n g  of t he  era of sex endocr inology,  h a v e  
b e e n  p u b l i s h e d  dea l ing  w i t h  t he  ac t ion  exe r t ed  b y  sex 
h o r m o n e s  on  t he  m o r p h o l o g y  of t he  e n d o m e t r i u m .  I t  is 
on ly  c o m p a r a t i v e l y  recent ly ,  however ,  i.e. especial ly  
a f t e r  t he  p u b l i c a t i o n  of HOMBURGER'S work  1-4, t h a t  
research  ha s  been  u n d e r t a k e n  to d e t e r m i n e  t h e  changes  
wh ich  these  h o r m o n e s  are capab le  of p roduc ing  in endo-  
me t r i a l  secret ion.  T he  sec re to ry  func t i on  of t he  endo-  
m e t r i u m  is t o d a y  of m a j o r  i n t e r e s t  in  connec t ion  w i t h  
t he  ana lys i s  of t he  p h e n o m e n a  of r e p r o d u c t i o n ;  i t  is, in  
fact ,  e n d o m e t r i a l  secre t ion  which  d e t e r m i n e d  t he  mil ieu 
con f ron t i ng  t he  s p e r m a t o z o a  pr io r  to  f ecunda t ion  of t he  
o v u m  as well  as t h e  b l a s t o c y s t  pr ior  to  i m p l a n t a t i o n .  

The  p r e sen t  s t u d y  is concerned  w i t h  t he  effects  of 
oes t radiol ,  t e s tos te rone ,  a n d  p roges te rone  on  ce r t a in  
p roper t i e s  of t he  f luid secre ted  b y  t h e  e n d o m e t r i u m  of 
spayed  a d u l t  r a t s  sensi t ized to  oestradiol .  

The  effects  exe r t ed  b y  these  h o r m o n e s  on  t h e  q u a n t i t y ,  
pH,  a n d  v i scos i ty  of t he  e n d o m e t r i a l  f luid h a v e  been  
co r re la t ed  w i t h  t h e  changes  in t he  we igh t  of t h e  u t e rus  
occur r ing  in response  to  t he  subs t ances  admin i s t e red .  

Material and methods. A d u l t  female  r a t s  (Sprague-  
Dawley) ,  each  weighing  b e t w e e n  160 a n d  250 g, were 
sub jec t ed  to  o v a r i e c t o m y ;  a t  t he  s a m e  t ime,  l a p a r a t o m y  
was p e r f o r m e d  in order  to  close t he  d i s t a l  ends  of t he  
u t e r ine  h o r n s  b y  e lec t rocau te r iza t ion ,  care  be ing  t a k e n  
to leave t h e  regional  b lood supp ly  in tac t .  I n  r a t s  t h u s  
t r ea t ed ,  t he  e n d o m e t r i a l  secre t ions  a c c u m u l a t e d  in t h e  
u te rus .  An t ib io t i c  t r e a t m e n t ,  cons i s t ing  of 6000 U peni-  
cil l in a n d  10 m g  s t r e p t o m y c i n  daily,  was  g iven  to each  
a n i m a l  for 7 days  b y  t he  s.c. rou te  as a p r ophy l ac t i c  
measu re  aga in s t  infect ion.  All  t he  an i m a l s  were sensi t ized 
b y  t r e a t m e n t  w i t h  oestradiol ,  g iven  for 21 days  in a 
dosage of 3 ~zg/kg da i ly  s.c. T he  h o r m o n e s  u n d e r  s t u d y  
were  a d m i n i s t e r e d  s.c. f rom t he  14th  to  t he  21st d a y ;  
t he  oes t rad io l - sens i t i zed  con t ro l s  rece ived  sesame oil. 

The  an ima l s  were sacr i f iced 24 h a f t e r  comple t ion  of 
t he  t r e a t m e n t .  Us ing  ster i le  procedures ,  t he  u te r ine  f luid 
was recovered  a n d  pooled f rom all t h e  an i m a l s  in t h e  
s ame  group,  a f t e r  which  3 0 U  penic i l l in  a n d  0.5 m g  
s t r e p t o m y c i n  was added  pe r  mill i l i t re.  Per iodica l  inspec- 
t i o n  of bac ter io logica l  cu l tu re s  m a d e  i t  poss ible  to  check  
t he  s te r i l i ty  of t he  fluid, in fec ted  b a t c h e s  be ing  discarded.  

The  we igh t  of t he  u t e rus  was  measu red  before  a n d  a f t e r  
t o t a l  a s p i r a t i o n  of t he  fluid, t he  dif ference in t he  measure -  
m e n t s  i n d i c a t i n g  t he  q u a n t i t y  of f luid t h a t  h a d  accu-  
mu la t ed .  The  p H  was d e t e r m i n e d  on  t he  surface  of t h e  
e n d o m e t r i a l  ep i the l ium,  as well  as in  the  u t e r ine  f luid 
itself,  us ing  a P o l y m e t r o n  t y p e  39 C. F ina l ly ,  t he  v iscos i ty  
of t he  fluid, expressed  in centipoises,  was  m e a s u r e d  w i t h  
t h e  a id  of a Hess  mic rov i scome te r  ( l abora to ry  model)  
ca l i b r a t ed  by  m e a n s  of sucrose  so lu t ions  of va r ious  con- 
cen t ra t ions .  

Results (cf. Table) .  Weight of the uterus. The  t r e a t m e n t  
g iven  in a d d i t i o n  to t he  oes t rad io l  p roduced  only  a s l igh t  
increase  in t he  we igh t  of t h e  u te rus  as c o m p a r e d  w i t h  t h e  
controls .  A d m i n i s t e r e d  in h i g h  doses, t e s t o s t e r one  caused  
a sma l l  increase  in t h e  we igh t  of t he  u terus ,  t h i s  increase  
a p p e a r e d  to  be  of a t r a n s i t o r y  na tu re ,  a m o u n t i n g  to  
+ 168 4- 25 m g  in response  to  30 mg/kg,  b u t  to  on ly  
+ 88 4-23  m g  in response  to  100 mg/kg .  W h e n  g iven  in 
t h e  smal les t  dose, p roges t e rone  h a d  no  inf luence  on  t h e  
we igh t  of t h e  u terus ,  a l t h o u g h  i t  d id  p roduce  a c lea r -cu t  
decrease  in t he  we igh t  of t h e  o rgan  w h e n  a d m i n i s t e r e d  
in  doses of 10 m g / k g  a n d  u p w a r d s  (-- 100 m g  4- 12 m g  
to  -- 140 4- 14 mg).  

Quantity of fluid in the uterus. T h e  f igures for  t he  
q u a n t i t y  of f luid in  t he  u te rus  are expressed  in milli-  
g r ammes ,  i.e. co r r e spond ing  to  t h e  dif ference in t he  
we igh t  of u t e rus  before  a n d  a f t e r  r e m o v a l  of t he  f luid;  
t he  ave rage  va lue  recorded  in t he  con t ro l s  was  1729 mg. 
I n  t h e  doses in  wh ich  i t  was admin i s t e r ed ,  oes t radio l  
t e n d e d  to  p roduce  a s l ight ,  b u t  i n s ign i f i can t  increase  in 
t h e  q u a n t i t y  of fluid.  I n  doses of up  to  30 mg/kg,  tes tos-  
t e rone  had  no  apprec i ab le  effect, b u t  i t  d id  cons iderab ly  
reduce  the  p r o d u c t i o n  of f luid ( - -1121 i 124 rag) w h e n  
emp loyed  in a dose of 100 mg/kg.  G i v e n  in a dose of 
3 mg/kg ,  p roges te rone  caused  a s l ight  d i m i n u t i o n  in the  
q u a n t i t y  of f lu id  ( - 6 0 7  4- 123 mg) ;  t h e  decrease,  how- 
ever,  b e c a m e  m u c h  more  m a r k e d  in r e sponse  to 10 m g / k g  
( - -1325 • 73 rag), a n d  even  g rea t e r  w h e n  h igher  doses 
were a d m i n i s t e r e d  (-- 1526 4- 60 m g  a n d  -- 1586 4- 55 nag). 

p H  of the epithelial surface and of the uterine fluid. In  the  
controls ,  t he  p H  was 7.52 on  t he  surface  of t he  u t e r i ne  
m u c o s a  a n d  8.36 in t h e  u t e r ine  fluid.  R e p l a c e m e n t  
t h e r a p y  w i t h  oes t rad io l  p roduces  no  apprec iab le  change  
in t he se  values .  W h e n  e m p l o y e d  in h i g h  doses of 30 m g / k g  
a n d  100 mg/kg ,  t e s to s t e rone  s l igh t ly  decreased  t he  p H  
of t he  e p i t h e l i u m  (7.09 and  6.96, respect ively) ,  b u t  h a d  
v e r y  l i t t l e  effect  on  the  p H  of t he  u t e r i ne  fluid. I n  response  
to proges terone ,  a d i s t i nc t  decrease  was obse rved  in t he  
p H  of the  e p i t h e l i u m  - a decrease  w h i c h  b e c a m e  progres-  
s ively  more  m a r k e d  be tween  dosage levels  of 10 m g / k g  
a n d  100 mg/kg.  The  s ame  t e n d e n c y  t o w a r d s  ac id i f ica t ion  
was  found  in t h e  u t e l i ne  f luid:  a t  a dosage  of 10 m g / k g  i t  
was  ba re ly  d e t e c t a b l e  (8.06), b u t  a t  a dosage of 30 m g / k g  
i t  b e c a m e  qu i t e  p r o n o u n c e d  (7.01), a n d  in response  to 
100 m g / k g  i t  was  ve ry  marked .  

Viscosity o/ the uterine fluid. The  u t e r i ne  f luid f rom 
the  con t ro l  a n i m a l s  showed  a low degree of v iscos i ty  
(4.56 centipoises) ,  wh ich  t r e a t m e n t  w i t h  oes t rad io l  h a d  
t he  effect  of s l igh t ly  increas ing:  T r e a t m e n t  w i t h  low 
doses of t e s t o s t e rone  h a d  no inf luence  on  the  v iscos i ty  
of t h e  u te r ine  fluid, whereas  h i g h  doses caused  a r ap id  
increase  in i ts  v iscosi ty .  The  same  t e n d e n c y  was even  
more  m a r k e d  in t he  an ima l s  r ece iv ing  p roges te rone :  
a l t h o u g h  p roges te rone  h a d  abso lu t e ly  no  effect  in  a dose 
of 3 mg/kg,  doses of 10 m g / k g  - a n d  pa r t i cu l a r l y  doses 
h i g h e r  t h a n  t h i s  - el ici ted a s t rong  increase  in t h e  v iscos i ty  
of t h e  u te r ine  secre t ions  (30 mg/kg :  335 centipoises) .  

Discussion. The  use of spayed  a n i m a l s  sens i t ized  to  
oestradiol ,  in  preference  to i n t a c t  an imals ,  m a d e  i t  pos- 
sible in  these  e x p e r i m e n t s  to  s t u d y  t h e  d i rec t  ac t ion  
exerc ized b y  t h e  h o r m o n e s  on  t h e  u t e r i ne  t a rged  organ  
a n d  to  e l im ina t e  a n y  effects wh ich  m i g h t  h a v e  been  
exe r t ed  on  t h e  r egu la t ion  of o v a r i a n  secret ion.  

T h e  changes  in t he  we igh t  of t he  u t e rus  obse rved  u n d e r  
t h e  cond i t ions  of t he  e x p e r i m e n t s  i nd i ca t e  t h a t  t he  doses 
of oes t rad io l  emp loyed  t e n d  s l igh t ly  to  enhance  t h e  
s t i m u l a t i o n  p roduced  b y  oes t rogen  sens i t iza t ion .  W h e n  
g iven  in large doses, t e s t o s t e rone  shows th i s  same  ac t ion  
to  a more  m a r k e d  degree. On t he  o t h e r  h a n d ,  all  t h e  
doses of p roges t e rone  a d m i n i s t e r e d  exe r t  all an t agon i s t i c  
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Effects of sex hormones on the weight of the uterus and on the properties of the uterine fluid 
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Substances Dose No. of Weight Weight No. of pH of No. of pH of 
in ani- of empty of uterine an/- endometrium ani- uterine fluid 
mg/kg reals uterus fluid reals reals 

No. of Viscosity of 
ani- uterine fluid 
reals in centipoises 

Controls 

Oestradiol 

Testosterone 

Progesterone 

- 5 0  4174-12~ 17294- 85 34 7.524-0.04 14 8.354-0.05 

0.003 5 4304-20 17154-141 5 7.10-t-0.08 2 7.70 
0.01 12 4444-32 19374-264 6 7.224-0.12 3 8.17=[=0.11 
0.03 11 4794-28 22034-237 5 7.33-t-0.03 3 7.88-4-0.19 

3 6 3824-34 15634-306 6 7.334-0.07 2 8.20 
10 8 5354-27 22124-227 8 7.364-0.05 2 8.18 
30 9 585~39 12984-191 9 7.094-0.04 2 7.98 

100 7 5054-35 6084-164 7 6.964-0.07 1 8.20 

3 11 396• 11224-162 7 7.46-t_0.11 3 8.304-0.11 
10 27 3124-13 404::t= 61 18 7.00-t-0.07 6 8.06• 
30 25 2764-16 2024- 36 22 6.81-t-0.06 4 7.014-0.54 

100 15 313• 143-t- 25 14 6.614-0.03 2 5.60 

15 4.564- 0.57 

2 6.25 
3 4.85 4- 1.13 
3 7.23 4- 0.24 

2 5.40 
2 3.50 
2 18.80 
1 35.80 

3 4.874- 1.58 
5 282.60=t=146 
2 335 
1 2340 

Standard error based on the mean established for the average values corresponding to more than 2 individual values. 

effect, i.e. t hey  reduce the  degree of s t imula t ion  p rovoked  
by  oest rogen sensi t iza t ion.  

In  line w i th  t he  resul ts  r epor ted  by  SHIH et  al. 5, who 
analysed the  chemical  compos i t ion  of the  fluid accumu-  
la ted in the  ra t  uterus,  th is  fluid m a y  be considered as 
a p roduc t  of secret ion (a conclusion, however ,  which  is 
not  ent i re ly  shared  by  RINGLERS). The ma in t enance  of 
fluid p roduc t ion  in response to  oestradiol ,  which in our 
expe r imen t s  was  observed in spayed  rats,  has  also been 
repor ted  in o the r  an imal  species (HoMmJRGER et  al.4). 
However ,  whereas  the  decrease in l iquid p roduc t ion  
observed af ter  admin i s t r a t ion  of t es tos te rone  tallies w i th  
the  f indings of HOMBI~R~ER et al. 4, the  m u c h  more  marked  
inhibi t ion seen in response to  proges terone  is a t  var iance  
wi th  the  observa t ions  repor ted  by these  authors ,  who 
found, on the  contrary ,  t h a t  when  in tac t  mice were 
t r ea ted  wi th  proges te rone  the  vo lume of secre t ion 
increased and the  secreted fluid became  diluted.  This 
d iscrepancy migh t  possibly be a t t r ibu tab le  to  differences 
ei ther  in specific sens i t iv i ty  or in the  doses admin is te red  
or in the  m e t h o d s  of assay. 

According to  BLANDAU et al. 7, the  uter ine  fluid of the  
ra t  shows an alkaline react ion dur ing  oestrus;  s imilar  
f indings have  been  ob ta ined  b y  o ther  au thors  5,s in the  
ra t  and rabbi t .  The results  descr ibed in the  p resen t  s tudy  
indicate  t h a t  the  p H  of t he  fluid is d e p e n d e n t  to  some 
ex t en t  on the  influence of sex hormones .  There  was a 
marked  t e n d e n c y  towards  acidif icat ion to  par t i cu la r ly  
in response to  proges te rone;  we cannot ,  however ,  offer 
any  exp lana t ion  for this  phenomenon .  

The changes  in the  viscosi ty  of t he  u te r ine  fluid, and  
especially the  increase in its v iscosi ty  p roduced  by  pro- 
gesterone,  are qui te  str iking.  The increase in tile viscosi ty  
of the  u ter ine  fluid observed  in these  expe r imen t s  would 
no t  appear  to  depend  on the  vo lume of the  fluid. Fo r  
example,  a l though  tes tos te rone  (100 mg/kg) and  pro- 
gesterone (10 mg/kg) have  comparab le  effects on the  
q u a n t i t y  of fluid, the  viscosi ty  of t he  fluid seems to 
remain  considerably  lower af ter  t r e a t m e n t  wi th  tes tos-  
terone.  I t  would  be desirable to  de te rmine  precisely 
wha t  factors are modif ied in th is  response,  i.e. w h e t h e r  

i t  is the  q u a n t i t y  of fo rmed  elements ,  t he  absolute  con- 
cen t ra t ion  of the  c o m p o n e n t s  as a whole, or, a l ternat ively ,  
the  re la t ive concen t ra t ion  of one c o m p o n e n t  in par t icular .  

The observa t ions  repor ted  in th is  pape r  reveal  t h a t  
the  proper t ies  exh ib i t ed  by  the  fluid secreted f rom the  
e n d o m e t r i u m  are closely d e p e n d e n t  on the  prevai l ing 
ho rmona l  condi t ions .  The change  in these  proper t ies  
occurr ing under  t r e a t m e n t  wi th  s teroid  sex ho rmones  
m i g h t  possibly be one of the  factors  responsible  for t he  
fe r t i l i ty - inh ib i t ing  act ion of such steroids.  

Zusammen[assung. Liga tur  der  d is ta len  E n d e n  der  
Ute rush6rne r  von adul ten,  kas t r ier ten ,  mi t  IJstradiol  
sensibi l is ier ten R a t t e n  h a t  eine A n s a m m l u n g  der  u te r inen  
Fli issigkeit  zur Folge. Die W i rk u n g  yon  Ostradiol ,  
Tes tos te ron  und  Proges te ron  auf die E igenscha f t en  dieser  
Fltissigkeit  wurde  un te r such t .  "WAhrend 0 s t r ad io l  in ver-  
schiedenen Dosen keinen s igni f ikanten  Ef fek t  aufweist ,  
zeigt  Tes tos te ron  und  besonders  P roges te ron  eine aus- 
geprAgte Wirkung.  Sie reduzieren die Menge der Fltissig- 
keit,  erniedr igen das p H  und s te igern  die Viskosit~it. 
iDiese Ver~inderungen k 6 n n t en  fiir die H e m m u n g  der  
Fertilit~it durch  diese Subs t anzen  yon  Bedeu tung  sein. 
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