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The influence of physiological conditions and ovarian hormones on the acid-soluble 
phosphate fractions of the uterus has been studied by several authors within the 
last few years. WALAAS AND WALAAS 1 found extremely low values for ATP and 
phosphocreatine and no significant effect of oestradiol or oestradiol plus progesterone 
on these values in the uterus of the ovariectomized rat, BORELL 2, 3 found small ATP 
values in the uterus of ovarieetomized rabbits. Oestradiol and progesterone had no 
effect on the percentage of high-energy phosphates as compared with the total acid- 
soluble phosphorus, but  they induced striking changes in the turnover of the various 
phosphate fractions. MENKES AND CSAPO 4 cast some doubt on these very low values 
of high-energy phosphates since they were obtained on the isolated myometrium and 
thus may be due to a loss occurring during the handling of the muscle. They studied 
the variations of the " t rue" inorganic and high-energy phosphates throughout the 
sexual cycle of the rabbit uterus: noticeable quantities of phosphocreatine and ATP 
were found by these authors in the mature rabbit. No phosphocreatine was found 
in the immature rabbit uterus. However, no reinvestigation of the various phosphate 
fractions of the uterus with respect to the influence of ovarian hormones has been 
undertaken. 

The present work** shows that  the rat uterus contains very noticeable quantities 
of phosphocreatine- and ATP-like high-energy phosphates and that  there are con- 
siderable variations of these esters under the influence of ovarian hormones. 

METHODS 

I m m a t u r e ,  adu l t  or  spaye d  W i s t a r  r a t s  h a v e  been used.  Spayed  ra t s  were used  4 weeks  exac t ly  
a f te r  ova r i ec tomy.  Oest radiol  and  proges te rone  were in jected s u b c u t a n e o u s l y  in neut ra l ized  
p e a n u t  oil, on  two consecut ive  days .  I n  t he  case of ra t s  in jected wi th  proges terone  and oestradiol ,  
b o t h  h o r m o n e s  were in jected s imul t aneous ly .  In  all cases  the  ra t s  were killed by  decap i t a t ion  
36 hou r s  a f te r  t he  las t  inject ion,  t he  u t e ru s  excised as quickly  as  possible  (about  i minu te )  and  
f rozen in l iquid n i t rogen.  Homogen iza t ion ,  cen t r i fuga t ion  and  p h o s p h o r u s  d e t e r m i n a t i o n s  were 
carr ied ou t  as p rev ious ly  described~: " t r u e "  inorganic  phosphorus ,  accord ing  to  LOWRY AND 
LOPEZ6; o m i n  P ( " t r ue"  inorganic  p h o s p h o r u s  p lus  easi ly hydro lysab le  f ract ions  of t he  phospho -  
crea t ine  type) ,  7 m i n  P (energy-r ich p h o s p h a t e  of t he  A T P  type ,  hyd ro lysed  b y  a 7 m i n u t e s  
t r e a t m e n t  wi th  N HC1 a t  IOO ° in a sealed tube) ,  18o rain P (phospha te  hyd ro lysed  b y  a 18o 
m i n u t e s  t r e a t m e n t  wi th  N HC1 a t  ioo  ° in a sealed tube)  and  to ta l  acid-soluble P (after d iges t ion  

* Suppor t ed  b y  a g r a n t  f rom t h e  Rockefel ler  F ounda t i on .  
** A p re l imina ry  no te  appea red  in Compt. rend., 243 (I956) 522. 
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TABL;] 

Average uterus 
Group Conditions Number o[ Average weight ]resh weight "True" 

(number o] rats) experiments (g) (mg) inorganic P 

I I m m a t u r e  u n t r e a t e d  an ima l s  (32) 3 41 18. 7 2o.1 ~ 0.9 

2 I m m a t u r e  oes t rad io l - t r ea ted  an ima l s  4 44 95.5 11. 7 ~ 0. 4 
(oestradiol  b e n z o a t e  2 × 1o/~g) (20) 

3 I m m a t u r e  oes t rad io l  and  4 5 ° lO2.3 6.9 ± o.3 
p roges t e rone - t r ea t ed  an ima l s  
(oestradiol  benzoa te  2 × IO/~g) 
(progesterone 2 × ioo/~g) (19) 

4 Adu l t  u n t r e a t e d  an ima l s  (7) 6 206 291. 4 18.6 -~ i .o  

5 Adu l t  ova r i ec tomized  a n im a l s  (16) 9 222 83.8 13.4 ± o.5 

All phosphorus  va lues  are expressed  in /~g P per  IOO mg  u terus  fresh weigh t  ± s t a n d a r d  error  
of the  mean.  

wi th  HC104) were de te rmined  accord ing  to  ZELLER 7 and  ~ISKE AND SUBBAROW 8. S t anda rds  and  
in te rna l  s t andards ,  in order  to  check the  absence of colour inhibi tors ,  were rou t ine ly  per formed  
w i t h  t h e  real  assays.  

RESULTS 

The results are summarized in Table I. An excellent agreement between ZELLER'S 
and FISKE AND SUBBAROW'S methods was obtained. Hence in Groups I and 5 it was 
found unnecessary to use both methods in parallel. 

I t  is obvious that  oestradiol injections on the immature rat  (Groups I and 2) 
provoke a striking increase of the phosphocreatine ( +  17o%) and ATP ( +  lOO%) 
contents and a decrease in " t rue"  inorganic phosphates ( - -42  %). When progesterone 
is injected in addition to oestradiol (Group 3), the ATP level remains the same as 
in the case of the oestradiol-injected animals, but the phosphocreatine-like fraction 
reaches a very high value ( +  335% as compared with the uninjected controls), at  
the expense of true inorganic phosphate ( - - 66% as compared with the uninjected 
controls). All these changes are highly significant: P < o.oi. 

Groups 4 and 5 show the effect of ovariectomy on adult rats. Surprisingly enough 
the high-energy phosphate level rises after ovariectomy a~d this rise is significant 
as far as phosphocreatine is concerned: + 9o% : P < o.o5. 
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o rain P Pkosphocreatine- Total 
like esters 7 rain P z8o rain P acid-soluble P 

3.9 ± o.9 3.2 4- o.4 7.3 4- o.3 15.9 93.5 4- 4 .1 

0. 3 4- 1.2 8. 7 4- 1.6 14. 5 4- I.O 25.4 4- 0.9 68.2 ± 4"5 
~od z 
0-5 4- 1.7 8.9 4- 1.7 14. 4 4- I.O - -  71.o 4- 5.9 
~od 2 
0.8 4- I . I  9.4 4- 1.7 14.3 4- 1.4 - -  68-7 4- 1.7 

0. 7 4- o . I  13.9 4- 0.3 15.9 4- 0-7 24.0 -4- Z.2 66.5 4- 1.2 
~od 
I.O 4- o.2 14.1 4- 0.4 16.4 4- o.4 23.6 4- 2.7 67.8 ± 1.2 

~od 2 
o. 3 4- 0.2 13.6 4- o . I  15.6 4- 1.5 22.7 q- 3 '3 68.1 4- 1. 7 

:2. 7 4- 1.2 3.9 4- I.O 7.I  -4- 1.6 
~od I 
:2.6 q- 0. 7 3.6 4- 1.2 7.8 -4- 1. 7 
~od 2 
:1. 3 q- 0.5 2.6 4- 0.6 7 '9  4- 0.8 

:1.2 4- I.O 7"4 4- I.O 9.3 4-4- 0.8 19.7 -~- I . I  48.3 -{- 1. 5 

M e t h o d  i : a c c o r d i n g  to  ZELLERL 
M e t h o d  2 : a c c o r d i n g  to  FISKE AND SUBBAROW 8. 

DISCUSSION 

The fact that  considerable amounts of high-energy phosphates were found in the rat  
uterus under our experimental conditions confirm MENKES AND CSAPO'S 4 v i e w s  o n  

the fragility of high-energy phosphates in the uterus and the fact tha t  separating 
the myometr ium from the endometrium is fatal to the phosphocreatine and ATP 
contents of this muscle. 

I t  is clear tha t  the increase of energy-rich phosphates under the influence of 
oestradiol reflects the overall increase of the uterine metabolism by  this hormone 
and must  be correlated with the increased turnover of ATP found by  B O R E L L  I.  The 
increase of energy-rich phosphates which has been demonstrated in the present work 
is thus more striking as it is known that  oestradiol increases the activity of ATPase 9 
and other phosphatases 1° in the uterus, which would tend to lower the high-energy 
phosphate content in this muscle. I t  must  also be considered tha t  oestradiol provokes 
a rise in the water content of the uterus TM 1~; hence the increase of high-energy 
phosphates with respect to dry weight would still be higher than  that  reported in 
the present paper. MENKES AND CSAPO 4 have not been able to demonstrate an 
increase of ATP-like esters throughout the sexual cycle of the rabbit.  This may  par t ly  
be due to the fact, that  the doses of oestradiol which have been used in the present 
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work are quite high, al though they remain  wi thin  the range of the doses used by 
WALAAS AND WALAAS 1 and  by  BORELL 2' 3 

The progesterone effect on oestradiol-injected immature  rats might  be correlated 
with the decreased contracti le ac t iv i ty  of the uter ine muscle under  the influence of 
progesterone 13 al though it  has been recent ly claimed tha t  progesterone injections 
were unable  to diminish the electrical ac t iv i ty  in the rat  uterus  14. I t  is interest ing 
to remember  tha t  MENKES AND CS.A_PO 4 found an increase of phosphocreatine in 
p regnan t  rabbi t  uteri.  

In  the case of fully mature  adul t  rats the energy-rich phosphate level in the 
uterus  is ra ther  low. The increase of this level in ovariectomized adul t  animals  might  
be due to the fact tha t  in the uterus of ovariectomized animals  phosphate-spl i t t ing 
activi t ies are very low. I t  is fur ther  notewor thy  tha t  the phosphate fractions in the 
uterus  of an  immatu re  rat  differ from the phosphate  fractions of an adul t  ovariecto- 
mized rat ,  especially with respect to phosphocreatineAike esters. This mus t  be kept 
in  mind  if one a t tempts  to compare the effect of hormone injections on immature  
rats  or adul t  ovariectomized rats. 

N.B. Since this paper  was sent  to the editor, fur ther  experiments  proved, quite 
surprisingly, tha t  an uterus, which has not  been frozen in l iquid ni trogen but  kept  
a t  o °, shows definitely higher values of energy-rich phosphates than  a frozen one. 
However, the changes induced by  oestradiol or progesterone remain the same. Fu r the r  

invest igat ions on this problem are in progress. 

SUMMARY 

Various fractions of acid-soluble ~#osphates in the rat uterus were investigated. Oestradiol was 
found to increase greatly the high-energy phosphate content of the immature rats uterus. 
Progesterone provoked a further significant increase of the phosphocreatine-like fraction, as 
compared with the rat treated with oestradiol only. The influence of ovariectomy on the acid- 
soluble phosphate fractions of the adult rat was likewise studied. The physiological significance 
of the results is discussed. 
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