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Concentration of DHEA, c-AMP, and free estriol in maternal and cord plasma 

EXPERIENTIA 32/1 

Parameter Initial labour During expulsion 2 h after delivery 48 h after delivery Cord artery Cord vein 

DHEA (~xg]100 ml) 

Free 2.7212 1.1 3.5=L 0.9 3.3=[= 0.7 2.6=t= 1.5 8.74- 4.4 5.7=[= 2.2 
Sulfatide 48.32t2 20.4 51.3-t- 19,7 38.24- 14.5 40,8~_+_ 18,0 112.8~ 47.5 73.4=t= 34.2 
Sulfate 32.9-4- 8.5 42.4=t= 14.4 19.0=~ 7.2 26.42~ 8.3 80.44-46.2 45.2~2 6.7 

c-AMP(pMol/ml) 11.2~ 2.8 21.0=~ 6.4 16.0-~- 4.1 14.1=t= 4.7 31.4~11.5 30.3~12.2 

Estriol(ng/ml) 10.2-r 4.3 4.0~_ 1.9 2.0=[= 1.1 0.2:~ 0.09 5.7=I= 2.7 12.1-I= 6 .7  

n a n t  w o m e n  n e a r  t e rm,  t h e  a b o v e  va lues  ind ica te  a 
d i s t i nc t  increase  in a d r e n o c o r t i c a i  ac t iv i ty .  The  e n h a n c e d  
b iosyn thes i s  of p r i m a r i l y  su l focon juga ted  D H E A  sub-  
s ided a f t e r  del ivery,  t h e  levels of t o t a l  D H E A  fal l ing 
to 60.5 ~g/100 ml  a n d  69.8 ~xg/100 ml  2 a n d  48 h resp. 
la ter .  T h a t  t he  fe ta l  ad r ena l  p rov ides  a s u b s t a n t i a l  po r t i on  
of D H E A  for p l a c e n t a l  b iosyn thes i s  of es tr iol  3 m a y  be  
g a t h e r e d  f rom c o m p a r a t i v e l y  h i g h  c o n c e n t r a t i o n s  of 
t o t a l  D H E A  in umbi l i ca l  cord a r t e r i a l  p l a s m a  (201.9 vg/  
100 ml),  t he  levels agree ing  w i t h  those  r epo r t ed  b y  SIMMER 
e t  al. 3, Concern ing  the  d i s t r i b u t i o n  of D H E A  upon  %lae 
f rac t ions  of free a n d  su l focon juga ted  steroids,  t he  f r ac t ion  
of s tero id  su l fa t ides  c o n t a i n e d  be t w een  52.7 % and  63 .1% 
of a s sayed  D H E A ,  followed b y  31 .4-43 .6% in t he  f r ac t ion  
of s tero id  sulfates,  an d  3 .2-5 .5% in t h e  f r ac t ion  of free 
s teroids.  A l t h o u g h  t h e  i n s t a b i l i t y  of s te ro id  sulfat ides4,  5 
m a y  h a v e  affected these  f igures - in  p rev ious  e x p e r i m e n t s  
t he  f r ac t ion  of s tero id  su l fa t ides  compr i sed  r o u g h l y  80% 
of t o t a l  D H E A  in pe r iphe ra l  p l a s m a  of n o r m a l  sub jec t s  - 
i t  can  be  conc luded  t h a t  t h e  fe ta l  a d r e n a l  also secretes  
D H E A  sulfat ide.  

W i t h  r ega rd  to t he  a s s um ed  i n t e r r e l a t i o n s h i p  be t ween  
D H E A  a n d  e -AMP s, t h e  p re sen t  resu l t s  revea l  a sub-  
s t a n t i a l  rise of p l a s m a  c -AMP d u r i n g  t he  expuls ion  period,  
fol lowed b y  a r ap id  decrease  a f t e r  de l ivery .  C o n c o m i t a n t  
w i t h  t h e  h igh  c o n c e n t r a t i o n s  of D H E A  in umbi l i ca l  cord  
a r t e r i a l  (or venous)  p l a s m a  also e l eva t ed  levels of c -AMP 
were Obtained,  s u p p o r t i n g  t h e  c o n t e n t i o n  t h a t  D H E A -  
especial ly  as t h e  su l fa t ide  - exer t s  a de f in i t e  inf luence  
u p o n ' p l a s m a  c-AMP. R e g a r d i n g  t he  nuc leo t ide  levels 

r e p o r t e d  here,  i t  shou ld  be  p o i n t e d  o u t  t h a t  hepa r in i zed  
p l a s m a  was used  t h r o u g h o u t  as in  p reced ing  inves t iga -  
t ions  8. Hence,  these  c o n c e n t r a t i o n s  c a n n o t  be  c o m p a r e d  
w i t h  those  ga ined  w i t h  E D T A - t r e a t e d  p lasma,  wh ich  
yields h igher  levels of c -AMP due  to i m m e d i a t e  i nh ib i t i on  
of phosphod ies te rase ,  as will  be  seen in a f o r t h c o m i n g  
c o m m u n i c a t i o n .  

W h e n  free es t r io l  was d e t e r m i n e d  in t h e  va r ious  sam-  
pies, a decl ine was obse rved  in t h e  expu l s ion  period,  
wh ich  m a y  be  a t t r i b u t e d  to  a r educed  b io syn thes i s  of 
p l acen t a l  es trogens.  W h e t h e r  a n  insuf f ic ien t  s u p p l y  of 
Cl~-steroid precursors  is r espons ib le  for  t h i s  decrease,  or  
an  i m p a i r e d  m e t a b o l i c  a c t i v i t y  of p l acen t a l  t issue,  re- 
m a i n s  to  be  seen. W i t h i n  48 h t h e  m a t e r n a l  p l a s m a  con-  
c e n t r a t i o n  of free estr iol  h a d  r e t u r n e d  to  n o n - p r e g n a n c y  
levels. I n  c o n t r a s t  to  SCHILD et  al. ~3, who  could n o t  
ve r i fy  s ign i f ican t  differences  in  t he  estr iol  c o n t e n t  of 
umbi l ica l  cord  a r t e r i a l  a n d  v e n o u s  blood, t he  h ighe r  levels  
of free estr iol  in  t h e  venous  blood,  shown  in t he  Table ,  
m i g h t  v e r y  well  h i n t  a t  i ts  p l a c e n t a l  origin.  

9 G. W. O~RTEL, P. ~{ENZEL and D. WIgNZEL, J. Steroid Biochem. 1, 
17 (1969). 

10 L. PENZ~S and G. W. OERTEL, Acta endocr, copenh. Suppl. 758, 
94 (1972). 

11 B. L. BROWN, J. D. M. A~BANO, R. P. EKINS and A. M. SCHERZI, 
Biochern. J, 121,561 (1971), 

12 R. GoEB~ and E. Kuss, Geburtsh. Frauenheilk. 34, 329 (1974). 
la W. SCmLD, K, ScH0~nonz and A. SEUKEN, Arch. GynSk. 798, 
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Summary. The  e x p e r i m e n t s  show inf luence  of p roges te rone  a n d  es t rad io l  on r egu la t ion  of enzymes  of m o n o a m i n e  
me tabo l i sm,  MAO a n d  COMT d u r i n g  p regnancy .  B o t h  t h e  h o r m o n e s  i n h i b i t  enzymes  MAO and  COMT in t h e  ad rena l s  
w h e n  d e t e r m i n e d  a t  0 h p a r t u r i t i o n .  E s t r a d i o l  ha s  s t ronge r  i n h i b i t o r y  effect  t h a n  proges terone .  The  resul t s  p rov ide  
ev idence  for i m p o r t a n t  endocr ine  imp l i ca t ion  d u r i n g  p r e g n a n c y  for processes of m o n o a m i n e  regu la t ion .  

The  role of sexual  s teroids  in r egu la t ion  of m o n o a m i n e  
m e t a b o l i s m  h a s  been  a s ub j ec t  of g rea t  i n t e r e s t  recent ly .  
H o r m o n e s  can  mod i fy  t he  physio logica l  d i spos i t ion  of 
label led amines  in  r a t  u t e rus  2, 3. P roges t e rone  increases  
m o n o a m i n e  o x i d a s e  (MAO) in t he  u t e rus  d u r i n g  es t rus  ~, 5. 
Cyclic v a r i a t i o n s  in  p roges te rone  p r o d u c t i o n  b y  ad rena l s  
and  ovar ies  d i r ec t ly  af fec t  m o n o a m i n e  me tabo l i sm6 ,  7. 
I n  t h e  ra t ,  e s t rad io l  i nh ib i t s  MAO a n d  p roges te rone  s e e m s  
to  s t i m u l a t e  t he  e n z y m e  s -n .  T he  s tud ies  in t h e  p a s t  h a v e  

been  m a i n l y  devo t ed  to  n o r m a l  or cyclic an imals ,  b u t  
h a r d l y  a n y  s t u d y  has  been  p e r f o r m e d  d u r i n g  p r e g n a n c y .  
The  p r e sen t  s t u d y  repor t s  t he  effects  of e s t rad io l  and  
p roges t e rone  on enzymes  MAO a n d  ca t echo l -O-me thy l -  
t r an s f e r a se  (COMT) d u r i n g  la te  p r e g n a n c y  a n d  p a r t u r i -  
t ion.  

Materials and methods. W h i t e  S h e r m a n  r a t s  were 
used  in al l  t h e  s tudy .  T h e  females  were  m a d e  p r e g n a n t  as  
descr ibed p rev ious ly  a n d  k e p t  a t  21 ~ w i t h  n a t u r a l  n i g h t  
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and  d a y  cycles dur ing  Apri l  and  May 12. Pa r tu r i t i on  
normal ly  occurred be tween  21st and  22nd day  of gesta-  
t ion.  All the  p r e g n a n t  females  received proges te rone  
(4 mg/100 g), es t radiol  (0.6 mg/100 g) on 19, 20 and 21 
days  of ges ta t ion  s.c. The t r e a t ed  females  were killed b y  
neck  f rac ture  a t  0 h pa r tu r i t i on  af ter  all the  fetuses  were 
born.  The adrenals  were excised and  homogenized  in 
0.9% KC1 a t  0~ for enzyme assays.  

Assay o /COMT.  One adrena l  was  homogenized  in 2 ml 
KC1 and  the  homogena t e  was  cent r i fuged for 30 rain a t  
50,000 g a t  I~ The incuba t ion  mix tu re  consis ted  of 
0.2 ml  p h o s p h a t e  buffer  (0.5 M at  p H  7.9), 20 ~1 of Mg 
C12, 20 F1 of L-adrenal ine ~3, 0.2 ml  of s u p e r n a t a n t  and  
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Fig. 1. Influence of exogenous administration of progesterone and 
estradiol to pregnant rats at 19, 20 and 21 days post eoitum on 
cateehol-0-methyltransferase activity. (COIVET) determined at 0 h 
parturition in the adrenal gland. Pgst, progesterone; Estd, estradiol; 
0 h P, zero h after parturition. 
Statistically the different groups differ: 
0 h P and Pgst (epm/adrenal gland) p < 0.01; 
0 h P and Estd (epm/100 rag) p < 0.001; 
Pgst and Estd (epm/adrenal gland and epm/100 rag) p < 0.001. 

0.1 ml  of S-adenosyl  methionine- t~C-methyl  (20 nmole).  
The mi x t u r e  was incuba ted  for 1 h a t  37 ~ The reac t ion  
was s topped  wi th  addi t ion  of 0.5 ml of bora te  buffer  
(0.5 M a t  p H  10). The res t  of the  procedure  was the  same 
as descr ibed previous ly  1~, 14 

Assay o / M A O .  The homogena t e  f rom enzyme COMT 
was fu r ther  d i lu ted  10 t imes  wi th  0.9% 1KC1 and  0.2 ml  
of i t  was used as enzyme prepara t ion .  The incuba t ion  
mix tu re  consis ted of 0.25 ml of p h o s p h a t e  buffer  (0.2 M, 
p H  7.4), 0.2 ml  enzyme p repa ra t ion  and 0.1 ml  of t r y p t a -  
mine ~4C-bisuccinate (0.1 ~zCi). Af te r  20 min incuba t ion  the  
react ion was s topped  wi th  add i t ion  of 0.2 ml  2 N HC1. 
The indole acetic acid formed was isolated in 4 ml  
acidified to luene  as descr ibed before 14, is. 

Results. Figure 1 i l lus t ra tes  the  effects of proges te rone  
and es t radiol  admin i s t r a t i on  to  p r e g n a n t  ra ts  on ac t iv i ty  
of COMT in the  adrenals  de t e rmined  at  0 h par tur i t ion .  
The ac t iv i ty  decl ined s ignif icant ly  af ter  p roges te rone  
inject ions  f rom normal  p r e g n a n t  values. The decliine was 
more  i m p o r t a n t  when  the  resul ts  were expressed per  
adrena l  gland. Es t rad io l  resul ted  in h ighly  mark ed  
decline in ac t iv i ty  only  when  the  resul ts  were expressed 
in cpm/100 mg of the  gland. The ac t iv i ty  af ter  es t radiol  
t r e a t m e n t  was also lower (cpm/adrenal)  b u t  did no t  show 
any  s ta t i s t ica l  significance. 

Figure 2 shows the  ac t iv i ty  of enzyme monoamine  
oxidase in adrena l  gland of female ra t s  a t  0 h par tur i t ion .  
The p readmin i s t r a t i on  of p roges te rone  on 19, 20 and 21 
days  pos t  co i tum did no t  show any  marked  modi f ica t ion  
in t he  enzyme  monoamine  oxidase ac t iv i ty  in b o t h  cases 
of expressed results .  The similar t r e a t m e n t  wi th  es~radiol 
p roduced  i m p o r t a n t  declines in enzyme act iv i ty .  The 
decrease af ter  es t radiol  t r e a t m e n t  was  more  marked  
when  the  resul ts  were calcula ted wi th  c p m / m g  of adrena l  
gland. However ,  in b o t h  ways  of express ing the  results,  
es t radiol  t r r a t m e n t  p roduced  declines of s ta t i s t ica l  
significance. 

Discussion. The resul ts  p resen ted  in th is  t u d y  show 
t h a t  exogenous admin i s t r a t i on  of p roges te rone  and  
es t radiol  dur ing  late  p r egnancy  decrease monoamine  
me tabo l i sm by  inhib i t ing  enzymes  monoamine  oxidase  
and  ca techol -O-methyl t ransferase .  The inh ib i to ry  effects 
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Fig. 2. Activity of enzyme monoamine oxidase (MAO) in the adrenal 
gland of pregnant rats subjected to progesterone and estradiol 
administrations on 19, 20 and 21 days post coituln. The activity of all 
the groups was determined at 0 h after parturition when all the 
fetuses were born. 0 h P, zero h after birth; Pgst, progesterone; 
Estd, estradiol. Significance of differences between the 3 groups are 
the following: 
0 h P and Estd (epm/mg) p < 0.001; 
0 h P and Estd (epm/adrenal gland) p < 0.001. 
Progesterone administration did not induce any decrease of xtatistical 
significance. 
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of es t rad io l  on  a c t i v i t y  of e n z y m e  m o n o a m i n e  oxidase  
are  in  a g r e e m e n t  w i t h  p rev ious  s tud ies  on  n o r m a l  a n d  
cyclic an ima l s  ls,~v. HOLZBAUER a n d  YOUDIM% ~ no t iced  
increase  in a c t i v i t y  of e n z y m e  m o n o a m i n e  oxidase  a f te r  
p roges te rone  p r e t r e a t m e n t  of female  r a t s  d u r i n g  es t rus  
cycle. B u t  we f ind i nh ib i t i on  of t he  m o n o a m i n e  oxidase  
a t  0 h pa r t u r i t i on .  This  could be  i n t e r p r e t e d  on  t he  basis  
of 2 m a j o r  d i sc repanc ies :  1. The  endocr ine  s t a t u s  of 
p r e g n a n t  r a t s  du r ing  la te  ges t a t ion  a n d  a t  0 h pa r t u r i t i on .  
2. Use of d i f fe rent  s u b s t r a t e s  for m o n o a m i n e  oxidase  
assays.  

The  f i rs t  p o i n t  is t h e  mos t  i m p o r t a n t ,  s ince d u r i n g  la te  
p r e g n a n c y  t h e r e  a re  m a r k e d  f l uc tua t ions  in  t h e  secre t ion 
of p roges te rone  and  es t rogens  in t he  ra ts .  Es t r ad io l  con- 
c e n t r a t i o n  in p l a s m a  a n d  ovar ies  increases  severa l  fold 
f rom 17th  d a y  pos t  c o i t u m  to the  onse t  of p a r t u r i t i o n  ~s 
whereas  p roges te rone  c o n t e n t  is g rea t ly  depressed  d u r i n g  
t he  las t  few days  o5 ge s t a t i on  ~9, ~0. Moreover ,  t he  r a t io  of 
free and  b o u n d  p roges te rone  changes  m a r k e d l y  a p p r o a c h -  
ing p a r t u r i t i o n  ~. This  is w h y  r ecen t  r epor t s  on  t he  role 
of p roges te rone  in con t ro l l ing  m o n o a m i n e  m e t a b o l i s m  in 
n o r m a l  a n d  cyclic an ima l s  c a n n o t  be  c o m p a r e d  w i t h  our  
p r e sen t  f ind ings  in p r e g n a n t  r a t s  due  to  g rea t  modi f ica t ions  
in endocr ine  g land  secre t ions  du r ing  p regnancy .  The  
second reason  is t h e  choice of s u b s t r a t e  for e n z y m e  assays.  
R e c e n t l y  i t  has  been  shown  t h a t  b o t h  the  enzymes  of 
m o n o a m i n e  m e t a b o l i s m  exis t  in  m a n y  mul t ip l e  forms,  
each  h a v i n g  i ts  own specific phys i cochemica l  proper t ies .  
HOLZBAUER a n d  YOUDIM 6' 7 found  t h a t  a c t i v i t y  of mono-  
a m i n e  oxidase  was m u c h  h ighe r  w h e n  t h e y  used t y r a m i n e ,  
k i n u r a m i n e  or d o p a m i n e  as a subs t r a t e ,  whi le  i t  was  h a r d l y  
changed  us ing  t r y p t a m i n e  as a subs t r a t e .  W e  used 
t r y p t a m i n e  as a s u b s t r a t e  for our  m o n o a m i n e  oxidase  
assays.  I t  m a y  be  a n  i m p o r t a n t  e x p l a n a t i o n  for t he  dis- 

c r e p a n c y  in results .  The  role of endocr ine  func t i on  for 
r egu la t ion  of m o n o a m i n e  m e t a b o l i s m  dur ing  p r e g n a n c y  
can  also be  s u p p o r t e d  b y  our  r ecen t  p a p e r  on  t he  e v o l u t i o n  
of enzymes  m o n o a m i n e  oxidase  and  c a t e c h o l - 0 - m e t h y l -  
t r ans fe r a se  du r ing  la te  p r e g n a n c y  a n d  p a r t u r i t i o n ~ .  W e  
obse rved  v a r i a t i o n s  of h igh  s t a t i s t i ca l  s ignif icance in 
release, s torage  a n d  excre t ion  of c a t echo l amines  d u r i n g  
p r e g n a n c y  in r a t s  and  r a b b i t s  ~a, =~. 

F r o m  the  p r e sen t  resul ts ,  i t  is e v i d e n t  t h a t  e s t rad io l  
and  p roges te rone  a d m i n i s t e r e d  exogenous ly  i n h i b i t  t he  
processes  of m o n o a m i n e  m e t a b o l i s m  d u r i n g  la te  pre-  
gnancy .  The  m e c h a n i s m  of ac t ion  of p roges te rone  seems 
d i f fe ren t  in  n o r m a l  a n d  p r e g n a n t  an imals ,  s ince endoc r ine  
a c t i v i t y  is g r ea t l y  modi f ied  due  to  ges ta t ion .  E s t r a d i o l  
i n h i b i t i o n  is s t ronger  t h a n  proges te rone .  These  resu l t s  
m a y  h a v e  some cl inical  imp l i ca t ion  for  t o x a e m i c  and  ir-  
r egu la r  pregnancies .  
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Effets pr6coces de l 'hormone de croissance sur les phosphates  s6riques et urinaires du rat 

Early Effects of Growth Hormone on Blood and Urinary Inorganic Phosphorus  in the Rat 

I). DURAND, M. PRs e t  Y. RAOUL 

Laboratoire de Physiologie, U .E .R .  Mdcanisme d'action des mddicaments et des toxiques, 4, avenue de l'Observaloire, 
F-75270 Paris Cedex 06 (France), et Facultd mixte de Mddecine et Pharmacie, 1v-d9 Angers (France), 4 aogtt 7975. 

Summary .  F r o m  the  k ine t ic  s t u d y  of t h e  effects of one single g r o w t h  h o r m o n e  (GH) in jec t ion  on t he  p h o s p h a t e  m e t a b -  
olism, i t  appea r s  t h a t  t h e  inf luence  of G H  on t he  s e rum p h o s p h a t e  level  is b iphas i c :  a decrease  is fol lowed b y  a n  in- 
crease. Converse ly  G H  leads to an  ear ly  decrease  of t he  u r i n a r y  p h o s p h a t e  excre t ion .  

De n o m b r e u x  fairs  e x p 4 r i m e n t a u x  e t  c l in iques  impl i -  
q u e n t  l ' h o r m o n e  de croissance (GH) darts le m 6 t a b o l i s m e  
de l ' ion p h o s p h a t e .  Celle-ci fa i r  d i spa ra i t r e  l ' h y p o p h o s -  
p h a t 6 m i e  cons6cut ive  g t ' h y p o p h y s e c t o m i e  1. Son h y p e r -  
secr4t ion darts l ' ac rom4gal ie  2 s ' a c c o m p a g n e  d ' u n e  h y p e r -  
p h o s p h a t 4 m i e  p o u v a n t  auss i  6tre  o b t e n u e  chez l ' t t o m m e  a 
e t  chez l ' a n i m a l  g cond i t ion  que  l ' h o r m o n e  soi t  admin i s t rde  
p e n d a n t  p lus ieurs  jours  4 e t  qu ' i l  y a i r  une  i m p r 4 g n a t i o n  
t h y r 0 x i n i q u e  suf f i san te  ~, 

C e p e n d a n t  a u c u n e  4rude des effets a igus de G t t  ne  
p e r m e t  a c t u e l l e m e n t  d ' a t t r i b u e r  g G H  u n  r61e d a n s  
l ' hom6os tas ie  du m4 t abo l i s m e  des p h o s p h a t e s  e t  en  
pa r t i cu l i e r  dans  la r~gula t ion  de la  phospha t4mie .  Or 
ce t te  r6gu la t ion  pose le p rob lgme  de la c o m p o s a n t e  
h y p e r p h o s p h a t 4 m i a n t e .  E n  effet  la p a r a t h o r m o n e  e t  la 
thy roca lc i ton ine ,  qui  a s s u r e n t  la  r6gu la t ion  de la  calc6mie 
p a r  louts  effets in .verses  sur  le m 6 t a b o l i s m e  osseux, 
ag issen t  darts le m b m e  sons sur  le t a u x  s4rique des 

phosphates entralnant une hypophosphat6mie. Hyper- 
phosphat6miante g long terme, GH peut repr6senter le 
faeteur tendan• g 61ever la phosphat6mie et g s'opposer 
ainsi aux effets hypophosphat6miants de la parathor- 
mone et de la thyrocalcitonine. Afin de v4rifier cette 
hypoth&se nous avons poursuivi l'4tnde cin4tique des 
effets d'une injection unique de GH, donc g court terme, 
sur les phosphates s6riques ef urinaires du rat normal. 

Mdthodes. Les rattes Sprague Dawley utilis4es, gg4es 
de plus de I00 jours, regoivent un r4gime standard 
(calcium; 0,81 g/100 g, phosphore 0.55 g/100 g) au 
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