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Since the  d iurnal  var ia t ion  of free and to ta l  T are mini-  
mal  be tween  10.00 h and 17.00 h, the  changes  shown in 
the  Table m a y  be a t t r i b u t e d  to the  differing endocr ino-  
logical s tates,  The low free T and  high to ta l  T in male ra ts  
(and 0var iec tomized rats) can  be clearly con t ra s t ed  wi th  
the  h igh  free T and low to ta l  T in prooes t rus  of cycling 
rats.  

The mechan i sms  under ly ing  these sex differences are 
p robab ly  complex.  The lower to ta l  T in females m a y  be 
a t t r i bu t ed  to a h igher  l iver t r y p t o p h a n  pyrrolase  acti- 
v i ty  ~. Var ia t ions  in p lasma a lbumin  in di f ferent  endo- 
crinological s tates,  or the  modif ica t ion of b inding  ca- 
pac i ty  by  gonadal  hormones ,  are possible factors  in- 
f luencing free T in cycling females  and in males.  

A compar i son  of the  free T changes,  observed in diurnal  
and oest rus  r h y t h m s  wi th  cerebral  5HT metabol i sm,  in- 
d icate  cer ta in  parallels. High  free T in p lasma is found 
dur ing the  da rk  phase,  toge the r  wi th  h igh  bra in  T. and  
high 5HT tu rnove r  11; in the  dark  phase  5HT synthes is  is 
decreased whereas  release of newly  syn thes ized  5HT is 
increased~% Lowes t  5HT concen t ra t ions  are also found 
in t he  da rk  phase  1~. Lowered  cort ical  5HT concen t ra t ions  
in t he  da rk  have  even been found in ra t s  en t ra ined  to a 
1 h l ight  - 1 h da rk  cycle 1~. 

Analogously,  the  high p lasma  free T observed  on the  
day  of p rooes t rus  m a y  reflect  cen t ra l  serotoninergic  me-  
tabol ism similar to t h a t  occuring main ly  a t  night .  This 
pos tu la t ed  high 5HT release dur ing ear ly  prooes t rus  
(which we have  observed only  indi rec t ly  as a marked  de- 
crease in endogenous  5HT concen t ra t ions  f rom 10.00 h 
to 15.00 h is ) m a y  p lay  an i m p o r t a n t  role in the  events  
leading to the  L H  surge on the  a f te rnoon  of prooes t rus  ~s. 

High  p lasma  free T in cycling ra ts  as compared  wi th  
low free T in male ra t s  m a y  similar ly reflect  obse rved  dif- 
ferences of s ignif icant ly  higher  5HT tu rnove r  in females 
t h a n  in males xg, s0. F u r t h e r  suppo r t  for a sex-specific dif- 
ference in cerebral  5HT metabo l i sm comes f rom the  ob- 
servat ion  (unpublished) t h a t  in female ra ts  killed be tween  
11.00 h and 17.00 h (the t ime of p re sumed  m i n i m u m  
bra in  T), bra in  T was marked ly  higher  t h a n  in male ra ts  
killed a t  04.00 h (the t ime of p resumed  m a x i m u m  brain 
T). These differences were par t icu lar ly  large i n  regions 
connec ted  wi th  cyclic neuroendocr ine  func t ion  - the  pre-  
optic  region, an ter ior  and med ioven t ra l  hypo tha l amus .  

Bra in  T and 5HT in mos t  of the  18 regions analyzed 
dur ing the  oest rus  cycle ~s showed a paral lel  p a t t e r n  of 
marked  changes  f rom 10.00 h to 15,00 h, w i thou t  parallel  
changes  in p lasma  free T. These resul ts  indicate  t h a t  

p lasma free T is no t  the  sole regula tor  of 5HT metabol i sm,  
bu t  t h a t  the  bra in  t r a n s p o r t  mechan i sm for T p robab ly  
p lays  a more  i m p o r t a n t  rolea. 

Al though  p lasma  free T does no t  appear  to be syn- 
chronized wi th  cent ra l  5HT metabo l i sm dur ing  the  
oest rus  cycle, it  could be pos tu la t ed  t h a t  low free T mir- 
rors a funct ional  s ta te  of high 5HT synthes is  and  high 
free T a s ta te  of h igh 5HT release. If  th is  hypothes i s  can 
be verified by  fu r the r  an imal  studies,  p l a sma  free T levels 
m a y  possibly cons t i tu te  a valuable  index  of cerebral  
serotonin  me tabo l i sm even in man.  We have  found  high 
p lasma free T in the  p remens t rua l  phase  of hea l thy  
w o m e n  ~a and also in pos t -menopausa l  endogenous  de- 
pressed women  (in prepara t ion) .  A reliable in te rp re ta t ion  
of these  results  can only  be made  wi th  a be t t e r  under-  
s t and ing  of the  complex  in ter - re la t ionships  be tween  pe- 
r iphera l  and cent ra l  T metabol ism.  
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Summary.  4-14C-Progesterone and 4-1~C-pregnenolone are metabol ized  in vi t ro  by  rabb i t  p lacenta ,  a t  day  15 and  28 
of gesta t ion,  exclusively to compounds  reduced  in r ing A (5fl) and  at  carbon 3 and 20. 

In  previous  work  f rom this  labora tory ,  i t  was demon-  
s t r a t ed  t h a t  mouse  and ra t  p lacenta l  quar te r s  are capable  
of metabol iz ing  radioac t ive  pregnenolone  and progester -  
one to  several  r ing A reduced  metabol i t es  and C19 
steroids 2, a. Es t rogen  fo rma t ion  could no t  be de tec ted  s-5. 
I t  was of  in te res t  to f ind out  whe the r  s teroidogenesis  in 
p lacen ta l  t issue of r abb i t  follows a similar pa t t e rn .  
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Table I. Recrystallization to constant specific activity of radiometabolites synthesized from 4-14C-progesterone and 4-14C-pregnenolone by 
rabbit placenta in vitro 

Specific activity (dpm/mg) 

Steroid isolated Substrate used Calculated Number of crystaIlization 

1 2 3 

5fl-pregnan-3,20-dione Progesterone 3365 3218, 3148 3109 
3748 3182 3105 

3fl-hydroxy-5fl-pregnan-20-one 3037 2765 2575 2506 
2807 2607 2533 

3~-hydroxy-5fl-pregnan-20-one 1388 1437 1353 1295 
1542 1406 1255 

3~,20~-dihydroxy-5fl-pregnane 2037 865 457 384 
4679 1471 914 

3~,20~-dihydroxy-5~-pregnane 1019 474 451 440 
3739 715 483 

5~-pregnan-3,20-dione Pregnenolone 1342 1405 1300 1308 
1580 1390 1320 

progesterone 670 620 605 592 
713 661 608 

3~-hydroxy-5fl-pregnan-20-one 1288 1056 973 957 
1674 1022 951 

pregnenolone 1548 1484 1453 1455 
1678 1504 1470 

2472 
2475 
1240 
1238 

382 
390 
439 
443 

Upper values are crystals and lower the corresponding mother liquors. The solvent systems used for recrystallization were : acetone : n-hexane, 
methylene dichloride: isooctane, acetone: water, ethanol 70%, methanol 70~ 

T h i s  p a p e r  d e s c r i b e s  t h e  in  v i t r o  m e t a b o l i s m  of  4-14C - 
p r o g e s t e r o n e  to  5 f l - r educed  m e t a b o l i t e s  b y  r a b b i t  p l a -  
c e n t a  o n  d a y  15 a n d  28 of  g e s t a t i o n .  I n  a d d i t i o n  4-1~C - 
p r e g n e n o l o n e  c o n v e r s i o n  t o  p r o g e s t e r o n e  a n d  5 f l - p r e g n a n e  
d e r i v a t i v e s  w a s  r e p o r t e d .  

Mater ia l  and methods. W h i t e  p r e g n a n t  r a b b i t s  of  D u t c h  
s t r a i n  we re  k i l led  on  d a y  15 o r  28 of  g e s t a t i o n .  T h e  p l a -  
c e n t a e  we re  r e m o v e d  i m m e d i a t e l y  a n d  e a c h  one  w a s  di-  
v i d e d  i n t o  8 p a r t s .  S a m p l e s  of  400 m g  of t i s s u e  we re  p r e -  
i n c u b a t e d  for  30 m i n ,  in  5 m l  of  K r e b s - R i n g e r  b i c a r b o n a t e  
b u f f e r  a t  37~  u n d e r  95~ 0 2 - 5  % CO s a t m o s p h e r e  in  a 
s h a k i n g  i n c u b a t o r .  A f t e r  t h a t ,  t h e  m e d i u m  w a s  d i s c a r d e d  
a n d  r e p l a c e d  w i t h  f r e s h  b u f f e r  c o n t a i n i n g  0.2 #Ci  of  4-14C - 
p r e g n e n o l o n e  (spec.  a c t i v i t y  51 # C i / m m o l ) ,  or  0.2 /~Ci of  
4 - 1 4 C - p r o g e s t e r o n e  (spec.  a c t i v i t y  60 # C i / m m o l )  d i s s o l v e d  
in  a s m a l l  v o l u m e  of  e t h a n o l .  A f t e r  2.5 h i n c u b a t i o n ,  t h e  
t i s s u e  a n d  m e d i u m  w e r e  e x t r a c t e d  3 t i m e s  w i t h  m e t h y -  
l ene  d i ch lo r ide .  F o l l o w i n g  e v a p o r a t i o n  of  t h e  s o l v e n t ,  t h e  

r e s i d u e  w a s  p a r t i t i o n e d  b e t w e e n  t o l u e n e / N  N a O H  to  
y i e ld  a p h e n o l i c  a n d  n e u t r a l  f r a c t i o n .  P u r i f i c a t i o n  a n d  
s e p a r a t i o n  of  t h e  r a d i o a c t i v e  m e t a b o l i t e s  p r e s e n t  in  b o t h  
f r a c t i o n s  w a s  a c c o m p l i s h e d  b y  p a p e r  a n d  t h i n  l a y e r  c h r o -  
m a t o g r a p h y .  T h e  r a d i o m e t a b o l i t e s  we re  t e n t a t i v e l y  
i d e n t i f i e d  b y  i d e n t i c a l  m o b i l i t i e s  w i t h  r e f e r e n c e  s t e r o i d s  
a n d  were  f u r t h e r  c h a r a c t e r i z e d  b y  d e r i v a t i v e s  f o r m a t i o n  
w h i c h  i n c l u d e d  a c e t y l a t i o n  or  o x i d a t i o n  w i t h  c h r o m i u m  
t r i o x i d e  ~. C h e m i c a l  i d e n t i t i e s  we re  f i n a l l y  e s t a b l i s h e d  b y  
r e c r y s t a l l i z a t i o n  to  c o n s t a n t  spec i f i c  a c t i v i t i e s L  T h e  
r a d i o a c t i v e  m e t a b o l i t e s  we re  d e t e c t e d  on  c h r o m a t o g r a m s  
b y  m e a n s  of  a u t o m a t i c  c h r o m a t o g r a m  s c a n n e r .  R a d i o -  
a c t i v i t y  w a s  c o u n t e d  in  a l i qu id  s c i n t i l l a t i o n  s p e c t r o -  
m e t e r  ( I n t e r t e c h n i q u e ,  Pa r i s ,  m o d e l  S L  30). 

Results.  T h e  a v e r a g e  r e c o v e r y  of r a d i o a c t i v i t y  f r o m  t h e  
i n c u b a t i o n s  w i t h  4 - 1 4 C - p r e g n e n o l o n e  a n d  4 -14C-proges -  
t e r o n e  f o l l o w i n g  m e t h y l e n e  d i c h l o r i d e  e x t r a c t i o n  w a s  7 2 -  
7 8 % .  P a r t i t i o n  of  t h e  m e t h y l e n e  d i c h l o r i d e  e x t r a c t s  be -  

Table II. Percentage distribution of radioactivity in metabolites isolated following incubation of rabbit placenta with 4-14C-progesterone 
and 4-14C-pregneuolone at different stages of gestation 

Metabolites isolated 

Progesterone Pregnenolone 

Day of gestation 

15 28 15 

Pregnenolone 
Progesterone 
Origin d- unidentified polar material 
3~,20c~-dihydroxy-5~-pregnane d- 30%20~-dihydroxy-5fi-pregnane 
3 ~-hydroxy-5~-pregnan-20-one 
3 fl-hydr0xy-5/~-pregnan-20-one 
5 fl-pregnan-3,20-dione 

68.60~1.72 
7.32d=0.66 0.87~0.05 2.43:t) 0.81 
3.95• 2.41• 13.95~= 1.03 
3.85=~0.39 3.81=t-0.22 

25.75i0 .99 34.912[:1.94 
9 .71 i0 .96  20.642~0.98 8.16d=0.58 

4 8 . 6 6 i  1.45 36.68i0 .92 6.87• 

The results are expressed as mean ~ SEM, n = 4. The data  represent % of total radioactivity recovered in each product and residual substrate 
after incubation and chromatographic separation. 
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tween  to luene /N  N a O H  showed t h a t  over  99% of radio- 
ac t iv i ty  was p resen t  in the  neu t ra l  f ract ions and only  
0.63-0.78% was associated wi th  phenolic  fractions.  The 
presence of es t rone  and  estradiol-17/3 was excluded in 
phenolic f ract ions  f rom b o t h  precursors .  Ini t ia l  pape r  
c h r o m a t o g r a p h y  of the  neut ra l  metabol i tes  f rom pro-  
gesterone incuba t ions  (in cyc lohexane:  benzene  (3: 1)- 
propylene  glycol system) resul ted in the  separa t ion  of t he  
mater ia l  into 4 zones of radioact iv i ty .  Zone 1 included:  
polar  unident i f ied  mater ia l ;  zone 2: 3e,20c~-dihydroxy- 
5/%pregnane and  3/~,20~-dihydr0xy-5~-pregnane; zone 
3: 3~-hydroxy-5/%pregnan-20-one and 3~-hydroxy-5fl- 
pregnan-20-one;  zone 4: unconver t ed  proges te rone  
and 5/%pregnan-3,20-dione. The crysta l l izat ion da t a  for 
the  metabol i tes  ident i f ied are p resen ted  in Table  I. The 
f o r m a t i o n  of tes tos terone ,  4-androsten-3,17-dione and 
5fi-androstane der iva t ives  was excluded by  crys ta l l iza t ion  
s tudy.  As can be seen f rom Table II ,  p roges te rone  was 
extens ive ly  reduced  to 5/%pregnane der ivat ives  by  the  
p lacentae  f rom b o t h  15 and 28 day  p r egnan t  rabbi ts .  I t  is 
also ev iden t  t h a t  the  yield of pregnenolone  convers ion 
was much  lower t h a n  t h a t  of progesterone.  In  the  neu t ra l  
f ract ion f rom pregnenolone  incubat ions,  p roges te rone  
was isolated. Besides, 3/%hydroxy-5/3-pregnan-20-one and 
5fi-pregnan-3,20-dione were also ident i f ied (Table I). 

Discussion.  The p resen t  results  show t h a t  reduc t ion  to  
5fl-pregnane der iva t ives  is the  only metabol ic  p a t h w a y  of 
p roges te rone  and pregnenolone  in the  p lacenta  of mid-  
ges ta t ion  and near  t e r m  rabbi ts .  E n z y m e  act ivi t ies  de- 
m o n s t r a t e d  by  the  isolat ion and ident i f ica t ion of the  

pregnenolone and proges te rone  metabol i tes  are: A 5- 
3/%hydroxysteroid dehydrogenase ,  AS,A4-isomerase, 5fl- 
reductase,  3e-, 3/%, and 20e-hydroxys te ro id  dehydro-  
genases. Pregnenolone  convers ion to progesterone,  shown 
in the  present  exper iment ,  confi rms the  previous r epor t  
of MATSUMOTO et al. s. The lack of es t rogen synthes is  in 
r abb i t  p lacen ta  has a l ready  been repor ted  9. Stereospecific 
5/%reduction in r abb i t  p lacen ta  is unique among  shor t  
ges ta t ion  species. P resen t  results  are in con t ras t  to those  
repor ted  in similar  s tudies  w i t h  mouse and ra t  p lacenta l  
quar te rs  and  homogena tes ,  in which the  the  pr incipal  
metabol i tes  were shown to be sa tu ra t ed  5~-pregnane d.e- 
r ivat ives  ~ 4. The mos t  p ronounced  difference in the  distr i-  
but ion  of enzymat i c  act ivi t ies  in the  p lacentae  of var ious  
species appears  to lie in the  absence or presence of 17- 
hydroxy lase  and 17-20 lyase act ivi ty .  The capac i ty  for 
C19 s teroid  synthes is  f rom C2~ precursors  could no t  be 
found in r abb i t  p lacenta ,  as was shown earlier in mouse  
and ra t  2,a,s. These observa t ions  emphas ize  once again 
the  i m p o r t a n t  differences which  exist  in the  na tu re  of the  
metabol i tes  formed f rom the  same precursors  by  the  same 
organ f rom different  m a m m a l i a n  species. 
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Summary .  Plasma  amine  o:~idase ac t iv i ty  increased f rom 23.4 nmol /ml /h  dur ing p regnancy  to 49.5 nmol /ml /h  dur ing 
an ex t ended  pos t  p a r t u m  period in 10 rhesus monkeys .  Compar ison wi th  non -p regnan t  control  monkeys  sampled  at  
similar t imes  ind ica ted  t h a t  the  s ignif icant  differences were in the  ex t en d ed  pos t  p a r t u m  period. 

Monoamine  oxidase,  a deamina t ing  enzyme  (MAO, 
monoamine  : O~ ox idoreduc tase  deamina t ing  EC.1.4.3.4) 
was first  discovered by  HARE ~ in 1928. I ts  ma jor  roles in 
deac t iva t ing  and degrad ing  monoamil le  neu ro t r ansmi t t e r s  
and  amine  metabol i tes ,  and in regula t ing amine  synthes is  
via  a feedback mechanism,  have  been  ex tens ive ly  re- 
viewed4 7. Various i soenzymes  are found associated wi th  
mi tochondr i a  in b o d y  tissues, platelets ,  and ne rve-end ing  
p repara t ions  f rom bra in  *-1~ A soluble enzyme found in 
the  p lasma  has d i f ferent  co-factor  r equ i rements  and  
subs t ra te - inh ib i to r  responses  f rom the  mi tochondr ia l  
MAO's  found in all o the r  tissues. The p lasma enzyme  has  
the  h ighes t  aff ini ty  for benzy lamine  n,  ~2, a l though  ty ra -  
mine has been the  mos t  f r equen t ly  s tudied subs t ra te .  
Previous  inves t iga tors  have  observed lower p lasma  MAO 
activi t ies  in women  t ak ing  syn the t i c  p roges t in -conta in ing  
pharmacologic  agents  t h a n  in age -matched  controls  ~a. 
One s t u d y  found decreases  in p lasma MAO from an 
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