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activit6.  Afin de v6rifier  si une par t ie  au moins de l ' ac t iv i t6  
6tai t  li6e A la mol6cule des entra ineurs ,  nous avons  appl iqu6 
la r ad iochromatograph ie  fonct ionnel le  (cf. MATHIS e t  
OURISSON% (La bande No. 5, cor respondant  ~t la fois A la 
11-d6hydrocort icost6rone et  ~ la 11-d6soxy- 17 ~-hydroxy-  
cort icost6rone,  a 6t6 divis6e en 2 moiti6s, la 11-d6hydro- 
cort icost6rone recherch6e dans  l 'une  et  la 11-d6soxy-17 cc- 
hydroxycor t icos t6rone ,  dans l 'autre .)  Apr~s 3 t ransforma-  
tions, plus aucune act iv i t6  n ' a ccompagna i t  les d6riv6s de 
l 'a ldost6rone,  de la cor t isone et  de la l t -d6soxy-17~-hy-  
droxycort icostdrone.  Par  contre,  elle resta li6e aux pro- 
duits  de t rans format ion  de l 'hydrocor t isone,  de la corti-  
cost6rone, de la 11-d6hydrocort icost6rone e t  de ta 11-d6s- 
oxycort icost6rone.  (L 'hydrocor t i sone  a 6t6 ac6tyt6e, l 'ac6- 
t a te  hydrolys6 et  l 'hydrocor t i sone  r6g6n6r6e oxyd6e par  
NaBiOa;  la cort icost6rone a 6t6 ac6tyl6e, l ' ac6ta te  oxyd6 
par  CrO~ et  l ' ac6ta te  de d6hydrocor t icos t6rone obtenu 
hydrolys6.) La Figure  2 mont re  les r ad ioch roma tog rammes  
se rappor tan t ,  le l e r  A la l l -d6soxycor t i cos t6 rone  r6g6- 
n6r6e ~ par t i r  de l 'ac6tate ,  le 2e au p rodu i t  de r6duct ion 
par  N a B H , ,  le A6-pr6gn~ne-3,20,21-triol,  le 3e ~ la l l -  
d6hydrocor t icost6rone r6g6n6r6e X par t i r  de l 'ac~tate  et 
le 4e au p rodui t  de r6duct ion par  NaBH~, le A~-prfgn~ne - 
1 I-one-3, 20, 21-triol. 

Conclusion. Nous pouvons  donc aff i rmer la pr6sence 
d 'hydrocor t i sone ,  de corticost6rone,  de l l -d6hydrocor t i -  

cost6rone et de 11-d6soxycort icost6rone radioact ives  dans 
l ' ex t r a i t  chromatographi6  et  conclure ~ la s6cr6tion de ces 
4 hormones  par  la surr6nale embryonna i r e  de Veau 
cult iv~e in vi t ro.  

Summary. Pieces of foetal  bovine  adrenals  were cul tured  
in v i t ro  in the  presence of 1*C-1 sodium acetate .  The  
following rad ioac t ive  cort icosteroids  were sought :  aldos- 
terone,  cortisone, hydrocor t i sone ,  cort icosterone,  l l -de-  
hydrocor t icos terone,  l l - deoxyco r t i cos t e rone  and 11-de- 
oxy-17a-hydroxycor t i cos te rone .  Four  of t hem have  been 
ident i f ied by th in- layer  r ad ioch roma tog raphy  and der iva-  
t ive  format ion,  i.e. hydrocort isone,  cort icosterone,  l l - d e -  
hydrocor t icos te rone  and 11-deoxycort icosterone.  
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In vivo Perfusion of the Human  Ovary with 4-14C-Dehydroepiandrosterone and 7¢t-3H - Dehydroepi-  
androsterone ~S-Sul fate .  Biosynthes is  of Steroid Hormones  in Human Gonads,  V 

Only recen t ly ,  t he  in v ivo  perfusion of h u m a n  testes  
wi th  sui table  precursors  revea led  the  di rect  t ransforma-  
t ion of su l foconjugated  dehydroep iandros te rone  (DHEA)  
to  su l foconjugated  androgens  and estrogens 1-3. On the  
o the r  hand,  the  con t r ibu t ion  of su l foconjugated  D H E A  to 
the  biogenesis of free androgens  and estrogens remained  
insignificant .  The  present  communica t ion  deals wi th  simi- 
lar  inves t iga t ions  on the  biosynthesis  of C~- and C~8- 
steroids by  the  h u m a n  ovary .  

In  a 37-year-old female pa t i en t  undergoing ova r i ec tomy  
due  to  breast  cancer,  the  lef t  ova ry  was perfused v ia  the  
R a m u s  tubar ius -Vena  ovar i ca  wi th  rad iochemica l ly  pure  
substra te ,  consist ing of 91.5 /~g 4A4C-DHEA wi th  
10,130,000 cpm 14C and 75.3 /zg Na-7c~-3H-DHEA 
35S-sulfate w i t h  8,104,000 c p m  3H and 536,000 cpm asS 
(SH/3sS = r = 15.1). Ovar ian  ve in  blood was collected 
for 40 rain, y ie lding 212.0 ml  of hepar in ized plasma.  Af ter  
exhaus t ive  ex t rac t ion  of free steroids wi th  3 × 2 Vol 
chloroform the  p re -ex t rac ted  p lasma was t rea ted  wi th  
2 × 10 Vol ace tone-e thanol  (1 : 1 v/v) .  For  isolat ion of the  
var ious  conjuga te  f ract ions  in the  f i l t ra te  co lumn chro- 
m a t o g r a p h y  on D E A E - S e p h a d e x  A-50 and subsequent  
th in- layer  c h r o m a t o g r a p h y  of resul t ing steroid sulfatides 
and sulfates on silica gel G in ch loroform-methanol -  
a m m o n i a  (15 :5 :0 .2  v /v)  p roved  to be eff icient  4. Whi le  
*/a of the  combined  sul foconjugates  were sub jec ted  to 
solvolysis in e thyl  aceta te /sul fur ic  acid ~, individual  sulfo- 
conjuga tes  in the  remain ing  a l iquot  were separa ted  by  
th in - layer  c h r o m a t o g r a p h y  in ch loroform-methanol -  
a m m o n i a  (10: 10: 0.2 v/v)  and by  paper  c h r o m a t o g r a p h y  
on M & N  paper  2214 F F  in hexane- i sopropyl  ether-  
t -bu tano l -wa te r - ammonia  (2: 5 : 3 : 9 : 1 v /v)  s. Severa l  of 
the  isolated steroid sulfates were submi t t ed  to  addi t ional  

pur i f ica t ion  by consecut ive  c h r o m a t o g r a p h y  in the  fore- 
going 2 systems,  a l iquots  being solvolysed in order  to 
establish the  14C-content of the  steroid moie ty  and to 
charac ter ize  the  l iberated compound.  F r o m  the  d i f ferent  
f ract ions of free and l ibera ted  steroids es t rogens were 
r emoved  by  rout ine  procedures  7, separa ted  by repea ted  
th in- layer  c h r o m a t o g r a p h y  ~ and quan t i t a t ed  by  gas- 
l iquid c h r o m a t o g r a p h y  of the  ace ta tesL  Neu t ra l  s teroids 
were resolved by repeated  th in- layer  c h r o m a t o g r a p h y  in 
different  so lvent  sys tems 8 and assayed by the  2, 4-dinitro-  
pheny lhydraz ine  m e t h o d  10 or t he  OERTEL--EIK-NEs reac- 
t ion n Rad ioac t ive  zones on c h r o m a t o g r a m s  were 
localized in a Ber thold  TL  Scanner  Mod. 2720, while ~4C-, 
al l-  and 3~S-activity in a l iquots  of all f ract ions  were 
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Table I. Free Ctg- and Cls-steroids in ovarian vein plasma 

Specialia EXPERIENTIA 24/6 

Steroid cpm r % ~H 
3H/ttC 

o/o 14C /~g SA ~H 
SA tic 

SA 3H 
SA 14C 

13 

Dehydroepiandrosterone 620,000 0.25 84.01 85.06 32.0 19,400 18,700 
2,516,000 78,600 75,900 

Androstenediol 14,300 0.34 1.93 1.43 1.6 8,930 8,340 
42,200 26,400 24,700 

Androstcnetriol 16,700 0.23 2,27 2.53 2.0 8,360 8,820 
72,800 36,400 38,100 

16~-Hydroxy-dehydro- 8,680 0.21 1.18 1.37 1.1 7,890 
epiandrosterone 40,600 36,900 

16- Keto-androstcncdiol 4,340 0.22 0.59 0.66 0.6 7,230 
19,600 32,700 

Androstenedione 27,900 0.21 3.79 4.60 3.1 8,990 8,520 
136,000 43,900 40,400 

Testosterone 10,900 0.37 L47 1.00 0.7 15,500 15,900 
29,600 42,300 43,800 

Androsterone 3,820 0.42 0.52 0.31 1.2 3,180 
9,060 7,550 

Etioeholanolone 4,900 0.39 0.66 0.43 1.1 4,450 
12,600 11,500 

Androstandione [ 5,260 0.28 0.71 0.64 0.6 8,770 
Etiocholandione I 18,700 31,200 

Estrone 3,240 0.70 0.44 0.16 0.76 4,260 4,520 
4,620 6,080 6,200 

Estradiol 4,620 6.28 0.63 0.02 0.96 4,810 4,440 
736 767 764 

Estriol 2,980 0.67 0.40 0.15 0.55 5,420 5,510 
4,440 8,070 8,300 

X x 10,440 0.34 1.41 1.03 
30,600 

After third chromatography, b after fifth chromatography. SA, specific activity. 

d e t e r m i n e d  in  a P a c k a r d  T r i ca r b  S p e c t r o m e t e r  Mod. 3010 
b y  s i m u l t a n e o u s  c o u n t i n g  x2. F o r  f u r t h e r  c h a r a c t e r i z a t i o n  
of free a n d  su l focon juga t ed  s teroids ,  pu r i f i c a t i on  to  
c o n s t a n t  specific a c t i v i t y  a n d  i so tope  rat ios ,  e v e n t u a l l y  
a f t e r  reverse  i so tope  d i l u t i on  w i t h  s t a n d a r d  ma te r i a l ,  
s eemed  a d e q u a t e .  

Bes ides  7,832,000 c p m  x4C or  77 .2% of or ig ina l  x'C- 
a c t i v i t y  t h e  f r ac t i on  of free s te ro ids  also c o n t a i n e d  
1,786,000 c p m  3H or  22 .0% of in fused  3H-ac t iv i ty ,  t h u s  
h i n t i n g  a t  a p r o n o u n c e d  su l fa t a se  a c t i v i t y  in  o v a r i a n  
t i ssue  1~. T h e  c o m p o s i t i o n  of t h e  f ree  f r ac t i on  a n d  t h e  
specif ic  a c t i v i t y  of i so la t ed  i n d i v i d u a l  s t e ro ids  a re  s h o w n  
in  T a b l e  I .  F r o m  s u b s t a n t i a l  ZH-ac t iv i ty  in  free a n d r o -  
s t ened ione ,  t e s to s t e rone ,  as  wel l  as  es t rone ,  e s t r ad io l  a n d  
estr iol ,  i t  b ecomes  q u i t e  e v i d e n t  t h a t  a cons ide rab le  por-  
t i o n  of free a n d r o g e n s  a n d  es t rogens  in  o v a r i a n  ve in  b lood  
h a s  b e e n  f o r m e d  f rom s u l f ocon j uga t ed  D H E A .  A t  t h e  
s a m e  t i m e  t h e  lower  specific a c t i v i t y  of m e t a b o l i t e s  indi -  
ca te s  a d i l u t i o n  b y  e n d o g e n o u s  c o m p o u n d s .  

T h e  f r ac t i on  oI su l foconjuga tes ,  compr i s ed  of 60 .2% 
s te ro id  su l fa t ides  a n d  39 .8% s t e ro id  sulfa tes ,  y ie lded  
4,822,000 c p m  8H or  59 .5% of  i n j e c t e d  ~H-ac t iv i ty  a n d  

358,000 c p m  asS + 14C. Af te r  s u b t r a c t i o n  of laC t h e  iso- 
t o p e  r a t i o  ~H/35S was  f o u n d  to  be  21.0 i n s t e a d  of 15.1, 
re f lec t ing  a 28 .2% loss of 3sS in s te ro id  su l foconjuga tes .  
On t he  bas is  of t h i s  loss of 8sS a n d  t h e  a p p e a r a n c e  of 14C 
in  t h e  f r ac t i on  of su l foconjuga tes ,  i t  could  be  ca l cu la t ed  
t h a t  t h e  f r ac t i on  of c o m b i n e d  s t e ro id  su l fa t ides  a n d  sul- 
fa tes  in  o v a r i a n  ve in  b lood  was  composed  of app rox i -  
m a t e l y  69 .4% aH- a n d  35S-labelled, 27 .1% on ly  aI-I- a n d  
3 .5% on ly  xdC-labelled su l foconjuga tes .  No  labe l led  
s t e ro id  g lueuronos ides  were  d e t e c t e d  i n  o v a r i a n  v e i n  
blood.  T h e  p resence  of laC-labelled as well  as m e r e l y  3H- 
label led  su l focon juga t ed  Clg- a n d  C18-steroids in  o v a r i a n  
e f f luen t  c lear ly  p r o v e s  a n  app rec i ab l e  su l fok inase  a c t i v i t y  
of o v a r i a n  t issue,  p a r t  of t h e  s u b s t r a t e  b e i n g  f o r m e d  
t h r o u g h  hyd ro lys i s  of su l foconjuga tes .  I n  a d d i t i o n  t o  

12 K. J. OKITA, J. J. KABARA, 12. RICHARDSON and G. V. L~RoY, 
Nucleonics t5, 110 (1957). 
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Table II. Sulfoconjugated Ctg- and Ct,-steroids in ovarian vein plasma 
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Steroid cpm r cpm r 
~H/3~ S a 3H/S5 S b 

I cpm % 8H % laC /~g SASH 
sill 14C ° SA 14C 

Dehydroepiandrosterone 398,000 22.6 
17,600 

Androstenediol 6,340 20.4 
310 

Androstenetriol 18,200 19.3 
945 

16~-Hydroxy-dehydro- 
epiandrosterone 

16-Keto-androstenediol 

Androsteneddone 2,610 22.3 
117 

Testosterone 2,530 21.1 
120 

Androsterone 

Etiocholanolone 

Androstandione I 
Etiocholandione f 
Estrone 2,460 20.3 

I21 
Estradiol 2,520 21.0 

120 

Estriol 

X1 

350,000 
16,500 

5,750 
278 

15,400 
742 

2,040 
95 

2,120 
97 

21.2 

20.7 

20.8 

21.5 

21.9 

2,050 22.3 
92 

2,140 22.3 
96 

2,059,000 87.46 85.52 93.5 22,000 
45,600 488 

16,200 0.69 1.14 2.4 6,750 
610 254 

60,000 2.55 2.48 2.8 21,400 
1,320 471 

95,900 3.80 3.90 4.2 22,800 
2,080 496 

62,600 2.66 3.23 2.9 21,600 
1,720 593 

5,420 0.23 0.36 0.9 6,020 
150 167 

16,000 0.68 0.73 1.1 14,500 
390 355 

8,560 0.36 0.84 17.4 491 
448 26 

9,690 0.41 0.53 5.8 1,670 
282 49 

2,500 0.11 0.15 1.7 1,470 
78 46 

4,920 0.20 0.23 0.89 5,530 
120 135 

3,660 0.16 0.28 0.61 6,000 
150 246 

3,470 0.15 0.20 0.54 6,420 
106 196 

7,230 0.31 0.50 
268 

Calculated after third and b after fourth chromatography of sulfoconjugates and solvolysis of an aliquot. ° After solvolysis of '1~ of sulfo- 
conjugates. SA, specific activity. 

D H E A  as t h e  p r e d o m i n a n t  s t e ro id  in  t h e  f r ac t i on  of sulfo- 
c o n j u g a t e s  (Table  I I ) ,  also doub le - l abe l l ed  a n d r o s t e n e -  
dione,  t e s tos t e rone ,  e s t rone  a n d  es t r ad io l  su l fa te  were  
i so la ted  a n d  p rope r ly  ident i f ied .  Such  d a t a  s u p p o r t s  
p r ev ious  f ind ings  c o n c e r n i n g  t h e  d i rec t  t r a n s f o r m a t i o n  of 
su l focon juga t ed  D H E A  u n d e r  in  v i v o  cond i t i ons  8. Again,  
t h e  a p p a r e n t  decrease  in t h e  specific a c t i v i t y  of n u m e r o u s  
m e t a b o l i t e s  in  t h e  f r ac t i on  of su l focon juga tes  is caused  
b y  v a r y i n g  d i l u t i on  w i t h  non- l abe l l ed  e n d o g e n o u s  com-  
pounds .  These  m a y  be  c o n t r i b u t e d  f rom d i f fe ren t  pools  
w i t h i n  t h e  ovary ,  f r om t h e  genera l  p l a s m a  pool  (as is 
p r o b a b l e  in  t h e  case o f  a n d r o s t e r o n e  a n d  e t iocholanolone) ,  
or  p e r h a p s  b y  b i o s y n t h e t i c  p a t h w a y s  n o t  i n v o l v i n g  sulfo- 
c o n j u g a t e d  D H E A .  

A l t h o u g h  def in i t e  conc lus ions  as to  t h e  b i o s yn t he s i s  of 
i n d i v i d u a l  s te ro ids  b y  specific r o u t e s  a p p e a r  to  be  d i f f icul t  
i n  v iew of r a t h e r  h i g h  s u b s t r a t e  c o n c e n t r a t i o n s  a n d  some-  
t i m e s  l imi t ed  r a d i o a c t i v i t y ,  t h e  d i r ec t  t r a n s f o r m a t i o n  of 
su l focon juga t ed  D H E A  a n d  i ts  role  as  p r ecu r so r  of free 
a n d r o g e n s  a n d  es t rogens  in  o v a r i a n  ve in  Mood seems of 
p a r t i c u l a r  i n t e r e s t  14. 

85S-sulfat l agen  r u n d  15% de r  f re ien C19- u n d  Cls-s teroide 
i m  O v a r i a l v e n e n b l u t  als SH- u n d  85% als t4C-mark ie r te  
V e r b i n d u n g e n  vor .  Die  F r a k t i o n  de r  s u l f o k o n j u g i e r t e n  
Steroide ,  b e s t e h e n d  aus  60% S te ro id su l f a t i den  u n d  40% 
Ste ro idsu l fa ten ,  e n t h i e l t  e t w a  69% d o p p e l t m a r k i e r t e ,  
27% 3H- u n d  4 %  14C-markierte Su l fokon juga te .  N e b e n  
d e m  vorzugsweise  d i r e k t e n  M e t a b o l i s m u s  des  sulfo- 
k o n j u g i e r t e n  D H E A  liess s ich a u c h  ein i n d i r e k t e r  Stoff-  
wechse l  zu A n d r o g e n e n  u n d  ~)s t rogenen  nachweisen .  
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