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pe rmis  de  le pur i f ie r  s u f f i s a m m e n t  p o u r  o b t e n i r  u n  spec t re  
I R  i n t e r p r e t a b l e  avec  s6cur i t& 

Le  T a b l e a u  r a p p o r t e  les r~su l t a t s  o b t e n u s  chez  six 
pa t i en t e s .  D a n s  u n  cas  de  t u m e u r  m a l i gne  sur r~na l ienne ,  
nous  a e o n s  ident i f i6  avec  c e r t i t u d e  le su l fa t e  de 7-oxo- 
D H E A  d a n s  la t u m e u r .  I1 ~ t a i t  aussi  v r a i s e m b l a b l e m e n t  
p r6sen t  d a n s  les d e u x  a u t r e s  t u m e u r s  ( iden t i f i ca t ion  p a r  
une  c h r o m a t o g r a p h i c ) .  Les  t ro i s  a u t r e s  m a l a d e s  son t  
a t t e i n t e s  de  vir i l i sme.  Chez des f e m m e s  normales ,  avec  des 
pr ises  d ' e s sa i  de  p l a s m a  d u  m 6 m e  o rd re  de g r andeu r ,  nous  
n ' a v o n s  pa s  d6tec t6  de  S - 7 - o x o - D H E A .  

Composds de rd/drence. L a  7 - o x o - D H E A  a 6t6 o b t e n u  h 
p a r t i r  de  son  ac6 t a t e  (F  = 183-185°)  s p a r  s apon i f i c a t i on  
p a r  la po tasse  d a n s  le t - b u t a n o l .  Cet  a c6 t a t e  p r o v e n a i t  de 
l ' o x y d a t i o n  de l ' a c6 t a t e  de D H E A  p a r  le c h r o m a t e  de 
p o t a s s i u m  en  mil ieu a n h y d r i d e  ac6 t ique-ac ide  ac6t ique% 
Le spec t re  I R  de la 7 - o x o - D H E A  6ta i t  con fo rme  ~ celui  
de  DOBRINER et  al.  z0 

Le  S - 7 - o x o - D H E A  a 6t6 prSpar~ p a r  ta  t e c h n i q u e  de F u n  
de  n o u s  ~x. Son  spec t re  I R  es t  publ i~  c i -con t re  (F ig . )~ .  
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Ester-sulfate de 7-oxo-DHEA (Na) 

7 - o x o - D H E A :  F = 232-235 ° 
t h ~ o r i q u e  C %  75,47 H %  8,66 p o u r  C19H260~ 
t r o n v 6  C %  75,93 H %  8,80 

S - 7 - o x o - D H E A  (sel de sodium) : F = 162-165 ° 
t h6o r ique  C %  51,57 H %  6,55 p o u r  C,gH~O6SNa,2H~O 
t r o u v 6  C% 52,10 H %  6,40 

Commentaires. L ' i s o l e m e n t  du  S - 7 - o x o - D H E A  pose le 
p rob l~me  de  son  or igine.  E n  p r e m i e r  lieu, la  7 - o x o - D H E A  
ne  semble  pa s  u n  a r t e f a c t  d ' o x y d a t i o n l a ;  en  effet,  il n ' y  a 
pa s  de  paral l61isme q u a n t i t a t i f  e n t r e  la  D H E A  e t  la  7-oxo- 
D H E A  aussi  b i en  dans  les r6su l t a t s  r a p p o r t 6 s  ici que  d a n s  
nos  mesu res  u r ina i r e s  ; de  plus,  l ' a m p h 6 n o n e  e t  le SU-4885 
fon t  v a r i e r  ~t l ' i nve r se  les d e u x  st6roi 'des dans  les ur ines  14,15. 

L ' i s o l e m e n t  de  la  7 - o x o - D H E A  dans  le s ang  d ' u n e  
t u m e u r  s n r r 6 n a l i e n n e  e t  darts  le t i ssu  t u m o r a l  lu i -mSme 
p e u t  ind iquer ,  c o n f i r m a n t  l ' op in ion  de  GALLAGHER 14, la  
b i o s y n t h ~ s e  su r r~na l i enne  de  la  7 - o x o - D H E A .  P o u r t a n t ,  
apr~s  a d m i n i s t r a t i o n  de  D H E A  p a r  vole  orale  ou  i n t r a -  
m u s c u l a i r e  ~t des  adu l t e s  e t  e n f a n t s  n o r m a u x ,  nous  a e o n s  
isol6 de  la 7 - o x o - D H E A  d a n s  les ur ines ,  ce qu i  t e n d  ~ en  
faire  u n  p r o d u i t  du  m 6 t a b o l i s m e  de la D H E A .  E n  r6alit~, 
pe t l t -~ t re  la su r r6na le  pa r t age - t - e l l e  avec  d ' a u t r e s  p a r e n -  
c h y m e s  la capac i t6  d ' o x y d e r  la D H E A  sur  le c a r b o n e  7. 

S igna lons  que  d a n s  a u c u n  des  mi l i eux  6tudi6s,  nous  
n ' a v o n s  t r o u v 6  de. 7 - o x o - D H E A  l ibre  on  g lucuro-con-  
jugu~e ;  nous  l ' a v o n s  t o u j o u r s  isol~e d i r e c t e m e n t  ~ l ' 6 t a t  
de su l fa te  ou apr~s  une  sotvolyse  p a r  l ' a c6 t a t e  d ' 6 t h y l e  ~. 

Summary. The  i so la t ion  of t he  es te r - su l fa te  of 5-andro-  
s t ene  3 fl-ol 7 ,17-d ione  is descr ibed.  Th i s  su l fa te  ha s  been  
found  in t h e  p e r i p h e r a l  v e n o u s  b lood  p l a s m a  of severa l  
vir i l ized women .  Moreover ,  i t  h a s  been  i so la ted  in 3 a d r e n a l  
t u m o r s  a n d  in  t h e  a d r e n a l  v e n o u s  p l a s m a  of  one  of  t h e m .  

E.  E .  BAULIEU, R.  EMtLIOZZI e t  C. CORPECHOT 

iaboratoire d'Endocrinologie, Chimie Mddicale, Facultd de 
Mddecine, t~aris (France), le 72 ddcembre 7960. 

S t u d i e s  on  Cat ion  T r a n s p o r t  in C o l d - S t o r e d  
H u m a n  E r y t h r o c y t e s .  

I. E f fec t  o f  A l d o s t e r o n e  on  S o d i u m  
and P o t a s s i u m  T r a n s f e r  

A n  increase  of t h e  s o d i u m  c o n t e n t  of t he  e r y t h r o c y t e s  
h a s  r e c e n t l y  b e e n  d e m o n s t r a t e d  b y  one  of us  ~-~ in  severa l  
diseases w i t h  oedema,  in  essen t ia l  h y p e r t e n s i o n  a n d  in  one  
case of p r i m a r y  h y p e r a l d o s t e r o n i s m .  Th i s  increase  ha s  
been  conf i rmed ,  in  t he  o e d e m a t o u s  s ta tes ,  b y  RmCKER 
a n d  BUBNOFF ¢. 

Since all  t h e s e  diseases  a re  c h a r a c t e r i z e d  b y  a n  in-  
c reased sec re t ion  of a ldos te rone ,  a d i r ec t  effect  oI t h e  
h o r m o n e  on  c a t i o n  t r a n s p o r t  t h r o u g h  t h e  m e m b r a n e  of 
e r y t h r o c y t e s  could  e x p l a i n  t h e  inc reased  s o d i u m  c o n t e n t  
of t he  cells in t he se  cond i t ions .  

A d i r ec t  a c t i o n  of d e s o x y c o r t i c o s t e r o n e  (DOC) on  c a t i o n  
t r a n s p o r t  in  co ld -s to red  e r y t h r o c y t e s  h a s  a l r e a d y  b e e n  
d e m o n s t r a t e d  b y  SHER~,VOOD" JONES6,6: t h e  h o r m o n e  
b locked  t h e  N a  a n d  t h e  w a t e r  o u t p u t  f rom h u m a n  red  
cells i n c u b a t e d  a t  37°C a f t e r  6 days  of cold s torage .  

F u r t h e r  e x p e r i m e n t s  w i t h  a ldos t e rone  in vitro were  
ca r r ied  o u t  more  recen t ly .  SULSER and  WILBRANDT 7 
f o u n d  t h a t  a ldos t e rone  (10 -7 g / cm ~) h a s  n o t  m e a s u r a b l e  
effect  on  s o d i u m  a n d  p o t a s s i u m  t r a n s f e r  t h r o u g h  t h e  
m e m b r a n e  of co ld-s to red  h u m a n  e r y t h r o c y t e s  i n c u b a t e d  
a t  37°C. On t he  c o n t r a r y ,  FRIEDMAN a n d  FRIEDMAN s h a v e  
b e e n  able  to  b lock  w i t h  a ldos t e rone  (10 -~ g in 5 c m  3) t h e  
N a  o u t p u t  w h i c h  t akes  place in h u m a n  red  cells i n c u b a t e d  
a t  37°C a f t e r  2 -24  h of cold s torage.  

The  e x p e r i m e n t s  descr ibed  in th i s  p a p e r  were  ca r r ied  
o u t  to  s t u d y  if a ldos t e rone  modif ies  t h e  ca t ion  t r a n s p o r t  
in h u m a n  co ld -s to red  e r y t h r o c y t e s  i n c u b a t e d  a t  37°C. 

B lood  f rom h u m a n  s u b j e c t s  was  d rawn ,  s to red  a n d  
h a n d l e d  as  p r ev ious ly  desc r ibed  9. A f t e r  6 d a y s  of cold  
s torage ,  e igh t  5 ml  a l i quo t s  of e ach  sample  of b lood  were  
i n c u b a t e d  in a D u b n o f f  s h a k e r  a t  37°C, m o v i n g  a t  t h e  r a t e  
of 50 osc i l l a t ions /min  to avo id  s e d i m e n t a t i o n  of red  cells, 
A ldos t e rone  r a c e m a t e  (10 ~ in 0.1 ml  of e thano l )  was  
a d d e d  to  4 of t h e  8 s amples  before  i n c u b a t i o n ;  on ly  
0.1 m l  of e t h a n o l  was  a d d e d  to  t h e  r e m a i n i n g  samples .  
S o d i u m  a n d  p o t a s s i u m  were  m e a s u r e d  in t h e  p l a s m a  w i t h  
a B e c k m a n  D U  f l ame  p h o t o m e t e r  before  a n d  a f t e r  in-  
c u b a t i o n ;  s o d i u m  o u t p u t  a n d  p o t a s s i u m  u p t a k e  b y  t h e  
cells was  ca l cu la t ed  b y  difference,  accord ihg  to  t he  m e t h o d  
of KAHN and  ACHESON 10. The  v o l u m e  of cells was meas -  
u red  b y  m e a n s  of h e m a t o c r i t  d e t e r m i n a t i o n s  before a n d  
a f t e r  i n c u b a t i o n ,  in  dup l ica te .  

The  Tab le  shows  t h a t  e r y t h r o c y t e s  r e m o v e d  m e a s u r a b l e  
q u a n t i t i e s  of p o t a s s i u m  f rom t h e  i n c u b a t i o n  m e d i u m  a n d  
los t  m e a s u r a b l e  q u a n t i t i e s  of sod ium in t h e  s a m e  m e d i u m  
d u r i n g  i n c u b a t i o n .  A ldos t e rone  h a d  no  m e a s u r a b l e  effect  
(~P > 0.05) on  these  changes  u n d e r  t he  cond i t i ons  of t h e  
e x p e r i m e n t .  

1 G. D'Amco, Amer. J. Med. Sci. 236, 156 (1958). 
G. D'AMmo and M. BOSlSlO, in print. 
G. D'A.~IIco and M. BoslsIo, in print. 
G. RIECKER, M. V. BUBNOFF, Kiln. Vvrschr. 36, 556 (1958). 

5 E. S,ERWOOD JONES, Nature 176, 269 (1955). 
E. SIZERWOOD JONES, Exper. 14, 7~2 (1958). 
F. SULSER and W. WILBRANDT, Heir. physiol. Acta 16, C37 (1957). 

S S. M. FRIEDMAN and C. L, FRIEDMAN, Exper. 14,452 (1958). 
9 G. D'AMICO and P. P. FoL, Exper. 15, 144 (1959). 

10 j .  B. KAHN Jr. and G. H. ACUESON, J. Pharmacol. exp. Therap. 
Hs, 305 (1955). 

n D. H. P. STREETEN and A. K. SOLOMON, J. gen. Physiol. 37, 643 
(1054). 

is K. R. KOCZOREK, J. KARL, G. RIECH~R, M. EZC~E, and tt. P. 
WOLFE, Dtsch. recd. Wschr. 81, 1134 (1959). 
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Effect of aldosterone on cation transport through the membrane of Effect of SC 9420 and Ouabain on cation transport through the 
cold-stored human erythrocytes incubated for 3 h at 37°C membrane of cold-stored human erythrocytes for 3 h at 37°C 

ANa 
(mEq]lof cells -t- S. D. a) 

Control I Aldo- 
sterone 

- 15.80 - 17.90 
(±0.50) (±3.56) 
- 4.75 - 5.30 

(±0.65) (±1.42) 
- 8.05 - 9.07 

(±1.35) (±0.56) 

pb 
Control 

> 0.05 + 2.60 
(±oAo) 

> 0.05 + 1.o8 
(±0.32) 

> 0.05 + 3.70 
(±0.10) 

A K  
(mEq]l of cells:I: S. D. a 

Aldo- 
sterone 

+2.25 
(±0.85) 
+0.33 

(±0.17) 
+3.79 

(±o.18) 

pb 

> 0.05 

> 0.05 

> 0,05 

a Standard Deviation. 
b Significance of the difference of cell cation concentration 

changes in samples incubated with or without aldosterone 
(Student's ' t '  test). 

However ,  the  lack of an in  vitro ac t ion  of a tdos te rone  
on ca t ion  t r a n s p o r t  in co ld-s tored  e r y t h r o c y t e s  is n o t  
suff ic ient  ev idence  aga ins t  a d i rec t  ac t ion  in vivo as a 
possible cause of t he  increased  sod ium c o n t e n t  of h u m a n  
red  cells in the  diseases  w i th  increased  b lood levels of the  
hormone .  (See following pape r  II.)  

A d i f fe ren t  effect  of ad rena l  s teroids  in vivo and  in vitro 
on the  ca t ion  c o n t e n t  of e r y t h r o c y t e s  has  been  a l r eady  
descr ibed  ~, 11. 

STRI~ETEN and  SOLOMON n found  t h a t  ACTH and  
cort isone,  a d m i n i s t e r e d  in t r avenous ly  in man ,  p roduced  
an  increase  of t he  K e r y t h r o c y t e  con ten t ,  whereas  no 
measu rab le  e f fec t  ~ras n o t e d  by  add ing  the  s ame  h o r m o n a l  
agen t s  dur ing  the  i n  vitro i ncuba t i on  of the  cells, SHeR- 
WOOD JONES" showed  t h a t  the  in  vitro changes  p roduced  
by  DOC glucoside on  h u m a n  red  cell e r y t h r o c y t e s  are  a t  
va r iance  wi th  t he  e r y t h r o c y t i c  changes  induced  in  vivo b y  
the  a d m i n i s t r a t i o n  of large doses  of DOC ace t a t e  to  ra ts .  

An  increase of t he  s od ium c o n t e n t  of red  cells has  
r ecen t ly  been  r e p o r t e d  ~ a f t e r  a d m i n i s t r a t i o n  of a ldos te-  
t one  to  a p a t i e n t  w i t h  Add i son ' s  disease.  

Riassunto.  L 'a ldos t e rone  non  eserc i ta  a lcun e f fe t to  
sugti s cambi  a t t iv i  di  Na  e di  K che  si man i f e s t ano  in  vitro 
a t t r a v e r s o  la m e m b r a n a  di  er i t roci t i  u m a n i  i ncuba t i  a 
37°C dopo  6 giorni  di  conservaz ione  a 4°C, 

I I .  E f f e c t  o f  a S t e r o i d a l  A n t a g o n i s t  

o f  A l d o s t e r o n e  ( S C  9 4 2 0 )  o n  S o d i u m  a n d  

P o t a s s i u m  T r a n s f e r  

Severa l  inves t iga to r s  showed  t h a t  cardiac  glycosides  
and  re l a t ed  s te ro ids  w i t h  l ac tone  r ings  comple t e ly  inh ib i t  
t he  ac t ive  p h a s e  of ca t ion  t r a n s p o r t  t h r o u g h  the  m e m b r a n e  
of h u m a n  e ry th rocy tes ,  b o t h  in vitro~,Q, lo, l~, 1~ a n d  in  
vivo ~5. This  effect  has  r ecen t ly  been  refer red  to  a d i rec t  
ac t ion  of the  drugs on the  specific enzymes  which  cont ro l  
ca t ion  t r a n s p o r t  in t h e  red  celll",xL 

GANTENBEIN e t  al. ls d e m o n s t r a t e d  t h a t  s t r o p h a n t h i d i n  
acts  as an  an t agon i s t  to  desoxycor t i cos t e rone  ace ta te  
(DCA) on sod ium r eabso rp t i on  m e c h a n i s m  in'  t he  renal  
t ubu le :  t h e y  t h i n k  t h a t  cardiac  glycosides m a y  have  a 
compe t i t i ve  ac t ion  w i t h  a ldosterone- l ike  s te ro ids  for  a 
crucial  locus of ac t ion  wi th in  the  b o d y  ceils (act ing on the  
e n z y m a t i c  m e c h a n i s m s  which  con t ro l  ac t ive  ca t ion  t r ans -  
p o r t  t h r o u g h  the  cell membranes ) .  A similar  m e c h a n i s m  has  

A Na 
(mEq]l of cells 

4-S.D.~) 

Control I SC9420 

-- 22.8 -- 21.4 
(±3.15) (±0.82) 
- 26.0 - 25.7 
(±1.20) (±1.92) 

- -  1 1 . 1  - -  5.0 
(±o . io)  (±t .06)  

- 9 . 2  - 7.4 
(±2.03) (±0.88) 

0uabain 
c _ 10,55 - 0.38 

(±1.07) (~1.04) 

p b  

> 0.05 

> 0.05 

> 0.05 

> 0.05 

0.01 

A K  
(mEq]l of cells 

~:S.D.~) 

Control I SC9420 

+ 2.25 + 2.40 
(±0.54) (±0.30) 
+ 8.20 + 8.40 

(±0.10) (±0.11) 
+6.70 +6.77 

(±0.24) (-t-0.29) 
+5.22 +5.27 

(±o.21) (-4-0.30) 
Ouabain 

+5.83 - 2 . 1 9  
(±0.40) (±0.98) 

/ ,b 

> 0.05 

> 0.05 

> 0.05 

> 0.05 

<: 0.01 

a S.D. = Standard Deviation. 
b Significance of the difference of cell cation concentration 

changes in samples incubated with and without SC 9420 
or Ouabain (Student's 't '  test). 

c Average of 5 experiments. 

been  pos tu l a t ed  by  the  same inves t iga to r s  7 to  expla in  t he  
effect  of  a ldos te rone  on the  changes  induced  b y  s t r o p h a n -  
th id in  in co ld-s tored  e r y t h r o c y t e s  in  vitro: t he  h o r m o n e  
can an tagon ize  the  s t r o p h a n t h i d i n - i n d u c e d  inhib i t ion  of 
ca t ion  exchanges  t h r o u g h  the  m e m b r a n e  of co ld-s tored  
h u m a n  red cells dur ing  incuba t ion  a t  37 ° C, re -es tab l i sh ing  
a pa r t i a l  f lux of Na  f rom the  cells and  of K to  t he  cells. 

Us ing  the  same m e t h o d  prev ious ly  descr ibed  19, we 
s tud ied  the  effect  of a s tero id  wi th  a lac tone  ring, r ecen t ly  
syn thes ized ,  SC9420 or  Sp i ronolac tone  ~°, on  ca t ion  
t r a n s p o r t  in co ld-s tored  h u m a n  e r y t h r o c y t e s  i n c u b a t e d  
for 3 h a t  37°C. As the  Figure  shows,  th is  drug,  which  ac ts  
as a n t a g o n i s t  to  t h e  sod ium-re t a in ing  ac t ion  of a tdos terone ,  
c o m p e t i n g  for  a crucia l  locus of ac t ion  wi th in  t h e  rena l  
t u b u l a r  cells 21-28, has  a s t ruc tu re  which,  besides being 
s imilar  to  t h a t  of a ldos te rone ,  is also s imilar  to  t h a t  of 
ouabagen in  a n d  re la ted  s te ro ids  w i t h  tac tone  r ings  s tud ied  
b y  KAHN 1, as inh ib i to rs  of  ca t ion  t r a n s p o r t  in co ld-s tored  
e ry th rocy t e s .  Therefore ,  i t  is sugges ted  t h a t  s te ro ida l  
an t agon i s t s  of  a ldos te rone  can  a f fec t  ca t ion  t r a n s p o r t  
t h r o u g h  the  m e m b r a n e  of body  cells w i th  a m e c h a n i s m  of 
c o m p e t i t i o n  wi th  a ldos terone- l ike  Steroids for a crucial  
locus of ac t ion  wi th in  t h e  cells, such  as t h a t  pos tu l a t ed  b y  
SULSER and  ~vVILBRANDT ? for  card iac  glycosides.  

Blood f rom h u m a n  sub jec t s  was  d rawn,  s to red  and  
h a n d l e d  as p rev ious ly  descr ibed  9,1°. SC 9420 was  a d d e d  
to  one ha l f  of t h e  al iquots ,  before  incuba t ion ,  a t  a con- 

la H. J. SCHATZMANN, Helv. physiol. Acta 11, 346 (1953). 
1,1 j .  B. KAHr¢ Jr., J. Pharmacol. exp. Therap. I"21,234 (1957). 
x5 G. CAVA~I~A and G. GXUSTINA, Gazz. sanitaria 30, 1 (1958). 
16 E. GERLACH,. A. FLECKENSTEIN, and K. J. FREUNDT, Pflijgers 
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