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Die oben beschr i ebenen  R e a k t i o n e n  s tel len somi t  die 
ers te  P a r t i a l s y n t h e s e  yon Aldos te ron  aus 18-unsubst i -  
t u i e r t en  na t i i r l ichen S te ro iden  dar .  
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Summary 

The p repa ra t i on  of the  ( 1 8 +  l l f l ) - l ac tone  of J~-3- 
e thy lened ioxy-  11 f l -hydroxy-21-ace toxy-  20 - o x o -  pregnen-  
18-oic acid (XV) is repor ted .  Since th is  c o m p o u n d  has  pre-  
viously  been t r a n s f o r m e d  into  a ldos terone ,  t he  reac t ions  
descr ibed  r ep re sen t  the  first  pa r t i a l  syn thes i s  of th is  im- 
p o r t a n t  h o r m o n e  f rom readi ly  avai lable  18-unsubs t i tu ted  
na tu ra l  s teroids.  

T h e  A n t i t o x i c  E f f e c t  o f  A l d o s t e r o n e  

Adrena l  ho rmones  - -  inc luding those  p roduced  by  the  
medul la ,  such  as nor -adrena l ine ,  and  those  e m a n a t i n g  
f rom the  cor tex ,  such  as a ldos te rone  --  are essent ia l  for 
ce r ta in  ca rd iovascu la r  effects  of endogenous  amines .  
Aldos te rone  cons t i t u t e s  an excep t ion  a m o n g  the  cort i-  
cos teroids  i na sm uch  as no o t h e r  adrenocor t i ca l  subs tances  
have  been found  to  d i sp lay  an effect  ana logous  to  t h a t  
of a ldos te rone  1-3. The e x p e r i m e n t s  descr ibed  below con- 
f i rm the  i m p o r t a n c e  of the  role of a ldos te rone  in home-  
ostasis .  

Bac te r ia l  t ox ins  are  l iable to  give rise to  a l e tha l  syn-  
d r o m e  charac te r i sed  chief ly  b y  hemor rhages ,  involv ing  
also t h e  adrena l s  in par t icular ,  and  b y  c i rcu la to ry  failure. 
We  there fore  inves t iga ted  w h a t  ef fect  a ldos te rone  a, as 
one of t he  genuine  cor t ical  subs tances  8, has  upon  th is  
synd rome .  

Our  e x p e r i m e n t s  were  carr ied ou t  on cats  anaes the t i s ed  
wi th  Dia l -u re thane  (Dial, Ciba, 30mg/kg  i. p. and  30 mg/kg  
s.c.) .  The  e n d o t o x i n  emp loyed  should,  on the  one hand ,  
be such  as to  p roduce  d e a t h  w i th in  t he  t ime  l imits  im- 
posed  b y  the  acu te  na tu r e  of t he  expe r imen t ,  bu t ,  on t h e  
o t h e r  hand ,  i t  should  n o t  h a v e  such  an  acu te  ac t ion  t h a t  
i t  becomes  imposs ib le  to  ana lyse  the  resu l t ing  c i rcu la to ry  
failure.  Consequen t ly ,  we se lec ted  e n d o t o x i n s  which,  
g iven in c o m p a r a t i v e l y  smal l  i n t r avenous  doses,  were  
capable  of killing all the  anaes the t i s ed  b u t  o therwise  un-  
t r e a t ed  cats  w i th in  an average  of 11/2-2 h 4. 

The p repa ra t ions  used were of the  po lysacchar ide  t y p e  
ob t a ined  f rom P r o t e u s -  Prep .  19338/7, 20117/1, and  
23871/5 ( K A a N T ) - - a n d  f rom Serratia, i.e. Prep .  22148/E 
(SHEAR). The obse rva t ion  t ime  las ted  6-7 h fol lowing 
a d m i n i s t r a t i o n  of the  endo tox in .  
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Table I 
Cat: PPS No. 20117/I: 0.03 mg/kg i.v. 

Controls 

D, L-Aldosterone (free) . . . .  

Cortexone (-glycoside) . . . .  

I lydrocortisone (Na salt of the 
hemitetrahydrophthalate)  

Prednisolone . . . . . . . .  
(Na salt of the hemitetra- 
hydrophthalate) 

SEF (-Na-dihemisuccinate) . . 
D,L-Aldosterone 0.03+ SEF . . 

0 . 0 3 + S E F  . . 
0 . 0 3 + S E F . .  

0.1 + SEF . . 

t ~g/kg 

30~in 
bef. PS 

0-01 
0.03 
0.I 
0-0 
0.0 
;0.0 
0.0 
0-0 
1-0 
3.0 
0-0 
0.0 
1.0 
0.03 
0.1 
1.0 
1.0 

Number 
of animals 

v~Uirlg dying 

0 6 
0 1 
3 0 
3 0 
0 1 
0 3 
0 1 
0 1 
4 0 
0 1 
0 1 
0 1 
5 0 
0 2 
2 0 
2 0 
0 3 
1 1 

PPS  No. 23871[5:0"1 mg/kg i.v. 

Controls . . . . . . . . . .  

D, L-Aldosterone . . . . . . .  

Hydrocortisone . . . . . . .  
Prednisolone . . . . . . . .  

Corticosterone (free) . . . . .  

0.03 
0-1 

30.0 
20.0 

1.0 
, 10.0 
I 30-0 

PPS No. I9338/7 : 0-2 mg/kg i.v. 

Controls . . . . . . . . . .  1{ 
" 0.03 

D, L-Aldosterone . . . . . . .  0-1 

F r o m  Table  I it  will be seen t h a t  a ldos te rone  affords  
p ro t ec t ion  aga ins t  shock elici ted by  Proteus polysaccha-  
r ides (PPS) and  t h a t  the  a m o u n t  requ i red  for th is  purpose  
is to  some e x t e n t  re la ted  to  t he  size of the  dose of P P S  
admin i s t e r ed  and  to  the  t y p e  of po lysacchar ide  involved .  
3fl, 16 ~-d ihydroxy-a l lopregnan-20-one  (referred to  here  
u n d e r  t he  abb rev i a t i on  SEF)6 .~  exe r t s  a c o m p e t i t i v e  an-  
tagonis t ic  effect  on th is  p ro t ec t ive  ac t ion  of a tdos te rone .  
Admin i s t e r ed  prophylac t ica l ly ,  o t h e r  cor t icos tero ids ,  e.g. 
hyd roco r t i sone  and  prednisolone ,  also afford p ro tec t ion ,  
On the  o t h e r  hand ,  cor t i cos te rone  and  cor texone ,  even  in 
ve ry  large doses, are ineffect ive.  In  th is  expe r imen t ,  
a ldos te rone  no t  only  p roved  over  100 t imes  more  ac t ive  
t h a n  hydroco r t i sone  and  prednisolone ,  but ,  in c o n t r a s t  
to  predniso lone ,  it  also a f forded  p ro t ec t ion  in  a d v a n c e d  
s tages  of endo tox in  poisoning  (Table II) .  

The  effect  of endogenous  amines  on the  blood pressure  
is a l te red  in cha rac te r i s t i c  fash ion  in an imal s  suffer ing 
f rom e n d o t o x i n  shock:  t h a t  of nor -adrena l ine  is suppress -  
ed, and  t h a t  of ad rena l ine  reversed.  Aldos te rone  res tores  
t he  original  ac t ion  of adrena l ine  and  nor -adrena l ine  on the  

6 R. NEHER, P. A, DESAULLES, E. VISCHER, P. WIELAND, and A. 
WETTSTEIN, Helv. chim, Acta 61, 1667 (1958). 
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2 ~, Nor-Adrenaline 

Fig. 1.--Cat. Blood pressure. Inhibition of the pressor response to i.v. nor-adrenaline (2.0 ~.,/kg) after Proteus polysaceharide (PSI 
0-1 mg/kg i.v. 'Normalisation' following aldosterone (0-I mg/kg i.v.). Time indicated in nnits of I nfin. 

ar ter ia l  pressure  (Fig. 1 and  2) ; in response  to a ldosterone,  threshold  levels by  inh ib i t ing  the  fo rma t ion  or  release of 
the  ar ter ia l  pressure  rises again.  W'here admin i s t r a t i on  of nor-adrenal ine.  Despi te  this,  however ,  t he  an i ma l ' s  d e a t h  

Table I I  
Cat; PPS No. 23871/5:0.1 mg/kg i.v. 

Cortico- 
mg/kg steroid inj. 

i.v. Time after 
P P S  (rain) 

L-Aldosterone ) 0.1 30, 40 D, 
I 55, 60 

{ 200 30 
Prednisolone . 30-0 35 

5O.0 5O 

Number of 
Death animals 

viving after PPS sur- dying (rain) 

2 
3 
0 2 45, 60 
0 3 50, 65, 140 
0 1 140 

Table I I I  
Adrenalectomised rat; SPS* No. 22148/E: 0.1 mg/kg i.v. 

Controls 

D, L-Aldosterone 

Hydrocortisone 
Prednisolone 

mg/kg i,p, 

0.3 
1.0 

10-0 
10.0 

* Serratia polysaceharide. 
** Observation time: 40 h. 

Time bc 
fore SP: 

(mm} 

30 
30 

180 
180 

Number of animals 

surviving** I dying 

3 15 
2 7 
7 3 
7 2 
9 1 

P P S  has  caused  the  ac t ion  of adrena l ine  on the  pressure  
to be reversed ,  th is  reversa l  can also be coun te rac ted  by  
infusing smal l  doses of nor -adrena l ine  (0-1 ~J/kg per  min);  
th is  would  seem to sugges t  t h a t  the  e n d o t o x i n  reduces  the  
nor -adrena l ine  concen t r a t i on  in the  e f fec tor  organs  to  sub- 

canno t  be p reven ted  by  r epea ted ly  admin is te r ing ,  a t  re- 
gular in tervals  of 10 min,  e i ther  adrena l ine  (2.0 7/kg), 
nor -adrena l ine  (2.0 ~/kg), a combina t ion  of bo th ,  or hype r -  
tensin.  I t  is conceivable  t h a t  in e n d o t o x i n  shock  aldos-  
te rone  m a y  play an  i m p o r t a n t  p a r t  no t  only  as regards  

mm Hg 

~ 2  ~ Adrenaline 
90 rnln. 120 rain. 

Fig. 2.--Cat. Blood pressure. Reversal of the pressor response to adrenaline, 2 ~]kg i.v., after Proteus polysaccharide (PS) 0-1 mg/kg 
i.v., and gradual 'normalisation' of the pressor response by aldosterone (0"1 mg/kg i.v.). 
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t h e  effect  p r o d u c e d  b y  n o r - a d r e n a l i n e  b u t  also as r ega rds  
i ts  f o r m a t i o n  or  release.  

The  e n d o t o x i n  ha s  no  c l ea r - cu t  in f luence  on  t he  effect  
caused  b y  h i s t a m i n e  on  t h e  b lood  pressure ,  a n d  i ts  in-  
f luence o n  t h a t  of s e r o t o n i n  is on ly  e r ra t ic ,  i n so fa r  as i t  
d i m i n i s h e s  or reverses  t h e  p resso r  ef fec t  of se ro ton in ,  t h e  
l a t t e r  c a n  be  r e s to red  b y  a d m i n i s t e r i n g  a ldos te rone .  W'e 
were  u n a b l e  to  d e t e r m i n e  w h e t h e r  p r edn i so lone  also h a s  
some inf luence  on  t he  a l t e r a t i o n s  p r o v o k e d  b y  e n d o t o x i n  
in t h e  p ressor  ac t ion  of a d r e n a l i n e  a n d  no r - ad rena l i ne ,  
because  t h e  a n i m a l s  - desp i te  large  doses of p r edn i so lone  - 
d ied  too  soon (Table  I I ) .  

The  resu l t s  o b t a i n e d  b y  HALBERG, SPINK, a n d  BITT- 
NER 8 in e x p e r i m e n t s  on  a d r e n a l e c t o m i s e d  mice are  cor rob-  
o r a t e d  a n d  e x t e n d e d  b y  ou r  f i nd ing  t h a t ,  in  r a t s  ad rena l -  
ec tomised  20-24  h p r io r  to  t he  a d m i n i s t r a t i o n  of endo-  
tox in ,  a l dos t e rone  n o t  on ly  p ro longs  t h e  s u r v i v a l  t i m e  b u t  
a f fords  p r o t e c t i o n  f rom d e a t h  e v e n  w h e n  g iven  in  o n l y  
one  single dose (Table  I~I) .  Here ,  once  again ,  a l dos t e rone  
p roves  fa r  more  e f fec t ive  t h a n  o t h e r  cor t icos te ro ids ,  at-  
t h o u g h  t he  d i f ference  is n o t  so p r o n o u n c e d  as in t he  ca t .  

I n  guinea-pigs ,  on  t h e  o t h e r  h a n d ,  all  t h e  cor t i cos te ro ids  
exe r t  a p r o t e c t i v e  ac t ion ,  t h o u g h  one t h a t  is less c l ea r -cu t  ; 
here,  however ,  in c o m p a r i s o n  w i t h  o t h e r  a n i m a l  species 
(cat,  r a t ,  mouse) ,  l a rger  doses of e n d o t o x i n  h a v e  to  be 
g iven  a n d  d e a t h  also ensues  more  slowly,  so t h a t  a single 
i n j ec t i on  of s te ro id  c a n  h a r d l y  be  e x p e c t e d  to  a f ford  pro-  
longed  p ro tec t ion .  I t  is t he r e fo re  all  t h e  more  su rp r i s ing  
t h a t  a n i m a l s  p r e t r e a t e d  w i t h  BCG can  be  p r o t e c t e d  b y  a n  
i n t r a v e n o u s  dose  of  a l dos t e rone  (1 mg/kg)  g iven  10 m i n  
before  P P S ,  whe rea s  doses  of p r e d n i s o n e  or  p r edn i so lone  
t 0  t o  30 t i m e s  l a rger  a re  r equ i r ed  to  ach ieve  a c o m p a r a b l e  
p r o t e c t i v e  effect.  

P r o p h y l a c t i c  t r e a t m e n t  w i t h  a ldos t e rone  in doses of 
1-3  m g / k g  also p r o t e c t s  mice a g a i n s t  t he  l e t h a l  ac t ion  of 
E. coli or S. typhimurium t o x i n  as well  as aga in s t  t h a t  
of h e m o r r h a g i c  s n a k e  v e n o m s  (Vipera aspis, Crotalus 
adamanteus), b u t  n o t  a g a i n s t  t h e  n e u r o t o x i c  v e n o m  of 
Naja tripudians. Predn iso lone ,  wh ich  is e f fec t ive  to 
r o u g h l y  t he  s a m e  degree  in t h e  mouse  as in t he  ra t ,  h a s  
to  b e  a d m i n i s t e r e d  in doses  some 10-30 t i m e s  larger ,  
w h e r e a s  h y d r o c o r t i s o n e  a n d  c o r t e x o n e  d i sp lay  no  pro-  
t e c t i v e  ac t ion ,  e v e n  in  h i g h  dosage.  

I n  ca t s  a n a e s t h e t i s e d  w i t h  D i a l - u r e t h a n e ,  a l dos t e rone  - 
in  a dose of 1 m g / k g -  also af fords  p r o t e c t i o n  a g a i n s t  a cu t e  
' shock '  p r o d u c e d  b y  a l e t h a l  i n t r a v e n o u s  dose (4-6 mg/kg)  
of t r yps in .  I n  t h i s  case,  too,  o t h e r  p r o t e c t i v e  cor t icos te ro ids ,  
such  as p r e d n i s o n e  a n d  p redn i so lone ,  d i sp lay  no  ac t ion  
unless  g iven  in m u c h  la rger  doses (30 mg/kg) .  T h e  pro-  
t e c t i ve  a c t i v i t y  of a l dos t e rone  t h u s  inc ludes  a n  a b i l i t y  
to  a n t a g o n i s e  ' shock  s t a t e s '  i nduced  b y  va r ious  means .  

I n  a n a e s t h e t i s e d  ca ts ,  a l d o s t e r o n e -  l ike t he  o t h e r  cor t i -  
cos te ro ids  - is ine f fec t ive  a g a i n s t  t h e  t y p i c a l  dep res so r  
a c t i o n  exe r t ed  on  t h e  b lood p re s su re  b y  t h e  h i s t a m i n e  
l i b e r a t o r  C o m p o u n d  48/80.  

I n  a d d i t i o n  to  t h e  r easons  of a p h a r m a c o d y n a m i c  cha r -  
ac t e r  w h i c h  h a v e  b e e n  sugges ted  to  a c c o u n t  for  t h e  pro-  
t e c t i o n  a f fo rded  b y  a ldos t e rone  a g a i n s t  e n d o t o x i n  shock,  
t h e  a n t i t o x i c  a c t i o n  of c e r t a i n  s te ro ids  m a y  also poss ib ly  
be  p a r t l y  due  to  some fo rm of d i r ec t  in te r fe rence .  Th i s  
would  seem to  be  b o r n e  o u t  b y  our  o b s e r v a t i o n  t h a t ,  in  
guinea-p igs ,  m i x t u r e s  of a ldos t e rone  or  p r edn i so lone  a n d  
P P S  p r o d u c e d  in vitro h a v e  a n  a p p r e c i a b l y  less tox ic  a n d  
p y r o g e n i c  ef fec t  t h a n  u n t r e a t e d  P P S .  
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ment o[ CIBA Limited, Basle, October 74, 1959. 
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Zusammen/assung 

A l d o s t e r o n  schf i t z t  bei  v e r s c h i e d e n e n  T i e r a r t e n  - als 
w i rk s ams t e s  a l le r  u n t e r s u e h t c n  Cor t i cos te ro ide  - gegen-  
f iber v e r s c h i e d e n a r t i g  ausge I6s ten  ,Schockzust~tndem~. 
Bei  de r  K a t z e  n o r m a l i s i e r t  es die d u t c h  E n d o t o x i n e  ver -  
g n d e r t e  vaskul / i re  R e a k t i v i t ~ t  gegent iber  A d r e n a l i n  u n d  
N o r -A d ren a l i n .  E s  is t  mOglich, dass  im E n d o t o x i n - S c h o c k  
die K o n z e n t r a t i o n  y o n  N o r - A d r e n a l i n  un te r schwe l l ig  
wird,  u n d  dass  seine W i r k u n g ,  even t l ,  a u c h  Fre i se tzung ,  
y o n  A l d o s t e r o n  abh~ingt.  

A d s o r p t i o n  d e  p r o t 6 i n e s  

par  l e s  p l a q u e t t e s  s a n g u i n e s  

On sa l t  q u e  les p l a q u e t t e s  s o n t  en tou r6es  d ' u n e  couche  
de p l a sma ,  appel6e (~atmosph6re p l a s m a t i q u e  p6 r ip l aque t -  
ta i re~ p a r  I{OSKAM 1. BOUNAMEAUX 2 a pu  y closer d ive r s  
fac teurs  de la  coagu la t ion .  U t i l i s a n t  des t e c h n i q u e s  im-  
m u n o c h i m i q u e s  ~, il nous  a 6t6 poss ible  de m e t t r e  en  6vi- 
dence  de n o m b r e u s e s  p ro t6 ines  p l a s m a t i q u e s  darts les 
lysa t s  de p l a q u e t t e s  a b o n d a m m e n t  lav6es. Ces p ro t6 ines  
p l a s m a t i q u e s  p a r a i s s e n t  b ien  adsorb6es  ~ la sur face  des  
p l a q u e t t e s  : c ' e s t  d a n s  le b u t  de c o n f i r m e r  ce t t e  h y p o t h ~ s e  
que  nous  a v o n s  r6alis6 le p r6sen t  t r ava i l ,  t o u t  e n  u t i l i s a n t  
uric p ro t4 ine  m a r q u 6 e  d ' u n  616ment rad ioac t i f .  

Techniques. Les  r6act i fs  s u i v a n t s  o n t  6t6 ut i l is6s:  p ta-  
q u e t t e s  h u m a i n e s  lav6es 7 fois en  so lu t ion  aqueuse  de  
NaC1 A 0,9%, a d d i t i o n n 6  de 0 ,1% d ' 6 t h y l 6 n e - d i a m i n e  
t6 t r a - ac6 ta t e .  Ces p l a q u e t t e s  p a r f a i t e m e n t  isol6es son t  
f i n a l e m e n t  s u s p e n d u e s  en  NaC1 aq. ~ 0 ,9% au p H  7,4, 
e t  l eur  c o n c e n t r a t i o n  a jus t6e  ~ 2000000  d '616ments  p a r  
m m  ~. Ces p l a q u e t t e s  son t  uti l is6es d6s leur  i so lement .  

So lu t ion  d ' a l b u m i n e  m a r q u 6 e  ~ l ' iode  rad io-ac t i f ,  ren-  
f e r m a n t  0,3 m g  de p ro t6 ine  p a r  ml. 

Fig. 1. Autoradiographie d'une immuno61ectrophor~se obtenue avec 
un lysat de plaquettes incub6es en albumine radio-active et r6v616e 

au moyen de s6rum anti-s6rum humain. 

L a  suspens ion  p l a q u e t t a i r e  a 6t6 divis6e en  3 lo ts :  le 
p r e m i e r  es t  i m m ~ d i a t e m e n t  congeM; les p l a q u e t t e s  d u  
second  s o n t  incub6es  d a n s  la  so lu t ion  d ' a l b u m i n e  marqu6e ,  
p e n d a n t  2 h g 37°C, puis  p e n d a n t  une  n u i t  e n  glaci6re;  
le t ro is i~me lo t  s e r v a n t  de t 6 m o i n  s u b i t  le m~me  t r a i t e -  
m e n t  q u e  le second,  ma i s  en  NaCI aq.  5~ 0 ,9%.  Apr~s  in-  
cuba t i on ,  les p l a q u e t t e s  des  2 e e t  3 e lots  s o n t  A n o u v e a u  
lav6es 7 lois d a n s  le l iquide  de l avage  d6cr i t  ci-dessus,  e t  
leur  c o n c e n t r a t i o n  amen6e  ~ 2 000 000 d '616ments  p a r  m m  3. 
Le  t e m p s  s u i v a n t  cons i s te  en  la  lyse des  3 suspens ions  
p t a q u e t t a i r e s  p a r  cong6ta t ion  e t  d6cong61at ion succes-  
s i r e s  d a n s  la  ne ige  ca rbon ique .  Les  tysa t s  a ins i  o b t e n u s  
son t  ensu i t e  concen t r6 s  10 fois p a r  6 v a p o r a t i o n .  
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