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Effect of marsilid on dopamine(DA}-effeet 

Treatment Celt type Growth of cell population 
Inhibition Stimulation 
(%) (%) 

DA (50 tzg/ml) NB 56.0 -4- 6.0 
DA (50[xg/ml) + mars/lid NB - -  10.0 ± 8.0 
DA (100 txglml) NB 71.0 -4- 4.0 - -  
DA (100 [xg/ml) + marsilid NB 2.0 -4- 5.0 - -  
Marsilid NB - -  21,0 zt= 4,0 
Marsilid BHK-21 - -  27.0 -t- 4.0 

*Standard deviations. Marsilid (100[xg/ml) was added 24 h after 
plating. After 18-20 h of incubation in the presence of marsilid, dop- 
amine (50 and 100 [xg/ml) was added and then incubated for 1 h. Af- 
ter incubation cells were washed twice with F12 medium without 
serum and fresh growth medium was added. The total number of 
cells was counted 2 days after dopamine-treatment. The experiment 
was repeated thrice and each value represented an average of at least 
6 samples. 

i nd i ca t e  t h a t  a m i n e - d e r v i v e d  a l d e h y d e  m a y  be r e spons ib le  
for t he  dopamine -e f fec t .  Th i s  s t u d y  also shows  t h a t  mars i -  
l id s t i m u l a t e d  t he  g r o w t h  of n e u r o b l a s t o m a  as  wel l  as  
of B a b y - h a m s t e r  k i d n e y  cells in  v i t r o  (Table) ,  i n d i c a t i n g  
t h a t  t h i s  mars i l id -e f fec t  is n o t  specif ic  for n e u r o b l a s t o m a  
cells. T h e  g r o w t h  m e d i u m  in t he  p re sence  of py rogy l lo l  
(100 ~tg/ml) t u r n e d  d a r k - b r o w n  w i t h i n  1 h a f t e r  t r e a t m e n t ,  
i n d i c a t i n g  t h e  a u t o - o x i d a t i o n  of t he  c o m p o u n d .  A d d i t i o n  
of ascorb ic  ac id  (20 btg/ml) d id  no t  p r e v e n t  t he  au to -  
ox ida t ion .  T h e  COMT i n h i b i t o r  u n d e r  above  e x p e r i m e n t a l  
cond i t i on  reduced  t he  g r o w t h  of n e u r o b l a s t o m a  cells to  
a b o u t  6 %  of controls .  The  m e c h a n i s m  of ma r s i l i d - i nduced  
s t i m u l a t i o n  of cell d iv i s ion  is u n k n o w n .  However ,  i t  m a y  
be  p o s t u l a t e d  t h a t  ce l lu l a r - a ldehyde  m a y  be  one of t h e  
i m p o r t a n t  fac tors  in con t ro l l i ng  t he  cell d ivis ion.  

Zusammen/assung. Die h e m m e n d e  W i r k u n g  yon  Dopa-  
m i n  au f  die Ze l l t e i lung  yon  N e u r o b l a s t o m a  b e r u h t  w a h r -  
sche in l i ch  n i c h t  auf  d e m  E f f e k t  seines  d e s a m i n i e r t e n  
Me tabo l i t en ,  o b w o h l  sie d u r c h  den  M A O - H e m m e r  Mar-  
si l id a u f g e h o b e n  wird.  
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w a s h e d  twice  a n d  f resh g r o w t h  m e d i u m  was  added .  The  
cell n u m b e r  in d r u g - t r e a t e d  a n d  con t ro l  n e u r o b l a s t o m a  
cu l tu re  was c o m p a r e d  3 days  later .  

Results and discussion. T he  Tab le  shows t h a t  mars i l id  
c o m p l e t e l y  p r e v e n t e d  t he  d o p a m i n e - i n d u c e d  i n h i b i t i o n  
of cell d ivis ion.  D i h y d r o x y p h e n y l a c e t i c  acid (DPAA) a n  
acid m e t a b o l i t e s  of d o p a m i n e  d id  n o t  effect  t h e  g r o w t h  
of n e u r o b l a s t o m a  cells. MAO c o n v e r t s  3 , - m e t h o x y t y r a -  
mine,  a n  i n t e r m e d i a t e  m e t a b o l i t e  of dopamine ,  to  h o m o -  
vani t l ic  ac id ;  however ,  h o m o v a n i l l i c  in  t h e  p rev ious  
s t u d y  ~ p r o d u c e d  no  ef fec t  on  t h e  g rowth .  These  r e su l t s  
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E f f e c t  o f  C a t a t o x i c  S t e r o i d s  u p o n  E s t a b l i s h e d  M o r b i d  C h a n g e s  

A cons ide rab le  a m o u n t  of ev idence  has  a c c u m u l a t e d  
d u r i n g  r ecen t  years  in  s u p p o r t  of t h e  concep t  t h a t  ca ta -  
tox ic  s te ro ids  exe r t  m o s t  of t h e i r  p r o t e c t i v e  effects  b y  
d e s t r o y i n g  t o x i c a n t s  (e.g., t h r o u g h  t h e  i n d u c t i o n  of 
h e p a t i c  m i c r o s o m a l  or  o t h e r  enzymes) .  Thus ,  p r e t r e a t m e n t  
w i t h  sp i rono lac tone ,  e thy les t r eno l ,  n o r b o l e t h o n e  a n d  
m a n y  s te ro id  ca rbon i t r i l e s  h a s  been  s h o w n  to  offer  p ro tec -  
t i on  aga ins t  t h e  s u b s e q u e n t  a d m i n i s t r a t i o n  of d ig i tox in  t 
mercu~-~,  pes t ic ides  ~, ca rc inogens  4, n i co t ine  5, excess ive  
a m o u n t s  of s t e ro id  h o r m o n e s  ~, 7, t y r o s i n e  8, a n d  wel l  ove r  
100 o t h e r  t ox i can t s ,  wide ly  d i f fe r ing  in  t h e i r  chemica l  
s t r u c t u r e  a n d  p h a r m a c o l o g i c  a c t i ons  ~. These  f ind ings  
sugges t  i n t e r e s t i ng  c l inical  a p p l i c a t i o n s  in  t he  p r e v e n t i o n  
of diseases caused  b y  exogenous  or  e n d o g e n o u s  in tox ica -  
t ions .  

Defens ive  e n z y m e  i n d u c t i o n  b y  the se  s te ro ids  m a y  be 
more  or less r ap id  b u t  usua l ly  severa l  days  of p r e t r e a t m e n t  
a re  necessa ry  to  o b t a i n  o p t i m a l  p ro tec t ion .  Some  ca ta -  
tox ic  effects  do deve lop  more  rap id ly ,  b u t  of course  
i m m e d i a t e  i m p r o v e m e n t  of i n t o x i c a t i o n s  c a n n o t  be  
expec t ed  f rom subs t ances  which  ac t  t h r o u g h  t h e  t ime-  
t a k i n g  process  of defens ive  e n z y m e  s y n t h e s i s  a n d  do  
n o t  n e u t r a l i z e  t o x i c a n t s  d i rect ly ,  n o r  b lock  t h e i r  d a m a g i n g  
ac t ions  a t  t h e  level  of t h e  t a r g e t  organs .  

I n  v iew of t he se  cons idera t ions ,  t h e  c l inical  a p p l i c a b i l i t y  
of c a t a t o x i c  s te ro ids  a p p e a r e d  to  be  l i m i t ed  to  t h e  p r o p h y -  
laxis  of p r e d i c t a b l e  in tox ica t ions ,  such  as  u n a v o i d a b l e  

t r a n s i e n t  occupa t i ona l  exposure  to  pest ic ides ,  carc inogens ,  
mercur i a l s  or o t h e r  chemica l s  a m e n a b l e  to  th i s  t y p e  of 
de tox i ca t i on .  I t  was  t h o u g h t  t h a t  b y  t h e  t i m e  s p o n t a n e o u s  
diseases  (caused b y  endogenous  t o x i c a n t s  or  a c c i d e n t a l  
po i son ing  w i t h  exogenous  mate r ia l s )  would  p roduce  s y m p -  
t o m s  p e r m i t t i n g  a diagnosis ,  t he  c a t a t o x i c  s te ro ids  cou ld  
no  longer  be  of ava i l  s ince t h e y  do n o t  a f fec t  t he  e s t ab l i sh -  
ed les ions themse lves .  

To check  t h i s  a s s u m p t i o n ,  2 e x p e r i m e n t s  were  pe r fo rm-  
ed:  t h e  f i r s t  to  d e t e r m i n e  t h e  d d r a t i o n  of c a t a t o x i c  s t e ro id  
p r e t r e a t m e n t  r equ i r ed  to: o b t a i n  p r o t e c t i o n ;  t h e  second 
to ver i fy  w h e t h e r  a n  a l r e a d y  m a n i f e s t  i n t o x i c a t i o n  could  
be  cu red  b y  m e r e l y  b lock ing  t h e  c o n t i n u e d  p a t h o g e n i c  
ac t ion  of t h e  c a u s a t i v e  agen t .  
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W e  used  exc lus ive ly  female  A R S / S p r a g u e - D a w l e y  r a t s  
w i t h  a m e a n  b o d y  w e i g h t  of 100 g (90-110 g) k e p t  o n  
P u r i n a  L a b o r a t o r y  Chow. I n  t h e  f i r s t  e x p e r i m e n t ,  digi- 
t o x i n  (1 m g  in 1 m l  water ,  p.o., once  on  t h e  f i rs t  a n d  2 m g /  
d a y  f rom t h e  2nd  d a y  to  t h e  t e r m i n a t i o n  of t h e  e x p e r i m e n t  
on  t he  7 th  day)  was  a d m i n i s t e r e d  to  all  g roups  inc lud ing  
t he  controls .  Sp i rono l ac tone  (10 m g  in 1 ml  water ,  p.o.,  
twice  dai ly)  was  g iven  b e g i n n i n g  a t  t h e  t i m e s  i n d i c a t e d  in  
t he  Table ,  c o n c u r r e n t l y  or  before  i n i t i a t i o n  of d ig i tox in  
t r e a t m e n t .  The  i n t e n s i t y  of t h e  cha r ac t e r i s t i c  d ig i t ox in  
convu l s ions  was  a p p r a i s e d  in t e r m s  0 to  3 p lus  on  t h e  3rd 
d a y  a n d  t he  s t a t i s t i ca l  s ign i f icance  of t he  a p p a r e n t  
d i f ferences  b e t w e e n  t he  t r e a t e d  a n d  con t ro l  a n i m a l s  was  
c o m p u t e d  b y  t h e  ' E x a c t  P r o b a b i l i t y  T e s t '  of FISHER a n d  
YATES as desc r ibed  e lsewhere  o. 

I t  is e v i d e n t  f rom t h e  T a b l e  t h a t  even  if d ig i tox in  a n d  
sp i rono l ac tone  t r e a t m e n t  is s i m u l t a n e o u s l y  in i t i a t ed ,  t h e  
l a t t e r  c o m p o u n d  does offer  some p r o t e c t i o n  aga in s t  a n d  
LD~00 of d ig i tox in  b u t  on ly  b y  de l ay ing  t h e  onse t  a n d  
s e v e r i t y  of t h e  convu l s ions  (as m e a s u r e d  on  t h e  3rd day) .  
E v e n t u a l l y ,  al l  a n i m a l s  so t r e a t e d  d ied  in severe  con-  
vuls ions .  However ,  u n d e r  o the rwi se  iden t i ca l  cond i t ions ,  
24 h of p r e t r e a t m e n t  w i t h  sp i rono l ac tone  suff iced to  
d i m i n i s h  m o r t a l i t y  f rom 100% to  30%.  P r e t r e a t m e n t  
for 48 h or more  p r e v e n t e d  al l  s igns  of i n tox ica t ion .  

T h e  second e x p e r i m e n t  was  p e r f o r m e d  w i t h  p regneno-  
lone-16~-carboni t r i l e  or  PCN ( I U P A C  des igna t ion :3f l -  
Hydroxy-20 -oxo-5 -p regnene -16~-ca rbon i t r i l e ,  SSS  desi-  
g n a t i o n :  P~CN18~ol~Don,0) w h i c h  p r o v e d  to  be  t h e  m o s t  
p o t e n t  a m o n g  ove r  500 s te ro ids  t e s t e d  for  c a t a t o x i c  
activity- u p  to  now 9 T h e  t e c h n i q u e s  were  essen t ia l ly  t h e  
s ame  as in  t he  f i rs t  e x p e r i m e n t  b u t  t h e  r a t s  were  chroni -  
cal ly  po i soned  w i t h  d ig i tox in  (0.5 m g  on t he  f i rs t  4 
d a y s  a n d  1.0 m g  p .o . / day  the rea f t e r )  or  i n d o m e t h a c i n  
(0.75 m g  s .c . /day).  W i t h  i n d o m e t h a c i n  t h e  a d m i n i s t r a t i o n  
of PCN (1 m g  × 2 / d a y  p.o.) was  s t a r t e d  on  t h e  5 th  day ,  
w h e n  cl inical  s igns  of pe r i t on i t i s  b e c a m e  ev iden t .  I n  t h e  
case of d ig i toxin ,  convu l s ions  a p p e a r e d  24 h a f t e r  t h e  
f i rs t  i n j ec t ion  of t h e  t o x i c a n t  a n d  PCN t r e a t m e n t  was  
i n i t i a t e d  a t  t h a t  t i m e  a t  t h e  dose of 100 /zg  ra i s ing  t h i s  
a m o u n t  to  1 m g  × 2 /day  p.o. b y  t he  5 th  day .  The  exper i -  
m e n t  was  t e r m i n a t e d  on  t he  13 th  day.  I n  b o t h  these  

e x p e r i m e n t s  PCN  caused  t h e  m a n i f e s t a t i o n s  of i n tox ica -  
t i o n  to  d i s a p p e a r  a n d  p e r m i t t e d  s u r v i v a l  desp i t e  c o n t i n u e d  
da i ly  t r e a t m e n t  w i t h  t h e  tox ican t s .  U n d e r  iden t i ca l  condi-  
t ions  t h e  con t ro l s  r ece iv ing  no  P C N  i n v a r i a b l y  d ied :  
d ig i t ox in  caus ing  convuls ions ,  i n d o m e t h a c i n ,  cha rac t e r i s -  
t i c  i n t e s t i n a l  ulcers  (cf. F igure  1). 

I t  is genera l ly  agreed  t h a t  t h e  p r o t e c t i v e  effect  of P C N  
a g a i n s t  d ig i tox in  a n d  i n d o m e t h a c i n  d e p e n d s  u p o n  t h e  
i n d u c t i o n  of d r u g - m e t a b o l i z i n g  e n z y m e s  9; y e t  t h e  p r e s en t  
o b s e r v a t i o n s  show t h a t  - if t h e  i n t o x i c a t i o n  is suf f ic ien t ly  
slow to  p e r m i t  e f fec t ive  e n z y m e  i n d u c t i o n  in  t i m e  - t h e  
s te ro id  can  act ,  n o t  on ly  p rophy lac t i ca l ly ,  b u t  also 
cu ra t ive ly .  

Of  course,  in  t h e  cause of v e r y  acu t e  a n d  t r a n s i e n t  i n tox -  
i ca t ions  (e.g., s te ro id  anes thes ia ,  zo x azo l ami n e  para lys is )  
or  r a p i d l y  f a t a l  po i son ings  (e.g., w i t h  s t r y c h n i n e  or  picro-  
toxin)  c a t a t o x i c  s te ro ids  m a n i f e s t  on ly  p r o p h y l a c t i c  
effects  g; however ,  t h e i r  p r o t e c t i v e  ac t ion  can  r each  a 
v e r y  h i g h  level  w i t h i n  2 days .  T h i s  p o i n t  is i m p o r t a n t  
in  a p p r a i s i n g  t h e  poss ib le  va lue  of c a t a t o x i c  s te ro id  
t h e r a p y  in s p o n t a n e o u s  diseases  w h i c h  c a n n o t  be  t r e a t e d  
before  they, h a v e  p r o d u c e d  d e t e c t a b l e  s igns  a n d  s y m p -  
t o m s  10. 

Influence of the duration of spironolactone petreatment upon its an- 
tidigitoxin effect 

Spironolactone Convulsions Mortality 
(beginning h (scale: 0-3) (dead/total) 
before digitoxin) • 

Controls 3.0 10110 
0 1.4 + 0.44 b 10/10 

24 0 ~ 3/10 
48 0 ~ 0110 
72 0 o 0110 
96 0 c 0/10 

In addition the animals of all groups received digitoxin as explained 
in the text. ~P < 0.01, 0P < 0.001. 

Rdsum~. Chez les ra ts ,  u n e  r6s i s tance  ~ la  d ig i tox ine  e t  
~t l ' i n d o m 6 t h a c i n e  p e n t  ~tre  r a p i d e m e n t  i n d u i t e  p a r  des  
s t6roides  c a t a t o x i q u e s  te l  que  la  sp i rono l ac tone  ou la 
p regn6nolone-16=-carbon i t r i I6e  (PCN). E n  fair ,  l a  PCN 
p e u t  encore  s a u v e r  la  v ie  de l ' a n i m a l  en  d6p i t  d ' u n  t r a i t e -  
ment utilisant des doses normalement mortelles de 
d ig i tox ine  ou d ' i n d o m 6 t h a c i n e ,  m~me  si le t r a i t e m e n t  p a r  
ces st6ro~des n ' e s t  commeuc6  qu ' ap r~s  que  des  s ignes  
d ' i n t o x i c a t i o n  s o n t  d6jA d e v e n u s  mani fes tes .  E v i d e m -  
m e n t ,  les s t6roides  c a t a t o x i q u e s  ne  s o n t  p a s  s e u l e m e n t  
des  agen t s  p ro p h y l ac t i q u es ,  ils p e u v e n t  6ga l emen t  gu6r i r  
des  16sions m o r b i d e s  d6j£  6tabl ies .  
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Mucosal surfaces of the small intestines of two rats given indometha- 
cin. Left: 3 large ulcers in an animal which received no other treat- 
ment. Right: No ulcers in an animal which was given PCN only after 
manifestations of peritonitis had become evident. 
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