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Fig. 3. Effect of different concentrations of 2,4-diamino-5-phenyl 
thiazole hydrobromide DAPT (A) and nalorphine (B) on conversion 
of morphine-N-Inethyl-C x* to water-soluble products by peroxidase. 

ZusammenJassung. In  Mode l l sy s t emen  v o n  Peroxidase ,  
P r o t e i n e n  und  Me ta l l i onen  wi rd  M o r p h i u m  in wasser-  
16sliche ( R a d i k a l - ) P r o d u k t e  f ibergef i ihr t ,  welche  B i n d u n -  
gen m i t  d e m  P r o t e i n  e ingehen.  
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Iproniaz id  (Mars i l id)  R e v e r s e s  D o p a m i n e - E f f e c t  and S t i m u l a t e s  the Growth  of M o u s e  N e u r o b l a s t o m a  
in v i tro  

D o p a m i n e  m a r k e d l y  i n h i b i t s  t h e  cell d iv i s ion  of neuro -  
b t a s t o m a  (NB) cell in  v i t ro .  O n  r e m o v a l  of d rug  1 h a f t e r  
t r e a t m e n t ,  t h e  i n h i b i t i o n  of cell m u l t i p l i c a t i o n  pers i s t s  
for  24 h a f t e r  w h i c h  d o p a m i n e - t r e a t e d  cells grow w i t h  
same  d o u b l i n g  t i m e  as t h a t  of controls .  Tile p recu r so r  of 
d o p a m i n e  (L-dopa), m e t a b o l i t e  of d o p a m i n e  (homovani l l i c  
acid),  n o r e p i n e p h r i n e  or e p i n e p h r i n e  p roduces  no  such  
effect  ~. D o p a m i n e  a t  a s imi la r  c o n c e n t r a t i o n  does n o t  
a f fec t  t h e  cell d iv i s ion  of Chinese  H a m s t e r - o v a r y - K 1  a n d  
B a b y - h a m s t e r  k i d n e y - 2 1  cells in  v i t ro  1. To e luc ida te  t he  
m e c h a n i s n l  of d o p a m i n e - e f f e c t  fu r the r ,  t h e  i n h i b i t o r  of 
d o p a m i n e  m e t a b o l i s m  is used in t h i s  i nves t iga t ion .  The  
m e t a b o l i c  p a t h w a y  of d o p a m i n e  in m a m m a l i a n  cells is 
shown  d i a g r a m a t i c M l y  be low:  

COMT 
N-acetylated <-- + -  Dopamine -~  -+  -~  -~- 3-methoxytyramine 

derivatives .~ MAO ~ MAO 

3,4-dihydroxyphenylacetaldehyde Homovanillic acid 

A D  ~ C O M T  

- + - ~  3, 4-dihydroxyphenylacetic acid 

D o p a m i n e  is d e a m i n a t e d  b y  m o n o a m i n e  ox idase  (MAO) 
to  form Mdehyde  w h i c h  is r a p i d l y  ox id ized  b y  a l d e h y d e  
d e h y d r o g e n a s e  (,~D) to  p r o d u c e  3 , 4 - d i h y d r o - x y p h e n y l -  
acet ic  ac id  wh ich  is c o n v e r t e d  to  h o m o v a n i l l i c  acid b y  
ca t echo l -0 -me thy l - t r an s f e r a s e  (COMT). T h e  o t h e r  m e t a b o -  
lic p a t h w a y  is self exp l a ined  in  t h e  d i a g r a m a t i c  p r e sen t a -  
t ion .  Th i s  p a p e r  shows t h a t  ip ron iaz id  (marsi l id) ,  a n  inh ib i -  
t o r  of m o n o a m i n e  oxidase,  c o m p l e t e l y  reverses  d o p a m i n e -  
ef fec t  o n  n e u r o b l a s t o m a  cells a n d  b y  i t se l f  s t i m u l a t e s  
t h e  cell  d iv i s ion  of n e u r o b t 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  vi t ro .  Pyrogyl lo l ,  a n  i n h i b i t o r  of 
COMT, m a r k e d l y  reduces  t he  g r o w t h  of n e u r o b l a s t o m a  
cells. 

Materials and methods. T he  p rocedure  for c u l t u r i n g  a n d  
t h e  morpho log i ca l  f ea tu res  of n e u r o b l a s t o m a  cell l ine  ha s  
been  desc r ibed  in  t h e  p rev ious  p u b l i c a t i o n  1. W h e n  g rown  
in F a l c o n  p l a s t i c  f lask,  t h e  ave rage  d o u b l i n g  t i m e  of 
n e u r o b l a s t o m a  cells is 24 h. This  cell l ine ha s  ace ty lchol i -  
ne s t e r a se  ac t iv i ty ,  b u t  no  b u t y l T l c h o l i n e s t e r a s e  , i n d i c a t i n g  
i ts  n e u r o n a l  fea ture2.  I n  add i t ion ,  t y ro s ine  hyd r oxy l a se ,  
a r a t e  l i m i t i n g  e n z y m e  in  t h e  b io syn thes i s  of ca techol -  

a m i n e  is p r e s e n t  in  t h e  p r i m a r y  t u m o r  a, 4, b u t  is los t  in  t h e  
l ong - t e rm  cu l tu re  ; h o w e v e r  t h e  e n z y m e a c t i v i t y  is r e s to red  
in t h e  d i b u t y r y l  cyclic A M P - i n d u c e d  d i f f e r en t i a t ed  
n e u r o b l a s t o m a  cells (PRASAD, "WAYMIRE a n d  "~VEINER, in 
p r epa ra t i on ) .  

N e u r o b l a s t o m a  ceils were t r e a t e d  w i t h  mars i l id  or 
pyrogyl lo l  24 h a f t e r  p la t ing .  Mars i l id  was  d issolved in 
F12 m e d i u m  w i t h o u t  s e r u m  i m m e d i a t e l y  before  t h e  
e x p e r i m e n t  a n d  a d d e d  to n e u r o b l a s t o m a  cells in  v i t ro  a t  
a c o n c e n t r a t i o n  of 100 t~g/ml. D o p a m i n e ,  Y 4 '  d i h y d r o -  
x y p h e n y l a c e t i a c i d  (DPAA)  or pyrogyl lo l  was  dissolved 
in t he  F12 m e d i u n l  w i t h o u t  s e rum c o n t a i n i n g  1 m g / m l  of 
ascorb ic  acid i m m e d i a t e l y  before  t h e  e x p e r i m e n t .  Dopa-  
mine  was  a d d e d  to  n e u r o b l a s t o m a  cell cu l tu re  18 h a f t e r  
t h e  a d d i t i o n  of mars i l id  or  1 h a f t e r  t h e  a d d i t i o n  of 
pyrogy l lo l  to  give a f ina l  c o n c e n t r a t i o n  of d o p a m i n e  (50 
a n d  100 ~g/ml)  a n d  of ascorbic  acid (20/~g/ml). D P A A  was 
a d d e d  to  n e u r o b l a s t o m a  cells (50 a n d  100 #g/ml)  24 h a f t e r  
p l a t i ng .  Af t e r  1 h of i ncuba t ion ,  cells were w a s h e d  twice  
w i t h  F12 w i t h o u t  s e r u m  a n d  f resh  g r o w t h  m e d i u m  was  
added .  Con t ro l  cell p o p u l a t i o n  was  t r e a t e d  s imi l a r ly  
excep t  no  d rug  was  added .  T h e  a d d i t i o n  of ascorbic  ac id  
was  necessa ry  to  p r e v e n t  t h e  a u t o - o x i d a t i o n  of d o p a l n i n e  
in  v i t ro .  Ascorb ic  ac id  b y  i tsel f  h a d  no  effect  o n  neuro -  
b l a s t o m a  ceils. T h e  cell n u m b e r  2 d a y s  a f t e r  d o p a m i n e -  
t r e a t m e n t  was  c o u n t e d  b y  a Cou l t e r  counte r .  T h e  g r o w t h  
i n h i b i t i o n  of n e u r o b l a s t o m a  cell p o p u l a t i o n  in v i t r o  was 
ca lcu la ted  as fol lows:  

No. of control cells - No. of drug-treated cells 
X 100. 

No. of control cells 

I f  t h e  n u m b e r  of d r u g - t r e a t e d  cells was  g rea t e r  t h a n  t he  
cont ro l ,  t h e  v a l u e  o b t a i n e d  b y  t h e  a b o v e  f o r m u l a  was 
cons idered  as a n  i ndex  of g r o w t h  s t i m u l a t i o n .  

13HK-21 cells in  v i t r o  were  g rown  u n d e r  c o n d i t i o n s  
iden t i ca l  to  those  of n e u r o b l a s t o m a  cells. Mars i l id  (100 ~g/  
ml)  was  a d d e d  to  B H N - 2 1  cell cu l tu re  24 h a f t e r  p l a t i n g  
(50,000 ceils). Af t e r  18-20 h of i ncuba t i on ,  cells were  

z K.N. PRASAD, Cancer Res., in press (1971). 
2 K.N. PRASAD and A. VERNADAKIS, Expl. Cell Res. , in press 
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311 {1969). 
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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.  

K . N .  PRASAD 5 

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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